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DESCRIPTION
TITLE OF THE INVENTION
AIR-CONDITIONING CONTROL SYSTEM AND ATR-CONDITIONING CONTROL
METHOD
TECHNICAL FIELD
[0001}

The present invention relates to an air~gonditioning control
system and alr-conditioning control method for a facility having
a plurality of electronic devices and more perticularly to an
air-conditioning control system and ailr-conditioning contrcl
method suitable for a large~scale electronlic device Tacility such
as a datacenter.

BACKGRCOUND ART
fooozl

In a datacenter or the like, there is a growing tendency that
electronic devices are installed densely to improve the area
efficliency and as &a consequence, the hesat generated hy the
electronicdevicesmayamount te 1.0 to 1.5 xW/m*., Therefore, there
is a naed to cool the electronic devices gquickly with less powsr
consumption.

[0003]

Patent Document 1 describes an air-conditioning system which
alr~conditions a plurality of rooms by at least one cutdoor unit.
According to this document, in order to reduce energy consumption

sufficiently, the air-conditicning system includes a plurality of
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indoor units located in a room and determines the number of indoor
units Lo be cperated, based on outdoor thermal energy supplied from
the outdoor unit, specification data on the indoor units, a request
from each indoor unit, and all electric energy of the
air-conditioning svstem and stops operation of indoor units in
excess of the number of indoor units to be cperated.

[0004]

Patent Document 2, in order to achieve both energy saving
and envirconmental conservation by controlling an air conditioner
in conjunction with operation of an electronic device, a plurality
of servers are housed in a plurelity of server racks installed in
a server roomand a system for cooling the electronic devicemonitors
the heat generation of each server in each server rack. A
temperature control zone is set for every several server racks and
an alr conditioner is provided for each temperature control zone
to change the operating conditicon of the alr conditioner in each
temperature control zone.

[0005)

Patent Document 3 describes that the temperature
distribution in the vertical direction ¢f the gas space in an
air-conditionad room is measured and the supplied air Flow is
adiusted by fuzzy control, based on the relation between the
temperature distribution and the air conditioner outlet
temperature.

PRIOR ART DOCUMENT
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PRTENT DOCUMENT
[0006]

Patent Document 1: Japanese PatentkApplicatgon,Laid~0penb&x
2006-220345

Patent Document 2: Japanese Patent Application Laid-Open No.
2010-108115

Patent Document 3: Japanese Patent Application Laid~-Open
No . HB{(1296)-153542
SUMMARY OF THE INVENTION
PROBLEM TC BE S0OLVED BY THE INVENTION

[oeo7]

However, when a facility in which electronic devices are
densely installed as in a datacenter and the temperature control
accuracy in alr conditioning must ke high is cooled to avoid an
operational failure, the conventicnal approach i1s to cperate a
plurality of cocling means almost to thelir full extent. However,
in order to address environmental lssues and reducs power
consumption, they must be operated mcore efficiently for energy
saving.

[0008]

The air-conditioning system described in the Patent Document
1 is not intended to deal with the heat generated by precision
devices such as electronic devices and does not pay due
conglderation to decreasing the temperature of the cbiect to be

cooled which generates heat itself, Lo a given level. In other



words, the technique in this deocument deals with loads cauged by
general environmental factors and is not intended to save energy in
a case that a certain level of load is predictable.

[0008]

The electronic device cocling system described in the Patent
Document 2 1s intended to cool electronic devices like ones in a
datacenter to a given temperature, in which detailed data on loads
ig avallable and thus a higher level of energy saving than before
can be achieved. However, even in the technique described in the
Tatent Document 3, there is a need for further senergy saving and
more gctive agguisition of leoad data is an important issue.

[0010]

The air conditioner described in the Patent Document 3 is
intended to guickly resolve the temperature distribution in the
vaertical direction of the air-conditioned area. If this sgystem is
applied to an arsa with a high heat generation density in which
gervers or the like are densely installed, such as a datacenter,
there is a restriction on the locations of temperature sensors or
the like, =zo the system does not always bring about an effect which
is regquired for electronic devices.

0011}

Embodiments of the present invention ssek to solve the problem
of the above related art and to provide an air-
conditioning sgystem and air-conditioning control method for

efficiently cooling an electronic device which is required to



operate with high precision and generates a large amount of heat,
such as a computer or server.

MEANS FOR SOLVING THE PROEBLEMS

[coiz]

According to one aspect of the present invention, there is
provided an air-conditioning control system for air-conditioning an
electronic device installation room housing a plurality of
electronic devices by a plurality of alr conditicners and the gystem
includes an integrated management server which calculates a required
amount of coecling energy based on power data on the electronic
devices as sent from a first client server including a job
management meang for managing Jjobs for the electronic devices and
outputs information to control operation of the air conditioners,
and a control panel which controls operation of the air conditicners
based on a command from the integrated management server, wherein
the integrated management server ingludes an environment
optimization means to calculate a temperature distribution in the
electronic device installation room in contrclling operation of the
air conditioners based on the reguired amount of ccoling energy and
sends & command for controlling operation of the air conditioners to
the control panel so that the temperature distribution calculated
using the environment optimization means is within a predetermined
permissible range, wherein each air conditioner includes a return
air temperature sensor for detecting a temperature of air flowing
into the air conditioner, a supply alr temperature sensor for
detecting a temperature of ocutflowing air, and a means for detecting

a Lreguency
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of a fan of the air conditioner; and wherein the second c¢lient
gserver or the integrated management server calculates an amount of
currently used cooling energy based on ocutputs from the return air
temperature senscr, the supply air temperature sensor, and the
frequency detecting weans; and wherein the regquired amount of
cocling energy is & sum of actual power consumption of the
electronic devices, or a sum of future power consumption of the
electronic devices as predicted by the first client server according
to a Job plan which the first c¢lient server receives, or the
calculated amount cf currently used cooling energy, whichever is the
largest.

[0013]



According to another aspect of the present invention, there is
provided an air-conditioning contrcl method for air-conditioning an
electronic device installation reom housing a plurality of
electronic devices by a plurality of ailr conditicners and the method
includes the steps of cobtaining power data ﬁn the electronic devices
by a first c¢lient server including a job management means for
managing jobs for the electronic devices, calculating a required
amount of cooling energy needed for air-conditioning the electronic
devices, Dbased on the power data on the electronic devices as
cbhtained by the first client server and calculating information to
contrel operation of the air conditioners, and the integratad
management server giving an operation command to the control panel,
wherein at the step of the integrated management seyxver giving the
operation command to the control panel, a command to control
operation of the alr conditioners 1is sent to the contrel panel so
that a temperature distribution obtained wusing an environment
optimization means for calculating a temperature distributicon and an
air current in the electronic device installation room is within a
predetermined permissible range when operation of the air
conditioners is controlled based on the power data on the electronic
devices and the required amount of cooling energy, wherein the
second client server or the integrated management server calculates
an amount of currently used cooling energy based on cutputs from a
return alr temperature sensor, a supply alr temperature sensor, and
a freguency detecting means which are provided in each air
conditioner; and wherein the required amount of cocling energy is a

sum of actual
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power congumption of the electronic devices, or a sum of future
power consumption of .the electronic devices as predicted by the
firgst client server according to a job plan which the first client
server receives, or the calculated amount of currently used cooling
anerygy, whichever ig the largest.
[0014]

In the above system and method, the required amount of cocling

energy may be a sum of actual power consumption of the electronic



devices, or the reguired amount of cocling energy may be a sum of
actual power consumption of ths electronic devices or a sum of
future power consumption of the electronic devices as predicted by
the first client server according to a Job plan which the first
client server receives, whichever is larger, or provided that each
air conditicner includes a return air temperature sensor for
detecting a temperature of ailr flowing into the alr conditiconer, a
supply alr temperature sensor for detecting a temperature of
outflowing air, and a means for detecting a frequency cof a fan of
the air conditioner and the second client server or the integrated
management server calculates an amount of currently used cocling
energy based on outputs from the return air temperature sensor, the
supply air temperature gensgor, and the fregquency detecting means,
the required amount cf cooling energy may be a sum of actual power
consumption of the electronic devices, or a sum of future power
congumption of the electromic devices as predicted by the first
client server according to a job plan which the first client server
receives, or the calculated amount of currently used cocling energy,
whichever 1s the largest.

EFFECT QOF THE INVENTION

(oois]

According to embodiments of the present invention, the amount
of heat generated by an electronic device itself can be estimated
from data on the cperation of the electronic device, so the air-
conditioning system can prevent a computer or server from

malfunctioning due
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to overheating and efficlently cool the electronic device which
generates a large amount of heat.

BRIEF DESCRIPTICON OF THE DRAWINGS

[0016]

[Fig. 1]

Fig. 1 is a Dblock diagram of an embodiment of an
air-conditicning contrel system 100 aceording to the present
invention.

[Fig. 2]

Fig. 2 is a top view of an example of an electronic device
facility which is air-conditioned by the air-conditioning control
system acceording to the present invention.

[Fig. 3]

Fig.3 13 a gside view of an electronic device facility shown
in the ¥ig.2.
iFig. 41

Fig. 4 is a flowchart for controlling an embodiment of the
alr—-conditioning contrel system according to the prsasgent
invention.

BEST MCDE FOR CARRYING QUT THE INVENTION
(0017}

Negt,anemhodimentofthepresentinventidnwillbedescribed
referring to drawings. Fig. 1 1is a block diagram of an
air—-conditioning control system 100 according to the present

invention and Fig. 2 i1s a plan view of a server room in which the
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air-conditioning contrel system 100 is installed. Fig. 3 is a
fragrmentary longitudinal sectional view of the server room shown
in Fig. 2, schematically illustrating the 2ir conditioners and air
currents.

[0018]

In¥Fig. 1, ablock encliosed by arectangle represents hardware
and a block enclosed by a corner-rounded rectangle represents
software, Ablock enclosed by a rectangle with a 1eft upper corner
missing represents data. A software progranm is loaded on a plece
of hardware connected to it by solid line. An integratedmanagement
function 10 which is the core of an integrated management ssrver
300 as enclosed by dashed lins centrally contrcls the
alr-conditioning control system 100 in the present invention and
is connected to a job management client server 20 and a power
management client server 20, a power management server 30, and an
air-conditioning efficiency management server 40 by communication
means such as LAN and the Internet respectively.

[0019]

The job management client server 20 controls job management
which will be described later and upon receiving a job reguest 24,
manages the gperation of an elecireonic device using a job management
program ZZ2 to respond to the jcb reguest. At this time, job
managemant 1s done using power data 82 detected by a powsr meter
80 and temperature data on zones Bl as detected by Lemperature

sensors 85 which will be detailed later.
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(6620}

The power management client sexrver 30 sends power consumption
status information and a management guideline to the integrated
management functicon 10, based cn the temperatiure data on zones BL
and power data 82 and using a power managenent program 32, in order
to perform efficlent power management.

[0G211

The alr-conditioning efficiency management client server 40
optimizes the air-conditioning efficiency according to an
alr-conditioning efficiency calculation program 42 which will be
detailed later, using the fTemperaiture data on zones Bl and data
on alr conditioners Al. AL this time, as the integrated management
function 10 receives various setting data from the client servers
20 fe 40, the integrated management function 10 integrates the
various setting data in accordance with a predetermined criterion
to optimize power utilizaticn. Then it sends a command for settings
of the air conditioners 70 Lo a monitoring control panel 60 through
an I/0 unit 50. Following the command from the integrated
management function 10, the monitoring control panel 80 sends an
operation command To variocus parts of the air conditioners 70 using
a monitoring program 62. The moniteoring control panel 60 outputs
monitoring data 64 which indicates the operation status of the air
conditioners 70 and the I/0 unit 30 outputs log data 56 which
indicates the operstion status of the zir-conditioning control

system 100.
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[0G22]

The I/0 unlt stores an I/0 program 90 and an energy
cptimization program 92 and senvirconment optimization program 24
relating to the program 20. The energy optimization program 92
makes calculations in reference to characteristic data 96 on the
air conditioners 70 stored in & storage means in the form of a
database and initial setting data %5 for the initial setting of
the ailr conditioners 70 and outputs log data 23. The environment
optimization program 84 calculates how to operate the air
conditioners 7C to minimize the environmental load, in reference
to sensor setting data 97 including data on the arrangement of the
temperatire sensors 85 ztored in 2 storage means in the form of
a database.

[0023]

Although these programs 20, 92, and 24 are stored in the I/0C
unit 50 in this enbodiment, instead the integrated management
function 10 or the monitoring control panel 60 may have an
input/output function and store these programs. Fig. 1 isadiagram
for easy explanation of various functions.

[0024]

Next, an examplie of an electronic device facility to which
the air-conditioning control system 100 is actually applied will
be described referring fo Figs. 2 and 3. ¥Fig. 2 shows an example
of a server room 200 as part of a datacenter in which many servers

{electronic devices) are mounted in server racks. In the server
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rocm 200, a plurality of air conditioners 111 to 114 are installed
along walls {(two units agalinst each of wall surfaces opposite to
each other in the figure}. Return air temperature sensors 131 fo
134 for detecting the temperature of air sucked in from the server
rocm 200 and supply alr temperature sensors 121 to 124 for detecting
the temperature of conditioned air discharged from the air
conditioners 111 to 114 are attached to the air conditioners 111
to 114 respectively.

[0025]

The server room 200 1s substantially divided into zones which
correspond to the alir conditioners 111 to 114 and the air conditioner
111 mainly alr-conditions the zone 171 and the alr conditioner 112
alr-conditions the zone 172. The air which is conditioned by the
alr conditioners 111 te 114 is passed through an underfloor passage
153 and supplied to the zeones 171 to 174 respectively. In each of
the zones 171 tc 174, a plurality of rows {(two rows in the figure)
of server racks 182 (seven racks per row in the figure) are installed
and these server racks @ach have a plurality of shelves arranged
vertically. A server 181 is placed on each shelf. This means that
many sservers are installed in the server room 200 and the heat
generated by these servers must be quickly and efficiently
discharged.

(0026}
Fig. 3 is a sectional view showing part of the server room

200 schematically. The air conditioner 71 located against the wall
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is a so-called package type alr conditioner which sends conditioned
ailr 161 through a partition wall 152 to the underfloor passage 153
formed between a floor surface 155 and an underfioor wall surface
156 by a blower fan. The floor surface constitutes a grating 154,
g while condlticned alr 162 flows in the underfloor passage 153,
upward alr currents 165 and 166 which go into the server room threcugh
the clearance gaps of the grating 154 are formed.
{0027]

The server racks 182 are located on the floor surface 155
as mentioned above and the conditioned air currents 165 and 166
coming from the graiting 154 exchange hgat with the servers 181
mounted in the server racks 182 and their temperaturss go up,
resulting in the formaticn of upward ailr currents 163 and 164.
These upward air currents 163 and 164 go through a partition wall
151 for partitioning the installation space of the alr conditioner
71 against the wall and turn into an inflow current 167 which
exchanges heat with cooling water and refrigerant through a heat
exchanger provided in the air conditiconer 71, generating
conditioned ailr. This cycle is repeated to cool the servers 181
to below a prescribed temperature.
100281

The heat exchanger of the alr conditioner 71 works for
so—called free cooling, in which 1t exchanges heat between the air
in the server room 200 whose temperature has risen and the cooling

walter whose latent heat 1s lost when the compressor is out of
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operation. When the compressor is in operation, in the heat
exchanger which functions as a condenser, heat exchange takes place
between the refrigerant and the cooling water having pagssead through
a cooling tower 76 and in the heat exchanger which functions as
an evaporator, heat exchange takes place between the air in the
server room 200 whose temperature has risen and the refrigerant.
For this reason, pipes 74 and 7> are provided to enable cooling
water to circulate through the cooling tower 76.

f0029]

Az described above, the return alr temperature sensor 72 is
located near the intake side of the air conditioner 71 and the supply
alr temperature sensor 73 is located near the discharge side thersof,
The temperature data detected by these sensors 72 and 73 is sent
through a communicaticn line 66 such as LAN to the monitoring control
panel 60, On the other hand, an coperation control command 1s sent
from the monitoring contrel panel through a communication line €5
such as LAN to the air conditicner 71.

00301

For the purpose of goptimization of the environment,
temperature sensors 86 to 89 are located near the top and bhotton
shelves of sach server rack 182. HAbove these temperature 2ensors
86 to 89, temperature data i1s also sent through the communication
line like LAN to the monitering control panel 60. Although
temperature data is collected in the monitoring control panel in

this embodiment, it is needless to say that the data may be sent
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to a separate client server or the integrated management function
10 instead.
[0031]

An example of operation of the glr-conditioning system in
the present invention which is intended to achieve both
environmental load reduction and alr-conditioning efficlency
improvenment in the air-conditioning control system thus configured
will be explained referring to the flcowchart of Fig. 4. First, as
a job request 24 is issued from a user, the job program is executed
to perform calculations and control operations using the servers.
The job management client server 20 cptimizes the job.

L0032]

For example, the method described in JP-A-2009-252056 is
adopted to optimizé the job. This method uses two types of
processing policies. (1) When an order of priority is set for jobs,
priocrity order indices are given to assign jobs To a plurality of
servers and the job to be agsigned to sach server is determined.
(2} Taking power consunmpiion of each server into consideration,
a job is assigned to the server so as to minimize the power
consumption (Step 410). In either of these pollicies, power
consumption is calculated from gerver location informastion and

pesition information including environmental information (Step

The location information includes position coordinates and
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identification data of the servers 181 and inter-server connection
data. The snvircnmental infermation includes server opsration
data and performance characteristic data and ambient environment
monitoring data such as electric power, temperalture, humidity, flow
rate, flow direction, rated output power, and rated performance.
The performance characteristic data includes supply power loss
characteristics and power consumption characteristics. These are
stored in the form of a2 database.

[0CG34]

Once jobs are assigned, the amount of generated heat or
cocling load is calculated using the alr-conditioning management
client server 490. For example, tThe method described in
uses sensitivity analysis, sensitivity analysis data is prepared
using a simulaior. Specificelly, how ths temperature of
conditioned air which flows into, and;frcnn cach server 181 changes
when the ouflelt temperature (supply air temperature! of each of
the air conditicners 111 to 114 is changed, and how the temperature
of thereturn air into each of the alr conditioners 111 to 114 changes
when the temperature of conditioned air flowing out of each server
181 is changed are actually measured or estimated by a simulator
(Step 430).

[C035]
The supply air temperature of each of the air conditioners

111 te 114 ({temperatures detected by the supply sir fenperature
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sensors 121 to 124) which minimizes the evaluaticn function as the
square sum ¢ deviations beftween the temperature of conditioned
alr currently flowing into each server 181 and the permissible
maximum temperature of inflowing conditiconed air 1s determined
{3tep 440). If this value hes a sufficient difference from an
estimated value or ever-changing updates by real-time calculations
are desired, the calculation here is stopped (Step 450) and setting
data for the air conditioners 111 to 114 to attain such supply alr
temperatures 1s sent to the integrated management function 10.

{003¢€]

If further reduction ¢f power consumption is desired, the
air conditioners 111 fo 114 are operated under conditions as close
to the optimum operating conditions as possible. Specifically,
setting data is sent to the integrated management function 10 so
that the compressor operation level is changed to an operation level
at which the supply air temperatures (outlet temperatures) of the
alr conditioners 111 tQ 114 are the temperatures deternined at Step
430 and the power consumption is minimized {Step 460).

(00371

For further reduction of power consumption (Step 470), the
servers 181 which are out of service or not executing the jobs though
turned on are selected and the influence of these servers 1is
eliminated from the above evaluation to determine the operation
levels of the ailr conditioners 111 to 114 (Step 480). Thus, by

contrelliing only the temperatures ¢f the servers 181 which are
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currently executing the HJobs, further reduction of pouwex
consumption can be achieved.
[0038]

In terms of reducing power consumption while the servers 181
as heat generators to be cocled are nearly at thelr maximum operable
temperatures, a considerable effect is produced simply by carrying
oul the shove steps. However, further improvement is to be made
in terms of reducing environmental load. Therefore, considering
environmental load, the alr currents and femperature distribution
in the server rocm 200 are calculated according to the environment
optimization program 924, also using data from the temperature
sensors 86 to BY (3tep 490}.

(002391

Whether or not the temperature of sach zone in the server
room 200 is above a predetermined upper limit or heat buildup cccurs
can be decidad bagsed on the calculation of air currents {Step 5060} .
Consequently, not only heat buildup 1s suppressed but also if heat
buildup should be predicted, it iz possible to prevent the
temperatures of the servers 181 from going up abnormalily due fto
local temperature rise by increasing the cooling power of the alr
conditioners or changing The Jjob (Step 520). If the air
conditioners are preset Lo operate only when there isno heat bulldup
{(Step 510}, power cconsumption is reduced.

(0040}

In the above embodiment, the thermal lcad generated by the
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servers 181, namely the reguired amount of cooling energy of the
alr conditioners, has been calculated by either of the following
two methods: {1} the calculation is made on the basis ¢f the
operation status {calculated value] of the job assigned by the job
management client server 20 {Step 420) and {2) instead of Step 420,
the calculation is made by detecting the heat generation (power
consumption) of the servers 181 resulting from the actual Jjob
operation. If the latter method is used, the required amount of
cooling energy (thermal load} is obtained as direct electric power
consumption, which offers an advantage that the amount of load is
easily known and the air conditiconers can be controlled in real
time, This method is effective when lcad variaticon is large.
(00411

In addition, the reguired amount of cooling energy {iocad)
can also be predicted according to the job operation plan of the
Job management client server 20. This is effective as a proactive
measurewhenlarge1Qadvariationisexpegt@dtooccuxintbefuture.
When a server is cooled by an alr conditioner, it is difficulif fo
avoid a time lag from input of a cooling condition updating signal
to the air conditioner untilil the server is actually cocled to a
prescribed temperature. According to the past experience, & time
lag of about 5 minutes may occur in some cases. In The past, due
to such a time lag, load variation could not be dealt with and an
excaessive cooling capacity was used with a resulting increase in

power consumptilion.
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[0042]

The above embodiment compensates for such a time lag and
permits energy saving. In this case, 1if the predicted required
amount of cooling energy or the reguired amcount of cooling enaergy
calculated from the heal generation {power consumpticn) of the
server 181, whichever ig larger, 1ls taken as the regquired amount
of cooling energy and instead of Step 420 in Fig. 4 the integrated
management function 10 runs the air conditioners 70, power
consumption is reduced without an excessive load on the servers
181,

[0043]

Furthermore, since the difference between the return air
temperature and supply alr temperature of each of the air
conditioners 111 to 114, multiplied by the amcunt of air flowing
into each of the air conditicners 111 to 114 may be considered as
thermal load, optimum operation can be performed according to the
sequence shown in FPig. 4 by taking as cooling lcad the largest one
amcnyg three values, namely the amount of heat processed by the air
conditioner, the power consumption of the servers 181 at the present
{measured value), and the predicted power consunmption of the
servers in the future, Iinstead of Step 420. Therefore, whan the
alr conditioners are controlled by finding the largest ons among
the above Chree values at regular time intervals, high reliability
is ensured and power consumption ig reduced without an excessive

load on the servers 181. Here, if the bhlower fan 77 of the alr
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conditioner 71 is an inverter-controliled blower fan, the amount
of inflowing air can be calculated from the inverter freguency and
the fan charagteristic data.

[0044]

The above embodiment has been so far explained by taking an
example of alr conditioning of a datacenter with many servers;
however, the present invention is not limited to air conditioning
of a datacenter but it may be applied to alr conditioning of a
facility includingmany devices that generate heat. Also, although
The above explanation assumes that the air conditioners are packags
Type alr conditicners, the invention may also be similarly applied
to the case of using absorption refrigerators with fan coil units.
[0045]

Furthermore, in the above embodiment, in order to attain the
optimum coperation status of the air conditiconers, namely attain
the operation status in which a given alr-conditioning performancs
is achieved with mninimum power comsumptioﬁ, the required amount
of cooling energy needed to calculate the operation status of the
air conditioners is calculated basesd on one among a plurality of
varying factors which is most contributory to safe operation, so
rise in the room temperature which contributes to failures of
alectronic devices included in an electric device facillity is
suppressed. In addition, since the operation status of the air
conditioners can be decreased according 1o load, energy saving is

ensured and environmental load is reduced.
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DESCRIPTION OF REFERENCE NUMERALS

[0046)

10...Integrated management function

20...J0b nmanagement client server {first client server)
22...Jc0b management means (program)

24...Job reqguest

_30...Power management client server

32..fPower manageneni means {(program)

40...Air-conditioning efficiency management client server (second
client server)

42, . Air-conditioning efflcilency calculation means (program)

50...1/0 unit

52...Initial setting data

54...Log data

60..,.Monitoring control panel

£2...Monittoring program

64...Monitoring data

65, 66,..Communication lines

7¢...Air conditioners

71...Alr conditioner

72,..Return air temperature sensor

73...5upply air temperature sensor

74, 75...Cooling water pipe

76.,..Cooling tower

77...Blower fan
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g8C...Power meter

8Z...Power data

85 to 8%...Temperature sensors

0. ..Input/output management program
92...Energy optimizaticn means (programn)
93...Log data

94...Environment optimization means (program)
895, ..Initial setting data

86...Air conditioner characteristic data
97...5ensor setting data

100.. . Rir-conditioning control system

111 to 114...Air conditioners

121 to 124...%upply air temperature sensors
137 to 134...Refturn air temperature senscrs
151, 152...Partition walls

153.. . Underfloor chanmber

154.,.Grating

155...Floor surface

156.. . Underflioor wall surface

161 to 167...Alr currents

171 to 174...Ajr-conditioned zones
181...8erver (electronic device)
182...3erver rack

200...3erver room

360, . .Integrated management server



Al...RAlr conditioner data

Bl...Temperature data

24
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CLATIMS
[{Claim 1]

An air-conditioning control system for air—conditioniﬁg an
electronic device installation room housing a plurality of
electronic devices by a plurality of air conditioners, comprising:

an integrated management server which calculates a reguired
amount of cooling energy based on power data on the electronic
devices as sent froma first client server including a job management
means for managing jobs for the electronic devices and ocutputs
information to control operation of the air conditioners; and

a control panel which controls operation of the air
conditioners based on a command from the integrated management
sexrver,

wherein th@ integrated management server includes an
environment ‘optimization means to calculate a temperature
distribution in the electronic device installation xoom in
controlling operation of the air conditioners based on the required
amount of cooling energy and sends a command for controlling
operation of the air conditioners to the control panel so that the
temperature distribution calculated wusing the environment
optimization means is within a predetermined permissible range,

wherxein each air conditioner includes a return air
temperature sensor for detecting a temperature of air £lowing into

the air conditioner, a supply air temperature sensor for detecting
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a temperature of outflowing air, and a means for detecting a
frequency of a fan of the air conditioner; and

wherein the second client server or the integrated management
server calculates an amount of currently used cooling energy based
on outputs from the return air temperature sensor, the supply air
temperature sensor, and the frequency detecting means; and

wherein the required amount of cooling energy is a sum of
actual power consumption of the electronic devices, or a sum of
future power consumption of the electronic devices as predicted
by the first client sexrver according to a job pilan which the first
¢lient server receives, or the calculated amount of currently used

cooling energy, whichever is the largest.

{Claim 2]
The air-conditioning control system according to Claim 1,
wherein the required amount of cocling energy is a sum of actual

power consumptilon of the electronic devices.
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[Claim 3]

The air-conditioning control system according to Claim 1,
wherein the required amount of cooling energy is a sum of actual
power consumption of the electronic devices or a sum of future power
consumption of the electronic devices as predicted by the first

client server according to a job plan which the first client server

receives, whichever ig larger.
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[Claim 4]

An zir-conditioning control method for air-conditioning an
electronic device installaticn room housing a plurality of
electronic devices by a plurality of alr conditioners, comprising
the steps of:

obtaining power data on the electronic devices by a first
client server including a job management means for managing jobs
for the electronic devices;

calculating a reguired amount of cocling energy needed for
air-conditioning the electronic devices, based on the power data
on the electronic devices as obtained by the first cliernt server
and calculating information to control operation of the air
conditioners; and

the integrated management server giving an operation command
to the contrecl panel,

wherein at the step of the integrated management server giving
the operation command to the control panel, a command to control
operation of the air conditioners is zent to the contrel panel so
that a temperature distribution obtained using an environment
optimization means for calculating a temperature distribution and
an alr current in the electronic device installation room is within
a predetermined permissible range when operation of the alr
conditioners is controlled based on the power data on the electronic

devices and the regquired amount cf cooling energy,
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wherein the second client server or the integrated management
server calculates an amount of currently used cooling energy based
on outputs from a return air temperature sensor, a supply air
temperature sensor, and a freguency detecting means which are
provided in each air conditicner; and

wherein the required amount of cooling energy is a sum of
actual power congumption of the electronic devicesg, or a sum of
future power consumption of the electronic devices as predicted
by the first client sexrver according to a job plan which the first
client server recelves, or the calculated amount of currently used

cocling energy, whichever is the largest.
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iClaim 5]

The air-conditioning control method according to Claim 4,
wherein the required amount of cooling energy is a sum ¢f actual
power consumption of the electronic devices.

[Claim 6]

The air-conditioning control method according to Claim 4,
wherein the reguired amount of cooling energy isg a sum of actual
power consumption of the electronic devices or a sum of future power
congumpticn of the electronic devices as predicted by the first
client server according to a job plan which the first client server

recelves, whichever is larger.



