HEAT SOURCE SYSTEM AND METHOD FOR CONTROLLING THE SAME CROSS REFERENCE
TO RELATED APPLICATIONS This application claims the benefit of Japanese Patent Application
No. 2011-135446 filed on June 17, 2012, the disclosure of which is incorporated herein by reference.
BACKGROUND OF THE INVENTION Field of the Invention 10The present invention relates to a heat
source system and a method for controlling the same. Description of the Related Art A heat source
system that produces cold water by a 15 chiller and cools a load (a room, an appliance or the like) is

well known;# chilerinstalled 4r-sucharheai saurce-systermis gonirelted bya capagity corresponding
to increase and decrease in the load. Some heat source systems include two or more chillers 20

arranged in series so that convey power is cut down by increasing the temperature difference of cold

water used-for €9oling.:See;der example, JPS61:225528 A(ta be referred to as Patent Document 1

hereinafter) and JP S60- 023760 A (to be referred to as Patent Document 2 25hereinafter).
This appllcatlon claims the Dbenefit of Japanese

b Patent Application No., 2011-135446 filed on June 17, 2012,

the disclcsure of which is incorporated herein by referance.

BACKGROUND OF THE INVENTION
Field of the Invention
10 The present inventicn relates to a heat source system

and a methoed for controlling the same.

Description of the Related Art
A heat source system that produces cold water by a
15 chiller and cools a load (a room, an appliance or the like)
is well known. A chiller instaliled in such a heat source
system is contreolled Dby a capacity corresponding to
increase and decrease in the load.

Some heat source systems include two or more chillers

20  arranged in series so that convey power is cut down by
increasing the temperature difference o0f cold water used
for cooling. see, for example, JP S61-225528 A {(to be
referred t©o as Patent Document 1 hereinafter) and JP S60-
023760 A (to be referred tc as Patent Document 2

25  hereinafter).

Nonpatent Literature 1: “Heat Storage Bir-
conditioning System”, The  Socliety of Heating, Bir-
conditioning and Sanitary Engineers of Japan, pp.82-85,
1993

30 The heat source systems disclosed in Patent Documents
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NonpatentLiteraturel:"HeatStorageAir- conditioning System”, The Society of Heating, Air-conditioning
and Sanitary Engineers of Japan, pp.82-85, 1998 30The heat source systems disclosed in Patent
Documents 1 and 2 can reduce the required pumping power of cold water by arranging in series the
chillers on the high temperature side and the low temperature side and increasing the temperature
difference therebetween, for example in a 5 condition where outside air temperature is high and
temperature difference of cold water while circulation (temperature difference between the inlet side of

the chiller and:the putigtside of the ehillendslarge.Howeven if theshillersare-amangad:in series, and
10 when the flow rate of a pump which feeds cold water into the chiller is constant, the efficiency of the
heat sourceYsystefiHay Be lowe st when &Bofing fostis aPartiaFload WhiciFigsmalfértfan the

maximum capacity, (maximum lgad), apd therefore,there, isa problem that the, effigiency;of the 15 heat

source system may be dropped due to change in load of an object to be cooled and condition of
outside air ¢madditionrit is Wécessany toededlwitheloatehanges tonsideringsicrage of heat of the
e i e S Lt i Lo
arranged insseties are not operated avithea maximu iDadrand a methiad:for contralling itbe same. 25
SUMMARY OF INVENTION ) .

(temperature difference between the inlet side of the

chiller and the outlet side of thes chiller} is large.

However, 1f the c¢hillers are arranged 1n series, and

10 when the flow rate of a pump which feeds cold water into
the chiller is constant, the efficiency of the heat source
system may be lowered when cooling load is a partial load
which is smaller than the maximum capacity {(maximum. load),
and therefcre there 1s a probklem that the efficiency of the

15  heat source system may be dropped due to change in load of
an object to be coocled and ceondition of outside air. In
addition, it 1is necessary to deal with locad <changes
considering storage of heat o¢f the thermal storage tank
used for storing cold water.

20 In light of the above, the ©present invention
addresses providing a heat source system that is capable of
improving the efficiency when chillers arranged in series
are not operated with a maximum load and a method for
contrelling the same.

25
SUMMARY OF INVENTION

To solve the problems above, the present invention
provides a heat source system, including: a cooling tower;

a first cold water system configured to circulate first

30  cold water coocled by the ccoling tower; a second cold water

2



To solve the problems above, the present invention provides a heat source system, including: a
cooling tower; a first cold water system configured to circulate first 30 cold water cooled by the cooling
tower; a second cold water system configured to circulate second cold water used for cooling a load
component; a plurality of chillers arranged in series to the second cold water system and configured to
cool the second cold water by transferring heat of the second cold water used for cooling the load
component to the first cold water; a control device that controls one or more objects to be controlled,

the objects;ta;be gonikelledhineligding-at least-ong«af aLooling fanconfigyrad.to.sead outside air to the
cooling tower, a first pump configured 10 to circulate the first cold water, and a second pump
configured-ceircifaté the>SEcarefetd Hater; and Athermalstérageunit Configaretfioxtore the

second cold,watsr.cooled,by the chillersand provide the second gold,water o e load gomponent.

15In addition, the control device sets a desired control value of the object to be controlled such that an
evaluationcfanétioniindicatingan enelgy consdemption bécemes ainimym reresponse tdehange in at
least S %%%?S@%ﬂ&”%%%%nS’%‘%&g S%hecaéé’ﬂ%%.th%”%‘?" fc?%séor%%%%ﬁﬁ‘%}?%@ g requirement
load of the'lbad component. ccordingto the present’invention, it Is posstble to provide a heat
source system capatte obmprovingrefficiency. wheh chilers arrangeddn series arexnet eperated at a
maximum load and to provide a method for 25 controlling the same. BRIEF DESCRIPTION OF THE
DRAWING®LE objects to be controlled, the objects to be controlied
including at least one of a cooling fan configured to =send
outside air to the cooling tower, a first pump configured
10 to circulate the first cold water, and a second pump
configured to circulate the second cold water; and a
thermal storage unit configured to store the second cocld
water cooled by the chillers and provide the second c¢old
water to the load component.
15 In addition, the control device sets a desired
control wvalue of the cobject to be contreciled such that an
evaluation function indicating an energy consumption
becomes minimum 1in response to change in at least one of
condition of coutside air, storage of heat of the thermal
20  storage unit and a reguirement load of the load component.
According to the present invention, it is possible to
provide a heat source system capable o©f improving
efficiency when chillers arranged 1in series are not

operated at a maximum Jload and To provide a method for

25 controlling the same.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 1is & diagram illustrating a configuration
example of a heat socurce system according to the present

30  embodiment;



FIG. 1 is a diagram illustrating a configuration example of a heat source system according to the

present 30 embodiment;

FIG. 2A is a graph showing a relation between a load factor and COP of

a chiller in a case when the desired value of an object to be controlled is kept constant; FIG. 25 is a
graph showing a relation between a load 5 factor and COP of a chiller in a case when the desired
value of an object to be controlled is determined based on a optimization calculation;
flow chart illustrating a procedure of heat storage operation; 10FIGS. 4A and 45 are graphs illustrating
examples of changg in cogling amount.. . G, Hiis asflow ehart ilustrating apracedyrg of running
heat storage operation and cooling operation in response to a load; 15FIG. 6 is a diagram illustrating
an exampléastzrdata fableCShowing relatidhislambng a wet-biils tempesaturie ef ottside ai, a load
factor of the.chiller, and @ taig ol rotational speerl of cooling water pump: FIG, 7 is a diagram
illustrating a contiguration exa?mple of 20°the heat source system in which & igh temperature side
chiller and a low tefiperaire sidexchiller@re sirvamged i serds:toithe coeling water system; and
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factor and COP of a chiller in a case when the desired
value of an object to be controlled is determined based on
a cptimization calculation;

FIG. 3 is a flow chart illustrating a procedure of
heat storage operation;

FIGS. 4A and 4B are graphs illustrating examples of
change in cocling amount;

FIG. 5 1s a flow chart illustrating a procedure of
running heat storage operation and cooling operation in
response to a load;

FIG. 6 is a diagram illustrating an example of a data
table showing relaticons among a wet-bulb temperature of
outside air, a lecad facteor of the chiller, and a ratio of
rotational speed c¢f a cooling water pump;

FIG. 7 is a diagram illustrating a configuration example of
the heat source system in which a high temperature side
chiller and a low temperature side chiller are arranged in
series to the cceling water system; and

FIG. 8 1s a diagram illustrating a configuration example of

the heat source system including two cooling towers.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENT

Embodiments of the present dinvention will be
described in detail with reference to the related drawings
accerding to the necessity.

The heat source system 100 according to the present

4
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FIG. 8 is a diagram illustrating a configuration example of the heat source system including two cooling
towers. 25 DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENT Embodiments of the
present invention will be described in detail with reference to the related drawings according to the
necessity. 30The heat source system 100 according to the present embodiment is configured by, as
shown in FIG. 1, thermally connecting a first cold water system (a cooling water system) in which a
first cold water (a cooling water) cooled by free cooling in a cooling tower | is circulated 5 and a second

cold watercsystem:{a.cooling water system) ip which a seeard caldavater (a cald water) that cools a
load 3 is circulated via a high temperature side chiller 2a and a low temperature side chiller 2b. The

high tempéraittirecside ghilfer 2a-aid the fovit teripefature Eilecchilldi2h @re 1oreentrifugar chiller for
example and.are arranged in, series in the cold water sysiem. . ﬁEhe&?@i?ﬂ?O'%‘é’é&e})Whose

temperature is risen by cooling the load 3 is transferred to the cooling water in the high temperature
side chillec2a and they lofr 5 temperatyre sidezchiller 2b; thetehyethe Toldswater beirgtcobled.

Meangvhiledrgge Qigh teg}ggr%tgﬁe si%gtchgleg ZSati%rinnsEalled upstream %ft@e cpldsiévartn r a__nﬂd the low
temperature side chiller 2D is ms?alle‘a downsfream of the 20 cold Waterin thé Cold water System.
which a second cold water (a cold water) that cools a load

3 is circulated via & high temperature side chiller Za and
a low temperature side chiller Zb. The high temperature
side chiller Za and the low temperature side chiller 2Zb are

10 centrifugal chiller for example and are arrangsd in series
in the cold water system.

The heat of cold water whose temperature i1s risen by
cocling the lcad 3 is transferred to the cooling water in
the  high temperature side chiller 2a and the low

15 temperature side chiller Zb, thereby the cold water being
cooled.

Meanwhile, the high temperature side chiller 2a is
installed wupstream of the cold water and the low
temperature side chiller Zb is installed downstream of the

20 cold water in the cold water system.

In the cooling water system, a high temperature side
cooling water pump 42 and a high temperature side chiller
Za are arranged on a cooling water ouigeing flow pipe ¢la
which is connected to the outlet side of the cooling tower

256 1. Cooling water cooled by the cooling tower 1 is flown
into the high temperature side chiller Za wvia the cooling
water pump 4a. The outlet side of the high temperature
side chiller 2a is connected to the inlet side of the
cooling tower 1 wvia the cocling water incoming flow pipe

20 62a. The cooling water flown out from the high temperature
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In the cooling water system, a high temperature side cooling water pump 4a and a high temperature
side chiller 2a are arranged on a cooling water outgoing flow pipe 61a which is connected to the outlet
side of the cooling tower 25 1. Cooling water cooled by the cooling tower 1 is flown into the high
temperature side chiller 2a via the cooling water pump 4a. The outlet side of the high temperature side
chiller 2a is connected to the inlet side of the cooling tower 1 via the cooling water incoming flow pipe
30 62a. The cooling water flown out from the high temperature side chiller 2a is flown into the cooling

tower 1. SiE@“Bﬁ&KHQ@eZ§OﬂQ9ﬂ%ﬂ@ﬁoﬂﬁﬁﬁﬁkm@Néﬁﬁi§%%a%Qﬁgﬁhﬁdﬂom/mpe6lbis
connected between the outlet side of the cooling tower 1 and the high temperature side

Further, on the cooling water outgeing flow pipe 61la,
a branched flow pipe 6lb is connected between the outlet
side o¢f the cocling tower 1 and the high temperature side

5 cooling water pump 4a. On the branched flow pipe 61lb, a
low temperature side cocling water pump 4b and a low
temperature side chiller 2b are arranged, and some of the
cold water cooled by the cooling tower 1 is flown into the
low temperature side chiller Zb wvia the low temperature

10 side cooling water pump 4b. On the outlet side of the low
temperature side chiller Zb, a branched incoming flow pipe
b2b is connected. The branched incoming flow pipe 62b is
further connected to the cooling water incoming flow pipe
bZa between the outlet side of the high temperature side
15  chiller 2a and the inlet side of the cooling tower 1.

In other words, the high temperature side chiller Za
and the low temperature side chiller 2Zb are connected in
parallel in the cooling water system. In the present
embodiment, the high temperature side cooling water pump 4a

20  and the low temperature side cooling water pump 4b
altogether are referred to as a first pump.

The cooling tower 1 is provided with a cooling fan 6
which is driven by an inverter 51. The cooling water flown
into the «c¢ooling tower 1 1s cooled by outside air

25  circulated by the cooling fan 6. The rotational speed of
the cooling fan % is ceontrcolled with a freguency inputted
to the inverter 51.

That 1is, the air flow rate to the cooling tower 1 is

controlled with a freguency inputted to the inverter 51.

30 The high temperature s=side cooling water pump 4a is
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5 cooling water pump 4a. On the branched flow pipe 61b, a low temperature side cooling water pump
4b and a low temperature side chiller 2b are arranged, and some of the cold water cooled by the
cooling tower 1 is flown into the low temperature side chiller 2b via the low temperature 10 side cooling
water pump 4b. On the outlet side of the low temperature side chiller 2b, a branched incoming flow
pipe 62b is connected. The branched incoming flow pipe 62b is further connected to the cooling water
incoming flow pipe 62a between the outlet side of the high temperature side 15 chiller 2a and the inlet

side of the;gaaling tawer 4. inkotherwards, the hightemperafure sidechiller 2a andthe low
temperature side chiller 2b are connected in parallel in the cooling water system. In the present
embodimer thé High'tériperattsidercoding WatsF pumyy 4820 and tHe-Ri temperatute side

cooling W%%E;R‘i@?g 4b-altogether are referred to.as a firstpump., . The coaling.towey, L is provided

with a cooling fan 6 which is driven by an inverter 51. The cooling water flown into the cooling tower 1
is cooled Byoutside air2bicirculatet by thetdovling fam6 CFherbtational speedwftse ¢daling fan 6 is

contr%lled V\G hj‘ae re%u%n%/rigggggd (t:%thgoinx%r%er 5wla~'" That is eth% giéfl;?}’]v ra;% ‘tﬁoetheqcooling tower
1 is controlied with a ﬁ‘eauency inputted fo the'inverter 51. 30The’ igh temper%tu“re Side cooling water

pump 4a is ddriven ypaninveiter 52a] and thellows temperatire side; ceoling-water pump 4b is driven
by an inverter 52b. A cooling tower outlet temperature (coqling water temperature at the cooling tower

outlet) sensor 31 that measlifes th&sthetteniperatifEof dbbling watBFiR TR ¢hBling tover 1 is set up
on the outlet side-of the eeeling,tgwer 4. ang Rotational speegds-otthehigh temaperature side cooling

water pump 4a and the low temperature side cooling water pump 4b are controlled with a frequency
inputted to"E0- tHe iBVERers B2aehd BZbrespecivei th a frequency inputted to

10 the inverters 52a and 52b respectively.

That is, the flow rate of cooling water in the
cocling water system 1is controlled with a freguency
inputted to the inverters 5Za and 52b.

The cold water system 1s configured =such that the

15 outlet side of a thermal storage tank 8 and the inlet side
of the high temperature side chiller Za are connected via a
cold water incoming flow pipe 64 which is provided with a
cold water pump 5. Further, the outlet side of the high
temperature side chiller Za and the inlet side of the low

20 temperature side chiller 2b are connected via a chiller
connecting pipe 65. Further, the outlet side of the low
temperature side chiller 2b is connected to the inlet side
c¢f the thermal storage tank 8 via a cold water outgoing
flow pipe 63. The c¢old water pump 5 1is driven by an

25 inverter 53,

Rotational speed of the cold water pump 5 1is
controlled with a freguency inputted to the inverter 53.
That is , the flow rate of the cold water in the cold water
system 1s controlled with a frequency inputted to the

30  inverter 53. In this embodiment, the cold water pump 5 is
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That is, the flow rate of cooling water in the cooling water system is controlled with a frequency
inputted to the inverters 52a and 52b. The cold water system is configured such that the 15 outlet side
of a thermal storage tank 8 and the inlet side of the high temperature side chiller 2a are connected via
a cold water incoming flow pipe 64 which is provided with a cold water pump 5. Further, the outlet side
of the high temperature side chiller 2a and the inlet side of the low 20 temperature side chiller 2b are
connected via a chiller connecting pipe 65. Further, the outlet side of the low temperature side chiller

2b is connegteghtpdhe iletside of the thermalgtorage tank 8 via a cold water outgoing flow pipe 63.
The cold water pump 5 is driven by an 25 inverter 53. Rotational speed of the cold Wate\;r‘gump 5is
controlled with a fregBen&Piputtéd t§the MveRBF531 Fhattis © e fibw riifetof the coldi#ater in the

cold water.sysiem i gonlrallesonith a:fiequency inputied fodhe 30-pvererad. I yis,embodiment, the

cold water pump 5 is referred to as a second pump. he cold water system is provided with a
high températurerside chillet outlet temperatinesensor 34althat wadasures outleb tempérdture of cold

\Nauyﬂnthgé%%grature side chiller 2a (hereinafter referred to as

cold water temperature of high temperature chiller cutlet),
a low temperature side chiller outlet temperature sensor
34k that measures outlet temperature of cold water in the
low temperature side chiller Zb {(hereinafter referred to as
10 cold water temperature of low temperature chiller outlet),
and a thermal storage tank temperature sensor 8a that
measures temperature of cold water in the thermal storage
tank 8 (hereinafter referred to as thermal storage tank

temperature) . Here, the thermal storage tank temperature

15 sensor 8a may be omitted.
The heat source system 100 1is provided with a
secondary cold water system which is configured including
the thermal storage tank 8 and a load 3.
In the secondary cold water system, the outlet side
20 of the thermal storage tank 8 and the inlet side of <the
load 3 are connected via a secondary cooling outgoing flow
pipe 66 which includes a secondary cold water pump 5a, and
the outlet side of the load 3 and a secondary inlet side of
the thermal storage tank 8 are connected via a secondary
25  cooling incoming flow pipe 67. According to this
configuration, ccld water is provided to the load 3 via the
thermal storage tank 8.
The secondary cold water pump 5a 1is driven bv an
inverter >3a.

30 Further, there are provided a thermal storage tank
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5 temperature side chiller 2a (hereinafter referred to as cold water temperature of high temperature
chiller outlet), a low temperature side chiller outlet temperature sensor 34b that measures outlet
temperature of cold water in the low temperature side chiller 2b (hereinafter referred to as 10 cold
water temperature of low temperature chiller outlet), and a thermal storage tank temperature sensor 8a
that measures temperature of cold water in the thermal storage tank 8 (hereinafter referred to as
thermal storage tank temperature) . Here, the thermal storage tank temperature 15 sensor 8a may be

omitted. scdbedeat sourge system 10Q4ds pravided with, asecondary celd- wates system which is
configured including the thermal storage tank 8 and a load 3. In the secondary cold water system, the

outlet side ZT"6Rha tHéma&l 'stGragetank 8 ahd-thefiniet sidecofithe 18kd 3 Bre eofifiedted via a
secondarycoqling.auigoingflow.pipe 66 which.includes & secondary cold water pymp Sag-and the

outlet side of the load 3 and a secondary inlet side of the thermal storage tank 8 are connected via a
secondary28:¢osling dnicoming floangipe 67 0Adeording 1o this configuratiom xoldayates iszprovided to

the load 3 via the therma storage tank 8, _ Thetsecondsagx cgld wafer. pump 5a is driven by an
invertér 53a. %6Furﬁ’1er, there are p?ovidec? athérma rs?oragé tank sécon gr? orﬂﬁeatst%?nepserature
sensor 81 thatpneasures tempetatuieiefisecondlary eutletdn thesthesmal storage tank:S:ereinafter
referred to as cold water temperature of thermal storage tank secondary outlet), a thermal storage 5

tank secondary it teriperatire &S 82 that medStrE< téifipefdturd 8f seCordarAnhRet of cold

water in thedhegrmalistorage tank 8. (hereinafteryeferred o as coldwater temperaturg of thermal
storage tank secondary inlet), and a flowmeter 83 that measures flow rate of cold water in the 10

Secondaryféwfiﬂ%ﬁ@(fsygtgenﬁhat measures flow rate of cold water in the

10 secondary cold water system.

The thermal storage tank 8 1s for example a water
tank storing cold water, or a thermal storage unit storing
cold energy by storing cold water cooled Dby the high
temperature side chiller Za and the low temperature side

15 chiller 2b. The load 3 is configured to be cooled by heat
quantity provided by the thermal storage tank 8. The high
temperature side chiller 2a and the low temperature side
chiller 2b accumulate heat quantity into the thermal
storage tank 8 by cooling the cold water stored in the

20 thermal storage tank 8.

The thermal storage tank 8 1is configqured such that,
for example, the seccndary cooling outgoing flow pipe 66 is
connected te the vicinity of the cold water outgoing flow
pipe 63 and the c¢old water incoming flow pipe 64 1is

25 connected to the vicinity of the secondary cooling incoming
flow pipe 67. In addition, it 1s preferable that the
thermal storage tank 8 be configured such that, when the
cold water pump 5 and the secondary cold water pump 5a are
working, the cold water flown into the thermal storage tank

30 8 through cold water ocutgoing flow pipe 63 should be flown

9



The thermal storage tank 8 is for example a water tank storing cold water, or a thermal storage unit
storing cold energy by storing cold water cooled by the high temperature side chiller 2a and the low
temperature side 15 chiller 2b. The load 3 is configured to be cooled by heat quantity provided by the
thermal storage tank 8. The high temperature side chiller 2a and the low temperature side chiller 2b
accumulate heat quantity into the thermal storage tank 8 by cooling the cold water stored in the 20
thermal storage tank 8. The thermal storage tank 8 is configured such that, for example, the

secondarycoeling-eutgaing Jaw-pipe 66 is enpectedds the viginity, of the cold yvater,optgoing flow
pipe 63 and the cold water incoming flow pipe 64 is 25 connected to the vicinity of the secondary
cooling incofifg fiéwpipe 6 i addifion, itis preferabie that theterntalrstorage-tank @be configured

such that, yitenJbe solewarat pumi g it secopdaly gald waisr BT 2 e Yaikna. the cold

water flown into the thermal storage tank 30 8 through cold water outgoing pipe 63 should be
flown into thé setbrdary coolimg eutgoing flowpige 66, white c6kl.water flown into the thermal storage
tank 8.through the secondary cooling incoming flow pipe 67 should pe flown intq the cold water
incom?ng flow pipe%ﬁ. ag&rﬁé&&iﬁon{“n islp“c’refgr%% eefh%lfiv entlh{degcolW vg\?éltertﬁlue?np%oi C¥/\\//orking and
the secondarypldowater pump 5acis nokworking, the celdwvater flowa inta the thermal:sterage tank 8
through the cold water outgoing flow pipe 63 should be stored from the cold water outgoing flow pipe
63 10 side>Simifarl{ it is Fréferalie thatthe thefmalcteragé tark's is¢snfiglired SieR Rat, when the

cold water pump. 5ds pekworking and he secondary cold water, pump 22 is working,.cold water stored
in the vicinity of the cold water outgoing flow pipe 63 should be flown into the 15 secondary cooling
outgoing flIBWpIPE 68SwHilecestd waterflovirg into tik thefmal stofageltank Bithrougirthe S&condary

coolipg incoming flow pipe 67 should be stored.in the vicinity of the secondary cooling incoming flow
pipe 67. According to this gonf%)ura'[?on??h ﬁleeﬁlrgnr;?%s%oﬁa%g ? tgﬁﬁ 8%%/%& TS%]é a éff)%avgﬁen the cold
water pumpzsand thiessecondanyceld wateh pumptha afesworking. ¥When theteold mater pump 5 is

working and the sgconda .cold water pump 5a is n§t Workingithe thermal storage tank 8 works as a
buffer that storé Cold' Water{Pe. Told ehdrgyi§Styradyy cotd water pump® Sa is

working, cold water stored in the vwvicinity of the cold
water outgeing flow pipe 63 should be flown intce the
15 secondary cooling outgeing flow pipe 66 while cold water
flown into the thermal storage tank 8 through the secondary
cooling incoming flow pipe 67 should be stcred 1in the
vicinity of the secondary cooling incoming flow pipe 67.
According to this configuration, the thermal storage
20 tank 8 works as a pipe when the cold water pump 5 and the
secondary cold water pump 5a are working. When the cold
water pump 5 1s working and the secondary cold water pump
5a 1s not working, the thermal storage tank 8 works as a
buffer that stores cold water (i.e. cold enesrgy is stored).
26  In addition, when the cold water pump 5 is not working and
the secondary cold water pump 5a 1s working, the thermal
storage tank 8 works as a buffer that provides cold water
(i.e. provides stored heat guantity) fto the load 3.
Further, when the flow rate of the cold water pump 5

30  is higher than that of the secondary cold water pump 5Sa,
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25 In addition, when the cold water pump 5 is not working and the secondary cold water pump 5a is
working, the thermal storage tank 8 works as a buffer that provides cold water (i.e. provides stored
heat quantity) to the load 3. Further, when the flow rate of the cold water pump 5 30 is higher than that
of the secondary cold water pump 5a, heat quantity corresponding to the difference of the flow rates is
stored in the thermal storage tank 8. Similarly, when the flow rate of the cold water pump 5 is lower
than that of the secondary cold water pump 5a, heat quantity 5 corresponding to the difference of the

flow rates isprovided.e the,load 3-framthe thermal staragestapk 8.« n - Surtherthe heatsource

system 100 is provided with an outside air temperature indicator 37 that measures outside air
temperatuféai@ ah Dutsidd aft hygrométef 38 Tethaffrreasdres lotitsidé air HUMiEityr 1 v, Thus the

heat source,system 10Q according.to the present emhodimentis canfigured including the cooling water

system, the cold water system and the secondary cold water system. Cooling water circulating in the
cooling 15tkater systenandseclidwiter circulating atthe coldnwatéresystem is cgoted-by: heat

excha,gge gong:%(%'[egri%m}e higth tem eerat%@%de cpliclzlgr Zggndtt}rl]e IO\g]ltempera'%Jre side chiller 2b.
Then,the Gold'water is pro%idedointo e load %?room, appliancé3 or eOWke)r\ﬁaEfﬁe thermal storage
tank provided te the load 3 from the thermal storage tank 8.

Further, the heat source system 100 is provided with
an outside air temperature indicator 37 that measures
outside air temperature and an outside alr hygrometer 38

10 that measures outside air humidity.

Thus the heat source system 100 according to the
present embodiment is configured including the cooling
water system, the cold water system and the secondary cold
water system. Cooling water circulating in the cooling

15  water system and cold water circulating in the cold water
system 1s cooled by heat exchange conducted in the high
temperature side chiller 2Za and the low temperature side
chiller 2b.

Then, the c¢old water 1s provided into the load 3

20 (room, appliance or the like) via the thermal storage tank
8, thereby cooling the load 3. The operation thus
performed by the heat scurce system 100 is referred to as
cooling cperation.

In addition, heat guantity 1s stored in the thermal

25 storage tank 8 by storing the cold water cooled by the high
temperature side chiller 2a and the low temperature side
chiller 2b intc the thermal storage tank 8. The operation
for storing heat quantity to the thermal storage tank 8 is
referred To as heat storage operaticn.

30 In this configuration, the cooling fan 6, the high
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8, thereby cooling the load 3.The operation thus performed by the heat source system 100 is referred
to as cooling operation. In addition, heat quantity is stored in the thermal 25 storage tank 8 by storing
the cold water cooled by the high temperature side chiller 2a and the low temperature side chiller 2b
into the thermal storage tank 8. The operation for storing heat quantity to the thermal storage tank 8 is
referred to as heat storage operation. 30In this configuration, the cooling fan 6, the high temperature
side cooling water pump 4a, the low temperature side cooling water pump 4b, the cold water pump 5

and the secepdarny-gold waterpump Sa; provigdeddo theheat sourcesystem 40Q.are controlled by the
control device 71. 5 Hereinafter in this embodiment, the high temperature side chiller 2a and the low

temperatu_ﬁeiéiae %ﬁfwéé% ategetheParereférred-feras a ehiller “= - NotBRhat it FIG. 1 calthough a
configuration d%ﬁﬁg‘éf% inclyding wa.ghillers (the high temperature side, 10 ghiller 2a, the low

temperature side chiller 2b), another configuration may be possible including three or more chillers
arranged inseties in tHe)cold weatersysteml Ferthenyalthough notshown indke figare, ahother

conflgéjratlgnrngg% b%tpossmle mglggln%&%lgnah&gi 15tgré)u S ojlc illers arrqcnggg in J[:_)grallel, each

group mcluﬁng ap ura?'licy dfnchliﬁers arrangedlfﬁ series. c%c%rdinge%) 16’ control @evVice 71 of the
present enabadiment, veet-bulb temperatureds: caleulated from-eutsige-air tepyaeratire measured by
the outside air temperature 20 indicator 37 and outside air humidity measured by the outside air
hygrometet %@?%Eﬁ@ﬁ £loadTR4GTed By the foad3 i édicGiated based on a flow rate of cold water

in the secondary cold-water.system, cald avatef temperatyre, 9f thermal storage tank,secondary inlet,
and cold water

shown including two chillers {(the high temperature side

10 chiller Z2a, the low temperature side chiller 2b), another

configuration may be possible including three or more

chillers arranged in series in the cold water system.

Further, although not shown in the figure, another

configuration may bke possible including a plurality of

15 groups of chillers arranged 1in parallel, each group
including a plurality of chillers arranged in series.

According to the control device 71 of the present

embbodiment, wet-bulb temperature is calculated from outside

air temperature measured by the outside air temperature

20  indicator 37 and outside air humidity measured by the

cutside air hygrometer 38. Further, a lcad required by the

load 3 is calculated based on a flow rate of cold water in

the secondary cold water system, cold waler Temperaturs of

thermal storage tank secondary inlet, and cold water

25  temperature of thermal storage tank secondary cutlet. Then

rotational speed of the secondary cold water pump 5a is

controlled by stabllizing control of discharging pressure

and stabilizing control of end pressure in acccerdance with

the load reguired by the load 3. Namely, the flow rate of

30 cold water in the secondary cold water system is controlled.

12



25 temperature of thermal storage tank secondary outlet. Then rotational speed of the secondary cold
water pump 5a is controlled by stabilizing control of discharging pressure and stabilizing control of end
pressure in accordance with the load required by the load 3. Namely, the flow rate of 30 cold water in
the secondary cold water system is controlled. The stabilizing control of discharging pressure and
stabilizing control of end pressure can utilize techniques known to the public. Hereinafter the load
required by the load 3 is referred to as requirement load. 5Here, another configuration may be possible

in which, instead ef-the;outside air temperature indicater 34:and-theputside aix hygrometer 38, a
wet-bulb thermometer which is not shown may be provided. The requirement load of the load 3 is a
load when3é10'l64d B4s €68letby cold faterPaRa the faltéls détetmirfediFEsndific s of the load

3 such as rgom temperafure, deviee tempertatyre gribe likg, ;. Ihe £%%}Hﬁe£%% ad.gfthe load 3is

nt
calculated based on the cold water flow rate, the cold water 15 temperature of thermal storage tank
secondarylinlet, the told-watertemperatare otthermahstorage tahk secondary outlet in the secondary

cold v%ater system, Meanwhile, the therm%léstorﬁage‘tank secog%ar outlet gemperatl.}l{ecshensor 81 may

be omitted, and thzei%re?(/aﬁ%ootf fé cofd water tté?nnpeIth-\(ﬁre of Oe?r’r%%l%t%ré"éle thhk secondary

outlet mayibhestisedias a reguiremest toad:afthe doad:3aAceerdingtodhiscontiguration; the thermal
storage tank secondary outlet temperature sensor 81 is not necessary and the structure of the heat
source systeh EOtFcan'be SiAPIfTEEE 5 Phie conthtt devite™7 1-E6FIR e RighiteApetdture side
chiller 2a and-thelowtemperature side;chiller 2b with a desired value of the outlet temperature of cold
water in the high temperature side chiller 2a and another desired value of the outlet temperature of
cold water in 30 th&'Hight eemperitgietside ehillef 2hrespectively. 1s a load when the

10 ioad 3 is cocoled by cold water, and the value is determined
by conditicns of the lecad 3 such as room temperature,
device temperature or the like.

The requirement load of. the load 3 is calculated
based on the cold water flow rate, the cold water

15  temperature of thermal storage tank seccondary inlet, the
cold water temperature of thermal storage tank secondary
outlet in the secondary cold water system. Meanwhile, the
thermal storage tank secondary ocutlet ftemperature sensor 81
may be omitted, and the gset walue of the cold water

20 temperature of thermal storage tank secondary outlet may be
used as a reguirement load of the lcad 3. According to
this configuraticn, the thermal storage tank seccondary
cutlet temperature senscor 81 is not necessary and the
structure c¢f the heat scurce system 100 can be simplified.

25 The contrel device 71 controls the high temperature
side chiller 2a and the low temperature side chiller 2b
with a desired wvalue o¢of the outlet temperature of cold
water in the high temperature side chiller 2a and another
desired wvalue of the outlet temperature of cold water in

30  the Thigh temperature gide <chiller 2b respectively.
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Alternatively, the chillers may he configured to have a control function such that each of the chillers
(the high temperature side chiller 2a and the low temperature side chiller 2b) is provided with a control
feature that 5 maintains the outlet temperature of cold water (cold water temperature of high
temperature chiller outlet, cold water temperature of low temperature chiller outlet) to be constant, and
maintains the desired value of the outlet temperature of cold water indicated by the control device
1071. Further, the control device 71 controls rotational speed of the cooling fan 6 (air flow rate of

the cooling.tower 13 sothat the cpelingnvater temperature-at the.eaelingtawerputlethecgmes the
desired value. 15The control device 71 according to the present embodiment performs optimization
calculatiorC6fthé Watérfefipetature ahd Hexflove faté of EoldhGaterand e66lingWatersgeh that the

energy consymation which is predicied based.on vanying gutsids, air.copditions (wet-ylp 20

temperature In particular), requirement load of the load 3, and characteristics of devices constituting
the heat sourcé systen2iiDO0 (resistance dfiedolingiwater andwold water indhé dewicestand pipes)
becorges minimgmr. Thejg the cotrhtr;aol dgvi_ce 71 cthanges%he d§sjred ﬁ?lues of @‘i temperature of 25
cooling Waz{lgrlf‘?':o%ﬁﬁgs Wa%le“r té)r%pefattureegﬁﬁé %o%ﬁng ijowecroou(izleﬁ‘,;JL Oerter(ncpoera ure'of Cold water
(cold water tempperature-of high-temperature ehiler-euttetigald watertemperatire; oflovetemperature
chiller outlet), the flow rate of cooling water (the flow rate ratio of cooling water 30 or the rotational

speed of th& oG Wafer gimps-24 an8=BB) 1e HEW rafe of-¢oid water(thié HowTate Bitio of cold
water or thegotational speed of the-cold yaterpumps Sa.and Sp) based,en thg resuylt-of the

optimization calculation. 5Note that the flow rate ratio of cooling water is a
temperature of cold water indicated by the contrecl device

10 71.

Further, the control device 71 controls rotational
speed of the cooling fan 6 (air flow rate of the cooling
tower 1} so that the cooling water temperature at the
cooling tower cutlet becomes the desired value.

15 The control dsvice 71 according to the present
embodiment performs optimization calculation of the water
temperature and the flow rate of cold water and cocling
water such tThat the energy consumption which is predicted
based on wvarying outside air conditions {wet~bulb

20  temperature in particular), requirement load of the load 3,
and characteristics of devices constituting the heat source
system 100 (resistance of c¢ooling water and cold water in
the devices and pipes) becomes minimum. Then, the control
device 71 changes the desired values of the temperature of

256 cooling water {ccoling water temperature at the cooling
tower outlet), the temperature of cold water (cold water
temperature of high temperature chiller outlet, cold water
temperature of low temperature chiller outlet), the flow
rate c¢f cooling water (the flow rate ratio of cooling water

30 or The rotational speed of the cooling water pumps 4da and
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ratio of cooling water of the cooling water pumps 4a and 4b relative to the flow rate in the rated
operation, and the flow rate ratio of cold water is a ratio of cold water of the cold water pump 5 relative
to the flow rate in the 10 rated operation. According to this configuration in the present
embodiment, the control device 71 controls the high temperature side cooling water pump 4a, the low
temperature side cooling water pump 4b, the cold water pump 5, and the 15 cooling fan 6. The control
device 71 sets desired values for these objects to be controlled through optimization calculation, and

controls the:heat spurce system,1Q0. ¢ dn acage of coolipg-operatipn.cooling-the:lgad 3 by cold
water for example, the control device 71 sets the 20 requirement load of the load 3 as a load to be

processed /- thevcHilfer (Réreirisiter Péfefredtd asTHiR? Iodd) 2 he Thed theeontraldavice 71
simulates géun%q;al (g‘bqnerg\é gggsurggtior%ggther%lgjgg.g to (pg cogggaolleggglem@ggggg}perature side

cooling water pump 4a, the low 25 temperature side cooling water pump 4b, the cold water pump 5,
and the coolingfam 8).cfhe simulation is performed using the chiller load, the wet-bulb temperature of
out5|d§ air, the CO%JI W%t% tem?ﬁra e at the*coofltlgg tower%outlet, the CO'% V}é%tgr temperature of

high temperature 30 chiller outtIeE e co 3"\\/iva%earttgmperajt8reoo Io%ot%%npb%ratﬁre chilfet ottlet, the flow

rate of coaling:water; anc-therftpw.eate of eold-water asipargmeters: Thesirpulation isiperformed also
based on the resistance of cold water in the high temperature side chiller 2a, the low 5 temperature

side chilleF 2t Znd’the oldWatef puithp™S Hfow Ehaniel redfstancely arid - trieresidtshce st cooling
water in theihigh temperature sidecchiller 2a, the lpwitemperafure side chillery2h, the high-temperature

side cooling water pump 4a, the low temperature side cooling
the cold water pump 5 relative to the flow rate in the
10  rated operation.

According to this configuration in the present
embodiment, the control device 71 controls the high
temperature side coocling water pump 4a, the low temperature
side cooling water pump 4b, the cold water pump 5, and the

15 cooling fan 6. The control device 71 sets desired values
for these obhjscts to be contreliled through optimization
calculation, and contrcls the heat source system 100.

In a case of cocoling operation cooling the load 3 by

celd water for example, the control device 71 sets the
20  reguirement load of the load 3 as a load to bhe processed by
the chiller (hereinafter referred to as chiller load).

Then the control device 71 simulates a sum total of
energy consumption of the objects to be contrcolled (the
high ftemperature side cooling water pump 4a, the low

25 temperature side cooling water pump 4b, the cold water pump
5, and the cocling fan 6). The simulation 1s performed
using the c¢hiller load, the wet-hbulb temperature of ocutside
alr, the cooling water temperature at the cooling tower
outlet, the cold water temperature of high temperature

30  chiller outlet, the cold water temperature of low
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10 water pump 4b, and the cooling tower 1. The control device 71 calculates the lifting height of
each of the pumps (high temperature side cooling water pump 4a, low temperature side cooling water
pump 4b, and cold water pump 5) based on the result of predictions and 15 measurements of relation
of pressure loss to the flow rates of cooling water and cold water in the pipes (cooling water outgoing
flow pipe 61a, branched flow pipe 61b, cooling water incoming flow pipe 62a, branched incoming flow
pipe 62b, cold water outgoing flow pipe 63, cold water incoming 20 flow pipe 64, and chiller connecting

pipe65). Then the gontral dayice £1- calcuiates pumping powek ofbeach etthe:pumps, from the relation
between the flow rate and the lifting height. Further, the control device 71 calculates energy

consumpti@ﬁ%f eaeh ofﬁﬁ_@“ﬁ)urﬁﬁ@ﬁon@ﬁhe @ﬂéélat@@?%@umﬁingmﬁéﬁéf@e%fch pun’FrB_”eEIn addition,
the controleyiqe 71.predils pawey consumptian ofe ggoling 1a1er 1y, qaleulples ajfwolume rati

of the cooling fan 6 corresponding to outside air conditions, the flow rate of cooling water, the
temperature> 3@ of goelingiwater{codling waterd¢emperatureiatthe!cobling tower dutet, eooling water
temperature at the cooling tOWC?I‘ m(l%t)imm th%gerformgnce of the %olln tower 1 using generic

overa voIEﬁlr%?ﬁcr%r%tlﬁ%?py-%rlan%fer coefficient and cg&lng %‘v%er%% rman%%rapﬁf'g%)ma ion. 5 Here,

the air volume ¢atio-ofthe €oolingfap Gisca fatio selativerte the-air yolume ofhe eeelingfan 6 in the
rated operation. ‘ . ‘
water 1in the high temperature side chiller 2a, the low
temperature side chiller Z2Zb, the high temperature side
cooling water pump 4a, the low temperature side cooling
10 water pump 4b, and the cooling tower 1.

The control device 71 calculates the 1ifting height
of each of the pumps (high temperature side cocling water
pump 4a, low temperature side cooling water pump 4b, and
cold water pump 5) based on the result of predicticons and

15 measurements of relation of pressure loss to the flow rates
of cooling water and cold water in the pipes (cooling water
outgoing flow pipe 6€la, branched flow pipe &lb, cooling
water incoming flow pipe 62a, branched incoming flow pipe
62k, cold water outgoing flow pipe €3, cold water incoming

20 flow pipe 64, and chiller connecting pipebb). Then the
control device 71 calculates pumping power of each of the
pumps from the zrelation between the flow rate and the
iifting height. Further, the control device 71 calcgulates
energy consumption of each of the pumps from the calculated

25 pumping power of each pump.

In addition, the control device 71 predicts power
consumption of the cooling tower 1 by calculates air volume
ratic of the cooling fan € corresponding to outside air
conditions, the flow rate of cocling water, the temperature

30  of cocling water (cooling water temperature at the cooling
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In addition, the energy consumption of the chiller is predicted as energy consumption of the chiller
when 10 operated with the chiller load. Further,thecontroldevice71searchesan optimization variable
such that an evaluation function W shown with the formula (1) becomes minimum, and then
determines the desired control value of the object to be 15 controlled based on the searched
optimization variables. Here, the evaluation function W is a total sum of energy consumption of the
heat source system 100. And quantity of chillers, the flow rate of the cold water and cooling water (the

rotational speed-of gaeh of the pumpshane the 20 tempesature ot the eold-water-and eeeling water
are optimization variables. W = Erefl + Eref2 + Ecp + Ecwpl + Ecwp2 + Ect(1) where 25 Erefl: energy

consumptibf*tt high'tefriperditifdside Bhifer T M T Eréf2: érierdy*Borfstifriptich of fV# fenfperature side
chiller [kW], s Fop: energy consumption. of,¢qld wager;pump [kW] , 3Q fF-owpf energy, corgymption of
high temperature side
coefficient and cooling tower performance approximation.
5] Here, the air volume ratio of the cooling fan 6 is a
ratio relative to the air volume of the cooling fan 6 in
the rated operation.
In addition, the energy consumption of the chiller is
predicted as energy consumption of the c¢chiller when
10  operated with the chiller load.
Further, the control device 71 searches an
optimization wvariable such that an evaluation function W
shown with the formula (1) becomes minimum, and then
determines the desired control value of the object to be
15 controlled based on the searched optimization variables.
Here, the evaluation functicn W is a total sum of energy
consumption of the heat source system 100. And guantity of
chillers, tThe flow rate of the cold water and cooling water
(the rotational spsed of each of +the pumps), and the

20  temperature of the c¢old water and cocling water are

optimizaticn variables.

W = Eretl + ErefZ + Ecp + Ecwpl + Ecwp2 + Ect === (1)
where

25 EBrefl: energy consumption of high temperature side chiiler
[ kW,
ErefZ: energy consumption of low temperature side chiller
[ kW],
Ecp: energy ccnsumption of cold water pump [ kW],

30  FEcwpl: energy consumption o0f  high temperature side
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cooling water pump [ kW] , Ecwp2: energy consumption of low temperature side cooling water pump
[kW] and Ect: energy consumption of cooling tower [kW] . 5 In other words, the control device 71
sets desired values of the flow rate of the cooling water, the flow rate of the cold water, the cold water
temperature of high temperature chiller outlet, the cold water temperature of 10 low temperature chiller
outlet, and the cooling water temperature at the cooling tower outlet such that the evaluation function
W shown with the formula (1) becomes minimum. More specifically, the control device 71 determines

15 each of-theenergy;sensumptien ofthe high temperature side chiller 2a, (Erefl), the energy
consumption of the low temperature side chiller 2a (Eref2), the energy consumption of the cold water

pump 5 (Eep)iRé eRBREFSONSGMPEDH bt e KKigh temperatipe sideiesolifig $atersump da (Ecwpl),
20 the engrgy. ggngg@gtipﬂﬁf the low temperature side cooling water pump 4b (Ecwp2), the energy
consumption of thé cooling tower 1 (Ect) such that the evaluation function W becomes minimum. And
then, the flow:rate ot tiyey coolmgwater oftow Tatecaf Icotd; waters: coldkkiater temperature of 25 high
temperature chiller outlet, cold water temperature of low temperature chiller outlet, and the cooling
water temperature at the cooling tower outlet at that time are set as desired values respectively.

Further, the contral gleviee 74 setsrdesiredeenteal:30values<f the objects £&a be gentrolleg (high
temperature '
values of the flow rate of the cooling water, the flow rate
cf the ccld water, the ceold water temperature cof high
temperature chiller ocutlet, the cold walter temperature of
10 low temperature chiller outlet, and the cooling water
temperature at the cooling tower outlet such that the
evaluation function W shown with the £formula (1) becomes
minimum.
More specifically, the control device 71 determines
15  each of the energy consumption of the high temperature side
chiller 2a (Erefl), the energy consumption of the low
temperature side chiller Za (Eref2), the energy consumption
of the cold water pump 5 (Ecp), the energy consumption of
the high temperature side cooling water pump 4a (Ecwpl),
20  the energy consumpticon of the low temperature side
cooling water pump 4b (EcwpZ), the energy consumption of
the cooling tower 1 (Ect) such that the evaluation function
W becomes minimum. And then, the flow rate of the cooling
water, flow rate of gold water, cold water temperature of
256  high temperature chiller outlet, cold water temperature of
low temperature chiller outlet, and the c¢ooling water
temperature at the cooling tower outlet at that time are
set as desired values respectively.
Further, the control device 71 sets desired contrel

30  wvalues of the obijects to be controlled (high temperature
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side cooling water pump 4a, low temperature side cooling water pump 4b, cold water pump 5, and
cooling fan 6) such that the flow rates of the cooling water (the flow rate of cooling water in the high
temperature side chiller 2a, the flow rate of cooling water in the low temperature side chiller 2b), the
flow rate of cold water, the cold water temperature of high temperature chiller outlet, the cold water
temperature of low temperature chiller outlet, and the cooling water temperature at the cooling tower
outlet 10 becomes the specified desired values. More specifically, the control device 71

determines adesired controlyalue-of the, rotational speed of the-high.temperature side geoling water
pump 4a such that the flow rate of cooling water in the high temperature side chiller 15 2a becomes
the specifiéd desired Valuel sinsifarly, fhietconteraevice 7 ddtethines d désifedbcontrdtvalue of the

rotational speed of the Jow femperatureside ooling water pump 4b sych that the. flaw rate of cooling

water in the low temperature side chiller 2b becomes thé specified desired 20 value, and determines a
desired control valge of the rotationat speed ot thercold water purp Scsuchlithat the flonhrate of cold

Water{,)becof_‘Tgvsq the Sé)gcig%d des{ier%glnvaluvegé@nd furitpler gfgterr?iones a QIES"%d é:ogtrol vagje of the
rotational speed of the coo mgcf%n Stich Thatthe cooling 95 water temr?eg?aﬁljré;1 a?thglco%ling tower

outlet becemes ke specifiedidesired yalue . The eantrel deviee 74 may:-be cenfigaregksuch that the
cooling water temperature at the cooling tower outlet is kept to a desired value by on/off control of the

cooling farr 8'8r by feBABackconttiof (HE™ 86 Ftatidital Speed Stichthat-fher mddsureément value of the

cooling tower-qutlet temperatyre.sensor 31,pbecames copstant. Aceording tg,this.gonfigyration, even
when outside air condition is changed for example, the cooling water temperature at the cooling tower
outlet can bekepbiolthes siidcifieddosiredaairewith athigh degréént agauiasy.out IRdrther, the

contﬁqj de\ggg ngrecso 5%5 ee%qjg(itgéo %%%rcpllgglq}%sgq on the desired control values. In

€
addition, the control rEewce 1 operates%l)'leS temperature side chiller 2a and the low temperature
side 10 chiller 2b ugimg the reguirement Joad:-bkthedoad 3lasia operating Idad.sMeterspecifically, the

control devjce 71 performs partial load operatign of the high temperature side chjller 2a and the low
temperaturl 6 CRiller 2b'Siich ha i fotal St 6 1 oyt ating A tHe fight 1197

temperature side cooling water pump 4a such that the flow
rate of cocling water in the high temperature side chiller
15  2a becomes the specified desired wvalue. Similarly, the
control device 71 determines a desired control value of the
rotational speed of the low temperature side cooling water
pump 4b such that the flow rate of cooling water in the low
temperature side chiller 2b becomes the specified desired
20 wvalue, and determines a desired control wvalus of the
rotational speed of the cold water pump 5 such that the
flow rate of cold water becomes the specified desired value,
and further determines a desired control wvalue of the
rotational speed of the cooling fan & such that the cooling
25 water temperature at the cooling tower outlet becomes the
specified desired wvalue. The contrcl device 71 may be
configured such that the coecling water temperature at the
cooling tower outlet is kept to & desired value by on/off
control of the cooling fan 6 or by feedback control of the

30 rotational speed such that the measurement value of the
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15 temperature side chiller 2a and the operating load of the low temperature side chiller 2b equals to
the requirement load of the load 3. In this case, it may be configured such that a value obtained by
dividing the requirement load by operating load 20 of each chiller equals to the number of chillers.
Further, it may be configured such that the operating load is equally shared by the high temperature
side chiller 2a and the low temperature side chiller 2b. According to this configuration, even when the
25 chillers (high temperature side chiller 2a, low temperature side chiller 2b) are not operated with a

maximum loagh, it;ig pessible to.perform: pastial-load.eperation of the heat seuEece-system, 100 keeping
the COP (Coefficient of Performance) thereof at high level, and to achieve energy 30 conservation.

Further, it fssrefétablié thet théebhtrot devite 71esHdld change the'setting of desifed Tohtrol value
with a predetermined time @tergﬁggfﬁ%.dlo @gwte%ggﬁ@{gg ,foll_og}qgg ﬂ?:eo%‘itﬁgﬁ] air,cqndition and the

change of the 5 requirement load of the load 3. According to this configuration, the heat source system
100 can keepther€OPrat ligh tével even when the wet<bult temperature okeptsidecaitand the load of
the Iogd 3 are ch%n%ed.yeanwgl%ﬁ@@e %oqgtlcrkrglzgtlgg (.‘g]%ﬂatlon theFIoad 10 allocation of the high

temperatur‘sép Side chiller 23 and the Tow temperature side chlﬁeqrrﬁém%” be Set 16 a'fixed value and the

outlet temperaturerof-coic water {eold waterdemperatuee of highctemperaturenehilles-putlet, cold water
temperature of low temperature chiller outlet) may be 15 changed arbitrary by an operator of the heat

source systemPROG I exampie. Aecsdingto this ¢onfighRtion it i< BosSiBret6 teal with a case when
the outlet temperatyre of gold; water of thechillers (high-femperaturecside chiller.2a, lgw tgmperature

side chiller 2b) cannot be changed due
temperature side chiller 2a and the low temperature side
10 chiller 2b using the requirement load of the lcad 3 as a
operating load. More specifically, the control device 71
performs partial load operation of the high temperature
side chiller 2a and the low temperature side chiller 2b
such that the total sum of the coperating load of the high
15  temperature side chiller 2a and the operating load of the
low temperature side chiller 2Zb eguals to the reqguirement
load of the load 3.
In this case, 1t may be configured such that a value
obtained by dividing the reguirement load by operating load
20  of each chiller equals to the number of chillers.
Further, it may be configured such that the operating
load is egually shared by the high temperature side chiller
Za and the low temperature side chiller 2b.
According to this configuration, even when the
Z5 chillers (high temperature side chiller 2a, low temperature
side chiller 2b) are not operated with a maximum load, 1t
is possible to perform partial load operation of the heat
source system 100 keeping the COP (Coefficient of
Performance) therecof at high level, and to achieve energy

30 conservation.
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20 to failure or maintenance for example. In addition, it is possible to achieve energy conservation
when one of the high temperature side chiller 2a and the low temperature side chiller 2b is operated
for example. 25FIG. 2A is a graph showing a relation between the load factor and COP of the chiller in
a case when desired values of objects to be controlled (high temperature side cooling water pump 4a,
low temperature side cooling water pump 4b, cold water pump 5, cooling fan 6) are kept 30 constant.
FIG. 23 is a graph showing a change of COP in a case when the desired value is determined based

on optimization caleationy In kIGS.22A-and 26z thedload facteris shewn.as 200% whenhoth the load
factors of the high temperature side chiller 2a (see FIG. 1) and the low 5 temperature side chiller 2b

(see FIG. £} fOO%.Wi‘i’@IoEH%&@Fﬁé@m@énsda? F&tﬁ?éﬂf the'operatingread ofthelchiller relative to
the maximym.load.. .,,; Since acentrifugal chiller operated in @ capsiant rotational speed performs the

maximum efficiency when 10 operated around the nominal load, the efficiency becomes high when the
temperatufecditference isirea spéecifiée value. Incadditiom thexcold Waterdtempeeatore dfthigh
geerg%egrg‘é“ (e chiller.outlet and the cold.water temperature,of low temperature chiller ouflet are set as
configuration, the heat scurce system 100 can keep the COP
at high level even when the wet-bulb temperature of outside
alir and the load of the load 3 are changed.
Meanwhile, in the gptimization calculation, the load

10 allocation of the high temperature side chiller 2a and the
low temperature side chiller Zb may be set to a fixed value
and the outlet temperature of cold water (cold water
temperature of high temperature chiller cutlet, cold water
temperature of low temperature chiller outlet) may be

15 changed arbitraryv by an operator of the heat source system
100 for example. According to this configuration, it is
possible to deal with a case when the outlet temperature of
cold water of the chillers (high temperature side chiller
2a, low temperature side chiller Zb) cannot ke changed due

20 to failure or maintenance for example.

In addition, it is possible to achieve energy
conservaticn when one of the high temperature side chiller
Za and the low temperature side chiller 2b is operated for
example.

26 FIG. 2A is a graph showing a relation between the
load factor and COP of the chiller in a case when desired
values of objects to be controiled (high temperature side
cooling water pump 4a, low temperature side cooling water
pump 4b, cold water pump 5, cocoling fan 6) are kept

o0 constant. FIG. 2B is a graph showing a change of COP in a
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15 values of the heat source system 100 (see FIG. 1). Accordingly, in the cold water system, the
maximum load of each of the chillers are determined such that each of the high temperature side
chiller 2a and the low temperature side chiller 2b are operated efficiently at the 20 predetermined
temperature difference of the cold water temperature of high temperature chiller inlet and the cold
water temperature of low temperature chiller outlet. However, there is a case when the cold water
temperature of high temperature chiller inlet is changed in 25 response to a change of wet-bulb

temperature,otoutgide air and.a requirement load gt thejload 3.andthe, temperaturg difference of the
high temperature side chiller 2a (difference between the cold water temperature of high temperature

chiller inle®arid tHezédld watetdemipepatufer of 30HightteéRiperatire ehiflerGutlety becomesismall. In
such a ca§g,ctpgg1i tgteg}poqggtug siggd:gil E%ﬁ‘ i%g% ogc%%teg 5/%1 tg%:rg%ximumfloggéand the

efficiency is lowered. FIG.2A illustrates this state showing that the P of the heaf source system
100 (see FiGyh) isdowersd-with Sdowerind. ofl therlogic faCtar<of e chiller vehei thiesdesised control
valueé)f the obg}ect 1o be coggrglled i% keEt Qon%ant. In_contra t) the coné:gl device 71 (see FIG. 1)
executes otpeflnﬁ"n%ﬁécﬁi Ealculation when wet-bu telirﬁ?eeratur_LeGlo of outside air’ OF the Idatfof the load 3
(see FIG. 1)iscchanged sugh thattbe evaluationfunction- W whielt- is:suy totak gf erergy.consumption
of the heat source system 100 (see FIG. 1), becomes minimum. Then the control device 71 sets the
desired coftrol-valtie of tic-oBjectfo be 35 EbRtBHEd #P&Ecordance with the optimization calculation,

and controls the objegt.to be ceeﬁﬁ@lﬁdffggwer@m% ¢antrol.devige 71 performs partial lgad operation

of the high temperature side chiller 2a and the low temperature side chiller 2b. 20FIG.23 illustrates this
smﬂeShommqjﬂﬁﬁqm@tx)gpﬁed performs the maximum efficiency when '

10  operated around the nominal load, the efficiency becomes
high when the femperature difference is in a specified
value. In addition, the cecld water temperature of high
temperature chiller outlet and the cold water temperature

£

of low temperature chiller outlet are set as designed
15 walues of the heat source system 100 (see FIG. 1}.
Accordingly, in the cold water system, the maximum load of
each of the chillers are determined such that each of the
high temperature side chiller 2a and the low temperature
side ciiiller 2b are cperated efficientiy at the
20 predetermined temperature difference of the cold water
temperature of high temperature chiller inlet and the cold
water temperature of low temperature chiller outlet.
However, there 1s a case when the cold water
temperature of high temperature chiller inlet is changed in
25 response to a change of wet-bulb temperature of outside alr
and a reguirement load of the load 3, and the temperature
difference of the high temperature side chiller 2a
(difference between the c¢old water temperature of high

temperature chiller inlet and the cold water temperature of

80  high temperature chiller outlet) becomes small. In such a
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the heat source system 100 (see FIG. 1) is kept high even when the wet-bulb temperature of outside

air or the load of the load 3 is changed and the high temperature side chiller 2a and the low
temperature side chiller 2b are operated 25 with partial load.

As explained above, the heat source

system 100 (see FIG. 1) according to the present embodiment is configured such that, when the
wet-bulb temperature of outside air or the load of the load 3 is changed, the control device 71 30(see
FIG. 1) executes optimization calculation, sets the desired control value of the object to be controlled,
and keepsthe LOR:in opetation at highlevel. s i Jhatis; the heat;source, system.100 (sge FIG. 1)
according to the present embodiment can keep the COP in 5 operation high and achieve energy
conservatioh by cHangigapproptiately tHelbat!valaridel stithehigh temperatgr@ side chiller 2a (see

FIG. 1) and the low{emperafure side chiller 2 (seq FIG. 1).arang

inseries, Meanwhile, instead of

configuring the control device 10 71 (see FIG. 1) to execute optimization calculation according to the
change of the wétbulb Eemmertatusafatemsm&hlr orohange-of the load of thedoad 3yif.hiay be
configured to repare in advanc ata table holdin corres dences among the wet-bulb
tempeérjature 8P0§[S| e I%dglr th%ore%]w%menf load %}fﬁe fo %?g %SSIFG(F % ?&%EF that makes
the evaluatien fungtionminigun.s  +Accosdingde thrg,socorli@uramltb@ coentrol devi@@pll can set the
desired control value of the object to be controlled to make the evaluation function minimum by 20
referring t& fHe data table based on the wet-bulb temperature of outside air and the requirement load

of the load 3 withopt, exeguting, aptimization calculation. Therefore, itjis ppssible fo reducs the
calculation load of the control device 71.

10

15

20

25

30

executes cptimization calculation when wet-bulbk temperature
of outside air or the load of the leoad 3 (see FIG. 1) is
changed such that the evaluation function W, which is sum
total of energy consumption of the heat source system 100
{see FIG. 1), becomes minimum. Then the control device 71
sets the desired control wvalue of the object to be
controlled in accordance with the optimization calculation,
and controls the object to be controlled. Further, the
contrel device 71 performs partial load operation of the
high temperature side chiller Za and the low temperature
side chiller 2Zb.

FIG.Z2B illustrates this state showing that the COP of
the heat source system 100 (see FIG. 1) is kept high even
when the wet-bulb temperature of outside air or the load of
the load 3 is changed and the high temperature side chiller
Z2a and the lcow temperature side chiller 2Zb are operated
with partial load.

As explained above, the heat source system 100 (see
FIG. 1) according to the present embodiment is configured
such that, when the wet-bulb temperature of outside air or
the lcad of the load 3 1is changed, the control device 71

{see FIG. 1) executes optimization calculation, sets the
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25Such a data table may be generated by, inputting the wet-bulb temperature of outside air and the
load of the load 3 (see FIG. 1) into a simulator modeling the heat source system 100 (see FIG. 1),
executing the aforementioned optimization calculation, and setting the 30 desired control value of the
object to be controlled corresponding to the inputted wet-bulb temperature and the load. Then the
data table is stored in a memory (not shown) in the control device 71 (see FIG. 1). Thus the control 5
device 71 can refer to the data table in accordance with the wet-bulb temperature of outside air and

the requireaentload efthe-load 3; and set-a desired-sentrol valug of therqhjestitope cangrolled. Still
Further, the heat source system 100 (see FIG. 10 1) according to the present embodiment may be

configured“@atcuidlatéReatintorths thémialstorabeétahk 83y- heat accumulating operation

executed in a spegific heat storing term based.on a pre %%ilqedﬁgped(tggelt i§99§siQI§ for the
control device 71 (see FIG. 1) to keep the COP of the 15 heat source system 100 in high’level by

executing Hwe-optimizatid catdutationasing:-the tdadithet correspondsstacthe tegad dactoriof high COP
as th%loa%of the chiller. . . Itis grefegable that the time schedule of heat stora%e operation of the

heat Sourcé §y%?§rﬁofb0h sir%fblaa be Zﬁ%e%lenvgpeec?ﬁacrﬁfﬁﬁe %%?i%g?r’ﬁ%tn%ﬁﬁ vk\?é]ek(fy ett?) based on yearly
change paftept of eutside air for-examplesuch:that the heat storgge operationtis performed in a time
SOt e SOy PNSPTOR 28R TS MM S YIS e SO SEYSE [ Pe IS 1) may be
chiller 2b (see FIG. 1) arranged in series.
Meanwhile, instead of configuring the control device
10 71 {see FIG. 1) to execute optimization calculation
accerding to the change of the wet-bulb temperature of
outside air or changse of the load of the load 3, it may be
conflgured To prepare 1in advance a data table heolding
correspondences among the wet-bulb temperature of outside
15 air, the reqgquirement load of the load 3, and desired
control value that makes the evaluation function minimum.
According to this configuratiocn, the control device
71 can set the desired control wvalue of the okject to be
contrelied to make the evaluation function minimum by
20 referring to the data table based on the wet-bulb
temperature of cutside air and the requirement load c¢f the
load 3 without executing optimization calculation.
Therefore, it 1s possible to reduce the calculation load of
the contrel device 71.
25 Such a data table may be generated by, inputting the
wet-bulb temperature of outside air and the load of the
load 3 ({see FIG. 1} idinto a simulator modeling the heat
source system 100 (see FIG. 1y, executing the
aforementicned optimization calculation, and setting the

30 desired control walue of the oblect to be controlled
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25 provided with a calendar function and may perform heat storage operation according to
predetermined time schedule, thereby suppressing energy consumption in the heat storage operation
of the heat source system 100. Still further, it is preferable that the load factor 30 in heat
storage operation should be stored in a memory (not shown) as predicted data based on yearly load
pattern and outside air condition in the past for example, and the control device 71 should be
configured to read out the data from the memory and set the load factor. According to this 5

configuratientheseantenl deviee 7dreanipredict arasednmibich therheat source system 100 performs
heat storaéie operation with a load factor of high COP and the storage of heat of the thermal storage
tank 8 does37t become the maximum value, and set the load factor. Thus it is 10 possible to prevent

the storage of heatgf thethermal-storage tank 8 inheat starage aperation frombecoming the

maximum value. Referring to FIG. 3, procedure of the control device 71 when performing the
heat storage opératiow wilkbe 15expliinedl(see FiGS IFand 2 as néeded)the frpattasé when time

schecgjle iayvadce ha}/'ngcg1 eat s#orag% ope atio tiEne fro l8:00. PM (20:00). to 8:00 PM, next
morning, the control device 71 calculates at %09:0 t eaheaa%r%u%nt%ti} to be stored in the't grmal storage

tank 8 and:the 28:web-bulh tempesature of outSidesaks (stepS100)nd +Morespecificaly,the control
device 71 ]?hecks the storage of heat of the thermal storage tank 8, and calculates a shortage of heat

quantity relatie t8a predetetitiinett stofiyesthehat (Fied sor&ge bf Reatyantf25 thelSets the

shortage asiheatquastibetode stesed.cq. For example, the control device 71 calculates necessary
heat quantity for lowering the temperature of the thermal storage tank 8 to a predetermined
temperature and sets'the Heat tugftity t€6olifg Ytaktityy fcbestored: 30 additicn, tHé eontrol device

713?5””ﬁﬁcgm%5rding te the present embodiment may be configured to
accumulate heat into the thermal storage tank 8 by heat
accumulating operation executed in a specific heat storing
term based on a predetermined schedule. It is possible for
the contrel device 71 ({see FIG. 1) to keep the COP of the
15  heat source system 100 1in high level by executing the
optimization calculation using the load that corresponds to
the lcad factor of high COP as the load of the chiller.
It is preferakle that the time schedule of heat
storage operation of the heat source system 100 should be
20 set in specific time period (monthly, weekly etc.) based on
yearly change pattern of outside air for example such that
the heat storage cperaticn is performed in a time slot when
enerqgy consumption becomes minimum.
Further, the control device 71 ({see FIG. 1) may be
25  provided with a calendar function and may perform heat
storage operation according to predetermined time schedule,
thereby suppressing energy consumption in the heat storage
operation of the heat source system 100.
Still further, 1t is preferable that the load factor

30  in heat storage operation should be stored in a memory (not
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load (step 5101). For example, in a case when a load corresponding to a load factor that makes
the COP shown in FIG. 23 maximum has been set, the COP of the heat source system 100 in heat 5
storage operation can be kept at the maximum. Then the control device 71 executes optimization
calculation such that the evaluation function W shown with the formula (1) becomes minimum as
described above using the chiller load, wet-bulb temperature of outside air, 10 cooling water
temperature at the cooling tower outlet, cold water temperature of high temperature chiller outlet, cold

water temperaiure of lowtemperature ghiller putletsflow raje cooling water,and-flow ratg of cold water

as parameters (step S102). 15Further, the control device 71 controls the object to be controlled in
accordanceUtiththe desifed¢oiiifol Value #Hat FasbeenhsSet based vhakE bptimizatontésdculation

(step 0103) The gontsal device 71 is, capable of performing heat 20, storage operation operating the

chiller with a chiller load that makes the COP maximum by repeatedly executing the procedures of
steps 5100 to0103 withcanpredetermined tindesinferval (Bag: tlOmindtes)k Comentionalty; as shown in

FIG. 4A, the heat source 25 system 100 performs heat storage operation operating the chillers with
yt i et ey P torage, P

such & chiffer 16ad that makes t eecoco(ﬁﬁf‘j ‘anount 1b0% daring theftiea 3é(fo"’ringg‘:; t&rm from 8:00 PM to

8:00 AM nextimsnrninge: Here: in FGSr4A and 48:the toolinganrfounids shewn as 1£0%swhen the load
factor is 30200%. .
operation with a load factor of high COP and the storage of
heat of the thermal storage tank 8 does not become the
maximum values, and set the load factor. Thus it 1is
10 possible to prevent the storage of heat of the thermal
storage tank 8 in heat storage operation from becoming the
maximum value.

Referring to FIG. 3, procedure of the contrcl device

71 when performing the heat storage operation will be
156  explained {(see FIGS. 1 and 2 as needed).

In a case when tTime schedule is made having a heat
storage operation time from 8:00 PM (20:0C) to £:00 PM next
morning, the control device 71 calculates at 20:00 the heat
guantity to be stored in the thermal storage tank 8 and the

20 wet-bulb temperature of outside air {(step $100).

More specifically, the control device 71 checks the
storage of heat of the <thermal storage tank 8, and
calculates a shortage of heat quantity relative to a
predetermined storage of heat (rated storage of heat), and

25 then sets the shortage as heat quantity to be stored.

For example, the control device 71 calculates
necesgsary heat guantity for lowering the temperature of the
thermal stcorage tank 8 to a predetermined temperature and
sets the heat gquantity (cooling guantitv) to be stored.

30 In addition, the control device 71 sets up a chiller

26



However, as shown in FIG. 2B, if the COP of the heat source system 100 does not become maximum
when the load factor is 200%, the energy consumption can be more reduced when operating the
chiller with the load factor (e.g. 150%) 0 that makes the COP of the heat source system 100 maximum
compared to when operating with the load factor 200%. In this case, as shown in FIG. 4B, since
the cooling amount per one hour is less than 100%, energy consumption can be reduced although the
heat storage operation time 10(operation hour of the chiller) is longer. In other words, the total
area of the bargraphshowminFIG. 4B (area of hatched portion) is less than the total area of the bar
graph shown in FIG. 4A. As described above, the heat source system 100 (see 15 FIG. 1) according to
the present embodifent 8afoperatéthé chillers (High températureside eriner2adoitemperature

side chillen 20) with a.lagd factor that makeghe GOR 0l the heatsource system 100 maxdmum in the

heat storage operation, and can achieve energy conservation in the heat 20 storage operation. In
addition, theheat sotrce systefi? 2000 (seé G B dccomding to the present. eémbaedimentcan also be
config#redsttocprerfoégm in Eeasggggeéo th%éeqiuire@er]ct |(%%% of ghxe.lﬁgg 3 (see FIG. 1) during cooling
operation, partlaa[?oacjb% operation 6t the ‘chiller witha operall?lnglload' corresponding to the load factor
of the maximum COR;rand:-eempensatesihe gliffereace between the eperationilaad of the  chiller and
the requirement lgad of the load 3 using storage of heat in the thermal storage tank 8. SOEor example,

1 ; ; pult
Whenajoﬁf&ﬁﬂﬁ%ﬁ%ﬁgcﬁmgp that™ the evaluation function W shown wit
the formula (1) becomes minimum as described zbove using

the c¢hiller 1load, wet-bulb temperature of outside air,

10 cooling water temperature at the cooling tower outlet, cold
water temperature of high temperature chiller cutlet, cold
water temperature of low temperature chiller outlet, flow
rate cocling water, and flow rate. of cold water as
parameters (step $102).

15 Further, the contrcl device 71 controls the object to
be contrelled in accordance with the desired control wvalue
that has been set based on the optimization calculation
{step 35103).

The contrel device 71 is capable of performing heat

20 storage operation coperating the chiller with a chiller locad
that makes the COP maximum by repeatedly executing the
procedurez of steps 85100 to 5103 with a predstermined time
interval (e.g. 10 minutes).

Conventionally, as shown in FIG. 4A, ithe heat source

25 system 100 performs heat storage operation operating the
chillers with such a c¢hiller load that makes the cooling
amount 100% during the heat storing term from 8:00 PM to
:00 AM next morning. Here, 1n FIGS. 4A and 4B, the
cocling amount is shown as 100% when the load factor is

30 200%.
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corresponding to the requirement load of the load 3 is 200%, and if a load factor corresponding to the
maximum COP is lower than 200% (e.g. 150%), then the heat source system 100 may be operated
with the load factor corresponding to 5 the maximum COP, and the shortage to the requirement load
may be compensated using storage of heat in the thermal storage tank 8. In this case, if the
cooling capacity of the thermal storage tank 8 is large, changes of requirement load of the 10 load 3
can be absorbed by the storage of heat of the thermal storage tank 8, and the load of the chiller for

storing heat to the thermal storage fank,@ can bekept sanstant. On.theatherdand, ifithe cooling
capacity of the 15 thermal storage tank 8 is small and when the storage of heat of the thermal storage

tank 8 is to*be EGRSUMET; e reguiratnent |ead-of e (oerl 3naayexcead thie stdrggelsfdieat of the
thermal storage tank 8. Ip éB"%,Caéﬁethgn%%gfo%%sWﬁ%ng? ro%a}]nn}gé Compg nl?:%t.gﬁ?:%ghortage

relative 20 to the requirement load using storage | ermal storage tan erefore, it is
preferable thatthe tveat sourgetsystern 100:shauld: be tcoafiured tHaperate thecchillet Wwith a load

factor that gorrgspowgs to tf}le regﬁgem%nt lpad %%th% load 3. 25Referriné% tog G. 5, will be explained a
procedure of the EHillrwith 5 load factor that malkes the COB of the héat sodrte SyEtEh00 (see FIG.

1) maximusswbile the eentroldevice: 7k {se;FIG. 1) isistoring:heatte the thermal storage tank 8 (see
FIGS. 1 and 2 as needed). 30First, the control device 71 calculates a load for coolirga%ft_he load 3 with
cold water (requireteritiidad 6fthel0dd 3F5RH thelWet:bHb témperatiifeof diitsite airi@tep Si) As

SEHedbeﬁ%ﬁOHHH€9@Ee@ggﬂg@%9fQ@|9@%§ than 100%, energy consumption

can be reduced although the heat storage operation time
10 {operation hour of the chiller) is longer.

In other words, the total area of the bar graph shown
in FIG. 4B (area of hatched portion) is less than the total
area of the bhar graph shown in FIG. 4A.

As described above, the heat source system 100 (see

15 FIG. 1) according to the present embodiment can operate the
chillers (high temperature side chiller 2a, low temperature
side chiller 2b) with a load factor that makes the COP of
the heat source system 100 maximum in the heat storage
operation, and can achieve energy conservation in the heat

20  storage operation.

In addition, the heat scource system 100 (see FIG. 1)
according to the present embodiment can alsc be configured
to perform, in response to the reguirement load of the load
3 {see FIG. 1) during cooling operation, partial Ilcad

25 operation cf  the chiller with a  operating  load
corresponding to the load factor of the maximum COP, and
compensates the difference between the operation load of
the chiller and the reguirement load of the load 3 using
storage of heat in the thermal storage tank 8.

30 For example, when a load factor of the chiller
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5 can be calculated based on the flow rate of cold water in the secondary cold water system, cold
water temperature of thermal storage tank secondary inlet, and cold water temperature of thermal
storage tank secondary outlet. Further, the control device 71 calculates storage of 10 heat of the
thermal storage tank 8 based on an operating load of the high temperature side chiller 2a and the low
temperature side chiller 2b and a load of the load 3 (step S2). More specifically, the control device 71
calculates a heat quantity which can be stored into the thermal storage 15 tank 8 based on the

difference between, the:aperating foad otthe:chiler anchthe doad of the load 3. Then sterage of heat of

the thermal storage tank 8 is calculated as an integral of the calculated heat quantity during the term of
the operatiicof e lfeat §6drcé aySten TOU 220tR archisecivieh theealtaratad sthfage of heat is lower

than the loyer Jinit (g5, af siep S3), e aaueo) device 71 compaies e feguirement Joag of the load

3 and the current operating the chiller (step 54). Then, if the requirement load is smaller than
the operatingloac: 25 ((¥es;@at step:=54)ythehcontrel device Thsetsra predetenmined tgadtfor heat

storagtje operation as a chill§r:}lggad (stgpt%?g. If %he requirement Igad is IargtLer than ore%qu | to the
operating loAd (f{i%?{é{“ éltrélp 2),"th& ¢ontrol deVite 7T 6ts tie rteq%iréfr‘?%ﬁ [oddF the f65d 3 as a 30
chiller loadnsteprS6) c ompe diis raferable thatkthepredetermingdtoad for heat steraggoperation
should be, for example, a load corresponding to a load factor that makes the COP of the heat source
system 108 ‘R&xiATunT a8 Stated before. 5In addition, it is preferable that the lower limit of the storage

of heat should be sef injadvance.as a design.factor of the thepmal storage tapk 8., - Meanwhile, the

control device 71 may be configured such that, when comparing the storage of heat of the
storage tank 8 is large, changes of requirement lcocad of the

10 load 3 can be absorbed by the storage of heat of the
thermal storage tank 8, and the load of the chiller fox
storing heat to the thermal storage tank 8 can be kept
constant.

On the other hand, 1f the cooling capacity of the

15 thermal storage tank 8 is small and when the storage of
heat of the thermal storage tank 8 is to be consumed, the
requirement load of the load 3 may exceed the storage of
heat of the thermal storage tank 8. In this case, the heat
source system 100 cannot compensate the shortage relative

20 to the requirement load using heat storage in the thermal
storage tank 8. Therefore, it is preferable that the heat
source system 100 should be configured to operate the
chiller with a lecad factor that corresponds to the
reguirement load of the load 3.

25 Referring to FIG. 3, will be explained a procedure of
the chiller with a lcad factor that makes the COP of the
heat socurce system 100 (see FIG. 1) maximum while the
control device 71 (see FIG. 1) dg storing heat to the
thermal storage tank 8 (sese FIGS. 1 and 2 as needed).

30 First, the control device 71 calculates a load for
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10 thermal storage tank 8 and a lower limit, if the thermal storage tank temperature measured by the
thermal storage tank temperature sensor 8a is higher than a predetermined threshold, control device
71 determines that the storage of heat of the thermal storage tank 8 is lower than the lower 15 limit. In
this case, it is preferable that the lower limit of the storage of heat should have been set to the
threshold value. Then the control device 71 executes optimization calculation such that an
evaluation function W shown with 20 the formula (1) becomes minimum, using a chiller load, wet-bulb

temperature,gf quisideair, 1co0ling watertemperaiure at the-cepling-tower outighor;therotational speed
ration of the cooling fan 6, cold water temperature of high temperature chiller outlet, cold water
temperatufe®6f£low! 25 tethperaturéschitferldutiee ppeitivhak speed ratic-of flew #até rdfid®Pcooling
water of thg1 igh temperature side cooling water pump 4a and low temperature side cooling water
pump 4b, and rotational speed ratio or flow rate of cold water of the pump 5 as parameters (step S7),
and then 30 sets @ desitedrvalueof the=objettto becantrolled: loathert, théeontwaldevice 71

contrg])s the obj%ct to bf controlled baseddon the:pqlesir? value (step S8). 1 Here, the rotational
spee rati E‘C“)?‘itheecon)"'I"’inﬁlfar?l %?ﬁwebr%fa%ongp speed ra i6f the ﬁgﬁ)feﬁﬁergtu‘fg sfde Slgooling water

pump 4a angthedewiemperature:side ceeling water pusy 4h .and-theretatiopalspeedyatio of the
cold water pump 5 are ratios relative to the rated operations thereof. On the other hand, at step S3, if
the calculated it storatjecdtaiat is-higher #HrCoFédUAl t6 e predetéithing® Iciveiie INo, at step

53), the control device,71 compares,the sterageof heat and anypper Jimitof storage of heat (step S9).
If the storage of heat is smaller than the upper limit (Yes, at step S9), the control 15 device 71
proceeds to step $Birther, the control device 71 calculates storage of

10  heat of the thermal storage tank 8 based on an operating
load of the high temperature side chiller 2a and the low
temperature side chiller 2Z2b and a load of the lcad 3 {(step
S2). More specifically, the control device 71 calculates a
heat quantity which can be stored into the thermal storage

15  tank 8 based on the difference between the operating load
of the chiller and the lecad of the load 3. Then storags of
heat of the thermal storage tank 8 is calculated as an
integral of the calculated heat gquantity during the term of
the operation of the heat scurce system 100.

20 In a case when the calculated storage of heat 1is
Lower than tThe lower 1limit (Yes, at step 83), the control
device 71 compares the requirement load of the load 3 and
the current operating lecad of the chilller (step 34). Then,
if the requirement lcad is smaller than the operating load

25 [Yes, at step 84), the control deviee 71 sets a
predetermined lcad for heat storage operaticn as a chiller
lcad (step 85). If the requirement lcad is larger than orxr
equal to the operating lcad (Ne, at step S4), the contrel
device 71 sets the reguirement lcad of the load 3 as a

30 chiller load (step 356).
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Namely, the control device 71 sets a load for heat storage operation as a load for the chiller load.
Further, if the storage of heat is larger than or equal to the upper limit (No, at step S9), the control 20
device 71 determines that the load 3 can be cooled by stored heat in the thermal storage tank 8 and
stops the chiller (step S10). It is preferable that the upper limit of the storage of heat should be
determined in advance as a design factor. 25 Further, in a similar manner as the comparison with the
lower limit of the storage of heat, the control device 71 may be configured to determine that storage of
heat of the thermaf stojage, tank-8 is-higher.thandhe upperimitwhen.the;thermal storage tank
temperature measured by the 30 thermal storage tank temperature sensor 8a is lower than a
predetermfiedtheesholddfA this kake, itSs preéférablecthat the BipperFintirefthe storageévitheat should
have been sef fo the threghold yalue. I addition, when ¢agling the load,3, the.control 3 device 71 can
maintain the COP of the heat source system 100 at the maximum by executing repeatealy the steps
81 to 810 with a predetermired timelifitervalx érgurd Oaminutes; @vehavherethe wet-bulb temperature of
outside air or the requirement load of the load 3 js changed. 10According to this ¢configuration, in a
casedvé\?hen the sto%lgeagfdﬁégétoo? the thetnal “g?o%ééi g‘n 8 }ilsaférgtgﬁhéﬁ %?%qﬁéf“ﬁoﬁh%%ower limit
and is smalles thandthedqsper limis.the ghiller is operated with apartialdead:and:heat is gecumulated in
the thermal storage tank 8.

factor of the thermal storage tank 8.
Meanwhile, the contrcl device 71 may be configured
such that, when comparing the storage of heat of the
10 thermal storage tank 8 and a lower limit, if the thermal
storage tank temperature measured by the thermal storage
tank temperature sensor 8a 1s higher than a predetermined

threshold, contrel device 71 determines that the storage of

heat of the thermal storage tank 8 is lower than the lower

[

15 limit. 1In this case, 1t is preferable that the lower limit
of the storage of heat should have been set to the
threshold value.

Then the control device 71 executes optimization
calculation such that an evaluation function W shown with

20 the formula (1) becomes minimum, using a chiller load, wet-
bulb temperature of outside air, cooling water temperature
at the coeling tower outlet or the rotational speed ration
of the cooling fan &, cold water fTemperature of high
temperature chiller outlet, cold water temperature of low

26 temperature chiller outlet, rotational speed ratic or flow
rate ratic of cocling water of the high temperature side
cooling water pump 4a and low temperature side cooling
water pump 4b, and rotational speed ratio or flow rate of
cold water of the pump 5 as parameters {step $7), and then

30  sets a desired value of the object to be controlled.

31



15 Therefore, the COP of the heat source system 100 can be kept at the maximum, and it is possible
to achieve energy conservation in cooling operation. In addition, in a case when the storage of
heat (cooling amount) of the thermal storage tank 8 is smaller 20 than the lower limit, and when the
requirement load of the load 3 is smaller than the operating load of the chiller, the chiller can be
operated with a load factor that makes COP of the heat source system 100 maximum, and heat is
accumulated in the thermal storage tank 8. Namely, COP of 25 the heat source system 100 can be

kept at maximum %Y@}Whﬁﬁéh%é%%@m%@d%@ of the-load 3,is.small. F&%@@&H”@o@ﬁ@ when
storage of heat of the thermal storage tank 8 is smaller than the lower limit, and if a requirement load

of the load"®1s-afdersst dyifatth 30 thé dpératingddad of tie dhillem i ¢hiller may be operated with
a partial load, and _figrlﬂéer %qgnlggg%& %lgg@tl% Jnay pgtefgcgtgd %Jé:h Ctg élth % y gonsumptlon
'9

should be minimum, thereby keeping the COP of the heat Ssource system 1 achlevmg
energy 5 conservation. L onzlh adgitiend, whenistorage ohkeathof;the thenmat storage tanks8 is larger

than qr equal t redetermlned upper I|m|t the chiller may be sto ed and energ nsumption can
be ac%rleve&> ?L%ﬁ”h% fhe con?rorflaewce 71 caﬁ(?be operate%m\}?/%% Feside go‘il”g

water pump 4b, and the rotational speed ratioc of the cold
water pump 5 are ratios relative to the rated operations
therecf.
On the other hand, at step 83, if the calculated
10 storage of heat 1is higher than or egual to the
predetermined iower limit (No, at step 83), the control
device 71 compares the sterage of heat and an upper limit
of stcorage of heat (step $9%}. If the storage of heat is
smaller than the upper limit (Yes, at step S$S9), the control
15 device 71 proceeds to step $5.
Namely, the control device 71 sets a leoad for heat
storage cperation as a lecad for the chiller locad.
Further, 1f the storage of heat 1is larger than or
equal to the upper limit {(No, at step 59, the control
20  device 71 determines that the load 3 can be cocoled by
stored heat in the thermal storage tank 8 and stops the
chiller {step S10).
It is preferable that the upper limit of the storage
of heat should be determined in advance as a design factor.
25 Further, in a similar manner as the comparison with
the lower limit of the storage of heat, the control device
71 may pbe configured to determine that storage of heat of
the thermazl storage tank 8 is higher than the upper limit
when the thermal storage tank temperature measured by the

30 thermal storage tank temperature sensor 8a is lower than a
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partial load keeping the COP of the heat source system 100 high and energy conservation can be
achieved. For example, even when the cooling capacity of the thermal storage tank 8 is small,
COP in the operation can 15 be kept high utilizing the thermal storage tank 8 as a heat buffer. Thus
energy conservation can be achieved. Further, even when at least one of wet-bulb temperature of
outside air, a requirement load of the load 3 and storage of heat of the thermal storage tank 8 is 20
changed, the control device 71 may execute optimization calculation and set a desired control value

correspondipgdathe ghange. Thusdhe COP ofithe heatsourcesystem 1Q0 ganbe kepthigh.
Alternatively, instead of executing optimization 25 calculation at step S7, the control device 71 may be

configured-fosset &ldesirstPédntrol Falie ofthé objesttorbe eorftrollédBY refdingdo &aata table which
is preset b@égg ogetpe%etg}gb temperatyre foaqH_r[%iqe air, storage of heat of the thermal storage tank

8, and the requirement 30load of the load 3 (see Fig. 1). In other words, the control device 71
may be configuredito setld desired conteol vatue bf the object todeelcontrolledbasedh ondhe preset

data table without executing oplimization caleulaion.at siep. 27, Sln tis case, s preferable that the
data table Shouldbe composedin a map format shiowing correspondences among wet=Bllb

temperaturenof euisideaimm a-ioad facter of:the ehiller thatjis detesmineghhy a reguirementdoad of the
load 3 and storage of heat of the thermal storage tank 8, 10 and a desired control value that makes a
evaluationfaActith MinifuRT, A< SHIWH PFIG - 66 exarfiplgal, ©.g. 10 minutes,

even when the wet~bulb temperature of outside alr or the
requirement load of the load 3 is changed.

10 According to this configuration, 1in a c¢ase when the
storage o©f heat of the thermal storage tank 8 is larger
than or egual to the lower limit and is smaller than the
upper limit, the chiller 1is cperated with a psrtial load
and heat 1is accumulated in the thermal storage tank 8.

15 Therefore, the COP of the heat source system 100 can be
kept at the maximum, and it is possible to achieve snerqgy
conservation in cooling operation.

In additien, in & case when the storage of heat
(cocling amcount) cf the thermal storage tank 8 is smaller

20 than the lower limit, and when the reguirement load of the
lecad 3 is smaller than the operating load of the chiller,
the chiller can be operated with a load factor that makes
COP of the heat source system 100 maximum, and heat is
accumulated in the thermal storage tank 8. Namely, COP of

25 the heat source system 100 can be kept at maximum even when
the requirement load of the load 3 is small.

Further, 1in a case when storage of heat of the
thermal storage tank 8 is smaller than the lower limit, and
if a regquirement load of the load 3 is larger or egqual to

30 the operating load of the chiller, the chiller may be
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In FIG. 6, a data table showing relations among wet-bulb temperature of outside air, a load factor of
the chiller, and a rotational speed ratio of the high 15 temperature side cooling water pump 4a is
shown as an example. By preparing such a data table for other objects to be controlled and desired
control values thereof, the control device 71 can set desired control values of the objects to be
controlled based on wet-bulb temperature of 20 outside air and a load factor of the chiller. In
addition, storage of heat of the thermal storage tank 8 can be calculated from a load of the load 3 and

load factors;of the chillers (high-tempsrature side ghiller 2a, low iempetature side;chiller 2h).

25Further,itispreferablethatoptimization calculation of a desired control value for generating a data
table as sHoWIT Ih-FIG.Bshotitvbe éxecuted @isings for exarmble, & losld factoeof tieneold water

system. cribed above, the heat source system 100 30 accordijng to present
embodime%(t)régﬁ s%tjccj ge%glre é}ourtli'[%l 1ilglurg%% the 6bj§():{t%rtg e g%)%%%hgg (h%% teénggerg%jre side
cooling waterpumpa4a, lewdemperatuse side daolinghwater paimp 4boedld water pamprh,ycooling fan
6) based on optimizatign calculation corresponding to changes of wet- 5 bulb temperature of outside
air anséechgr?gnessegfvfﬁja%“df the load 3 during cooling operation or heat storage operation. Note

that the present embodiment:cainbe applied tohgat sourge systeras having ifferent egrfigurations of
a 10 cooling water system. For example, the heat source system 100 shown in FIG. 1, in which the
high tempérafird&ide-chiifer2aland thed6w témpBrafifre detehillér 2b 476 HRiFEE A parallel in the

cooling watefsystem,; may be applied tg the beat wce gystem 101 shown insFIG, 7.ip 15 which the

high temperature side chiller 2a and the low temperature side chiller 2b are arranged in Series in the
cooling watersysterhion can be achieved.

10 Thus, the control device 71 can be operated with a
partial load keeping the COP of the heat source system 100
high and energy conservation can be achieved.

For example, even when the cooling capacity of the
thermal storage tank 8 1s small, COP in the operation can

15 be kept high utilizing the thermal storage tank 8 as a heat
buffer. Thus energy conservaticn can be achieved.

Further, even  when at least one of wet-bulbk
temperature of outside air, a regquirement lcad of the load
3 and storage of heat of the thermal storage tank 8 is

20 changed, the control device 71 may execute optimization
calculation and set a desired control wvalue corresponding
to the change. Thus the COP of the heat source system 100
can ke kept high.

Alternatively, instead of executing optimization

25 calculation at step 87, the contrel device 71 may be
configured to set a desired control value of the object to
be contzrolled by referring to a data table which is preset
based on the wet-bulb temperature of outside air, storage
of heat of the thermal stcrage tank 8, and the reguirement

30 load of the load 3 (see Fig. 1).
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In the heat source system 101 shown in FIG. 7, a high temperature side cooling water pump 4a, a high
temperature 20 side chiller 2a and a low temperature side chiller 2b are arranged in series to a cooling
water outgoing flow pipe 61a which is connected to the outlet side of the cooling tower 1. Cooling
water cooled by the cooling tower 1 is sent to the high temperature side chiller 2a and the low 25
temperature side chiller 2b in sequence via the high temperature side cooling water pump 4a. The
outlet side of the low temperature side chiller 2b is connected to the inlet side of the cooling tower 1 via

;Tgecgr?illllg? ;\;)a;[;g llﬁdg?lr: v%kﬁ%ﬂgo%ﬁ?fé@@ so that coeling-water flown;out from 30 Ilgﬁ%,IovatJ]g_’emperatu re
configured to set a desired control value of the object to
be controlied bkased on the preset data table without
executing optimizaticn calculation at step §7.

5 In this case, it is preferable that the data table
should be composed in a map format showing correspondences
among wet-bulb temperature of outside air, a lcad factor of
the chiller that is determined by a requirement load of the
load 3 and storage of heat of the thermal storage tank 8,

10 and a desired control wvalue that makes a evaluation
function minimum, as shown in FIG. € for example.

In FIG. 6, a data table showing relations among wet-
bulb temperature of outside air, a load factcr of the
chiller, and a rotational speed ratio of the high

15  temperature side cooling water pump 4a 1s shown as an
example. By preparing such a data table for other objects
to be controlled and desired control walues thereof, the
control device 71 can set desired control values of the
objects to be controlled based con wet-bulb temperature of

20  outside air and a load factor of the chiller.

In addition, storage of heat of the thermal storage
tank 8 can be calculated from a load of the load 3 and load
factors of the chillers (high temperature side chiller 2a,
low temperature side chiller Z2b}.

25 Further, it is preferable that optimization
calculation of a desired ccntrol wvalue for generating a
data table as shown in FIG. 6 should be executed using, for
example, a load factor of the cold water system.

As described above, the heat source system 100

30 according to the present embodiment can set desired control
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tower 1. The rest of the configuration is same as that of the heat source system 100 shown in FIG. 1.
In this configuration, a flow rate of cooling water in the cooling water system is determined by the
rotational speed of the 5 high temperature side cooling water pump 4a. According to the heat
source system 101 in FIG. 7, one high temperature side cooling water pump 4a is disposed in the
cooling water system, and the number of pumps can be cut down compared to the heat source system
100 in FIG. 1. 10 Therefore, the heat source system 101 can be implemented with lower cost than the

heal sourcs.Sysiam 10 in G b oc &5 showR indd(. 8, he aresentembadiipentmay be applied to

a heat source system 102 which is provided with two cooling water systems, a high temperature side
cooling 15%4&ter Systermishd<a Iow teriperatiire sidecdolifig vaérsystémdithe highdermperature side

cooling water, syst r;ﬁ)cl%ng a jgp temperatur idg cool(;%g_gonwer %% ar}ﬁog thﬁallove\f/ Jemperature side
cooling water system Including a low tempeératare side éoo?ing tower Ib’ EO he igﬁ temperature side
cooling towertlang pravided with awcootihgfan-6a whichoisdriven by antinverter 534. Gealing water
flown 'gno g1§ high temperature side coolin% tower la is cooled with outside air sent by the cooling fan

6a. RAtational 2pesd B the 25 Eoofihg fah 64 1 cottrolléd By CoRtrsifig the fraquéicy iffutted to the

inverter Slane  Fiktherthedow temperatyre sige cooling tawer Ibds prevded with-a-ggeling fan 6b
which is driven by an inverter 51b. Cooling water flown into the low temperature 30 sidecooling tower
Ib is cooledHAtRESUtSIIe air sent by

Note that the present embodiment can be applied to

neat source systems having different configurations of a

10 coeling water system. For example, the heat source system

100 shown in FIG. 1, in which the high temperature side

chiller Za and the low temperature side chiller 2b are

arranged in parallel in the cooling water system, may be

applied to the heat source system 101 shown in FIG. 7 in

15 which the high temperature side chiller Z2a and the low

temperature side chiller 2b are arranged in series in the
cooling water system.

In the heat source system 101 shown in FIG. 7, a high

temperature side cooling water pump 4a, a high temperature

20  side c¢hiller 2a and a low temperature side chiller 2b are

arranged in series to a cooling water outgoing flow pipe

6la which is connected to the ocutlet side of the cooling

tower 1. Cooling water ccoled by the cooling tower 1 is

sent to the high temperature side chiller 2Z2a and the low

25 temperature side chiller 2b in sequence via the high

temperature side cooling water pump 4a. The outlet side of

the low temperature side chillier 2b is comnected to the

inlet side of the cooling tower 1 wvia the cooling water

incoming flow pipe 6Za so that cooling water flown out from

30 the low temperature side chiller 2b would flow into cooling
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the cooling fan 6h. Rotational speed of the cooling fan 6b is controlled by controlling the frequency
inputted to the inverter 51b. In other words, air flow rate to the high temperature 5 side cooling tower la
and the low temperature side cooling tower Ib is controlled with a frequency inputted to the inverters
51a and 51h. The high temperature side cooling water system is provided with a high temperature
side cooling water pump 4a 10 and a high temperature side chiller 2a on a cooling water outgoing flow
pipe 610a which is connected to the outlet side of the cooling tower la. Cooling water cooled by the

high temperaiudre side cogling-tovver daris:sent o the Bighdemperaturesside chiller-2a viathe high
temperature side 15 cooling water pump 4a_ The outlet side of the high temperature side chiller 2a is
connected tdtheinfet side B fie highStefiperbiire side Eboling toiver 1a Via the édolifigwater incoming

flow pipe 620a- Cooling water flown gyt fram the high,temperatiite side;chillgr 2a s floyn jnto 20 the

high temperatureside cooling tower la. The low temperature side cooling water system is provided
with a lowterhperatyretside coolitgiwater parhph dnda low temperaturesideichilfer 2beon a cooling
Water5outq9irl19%ﬂ%vg i%(-;-: Q%OQ E\E/Vhsicf(ljis %onrhejcl'gled %Vgai;peeroutluer'%1 25 4séilde of the low temperature side
cooling tower’b. oo}ﬁng watér cooled bycfﬁe o temperatﬁre Side cooling tower Ib

According to the heat source system 101 in FIG. 7,

one high temperature side cooling water pump 4a i3 disposed
in the cooling water system, and the number of punps can be
cut down compared to the heat source system 100 in FIG., 1.

10 Therefore, the heat source system 101l can be implemented

with lower cost than the heat source system 100 in FIG. 1.
As shown 1in FIG. 8, the present embodiment may be

applied to a heat source system 102 which is provided with

two cooling water systems, a high temperature side cooling

15  water system and a low temperature side cooling water
system, the high temperature side cooling water system
including a high temperature side cooling tower la, and the
low temperature side cooling water system including a low
Ltemperature side cooling tower 1ib.

20 The high temperature side cooling tower la is
provided with a cooling fan 6a which is driven by an
inverter 5la. Cooling water flown into the Thigh
temperature side cooling tower la is cocled with outside
alr sent by the cooling fan 6a. Rotational speed cf the

26 cooling fan 6a 1s controlled by controlling the frequency
inputted to the inverter 5la.

Further, the low temperature side cooling tower 1b is
provided with a cocling fan 6b which is driven by an
inverter 51lb. Cooling water flown into the low temperature

30  side cooling tower 1lb is cooled with outside air sent by
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is sent to the low temperature side chiller 2b via the low temperature side cooling water pump 4h. The
outlet side of the low temperature side chiller 2b is connected to the 30 inlet side of the low
temperature side cooling tower Ib via the cooling water incoming flow pipe 620b. Cooling water flown
out from the low temperature side chiller 2b is flown into the low temperature side cooling tower Ib.
Similarly to the case of the heat source system 100 5 shown in FIG. 1, the high temperature side
cooling water pump 4a is driven by the inverter 52a, and the low temperature side cooling water pump

4b is drivenrhy thednverterS2b. Burthestherotational speed eftherhigh tempearatyre,1G;side cooling
water pump 4a and the low temperature side cooling water pump 4b is controlled with a frequency
inputted to'the GAVeTters 524 ahd 528 espetively.the [RctAeeweitsl afleh:fde bf cddling water in
the high temperature side cooling water system is controlled 15 with a frequency inputted to the
inverter 52a, and a flow rate of cooling water in the low temperature side cooling water system is
controlled with a freguenty inputteddo tike nveiter 52btEurthertashigh temperateresside €ooling tower
ouﬂeﬁi side cooling tower la and the low temperature side cooling
tower 1lb 1s controlled with a frequency inputted te the
inverters 5ia and 51b.
The high temperature side cooling water system is
provided with a high temperature side cooling water pump 4a
10  and a high temperature side chiller 2a on a cooling water
cutgoing flow pipe 610a which 1is connected to the outlet
side of the ceooling tower la. Cooling water coocled by the
high temperature side cooling tower la is sent to the high
ftemperature side chiller Za wvia the high temperature side
15 cooling water pump 4a. The outlet side o©f the high
temperature side chiller 2a is connected to the inlet side
of the high temperature side cooling tower la wvia the
cooling water incoming flow pipe 620a. Cooling water flown
out from the high temperature side chiller 2a is flown into
20  the high temperature side cooling tower la.
The low temperature side cooling water system is
provided with a low temperature side cooling water pump 4b
and a low temperature side chiller 2b on a cooling water
outgoing flow pipe 610b which is connected to the outlet
25 side of the low temperature side cooling tower 1b. Cooling
water ccoled by the low temperature side cooling tower 1b
is sent to the low temperature side chiller 2b via the low
temperature side cooling water pump 4b. The outlet side of

the low temperature side c¢hiller 2b is connected to the

30 inlet side of the low temperature side cooling tower 1b via
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20 temperature sensor 31a, which measures an outlet temperature of cooling water in the high
temperature side cooling tower la of the high temperature side cooling water system (high temperature
side cooling water temperature at the cooling tower outlet), is provided to the outlet side 25 of the high
temperature side cooling tower la. Similarly, a low temperature side cooling tower outlet temperature
sensor 31b, which measures an outlet temperature of cooling water in the low temperature side
cooling tower Ib of the low temperature side cooling water system (low temperature 30 side cooling

water tempeyature at the,copling fower-Qutlet); is pravided-to the gutlet side of the lowitemperature
side cooling tower Ib. The rest of the configuration is same as that of the heat source system 100

shown in A& IPthis EsRfigurafion, A flGWTREE 6 eoTting WeteF B in Hfe high téfpekatiife side
cooling water.system is determi _%q Q%t}% r%tgggngjosyffggofgg%gighlggmperature side cooling water

pump 4a, and a flow rate of cooling water in the low temperature side cooling water system is
determined by theFotational speed of tle lowstemperature 10:side sooling:water pempidl. In
additipn,the _control,device7lexecutes optimization calculation such that the eyaluation function W
show§ Witﬁ}ﬁﬁ)ew %rrﬁalak(cfgbeé)?ne@lrﬁin%%.Tg%m%?iﬁ%éﬁ%n csajféuefati%%qg le%cu‘f%%%%ing the
following 5 parameters, @ chillerdead, a wetthulb temperature ofoutsidesais a high temperature side
cooling water temperature at the cooling tower outlet, a low temperature side cooling water

temperaturéBPfecodlifg fowWsr obfiet: AtdIdFaRF temP&tatire of highH terpBratife chifier outlet

inverter 52Zb.
Further, the rotational speed of the high temperature
10 side cooling water pump 4a and the low temperature side
cooling water pump 4b 1s controlled with a frequency
inputted to the inverters H2a and 52k respectively.
In other words, a flow rate of coocling water in the
high temperature side cooling water system 1is controlled
15  with a frequency inputted to the inverter 52a, and a flow
rate c¢f cocling water in the low temperature side ccoling
water system is ceontrolled with a frequency inputted to the
inverter 52Zb.
Further, a high temperature side cooling tower outlet
20 temperature sensor 31la, which  measures an  outlet
temperature of cooling water in the high temperature side
coocling tower la of the high temperature side cooling water
system (high temperature side cooling water temperature at
the cooling tower outlet), is provided to the outlet side
250 of the high temperature side cooling tower la. Similarly,
a low temperature side cooling tower outlet temperature
sensor 31k, which measures an c¢utlet temperature of cooling
water in the low temperature side cooling tower 1b of the
low temperature side cooling water system (low temperature

30 side cooling water temperature at the cooling tower outlet),

39



20 or a air flow rate ratio of the cooling fan 6a, a cold water temperature of low temperature chiller
outlet or a air flow rate ratio of the cooling fan 6b, a rotational speed ratio of the high temperature side
cooling water pump 4a and the low temperature side cooling water pump 4b or a 25 flow rate ratio of
cooling water, and a rotational speed ratio of cold water pump 5 or a flow rate ratio of cold water.
Thus the present embodiment can be applied to the heat source system 102 which includes two
cooling towers 30(high temperature side cooling tower la, low temperature side cooling tower Ib).

Namely, thespresentierodimet can belapplied pithowt imiingthe asrangement of thehigh
temperature side chiller 2a and the low temperature side chiller 2b and the arrangement of the cooling
tower in the% codligtwieT syStem < TRus e prasert: émbodiméit cahs&wide P apfliett  Further,

although itig not shown in the figures, the gr;g@ggnem@@dgpl%%aﬁalﬁ@ga applied to a heat source

system that is not provided with the thermal storage tank 8. 10 In this case, a flow rate of cold water in
the load 3 during dperativhswad becsontiolled by thefdold watdepunip 5¢selel FiG. W3 ter In addition,

there 5nayjp§ mgggledhexahmplggrgfetr%%%esent er(}]}yodlmggi as foll%vg .e15For example, a flow rate

and a temperature may]b% set'as & CORStant (fixsel \?alug) In th%goptlmlzaﬁon calcula |on?“ Tn this case,
the controtefretationatispeed-ofihe high temaperatuse sidecdooling watemhpurapda-andithe low
temperature side cooling water pump 4b may be simplified. 20 Accordingly, performance required to

the inverte? 523 provided't thé high téhBBrattife sid&Codting walter paiip 437and e iférter 52b
provided tg the.low;temperature,side epaling:-\vater pump 4.6an he lowered, and the,cost may be cut

down. 25In addition, the chillers (high temperature side
determined by the rotational speed of the low temperature
10  side cooling water pump 4b.
In addition, the control device 71 executes
optimization calculaticn such that the evaluation function
W shown with the formuia (1} becomes minimum. The
optimization calculaticn i1s executed using the following
15  parameters, & chiller load, a wet-bulb temperature of
outside air, a high temperature side cooling water
temperature at the cooling tower outlet, a low temperature
side cooling water temperature at the cooling tower outlet,
a ccld water temperature of high temperature chiller outlet
20 or a air flow rate ratio of the cooling fan 6a, a cold
water temperature of low temperature chiller outlet or a
air flow rate ratic of the cooling fan 6b, a rotational
speed ratio of the high temperature side cooling water pump
4a and the low temperature side coocling water pump 4b or a
256  flow rate ratio of cooling water, and a rotational speed
ratio of cold water pump 2 or a flow rate ratio of cold
water.
Thus the present embodiment c¢an be applied to the
heat source system 102 which includes two cooling towars

30 (high temperature side cooling tower la, low temperature
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chiller 2a, low temperature side chiller 2b) may be configured as an air-cooled type heat pump chiller.
In this case, energy conservation can be achieved by, optimizing a rotational speed of the cold water
pump 5 and 30 a desired value of the outlet temperature of cold water in the chiller, and utilizing the
COP characteristics of the high temperature side chiller 2a. Further, the chiller may he configured as
an inverter chiller controlling a rotational speed of compressor by inverter control. By 5 using the
inverter chiller, efficiency of partial load operation can he improved. In addition, configuration of chillers

(combinatignof the bighrtemperature side chiller2a andithe Jow termperateside ghilles2h) may be
configured in another form such as a combination of an 10 absorption chiller and a compression
chiller.  PEuriigt lafcthet Corfigtration iriay e posibRyA WHHER ot wafer ishitsed irstead of cold

water, and.a hot-water heat source. (6.9, hot-and-chilled-water generatgr or,neat pump) ig.used instead

of the chiller. The 15 optimization calculation is executed with a load of heater operation, and the result
is used as@desired ¢ontroh dalbies Inathisscarsfigendtion. ehérgyconsenationwiiringthe heater
operag)ion can be achiev$d. In addjctjeonrl], a tymple cs)f tQE cooline%té)r\{\éerérgg n ;[ 20 Iig]itgd to E)he present

embodiment. &rne%(a"r%ap g,rihes %Sollng' tower 1 may he Eon igured as a |r'éncef-%onta%?cooﬁing tower or

a closed-cir¢uit toolingotoivet.. Further, in a case when heat storage operation is performed in
accordance with a time schedule, a chiller 25 load used in partial load operation may be determined

based on a prediciedioa8 ValuEtdFthBHext Hay antthe Wetbulb tentbérafur8 'bf dutsidd Gir. As
described gbavethe present inventioneanheschapgediipdesign inyarious fdormsand.can be widely

30 applied.
system that is not provided with the thermal storage tank 8.

10 In this case, a flow rate of cold water in the lcad 3
during operation would be controlled by the cold water pump
5 (see FIG. 1).

In addition, there may be modified examples of the
present embodiment as follows.

15 For example, a flow rate and a temperature may be set
ags a constant (fixed wvalue) in the optimization calculation.
In this case, the contrcl of rotational speed of the high
cemperature side cooling water pump 4a and the low
temperature side cocling water pump 4b may be simplified.

20  Accordingly, performance required to the inverter 52a
provided to the high temperature side cocling water pump 4a
and the inverter 52k provided te the low Temperature side
cooling water pump 4b can be lowered, and the cost may be
cut down.

25 In addition, the chillers (high temperature side
chiller Za, low temperature side chiller 2b) mavy be
configured as an alir-cooled type heat pump chiller. In
this case, enercgy conservation can  be achieved Dby,
optimizing a rotational speed of the cold water pump 5 and

30 a desired value of the outlet temperature of cold water in
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WHAT IS CLAIMED IS: 1.A heat source system, comprising: a cooling tower; 5a first cold water
system configured to circulate first cold water cooled by the cooling tower; a second cold water
system configured to circulate second cold water used for cooling a load component; a plurality of
chillers arranged in series to the 10 second cold water system and configured to cool the second cold
water by transferring heat of the second cold water used for cooling the load component to the first
cold water; a control device that controls one or more objects to 15 be controlled, the objects to be

controlled including at least anesof.a-caaling-fan eqafigtsed to,sgnd-outside air.to the cegling tower, a
first pump configured to circulate the first cold water, and a second pump configured to circulate the

second coltl WateF SEinE 264 tHiernfal Storage uhiticonfiguréd:to-stere tHasecontlcotd water cooled by
the chillers,and proyide the second cold watgr tgthe Joad companent, Whglein, 15 1y 4
rotational speed c¢f compressor by inverter control. By
5 using the inverter chiller, efficiency of partial load
operation can be improved. In addition, configuration of
chillers {combination of the high temperature side chiller
Za and the low temperature side chiller 2b) may be
configured in another form such as a combination of an
10 absorption chiller and a compression chiller.

Further, another configuration may be possible in
which, hot water is used instead of cold water, and a hot-
water heat source (e.g. hot-and-chilled~water generator or
heat pump) is used instead of the c¢hiller. The

15  ocptimization calculation is executed with a load of heaterxr
operaticn, and the result 1s used as a desired control
value. In this configuration, energy conservation during
the heater operation can be achieved.

In addition, a type of the cooling tower 1 is not

20 limited to the present embodiment. For example, the
cooling tower 1 may be configured ag a direct-contact
cooling tower or a closed-circultf cooling tower.

Further, in a case when heat storage operation is
performed In acgordance with a time gschedule, a chiller

25 load used in partial load operation may be determined based
on a predicted load value of the next day and the wet-bulb
temperature of outside air.

As described above, the present invention can be
changed in design in wvarious forms and can be widely

30 applied.

42



the control device sets a desired control value of the object to be controlled such that an evaluation 25
function indicating energy consumption becomes minimum in response to change in at least one of
condition of outside air, storage of heat of the thermal storage unit and a requirement load of the load
component. 302.The heat source system according to claim s wherein the control device sets a
requirement load of the load component as a desired control value to be processed by the chillers
when performing cooling operation for cooling the load component. 5 3. The heat source system
according o glaimgl or glaim 2, wherein the control device sets a predetermined load as a desired
control value to be processed by the chillers when 10 performing heat storage operation for cooling the
second cold water and storing the second cold water into the thermal storage unit. 4. The heat

source system acgorgding to.claim.1, @Eg%%ﬂf,l%m%&%ﬁ%ming cooling operation for cooling the
load component, in a case when the storage of heat is smaller than a predetermined lower limit
and when the requirementiload islagger than or equal to an operating load of the chillers, 20 the
contrql device sets th re(%l,lalremeféloa% as %he desjred corgro% .lvalueé and  inacase when the

storage of heat is Smallet than the preﬁetermlnga/?gv%énr limit and'when the req(fjlrerﬁlen%ifc?ad is smaller

than an operatirg toabofibhe chillets0ethéoy the cooling tower;
a second cold water system configured to circulate
second cold water used for cooling a load component;
a plurality of chillers arranged in series to the
10 second cold water system and configured to cool the second
cold water by transferring heat of the second cold water
used for cooling the load component to the first cold
water;
a control device that controls one or more objects to
15 be controlled, the objects to be controlled including at
ieast one cf & cooling fan configured to send cutside air
to the cocling tower, a first pump configured to circulate
the first cold water, and a second pump configured to
circulate the second cold water; and
20 a thermal storage unit configured to store the second
cold water cooled by the chillers and provide the second
cold water tTo the load component, wherein
the control device sets a desired contrel wvalue of
the object to be controlled such that an evaluation
26 function indicating energy consumption becomes minimum in
response to change in at least one of condition of cutside
air, storage o©f heat o¢f the thermal stcorage unit and a

requirement load of the load component.

30 2. The heat source system according te claim 1, wherein
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25 storage of heat is larger than or equal to the lower limit and smaller than a predetermined upper
limit, the control device sets a predetermined load as the desired control value 30 5.The heat source
system according to one of claims 1 to 4, wherein the heat source system is provided with data
showing correspondences among a desired control value that makes the evaluation function minimum,
a condition of outside air, 5 and a operating load of the chillers. 6. The heat source system according
to claim 5, wherein the control device sets the desired control value in accordance with the data in

response torchange of at least-10-ene of the condition of eufiside airpthe storageref heat.and the
requirement load. 7. A method for controlling a heat source system that includes: 15a cooling tower;

a first cold#8ersystent Eonfigired ¥6 eircdate first E6FateP 61l by the THBIIRY tGWer;

chillers when performing cooling operation for cooling the

load compconent.

3. The heat source system according to claim 1 or claim
2, wherein
the control device sets a predetermined load as a
desired control value to Be processed by the chillers when
10 performing heat storage operation for cooling the second
cold water and storing the second ccld water into the

thermal storage unit.

4, The heat source system according to claim 1, wherein:
15 when performing cocling operation for cooling the load
component, |
in a ¢ase when the storage of heat is smaller than a
predetermined lower limit and when the requirement load is
larger than or egual to an operating load of the chillers,
20 the control device sets the requirement load as the desired
control value; and
in a case when the storage of heat is smaller than
the predetermined lower limit and when the reguirement locad
is smaller than an operating load of the chillers ocr the
256 storage of heat is larger than or equal to the lower limit
and smaller than a predetermined upper limit, the control
device sats a predsetermined lecoad as the desirsed control

value

30 5. The heat source system according to one of c¢laims 1
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a second cold water system configured to circulate second cold water cooling a load component; 20a
plurality of chillers arranged in series to the second cold water system and configured to cool the
second cold water by transferring heat of the second cold water used for cooling the load component
to the first cold water; 25a control device that controls one or more objects to be controlled, the objects
to be controlled including at least one of a cooling fan configured to send outside air to the cooling
tower, a first pump configured to circulate the first cold water, and a second pump configured to 30
circulate segond cqlewater; and a thermal storage unit configured to store the second cold
water cooled by the chillers and provide the second cold water to the load component, the method
comprising the stepafof5seitirfy 8 Hesiréd Eoftfol value erthewshjett (6 beebnatreMstr’such that an
evaluation fupetion, indicating energy, consumption hecomes.minimuyy ify Lespanse tg.change of at
least one of condition of outside air, storage of heat of the thermal storage unit and a requirement load
of the 10 Ibae component;andf unctdntrollivig theuone ar more bbjects to"be contréiediitraccordance

with tge dea%[:?dac%rgreorl a\/@!tunecj SIEg%mgp%%éor cckg)ﬂrglelgg a heat source system

6. Tne heat source system according to claim 5, wherein
the control device sets the desired control wvalue in
accordance with the data in response to change of at least
10 one of the condition of outside air, the storage of heat

and the requirement load.

7. A method for controlling a heat source system that
includes:
15 a cooling tower;

a first cold water system configured o circulate
first cold water cooled by the cocling tower;

a second cold water system configured to circulate
second cold water cooling a load component;

20 a plurality of chillers arranged in series to the
second cold water system and configured tce cool the second
cold water by transferring heat of the second cold water
used for cooling the load component to the first cold
water;

25 a control device that controls one or more cbijects to
be contreclled, the objects to be controlled incliuding at
least one of a cocling fan configured to send outside air
To the <¢ooling tower, a firzst pump configured to circulate
the first cold water, and a second pump configured to

30 circulate second cold water; and
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15 according to claim 7 further comprising setting the desired control value in accordance with
data showing correspondences among a desired control value that makes the evaluation function
minimum, a condition of outside air, and a operating load of the chillers. 20

a thermal stcorage unit configured to store the second
cold water cocled by the chillers and provide the second
cold water to the load compoenent, the method comprising the
steps cf:

5 setting a desired control wvalue of the object to be
controlled such that an evaluation function indicating
energy consumption becomes minimum in response to change of
at least one of condition of ocutside air, storage of heat
of the thermal storage unit and a reguirement load of the

10 load component; and

controlling the one or more objects to be controlled

in accordance with the desired contrel valus.

8. The method for controlling a heat source system

15 according to claim 7 further comprising
setting the desired contrel wvalue in accordance with
data showing correspondences among a desired control value
that makes the evaluation function minimum, a condition of

outside air, and a operating load of the chillers.

20
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