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HEAT SCURCE SY¥STEM AND METHOD FOR CONTROLLING THE SAME

CROSS REFERENCE T0O RELATED APPLICATIONS

This applicaticon claims the benefit of

<

apanese

Patent Application No. 2011-135446 filed on June 1

-]

, 2012,

the disclosure of which is incorporated hersin by refersnce.

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

and a mathod for controlling the same.

Description of the Related Art

& heat source system that produces cold water by a
chiller and cools a load (a reom, an appliance or ths like)
is well known. A chiller installed in such a heat source
system is contrelled by a capacity corresponding to
increase and decrease in the load.

Some heat source sysiems include two or more chillers
arranged in series so that convev power is cut down by
increasing the femperature difference of cold water ussed
for cooling. See, IZor example, JP 3561-223528 A {to be
referred to as Patent Document 1 hereinafter) and JP 560~
023760 A {toc be resferred to as Patent Document 2
hereinafter).

Nonpatent Literature 1: “Heat Storage Air-
conditicning System”, The Society of Heating, Air-
conditioning and Sanitary Engineers of Japan, pp.82-85,
1988

The heal source systems disclosed in Patent Documents
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1 and 2 can reduce the required pumping power of cocld water
by arranging in series the chillers on the high temperature
side and the Jlow temperature side and increasing the
temperature difference therebetween, for example in a
condition where outside air temperature is high and
temperature difference of c¢old water while circulation
(temperature difference between the inlet side of the
c¢hiller and the outlet side of the chiller) is large.

However, 1f the chillers are arranged in series, and
when the flow rate of a pump which feeds ceold water into
the chiller is constant, the efficiency of the heat source
system may be lowered when cooling lcocad is a partial load
which is smaller than the maximum capacity {maximum load),
and therefore there is a problem that the efficiency of the
heat source system may be dropped due to change in load of
an object to be ccooled and condition of outside air. In
addition, it 1is necessary to deal with load changes
considering storage of heat of the thermal storage tank
used for storing cold water.

In 1light 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 wmethod for

contrelling the same.

SUMMARY OF INVENTION

To sclve the problems above, according to a first
aspect of the present invention, there is provided a heat
gsource system, including: a cooling tower; a first cold
water system configured to circulate first cold water

cooled by the cooling tower; a second cold water
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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
cocl the second cold water by transferring heat of the
second cold water used for ccooling the l1oad component to
the first cold water; a control device that controlg one or
more objects tc be controlled, the objects to be controlled
including at least cne 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 circulate the second cold water; and a
thermal storage unit configured to store the second cold
water coocled by the chillers and provide the second cold
water to the load component.

In addition, the control device sets a desired
control value of the object to be controlled such that an
evaluation function indicating an energy consumption
becomes minimum in response to change Iin condition of
outside air, and at least one of storage of heat of the
thermal storage unit and a requirement Iload of the load
component.

According to a second aspect of the present invention,
there is provided a method for controlling a heat source
system that includes: a cooling tower; a first cold water
system configured to circulate first cold water cooled by
the cooling tower; a second cold water system configured to
circuiate second cold water cooling a load component; a
plurality of chillers arranged in series to the second cold
water system and configured to cool the second cold waterx

by transferring heat of the second cold water used for
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cooling the locad component to the first ccld water; a
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 circulate
second cold water; 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 steps of: setting a desired control
value of the object to be controlled such that an
evaluation function indicating energy consumption becomes
minimum in response to change in condition of outside air
and at least one of storage of heat of the thermal storage
unit and a requirement load of the locad component; and
controliing the one or more objects to be controlled in
accordance with the desired control value.

According to embodiments of the present invention, it
is possible to provide a heat source system capable of
improving efficiency when chillers arranged in series are
not operated at a maximum load and to provide a method for

controlling the same.

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

embodiment;
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FIG. 2ZA is a graph showing & relation betwesen a load
factor and C0P o¢of a chiller in a case when the dasired
value of an object To be controllsd is kept constant;

FIG. 2B 1s 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 determined based on
a optimization calculation;

FIG. 3 is a flow chart iilustrating a procedure of
heat storage cperation;

FIGSS., 42 and 4B are graphs illustrating examples of
change in cooling amcount;

FIG. &5 is 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 dat

o

table showing relatlions among a wet-bulb temperature of
cutside alr, a lead factor of the chiller, and a ratio of
rotational speed of a cooling water pump;

FIG. 7 1s a diagram illustrating a configuration example of
the heat gsource system in which a high temperature side
chiller and a low temperature side chiller are arranged in
series to the cooling water system; and

FIG. 8 is a diagram illustrating a configuration example of

the heal scurce system including two cooling towers,

DETAILLED DESCRIPTION OF THE EXEMPLARY EMBODIMENT

Embodiments of tThe presant invention will  be
descriped in detail with reference to the related drawings
according to the necessity.

The heat source system 100 zazccording to the present
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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 frze cooling in a cocling tower 1 is circulated
and a second cold water system (a cooling water system) in
which a second cold water (a cold water) that cools a lecad
3 is circulated via a high temperature side chiller Za and
a low temperature side chiller Zb. The high temperature
side chiller 2a and the low temperature side chiller 2b are
centrifugal chiller for example and are arranged in series
in the cold water system.

The heat of cold water whose temperature 1s risen by
cooling the load 3 is transferred to the cooling water in
the Thigh temperature side chiller 2a and the low
temperature side chiller Zb, thersby the cold water belng
cooled.

Meanwhile, the high temperature side chiller Za is
installed upstream of the cold water and the low
temperature side chiller 2b is installed downstream of the
cold water in the cold water system.

In the ccoling water system, a high temperaturse side
cooling water pump 4a and & high temperature side chiller
2a are arranged on a cooling water ocutgoing flow pipe 6la
which is connected to the ocutlet side of the cooling tower
1. Coeling water cooled by the cooling tower 1 is flown
into the high temperature side chiller Za via the cooling
water pump 4a. The ocutlet side of the high temperature
gide chiller 2a is connected to the inlet side of the
cooling tower 1 wvia the cooling water Incoming flow pipe

€2a. The cooling water flown out from the high temperaturs
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gide chiller 2a is flown intc the cooling tower 1.

Further, on the cooling water outgoing flow pipe 6la,
a branched flow pipe 6lk is connected between the outlet
gide of the cooling tower 1 and the high temperature side
cooling water pump 4a. On the branched flow pipe €61lb, a
low temperature side cocling water pump 4b and a low
temperature side chiller Z2b are arranged, and szsome of the
cold water cooled by the cooling tower 1 is flown into the
low tfemperature side chiller 2b viaz the low femperature
side cooling water opump 4b. On the ocutlet side of the low
temperature side chiller 2b, a branched incoming flow pipe
62 is. connected. The branched incoming flow pipe 62b is
further connected to the cooling water incoming flow pipe
6Za between the outlet side of the high temperature gide
chiller Za and the inlet side of the cocling tower 1.

in other words, the high temperature side chiller Za
and the low temperature side chiller 2b are connected in
parallel in the c¢ooling water system. In the present
embodiment, the high temperature side cocling water pump 4a
and the low temperature side cooling water pump 4b
altogether are referred to as a first pump.

The cgooling tower 1 1s provided with a cooling fan 6
which ig driven by an inverter 31. The cooling water flown
into the «cooling tower 1 is cocled by cutside air
circulated by the cooling fan 6. The rotational speed of
the cooling fan & is controlled with a frequency inputted
to the inverter &1,

That 1is, the air flow rate to the cocling tower 1 is
controlled with a freguency inputted to the inverter 51.

The high temperature side cooling water pump 4a isg
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driven by an inverter 5Za, and the low temperature side
cooling water pump 4b 1s driven by an inverter 352b. A
cooling tower outlet temperature (cooling water temperature
at the cooling tower ouitlet) sensor 31 that measures tThe
outlet temperature of cocling water in the cooling tower 1
is set up on the outlet side of the cooling towsr 1.

Rotational speesds of the high temperature side
cooling water pump 4a and the low temperature side cooling
walter pump 4b are conitrolied with a freguency inputted to
the inverters 52a and 52b respectively.

That is, the flow vrate of cooling water in the
cooling water system is ocontrolled with a freguency
inputted to the inverters 52a and 5Z2b.

The cold water system is configured such that the
outlet side of a thermal storage tank 8 and the inlet sidse
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 inletf s3ide of the low
temperature side chiller 2b are connected via a chiller
connecting pipe 65. Further, fhe outlet side of the low
temperature side chiller 2b is connectéd to the inlet side
of the thermal storage tank 8 via a cold water outgoing
flow pipe 6&3. The cold water pump 5 is driven by an
inverter 53,

Rotaticnal speed of the cold water pump 5 is
controllied with a freguency inputted to the inverter 53,
That is , the flow rate of the cold water in the cold water
systam 1s controlled with a freguency inputted to the

inverter 53. In this embodiment, the cold water pump 5 is
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referred to as a second pump.

The cold water system 1z provided with a high
temperature side chiller ocutlet temperature sensor 34a that
measurses outlet temperature of cold water in the high
temperature side chiller Za (hereinafter referred to as
cold water temperature of high tempsrature chiller outlet),
a low temperature side chiller outlet temperature sensor
34b that measures ocutlet temperature of cold water in the
low temperature side chiller 2b {(hereinafter referred to as
cold water tempsrature of low temperature chiller ocutlet),
and & thermal storage tank temperature sensor 8a that
measures temperature of cold water in the thermal storage
tank 8 ({hereinafter referred to as thermal storags tank
temperature) . Here, the thermal storage tank temperature
sensor 8a may be omitted.

The heat source system 100 is provided with a
secondary cold water system which 1s configured including
the thermal storage tank & and a lcad 3.

In the secondary cold water system, the outlet side
of the thermal storage ftank & and the inlét side of the
load 3 are connected via a secondary cooling outgoing flow
pipe 66 which includes a segondary cold water pump 5a, and
the cutlet side of the load 3 and a secondary inlet side of
the thermal storage tank 8§ are connected wvia a secondary
cooling dincoming £low pipa 67, Acocording  to  this
cenfiguration, cold water is provided to ths load 3 via the
thermal storage tank 8.

Ths secondary cold water pump 5a is driven by an
inverter 53a.

Further, thesre are provided a thermal storage tank
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secondary outlet <femperature sensor 8l that measures
temperature of sscondary ouitlet in the thermal storage tank
8 (heresinafter referred to as cold water tempesrature of
thermal storage tank secondary outlet), a thermal storage
tank secondary 1nlet tTemperaturye sensor 82 that measures
temperature of secondary inlet of cold water in the thermal
storage tank 8 (hereinafter referred to as cold water
temparature of thermal storage tank secondary inlet), and a
flowmeter 83 that measures flow rate of cold water in the
secondary cold water system.

The thermal storage tank 8 is for sxample & water
tank storing cold water, or a thermal steorage unit storing

cold energy by storing cold water cooled by the high

2l

temperature side chiller Za and the low temperature side
chiller Zb., The load 3 is configured tc he cooled by heat
quantity provided by the thermal storage tank 8. The high
temperaturé side chiller 2z and the low lemperature sids
chiller 2b accumulate heat quantity intce the thermal
storage tank 8 by cooling the cold water stored in the
thermal storage tank 8.

The thermal storage tank 8 is configured such that,
for example, the secondary cocling cutgolng flow pipe 56 is
connected to the vicinlty of the cold water outgeing flow
pipe 63 and the cold water incoming flow pipe 64 1is
connected to the vicinity of the secondary cooling incoming
flow pipe &7. In addition, it is 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

8 through cold water outgoing flow pipe 63 should be flown
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cold water £lown into the thermal steorage tank 8 through
the seccndary cocling incoming flow pipe 67 should be flown
inte the cold water incoming flow pipe 64.

In addition, it is preferable that when the cold
water pump 2 is working and the secondary cold water pump
5a is not working, the coldrwater flown into the thermal

storage tank & through the ccld water outgoing flilow pipe

h
)

(o)
&3

should be stored from the cold water outgoing flow pipe

3

side. Similarly, it 1s preferable that the thermal storage
tank & 1s conficured such that, when the cold water pump 5
is. not working and the secondary cold water pump 5a is
working, cold water stored in the vicinity of the c¢old
water outgeing flow pipe 63 should be flown intce the
sacondary cooling ocutgoing flow pipe 66 whilé cold water
flown into the thermal storage tank B through the seccondary
cooling incoming flow pipe €7 should be stored in the
vicinity of the secondary cooling incoming flow pipe 67.
According to this configuration, the thermal storage
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
S5a 1s not working, the thermal storage tank 8§ works as a
buffer that stores cold water (i.e. cold energy is stored).
In addition, when the ccold water pump 5 1s ncot working and
the secondary cold water pump 5z is working, the thermal
sterage tank 8 works as a buffer that provides cold water
(i.e. provides stored heat quantity) tc the load 3.
FPurther, when the flow rate of the cold water pump 5

is higher than that ¢f the secondary cold water pump 5a,
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heat guantity corresponding to the difference of the flow
rates is stored in the thermal storage tank 8. Similarly,
when the flow rate 0f the cold water pump § is lower than
that of the secondary celd water pump 5a, heat gquantity
corresponding to the difference of the flow rates 1s
provided to the load 3 from the thermal storage tank 8.

Further, the heat scurce system 100 is provided with
an outside air temperature indicator 37 that measures
outside air femperature and an outside alr hvgrometer 38
that measures oﬁtside air humidity.

Thus the heat source system 100 accozrding to the
present embodiment 1s configured including the cooling
water system, the cold water system and the sscondary cold
water system. Cooling water circulating in the cooling
water system and cold water circulating in the cold water
system 1s cooled by heat exchange conducted in the high
temperature side chiller Za and the low temperature side
chiller 2b.

Then, the cold water is provided intoc the load 3
(room, appliance or the like) via the thermal storage tank
8, therseby coocling the load 3. The operaticon thus
performed by the heat source system 100 is referred to as
cooling operation.

In addition, heat guantity is stored in the thermal
storage tank 8 by storing the cold water cooled by the high
temperature side chiller Za and the low tempsrature sids
chiiler Zb into the thermal storage tank 8. The coperation
for storing heat quantity tc the thermal storage tank 8 is
referrad to as heat storage operatiocn.

In this configuraticn, the cooling fan 6, the high
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temperature side cooling water purmp 4z, the low temperature
side cooling water pump 4b, the cold water pump 5 and the
secondary cold water pump 5a provided to the heat source
system 100 are controlled by the control device 71,
Hereinafter in this embodiment, the high temperature side
chiller 2a and the low temperature side chiller 2b
altogether are referred to as a chiller.

Note +that in TIG. 1, although a configuration is
shown including two chillers {(the high temperature side

chiller Z2a, th

o

low temperature side chiller Zb), another
configuration mavy be possible including three or mnmore
chillers arranged in series in the cold water system.
Further, although not shown in the figure, another
configuratlion may be possible including a plurality of
groups of c¢hillers arranged in parallel, each group
including a plurality of chillers arranged in series.
According to the control device 71 of the present
embodiment, wet-bulb temperature is calculated from outside
air temperature measured by the outside ailr temperature
indicator 37 and outside air humidity measured by the
outside air hygrometer 38. Further, a load regquired by the
load 3 is calculated based con a flow rate of cold water in
the secondary cold water system, cold water temperature of
thermal storage tank secondary inlef, and cold water
temperature of thermal storage tank secondary ovutlet. Then
rotational speed of the secondary ccld water pump Sa 1s
controlled by stabilizing control of discharging pressure
and stabilizing control of end pressure in accordance with
the leoad reguired by the load 3. Namely, the flow rate of

cold water in the secondarv cold water system is ceontrolled.
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The stablilizing contrel ¢f discharging pressure and
stabilizing control of end pressure can utilize technigues
known to the public. Hereinafter the load reguilred by the
load 3 1is referred to as reguirsement lcad.

Here, ancother configuration may be possible in which,
instead of the cutside air temperature indicator 37 and the
outside alr hygrometer 38, a wet-bulb thermomester wnich is
not shown may be provided.

The regulrement load ¢of the load 2 is a lcocad when the

load 3 is cooled by cold water, and the value is determine

0.

by wwonditions ¢f the load 3 such as room Lemperaturs,
device tempsrature or the like,

The reqguirement load of. the locad 3 is calculated
based on the cold water flow rate, the cold water
temperature of thermal storage tank secondary inlet, the
cold water temperature of thermal storage tank secondary
outlet in the secondary cold water system. Meanwhile, the
thermal storage tank secondary outlel temperature senscr 21
may be omitted, and the set wvalue of the c¢old water
Temperature 0f thermal storage tank secondary outlet may be
used as a recuirement load of the lcad 3. According to
this configuration, the thermal storage tank secondary
outlet temperature senscry 81 is not necessary and the
structure of the heal sourcs zystem 100 can be simplified.

The control device 71 controls the high temperaturs
side c¢hiller 2z and the low temperature side chiller Zb
with & desired wvaiue of the outlet temperature of cold
water in the high temperature side chiller Za and another
desired wvalue of the outlet tTemperature of cold water in

the high temperature side chiller 2b respectively.
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Alternatively, the chillers may be configured *to have a
control function such that each of the chillers {the high
temperature side chiller Za and the low temperature side
chillary 2Zb} is provided with a control feature that
maintains the cutlet temperature of cold water {(cold water
temperature of high temperature chiller ocutlet, cold water
temperature of low <femperature chiller outlet} fo be
constant, and maintains the desired valuse of the outler
temperature of cold water indicated by the control device
71.

Further, the control device 71 contreols rotationsal
speed of the caoling fan & (air flow rate of the cooling
towsr 1) 8o that the cooling water Lfemperature at the
cocling towser outlet becomes the desired value.

The control device 71 according to the present

embodiment performs optimization calculation of the water
Temperature and the flow rate of ccld water and cooling
water such that the energy consumption which 1s predicted
based on wvarying cutside alir conditions {wet-bulb
temperature in particular}), requirement load of the load 3,
and characteristics of devices constituting the heat source
system 100 {resistance of cocling water and cold water in
the devices and pipes) becomes minimum., Then, the contraol
device 71 changes the desired values of the temperature of
cooling water (cooling water temperature at the cocling
tower outlet), the temperature of cold water (cold water
rempaerature of high temperature chiller ocutlet, cocld water
temperature of low temperature chiller outlet), the flow
rate of cooling water (the flow rate ratio of cooling water

or the rotational speed of the cogling water pumps 4a and
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4y, the flow rate of cold water (the flow rate ratio of
cold water or the rotational speed of the cold water pumps
5a and 5b) based on the result of the optimization
calculation.

Note that the flow rate ratio of cooling water is a
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 1s a ratio of cold water o

h

the cold water pump 5 relative to the fiow rate in the
rated operation.

According to this configuration in the present
embediment, the contrel device 71 controls the high
temperature side cocling water pump 4a, the low temperature
side cocling water pump 4k, the cold water pump 3, and the
cooling fan 6. The control device 71 sets desired values
for these objects toe be controlled through optimization
calcoulation, and controls the hsat scurce system 100.

In a case of cooling operation ceoling the load 3 hy
celd water for example, tThe contrel device 71 sefs the
raguirement load of the load 3 as a load to be processed by
the chiller (hereinafter referred to as chiller load).

Then the control device 71 simulates a sum total of
energy ccnsumpticon of the objects to be controlled {the
high temperature side ceooling water pump 4z, the low
temperature side cocoling water pump 4b, the cold water pump
5, and the cooling fan §). The simulation is performed
using the chiller load, the wet-bulb temperature of outside
air, the cocoling water temperature at the cooling tower
cutlet, the cold water temperature of high temperature

chiller outliet, the cold water temperature of low
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temperature chiller outlet, the flow rate of cooling water,
and the flow rate of cold water as parameters,. The
simulation is performed alsc based on the resistance of
cold water in the high temperature side chiller Za, the low
temperature side chiller 2b, and the cold water pump 3
(flow channel resistance), and the resistance o¢f cooling

warer in the high temperature side chiller Za, the low

temperature =ide chiller 2b, the hi

18]

h temperature side

{

cooling water pump 4a, the low temperature side ceoling
water pump 4b, and the cooling tower 1.

The control device 71 calculates the 1lifting height
cf each of the pumps (high temperature side cooling water
pump 4a, low temperature side coolling water pump 4b, and.
cold water pump 3) based cn the result of predictions and
measursments of relation of pressure iloss to the flow rates
of cooling water and cold water in the pipes (cooling water
outgoing flow pipe 6la, branched flow pipe 61lb, c<ooling
water incoming flow pips 62a, branched incoming flow pipe
62b, cold water outgoing flow pips 63, cold water incoming
flow pipe 64, and chiller connecting pipe6h). Then the
control device 71 calculates pumplng power o©f =ach of the
pumps from the relation between the flow rate and ths
1ifting height. Further, the control device 71 calculates
energy consumption of sach of the pumps from the calculated
pumping power of each pump.

In addition, the control device 71 predicts powsr
consumption of the cooling tower 1 by calculates aiy velums
ratio of the cooling fan 6 corresponding to outside air
conditions, the flow rate c¢f cooling water, the temperature

of cooling water {cooling water temperature at the cooling
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tower outlet, cocling water temperature at the cooling
tower inlet} from the performance ¢f the cocling tower 1
using generic overall volumetric enthalpy-transfer
coefficient and cooling tower performance approximation.

Here, the alr volume ratic of the cooling fan 6 is a
ratic 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¢hiller when
operated with the chiller load.

Further, the control device 71 searches an
optimlization variable such that zan evaluation function W
shown with the formula (1) becomes minimum, and then
determines the desired control wvalus of the okject to be
contrcliled based on the searched optimization wvariables.
Here, the evaluation functicn W is a total sum of energy
consumption of the heat source system 100. And quantity of
chillers, the flow rate c¢f the cold water and cooling water
{the rotaticnal spead o0f each of the pumps), and the
temperaturs of the cold water and cooling water are

optimizaticon variables.

W = Erefl + Erefl + Ecp + Lcowpl + Ecwp2 + Ect e=e (1}

where

(i}

BErefl: energy consumption of high temperature side chiller
[ kW,

Eref2: energy consumption of low temperature side chiller
[ kWD,

Ecp: energy congumption of cold water pump [ kW,

Bowpl: senerqgy consumpition of high temperature side
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cooling water pump { kW],
Ecwp2: energy consumption of low temperature side cooling
water pumg [ KW and

Ect: energy consumption of cooling tower [ kKW .

In other words, Lhe contrel device 71 sets desired
values of the flow rate of the ccoling water, the flow rate
of the cold water, the c¢old water temperature of high
temperature chiller outlet, the cold water temperature of
low temperature chiller outlef, and the cocling water
temperature at the cooling towsr outlet such that the
evaluation function W shown with the formula (1} becomes
minimam.

More specifically, the control device 71 detesrmines
each of the energy consumption of the high temperature side
chiller 2a (Erefl), the energy consumption of the low
temperature side chiller 2a (Eref2}, the energy consumpticn

of the cold water pump 5 (Ecp), the energy consumption of

s

I

he high temperature side cooling water pump 4a (Ecwpll,
the energy consumption of the low temperature side
cocling water pump 4b {Ecwp2), the energy consumption of
the cooling tower 1 (Ect) such that the evaluation function
W pecomes minimum. And then, the flow rate of the cooling
water, flcw rate of ;old water, ccld water temperature of
high temperature chiller outlet, ccld water temperature of
Low temperature chiller outlet, and the cocling water
temperature at the cooling tower outlet at that time are
set as desired values respectively.

Turther, the control desvice 71 sets desired control

values -of the objects to be controlled (high temperature
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gide 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 temperatures side
chiller 2b), the flow rate of cold water, the cold water
remperature ¢f high temperature chiller ocutlet, the cold
water temperature of low temperature chiller outlet, and
the cooling water temperature at the cdoling tower ocutlet
becomes the specified desired wvalues.

More specifically, the control device 71 determines a
desired control wvalue ¢f the rotational speed of the.high
temperature side ¢ooling water pump 4a such that the flow
rate of cooling water in the high temperature side chiller
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 becomss the specified desired
value, and determines a desired contrel value of the
rotational speed of the cold water pump 5 such that the
flow rate of cold water becomss the speacified desired value
and further determines a desired control wvalue of the
rotational speed of the cocling fan € such that the cooling
water temperature at the cooling tower cutlet becomes the
specifiled desired value. The control device 71 may be
configured such that the cooling water temperature at the
ceoling tower outlet ilsg kept to a desired wvalue by on/off
control ¢f the cooling fan 6 or by feadback control of the

rotational speed such that the measurement wvalue o¢f the

19



e}

10

15

20

30

cocling tower cutlet temperature sensor 31 becomes constant.
Aocording to this confilguration, even when ocutside air
condition is changed for examples, the cooling water
temperature at the cooling tower ocutlst can be kept to the
spacified desired value with a high degree of accuracy.

Further, the control device 71 contrels the obiscts
to be controlled based on the desirsd control walues.

Tn addition, thse control device 71 operates the high
remperature side chiller 2a and the low temperature side
chiller 2b using the reguirement 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 Z2a and the low termperature side chiller 2b
such that the total sum of the cperating load of the high
temperature side chiller 2Za and the operating load of the
low temperature side chiller 2b equals to the requiremesnt
load of the load 3.

In this case, 1t may pe configured such that a wvalue
obtainsd by dividing the reguirement lcad by operating load
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 Zb.

According to this confilguration, even when the
chillers {high temperature side chiller Za, low temperature
side chiller 2b) are not operated with a maximum load, it
is possible to perform partial load operation of the heat
gource system 100 keeping the COP (Cosfficient of
Performance) thersof at high level, and to achieve energy

congservation.

20



LI

10

20

25

30

Further, it is preferable that the control device 71
should change the setting of desired control value with a
predetermined time interval (e.g. 10 minutes interval)
following the outside air condition and the change of the
reguirement load of the lcad 3. According to this
configuration, the heat source system 100 can keep the COP
at high level even when the wet-bulb temperature of outside
air and the lcad of the lcad 3 are changed.

Meanwhile, in the cptimization calculation, the load
allocation of the high temperature side chiller 2Za and the
low temperature side chiller 2b may be set to a fixed value
and the outlet temperature of cold water {cold watex
remperature of high temperature chiller outlet, cold water
temperature of low tfemperature chiller outlet} may bs
changed arbitrary by an gperator of the heat source system
100 for example. According to this configuration, it is
possible to deal with a case when the ocutlet temperature of
cold water of the chillers {(high temperature side chiller
2a, low temperature side chiller Zb) cannot be changed due
to fallure 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.

FIG. 2A is a graph showing a relation between the
load factor and COP of the chiller 1in a case when desired
values of objects to be controlled (high temperature side
cooling water pump 43, low temperature side  cooling water
pump 4b, cold water pump 5, cocling fan &) are kept

constant. FIG. 2B is a graph showing a changs of COP in a
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case when the desired value is determined based on
optimization calculation. In FIGS. ZA and 2B, the load
factor is shown as 200% when both the load factors of the
high temperaturs side chiller Za (see FIG. 1) and the low
temperature side chiller 2b (see ¥IG. 1} are 100%. The
load factor here means a ratloc of the operating load of the
chiller relative to the maximum load.

Since a centrifugal chiller operated 1in a constant
rotational speed performs the maximum efficiency when
operated around the nominal load, the efficiency becomes
high when the temperature difference is in a specifled
value. In addition, the cold water temperature of high
temperature chiller outlet and the cold water temperature
of low temperature chiller outlet are set as designed
vaiues of the heat source system 100 (ses FIG. 1}.
Accordingly, in the cold water system, the maximum load of
sach of the chillers are determined such that each of the
high temperature side chiller 2a and the low temperature
side c¢hiller 2Zb are coperated efficlientiy  at the
predetermined temperature difference cof the cold water
temperature of high temperature chiller inlet and the cold
water temperature of low temperature chiller outlet.

However, thers is a case when the cold waterx
temperature of high tempexatﬁre chiller inlet is changed in
response to a change of wet~bulb temperature of outside ailr
and a requirement load of the load 3, and the temperature
difference of the high temperature side chiller Za
(difference between the cold water temperature o0f high
temperature chiller inlet and the cold water temperature of

high temperature chiller outlet) becomes small. In such a
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case, the high temperature side chiller Za is not coperated
with the maximum load, and the effiziency is lowered.

FIG.2A illustrates this state showing that the COP of
the heat source system 100 (sese FIG. 1} i1s lowered with
lowering of the load factor of the chiller when the desirsd
control wvalue of the object to be controlled 1is kept
constant.

In contrast, the control device 71 ({sese FIG. 1)
executes optimizatilon calculation when wet-bulb temperature
of outside air or the load of the lcad 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), bhacomes minimum. Then the control device 71
sets the desired control wvalue of the obiect to . be
controlled in accordance with the opitimization calculation,
and c¢ontrols the object to be controlled, Further, the
control device 71 performs partial load cperation of the
high temperature side chiller 2a and the low temperature
sice chiller 2Zb.

FIG.2B l1lllustrates this state showing that the CCP of
the heat source system 100 {(see FIG. 1) is kept high even
wheén the wet-bullk temperature of outside air or the load of
the load 3 is changed and the high temperature side chiller
Z2a and the low temperature side chillier 2b are operated
with partial lcad.

Az explained above, the heat =acurce system 100 {zee
71G. 1y according to the present embodiment is configured
such that, when the wet-bulb temperature of outside air or
the lcocad of the load 3 1s changed, the contrel device 71

(see FIG. 1) exscutes coptimization calculation, sets ths
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desired control value of the object to ke contrelled, and

keeps the CCP in cperation at high level.

s

That is, the heat source system 100 (see FIG. )
according toe the present embodiment can 'ke@p the CCF in
operation high and achieve energy conservation by changing
appropriately the load balance of the high femperature side
chiller 2a (see FIG. 1y and the low temparature side
chiller 2Z2b (ses FIG. 1) arranged in series.

Meanwhile, instead of configuring the control device
71 {see FIG. 1} to execute optimization calculation
according to the change of the wet-bulb temperature of
outside air or change of the lcad of the load 3, it may be
configured +o prepare in advance a data table holding
correspondences among the wet-bulb temperature of ocutside
air, the reguirement load of the leoad 3, and desired
control value that makes the evaluation function minimum.

Acoozding te this configuration, the control device
71 can set the desired control wvalue of the object to be
controlled to make the evaluation function minimum Dby
referring to the data tabkle Dbased on the wet-bulb
temperature of outside air and the requirement load ©of the
load 3 without executing optimization calculation.
Therefore, LT 1s possible to reduce the calculation load of
the control device 71.

Such a data table may be generated by, Ilnputting 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
aforemaentioned optimization calculation, and setting the

desired control wvalue of the object to be ceontrollied
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corresponding to ths inputted wet-bulk 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 ccontrol
device 71 can refer to the data table in acgordance with
the wet-bulb temperature of outside alr and the regquirement
load of the load 3, and set a desired control valus of the
opiect to be controlled.

Still Further, the heat source system 100 (see FIG.
1) according to the present embodiment may bes 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
heat source sgystem 100 in high level by executing the
optimization calculation using the load that corresponds to
the load facter of high COP as the load of the chiller.

It is preferable that the Time schedule of heat
storage operation of ths heat source system 100 should be
set in specific time period (menthly, weekly etc.) based on
vearly change pattern of outside air for example such that
the hesat storage operation is perfcrmsd in a time slot when
energy consumption becomes minimum.

Further, the control device 71 {gse ¥IG. 1) may be

provided with a c¢alendar function and may perform heat

g

storage operation according to predetermined time schedule,
thereby suppressing ensrgy consumption in the heat storage
operation of the heat source system 100.

Still further, it is preferable that the load factor

in heat storage operation should be stored in a memory (not
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shown) as predicted data based on vyearly locad 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
configuration, fthe control device 71 can pradict a case in
which the heat source system 100 performs hesat storags
operation with a locad factor of high COP and the storage of
heat ¢f the thermal storage tank 8 does not becoms the
maximum value, and set the load factor. Thus it is
possiblie to prevent the storage of heat of the thermal
storage tank 8 in heat storage operaticon from becoming the
maximum value.

Referring to ¥FIG. 3, procedure of the control device
71 when performing the heat storage operation will be
explained {see FIGS. 1 and 2 as needed).

In a case when fime schedule 1s made having a heat
storage operation time from 8:00 BM (20:00) to 8:00 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
wet-bulb temperature of outside air {step 5100).

More specificalily, the control devicae 71 checks the
storage of heat of the thermal storage tank 8, and
calculates a shortage of heat guantity zrelative to a
pradetermined storage of heat (rated storage of hezat), and
then sets the shortage as heat guantity to be stored.

For example, the control device 71 calculates
necessary heat guantity for lowsring the temperature of the
thermal storage tank 8 to a predetermined temperaturs and
sets the heat cquantity (cooling quantity) to be stored.

In addition, the control device 71 sets up a chiller
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load (step 3101).

For example, in a case when a load corresponding to a
load factor that makes {he COP shown in FIG, ZB maximum has
bean set, the COP of the heat scurce system 100 in heat
storage operation can be kept at the maximunm.

Then the control device 71 executes optimization
caleulation such that the evaluation function W shown with
the formula (1) becomes minimum as described above using
the c¢hiller load, wet-bullk tfemperature of outside air,
cooling water temperature at the cooling tower outlet, cold

water temperature of high temperature c¢hiller outlet, cold

-h

water temperature of low temperature chiller outlet, flow
rate cooling water, and flow rate of oold water as
parameters {(step S102Z).

Further, the control device 71 controls the cohject to
be contrelled in accordance with the desired control wvalue
that has been set based on the ‘optimization calcoculation
(step 3103).

The control device 71 is capable of performing heat
storage operation cperatlng the chiller with a chiller load
that makesg the COP maximum Dby repsatedly executing the
procedures of steps 5100 to 5103 with a predetermined time
interval {e.g. 10 minutes).

Conventiorally, as shown in FIG. 4A, the heat source
system 100 performs heat storage operation ocoperating the
chillers with such a chiller load that makes the cooling
amount 100% during the heat storing term from 3:00 PM to
8:00 AM next morning. Here, in TFIGS. 4A and 4B, the

cooling amount 1s shown as 100% when the load factor is

200%,
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However, as shown in FIG, 2B, 1f the COP of the heat
source system 100 does not become maximim when the load
factor 1s 200%, the energy consumpticon can be more reduced
when operating the chiller with the load factor f{(e.g. 150%)
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, sgsince the cooling
amount per cne hour i3 less than 100%, energy consumption
can be reduced although the heat storage opsration time
{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 bar graph shown in FIG. 4A.

Ls described above, the heat scurce system 100 (zeze

ey |

IG. 1} accerding to the present embodiment can operats the
chillers (high temperature side chiller Za, low temperature
side chiller Zb) with a load factor that makes the COP of
the hesat source system 100 maximum 1n the heat storage
operation, and can achleve eneyrgy conservation in the heat
storage operation.

In addition, the heat source system 100 {(see FIG. 1)
according to the present embodiment can also be gonfigured
te perform, in response to The reguirement load of the load
3 (see FIG. 1} during cooling operation, partial lcad
cperation of  the chiller  with a operating load
corresponding to the lcad factor of the maximum COP, and
compensates the difference bhetween the operation load of
the chiller and the reguirement load of the load 3 using
storage of heat in the thermal storage tank 8.

For example, when a lcoad factor of the cl

fot
-
}—l
D
H
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corresponding to the regulrement load of the load 3 is 200%,
and 1if a lcad factor corresponding to the maximum COP is
lower than 200% (e.g. 130%), then the heat source system
100 may ke operated with the load factor corresponding to
the mawximum COP, and the shortage to the reguirement load
may be compensated using storage ¢f heat in the thermal
storage hank 8.

In this case, if the ccoling capacity of the thermal
storage tank 8 is large, changes of reguirement load of the
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 tank 8 can be kept
congtant.

On tha other hand, 1f the <ocling capacity of the
thermal storage tank 8 is small and when the storage of
heat of the thermal storage tank 8 is to be consumed, the
reguirement load of the load 3 may exceed the storage of
heat of the thermal storage tank 8. In this case, the heat

curce system 100 cannot compensate the shortage relative

5]

to the reguirement load using heat stcerage in the thermal
storage tank 8. Therefore, it is preferable that the heat
source system 100 should be cdnfiguzed to operate the
chiiller with a load factor that corresponds to  the
regulirement load of the load 3.

Referring to FIG. £, will be explained a procedure of
the chiller with a load factor that makes the CCOP of the
heat source system 100 (see FIG. 1) maximum while the
control device 71 (see FIG. 1) is storing heat to the

thermal storage tank 8 (see FIGS. 1 and 2 as needed).

First, the control device 71 calculates a locad for

29



cooling the lcad 3 with cold water {reguirement load of the
load 3) and the wef-bulb tenmpsrature of outside air (step
51y .

As stated before, the reguirsment lcad of the load 3
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 inlilet, and cold water
temperature of thermal storage tank secondary cutlet,

Further, the control device 71 calculates storage of
heat of the thermal storage tank 8 based on an operating
load of the hicgh tempersture side chiller Za and the low
temperature side chiller 2b and a load of the load 3 (step
82} . More gpecifically, the control device 71 calculates a

heat quantity which can be stored intc the thermal storags

o
a3

cank ased on the difference between the operating load

prd

of the chiller and the lcad of the lcocad 3. Then storage 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 sources system 1C0.

In a c¢ase when the calculated storage of heat is
lower than the lower limit (¥Yes, at step $3}, the control
device 71 compares the requirement load of the locad 3 and
the current cperating load of the chiller (step 34). Then,
if the reguirement lecad is smaller than the operating load
(Yes, at step 54), the control device 71 sets &
predetarmined load for heat storage operation as a chiller
load {step 55). If the reguirement load is larger than or
egual to the operating lcad (No, at step S54), the control
device 71 sets the recguirement 1oad of the load 3 as a

.

o

chiller load (step S
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It is preferable that the predetermined lcad for heat
storage operation should be, for example, a load
corresponding to a load factor that makes the COP of the
heat source system 100 maximum as stated before.

In addition, it is preferable that the lower limit of

t

the storage of heat should be sst in advance as a design
factor of the thermal storage tank 8.

Maanwhile, the gontrol device 71 may be configured
such that, when c¢omparing the storage of heat of the
thermal storage tank 8 and & lower limit, 1f the thermal
storage tank temperature measured by the thermal storags
tank temperature sensor 8a 1s higher than a predetermined
threshold, contrel device 71 determines that the storages of
heat of the thermal storage tank 8 iz lower than the lower
limit. In this case, it is preferable that the lower limit
of the storage of heat should have been set to the
threshold value. M

Then the contrel device 71 executes optimization
calculation such that an evaluation function W shown with
the formula (1) becomes minimum, using a chiller load, wet-
bulb temperature of outside air, cooling water Lemperature
at the cooling towsr ocutlet or the rotational speed ration
of the cooling fan 6, cold water tempsrature of high
remperature chiller ocutlet, cold water temperature of low
temperature chiller outlet, rotational speed ratic or flow
rate ratio of cooling 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 57), and then

sets a desired value of the cbject to be contrelled.
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Then, the control device 71 controls the oblect o bs
controlled based con the desired value (step £8).

Here, thes rotational speed ratio of the cooling fan 6,
the rcetational speed ratio of the high temperature side
cooling water pump 4a and the low temperature side cooling
water pump 4b, and the rotational speed ratio of the cold
water pump 5 are ratics relative to the rated operations
therect.

On the other hand, at step 383, if the calculated
storage o0f heat 1s higher than or equal to the
predetermined lower 1ilmit (No, at step 53}, the control
device 71 compares the storage of heat and an upper limit
of storage of heatr {step S59). If the storage of heat is
smaller than the upper limit {(Yes, at step $9%), the control
device 71 proceeds to step §5.

Namely, -the control device 71 sets a lcad for heat
storage opefation as a load for the chiller load.

Further, 1if the storage of heat is larger than or
egqual to the upper limit (No, -at step 88), the control
device 71 determines that the lgad 3 can he cooled by
stored heat in the thermal storage tank 8 and stops the
chiller (step S10).

It 1s preferable that the upper limit of the storage
of heat should be determined in advance as a design factor.

Further, in a similar mannsr as the comparison with
the lower limift of the storage of heat, the control device
71 may be configured to determine that storage of heat of
the thermal storage tank 8 1is higher than the upper limit
when the thermal storage tank temperature measured by the

thermal storage tank temperature sensor 8a is lower than a
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predetermined threshold. In this case, it is preferable
that the upper limit of the storage of heat should have
been sef to the thresholid value.

In addition, when cooling the load 3, the control
device 71 can maintain the COP of the hesat source systam
100 at the maximum by executing repeatedly the steps 31 to
§10 with a predetermined time interval, e.g. 10 minutes,
even when the wet-bulb tempsrature of outside alr or the
reguirement lcoad of the lcad 3 is changed.

According to this configuration, in a case when the
storage of heat of the thermal storage tank 8§ 1is larger
than or egual to the lower limit and is smeller than the
upper limit,  the chiller is operated with a partial locad
and heat 1s accumulated in the thermal storage tank &.
Therefore, the COP of the heat source system 100 can be
kept at the maximum, and it 1s possible to achieve ensrgy
conservation in cooling operation.

In addition, in a case when the sitorage of heat
{cooling amount) of the thermal storage tank 8 is smaller
than the lowsr limit, and when the regquirement 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. Hamely, COP of
the heat source system 100 can bs kept at maximum even when
the requirement lcad of the load 3 is small.

Further, in a case when storage of heat of the
thermal storage tank 8 is smaller than the lower limit, and
if a requirement load of the leocad 3 is larger cr equal to

the operating load of the chiller, the chiller may Dbe
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operated with a partial leoad, and further optimization
calculation may be executed such that the energy
consumption should be minimum, thereby keeping the COP of
the heat source system 100 high and achieving senergy
conservation.

In addition, when storage of heat of the thermal
storage tank 8 is larger than or equal to =z predeterminad
upper limit, the chiller may be stopped and ensrgy
gonsumption can be achieved.

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 is small, CCP in the operation can
be kept high utilizing the thermal storage tank 8 as a heat
buffer. Thus energy conservation can be achieved.

Further, even  wWhen at least one of wet-bulb
temperature of ocutside alr, a reguirement load of the load
3 and storage o¢f heat of the thermal storage tank 8§ ig
changed, the control device 71 may execute optimization
calculation and set a desired control value corresponding
to the change. Thus the CCOP of the heat source system 100
can be kept high.

Alternatively, instead of  executing optimization
calculation at step 87, the control device 71 may be
cenfigured to set a desired control value of the objact to
be centrolled by referring to a data table which is presst
based on the wet-bulb temperature of outside alr, storage
of heat of the thermal storage tank 8, and the reguirement

lcad of the load 3 (zee Fig. 1.
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In other words, the contrcl device 71 may be
configured to set a desired control wvalue of the obiect to
be c¢ontrolled based on the preset data table without
executing optimization calculaticn at step S7T.

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 facteor of
the chiller'tbgt is determined_bgba requirement: load of the
load 3 and storage bf heat of the thermal storage tank 8,

and a d

ti]

sired control wvalus that makes a evaluation
functicon minimum, as shown in FIG. 6 for example.

In FIG. &, 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
temperature side cooling water pump 4a is shown as an
example. By preparing such a data table for other obidects
to be ccntrolled and desired control wvalues therscof, the
control device 71 can set desired control wvalues of the
obijects to be controlled based on wet-bulb temperature of
cutside air and a load factor of the chiller.

In addition, storage of heat of the thermal storage
tank § can be calculated from a lcad of the load 3 and load
factors of the chillers {(high temperasture side chiller 2a,
low temperature side chiller Zb).

Further, it is preferable that optimization
calculation of a desired control walue for generating a
data tabkle as shown in ¥FIG. & should be executed using, for
example, & load factor of the cold water system.

As described above, the heat sgource asystem 100

according to the present embodiment can set desired control



)]

10

15

20

25

30

values c¢f the objects to he controlled {(high ftemperature
side cooling water pump 4a, low temperature side cooling
water pump 4k, cold water pump 5, cocling fan 6) based on
optimization calculation corresponding to changss of wet-
bullb temperature of outside air and changes of a load of
the lcad 3 during ceoling c¢peration o©r heat siorage
operation.

Note that the present embodiment can be applied *fo
heat source systems having different configurations of a
cooling water system. For example, the heat source system
100 shown in FIG. 1, in which the high temperature side
chiller Z2a and the low temperature side chiller 2b are
arranged in parallel in the cooling water system, may Dbe
applied o the heat source system 101 shown in FIG. 7 in
which the high temperature side c¢hiller 2a and the low
temperature side chiller 2Zb are arranged in series in the
cooling water system.

In the heat source system 10} shown in FIG. 7, a high
temperature side coecling water pump 4a, a high temperature
side ¢niller 2a and a low temperature side chiller 2b are
arranged in series to a cooling water outgoing flow pipe
6la which 1is connected to the outlet side of the cooling
tower 1. Cooling water cooled by the cocoling towsr 1 is
gsent to the high temperature side chiller 2a and the low
temperature side chiller 2b in sequence via the high
temperature side cooling water pump 4a. The cutlet gide of
the low tLemperature side chiller 2b is comnected to the
inlet side o©f the cooling tower 1 wvia the cooling water
incoming flow pipe 62a so that coocling water flown out from

the low temperature side chiller 2b would f£low into cooling

36



10

20

25

30

towar 1. The rest of the configuration is sams 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 svstem is determined by the rotational speed of the
high temperature side cooling water pump 4a.

According to the heat scurce system 101 in FIG. 7,
cone high femperature side cooling watern pump 4a 1z disposed
in the cooling water system, and the number of pumps can be
cut down compared to the heat source systam 100 in FIG. 1.
Therefore, the heat source system 101 can be implementsad
with lower cost than the heat source system 100 in FIG. 1.

As shown in FIG. 8, the present enmpbodiment may be
applied to a heat source system 102 which is provided with
two cocling water systems, a high temperature side cooling
water system and a low tfemperature side ¢ooling water
system, the high temperature side cooling water system
including a high temperature side cooling tower la, and the
low temperature side cocling water system including a low
temperature side cooling tower 1b.

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 high
Temperature side cooling tower la is cocoled with outside
air sent by the cooling fan 6. Rotational speed of the
cooling fan 6a is controlled by controlling the frequency
inputted to the inverter 5la.

Further, the low temperature side cooling towsr 1b is
provided with a c¢ooling fan €b which is driven by an
inverter 5ib. Cooling water flown into the low temperature

3

side cecoling tower 1bh is cocled with outside azir ssnt by
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the cooling fan €b. Rotational speed of the cooling fan 6b
is controlled by controlling the freguency inputted to the
inverter bHlb,

In other words, ailr flow rate to the aigh temperaturs
side cooling tower la and the low temperature side cooling
tower 1b is controlled with a2 fresguency inputted to the
inverters 5la and 51Ib.

The high temperature side coolling water system 1is
provided with a high temperature side cooling water pump 4a
and a high temperature side chiller Za on a cocling water
outgoing flow pipe 610a which is connected to the outlet
side of the cooling towsr la. Cooling water cooled by the
high temperature side cooling tower la is sent to the high
temperature side chiller Za via the high temperature side

cooling water pump 4a. The outlet side o©f the

J.J
U
i

temperature side chiller 22 is connected to the inlet side
of the high temperature side cocling ftcwer la via the
cooling water incoming flow pipe 620a. Cooling water flown
cut from the high temperature side ghiller 2z is flown into
the high temperature side cooling tower la.

The low temperature side cooling water system 1is
provided with a low temperature side cocoling water pump 4b
and a low temperature side chiller Zb on a cocling water
outgoing flow pipe 610b which is connected to the outlet
side of the low temperature side cooling tower 1b. Cooling
water cocoled by the low temperature side cooling tower 1b
is sent te the low tLemperature side chiller 2k via the low
temperature side cooling water pump 4éb. The outlet side of
the low temperature side chiller 2Zb is connected to the

inlet side of the low temperature side c¢coling tower 1b via
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the cooling water incoming flow pipe 620bh. Cooling water
flown ouft from the low temperature side chiller 2b is flown
inte the low temperature side cooling tower 1b.,

Similariy to the case ¢f the heat source system 100
shown in FIG. 1, the high temperature side cooling water
pump 4a is driven by the inverter 52a, and the LlLow
temnparature side cooling water pump 4b is driven by the
inverter 5Zb.

Further, the rotational speed of the high tempsraturs

side coeling water pump 4a and the low temperature side

.

cocling water pump 4b s controlled with a freqguency
inputted tc the inverters 52a and 52b respectively.

In othsr words, a flow rate of cooling water in the
high temperature side c¢ooling water system is controlled
with a frequency inputted to the inverter 352a, and a flow
rate of coocling water in ths low tomperature =zide ceoling
waier-system is controlled with a frequency inputted to the
invertsr 52b.

Further, a high temperature side cooling tower outlet
temperature sensor 3la, 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 tempsrature side cooling water temperature at
the cooling tower outlet), iz provided to the ocutlet side
cf the high temperature side ceoling tower la. Similarly,
g low temperature side cooling tower ocutlet temperature
sensor 3lb, which measures an outlet temperature of cooling
water in the low temperature side cooling tower 1b of the
low temperature side cooling water system {low temperature

side cooling water temperature at the cooling tower outlet),
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is provided teo the outlet side of the low temperature sids
cooling tower 1b. The rest of the configuration is same as
that of the heat source system 100 shown in FIG. 1.

In this configuration, z flow rate of cooling water
in the high temperature side cooling water system is
determined by the rotational speed of the high temperature
side cooling water pump 4da, and a flow rate o¢f cooling
water in the low temperaturs side cooling water syatem is
determined by the rotational speed of the low temperature
side coeling water pump 4b.

In addition, the control device 71 execulbes
optimization calculation such that the evaluation function
W shown with the formula {1} becomes minimun. The
optimizaticon calculation is ezxecuted using the following
paramsters, a chiller load, a wet-bulb temperature of
outazide air, a high temperature =side cooling water
temperature at the cooliing tower cutlet, a low Ltemperature
side cooling water temperature at the cocling tower outlet,
& cold water temperature of high temperaturse chiller cutliet
or a alr flow rate ratic of the cocling fan 6a, a cold
water temperature of low temperature chiller outlet or a
alr 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
flow rate ratio of cooling water, and a rotatiocnal speed
ratic of coid water pump 5 or a flow rate ratio of cold
water.

Thus the present emboediment can be applied to the
heat source system 102 which includes two cooling towers

{high temperature side cooling towsr la, low temperature
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side cooling tower 1b). Namely, the present embodiment can
be applied without limiting the arrangement of the high
temparature side chiller Za and the low tempsrature side
chiller 2b and the arrangement of the coceling tower in the
cooling water system. Thus the present embodiment can be
widely applied.

Further, although it is not shown in the figures, the

present embodiment can alsc be applied to a heat source

n

ystem that is not provided with the thermal storage tank 8.
In this case, a flow rate of ccld water in the load 3

during operation would be contrelled by the cold water pump

L

(see FIG. 1}.
In addition, there may bhe modified examples of the
prasent embodiment as follows.

For example, z flow rate and a temperature may be set
as a constant (fixed value) in the optimization calculation.
In this case, the control c¢f rotational speed of the high
temperature side c¢ooling water pump 43 and the low
temperature side cocoling water pump 4bh may be simplified.
Accordingly, performance reguired to the inverter 32a
provided tc the high temperature side cooling water pump 4a
and the inverter 5Zb provided to the low tfemperatursa side
cooling water pump 4b carn be lowered, and the cost may be
cut down.

In  addition, the c¢hillers (high temperature side
chiller 2a, low temperature side chiller Zb) may be
configured as an alr-cocled <type heat pump chiller, In
this case, energy conserxvation can be achieved Dby,
optimizing a rotational speed of the cold water pump 5 and

a desired wvalue of the ocutlet temperature of cold water in
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the c¢hiller, and utilizing the COP characteristics of the
high temperature side chiller Za. TFurther, the chiller may
pe configured as an inverter chiller «controlling a
rotaticnal speed of compressor by inverter control. By
using the  inverter chiller, efficilency of partial load
operation can be improved. In addition, configuration of
chillers {combination of the high temperature side chiller
2a  and the low temperatures side chiller 2Zb} may be
configured in another form such as a combination of an
absorption chiller and a compression chiller.

Furthear, another configuration may be possible in
which, hot wafer is used instead of cold water, and a hot-
water heat source {e.g. hot-and-chilled-water gensrator or
heat pump) is used instead of the chiller. The
optimization calculation is executed with a load of heater
operation, and the result is used as a desirsed control
value.' In this configuraticn, energy conservation during
the heater operation can be achieved.

In addition, a type of the c¢ooling tower 1 is not
limited to the present embodiment. For example, the
cooling tower 1 may be configured as a direct-contact
cooling tower or a closed-circuit cooling tower.

Further, in a cass when hesat storage operation is
performed in accordance with a time schedule, a chiller
lcad used in partial load operation may be deisrminad based
on a predicted load value of the next day and the wet-bulb
temperature of outside ailr.

As described abcve, the present invention can be
changed in design in wvaricous forms and can be widely

applied,
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WHAT IS5 CLAIMED I5:

1. A heat source gystem, comprising:

a cooling tower;

a first cold water gystem configured to circulate
first cold water cooled by the cooling tower;

a second cold water system configured to circulate
gsecond 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 cbjects to
be controlled, the objects to be controlled including at
least one of a cooling fan configured to sgend outside air
to the cooling tower, a first pump configured to circulate
the first cold water, and a second pump configured to
cgirculate the second ceold water; and

a thermal storage unit configured to gtore the second
cold water cooled by the chillers and provide the second
cold water to the load component, wherein

the control device sets a desired control wvalue of
the object to be controlled such that an evaluation
function indicating energy consumption becomes minimum in
response to change in condition of outside ailr and at least
one of storage of heat of the thermal storage unit and a

reguirement load of the load component.

2. The heat source system according to claim 1, wherein
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the control device ssts & reguirement 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.

3. The heat source sysiem according o <laim 1 or claim
2, wherein

the control device sets a predetermined lcad as a
desired control wvalue ©o be processed by the chillers when
performing heat storage operation Ior cooling the second
cold water and storing the second ccold water into the

thermal storage unit.

4, The heat source system according to claim

1ot

, wherein:
when performing coecling operaticon for cooling the load
component,

in & case when Lhe storage ¢f healt is smaller than a
predetermined lower limit and when the reguirement load is
larger than or sgual to an operating locad of the chillers,
the control device sets the resguirement load as the desirad
centrol value; and

in a case when the storage of heat is smaller than

the pradetermined lower limit and when the reguirement loa

0.

is smaller than an operating lcad of *the chillers or the
storage of heat is larger than or egual to the lower limit

and smzller than a predetermined upper limit, the contrel

device sets a predetermined load as the desired control
value
>, The hesat source system according e cone of claims 1
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o 4, wherein

the heat source system is provided with data showing
correspondences among a desired contrel value that makes
the evaluation function minimum, a condition of outside air,

and a operating load of the chillers.

6. The heat source gystem according to claim 5, wherein
the contrcl device sets the desired control wvalue in
accordance with the data in response to change in the
condition of outside air and at least one of the storage OF
heat of the thermal storage unit and the reguirement load

of the locad component.

7. A method for controlling a heat source system that
includes:

a cooling tower;:

a 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 cooling a lcad component;

a plurality of chillers arranged in geries to the
second cold water system and configured to cocl the second
cold water by transferring heat of the second cold water
used for cocling the load component to the first cold
water;

a control device that controls one or more cbjects 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

circulate second cold water; and
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a thermal storage unit configured to sgtore the second
cold water cooled by the chillers and provide the second
cold water to the load component, the method comprising the
steps of:

setting a desired control value of the object to be
contrelled such that an evaluation function indicating
energy consumption becomes minimum in response to change in
condition of outside air and at least one of storage of
heat cof the thermal storage unit and a requirement load of
the load component; and

controlling the one or more obiects to be controlled

in accordance with the desired control value.

8. The method for controlliing a heat source system
according to claim 7 further comprising

setting the degired control value in accordance with
data showing correspondences among a desired control value
that makes the evaluation function minimum, a condition of

outside alr, and a operating locad of the chillers.
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