{DESCRIPTION} {Title of Invention} HEAT SOURCE SYSTEM, CONTROL METHOD THEREFOR,
AND PROGRAM THEREFOR 5 {Technical Field} (00011 The present invention relates to a heat
source system of facilities requiring cooling such as buildings, factories, data centers, and local
heating and cooling, and more particularly 10 to a heat source system which performs energy saving,
a control method therefor, and a program therefor. (Background Art} (00021 The heat source system is
conventionally a facility for 15 circulating cold water, which is produced by a chiller, in a room or an
apparatus;oxa taag-sigegnd cooling the room or the apparatus on the load side by exchanging heat
with air on the load side. The chiller is controlled in a capacity corresponding to the load size according
to an increase:or20.decrgase, of the load. Further, the number of the chiller is increased or decreased
S0 as to supply a capacity corresponding to the load in some cases. The cold water is circulated by a

pump betweenthe toackside angithe chilletrror, METHOD THEREFOR, AND PROGRAM
THEREFOR
5 {Technical Field}
{0001}

The present invention relates to a heat source system of
facilities requiring cooling such as buildings, factories, data
centers, and local heating and cooling, and more particularly

10 to a heat source system which performs energy saving, a control
method therefor, and a program therefor.
{ Background Art}
{ 0002}
The heat source system is conventionally a facility for
15 circulating cold water, which is produced by a chiller, in a
room or an apparatus on a load side and coeling the room or the
apparatus on the load side by exchanging heat with air on the
load side. The <chiller is contrclled in a capacity
corresponding to the lcad size according to an increase or
20 decrease of the load. Further, the number of the chiller is
increased or decreased s0 as to supply a capacity corresponding
to the lcad in some cases. The cold water is circulated by a
pump between tThe lcad side and the chiller.,

{ 0003}



(0003} There are following Patent Documents 1, 2 as prior art documents related to the present
invention. Patent Document 1 describes that if an operational round-trip temperature difference, which
is a round-trip temperature difference of a 5 heat medium during operation, is less than a set round-trip
temperature difference, which is a round-trip temperature difference of the medium at the time of
design, the heat medium flow rate is shifted to an excess flow rate. Patent Document 2 describes an
operation control method for a cold source 10 machine capable of improving a system COP

(Coefficient Of Perfarmance) undey fg@@lﬁg@g&ﬁ@@gl@;ﬁé@a@|nes such as,cold wafer pumps,
cooling water pumps, and cooling towers. {Citation List} (Patent Literature} 15t00041
documents related to the present invention. Patent Document
1 describes thét if an operational round~trip temperature
difference, which is & round~trip temperature difference of a
5 heat medium during operation, 1ls less than a set round-trip
temperature difference, which is a round-trip temperature
difference of the medium at the time of design, the heat medium
flow rate is shifted To an excess flow rate. Patent Document
2 describes an operation control method for a cold source
I60 machine capable of improving a system COP (Coefficient Of
Performance) under consideration of auxiliary machines such as
cold water pumps, cooling water pumps, and cooling towers.
{Citation List}
{ Patent Literature}
15 {0004
{ Patent Document 1}
Japanese Patent No. 38545086
{ Patent Document 2}
Japanese Patent Application Publication No. Z008-134013
20 { Summary of Invention}
{ Technical Problem}
{0665}

The heat source system 1s designed with a flow rate

condition and a temperature of cold water corresponding to a

2.



(Patent Document 1} Japanese Patent No. 3854586 {Patent Document 21 Japanese Patent
Application Publication No. 2008-134013 20 {Summary of Invention} (Technical Problem} {00051

The heat source system is designed with a flow rate condition and a temperature of cold water
corresponding to a maximum load expected at the time of design, however, a temperature of returning
water OM the load is low inmanycases in actual operations, with respect to the round-trip temperature
difference used to design the load of the cold water. FIG. 18 is a diagram showing a relationship

between the gom%r%ncka C ollen amount (éo% m&cen%rfuga!gt&ulle . In an operation state in which the

round-trip 1'Egtlaamrf%)"erature ditference for the load of cold water is smaﬁ,%gr&fo 6f the cHillef decreases

and the f'O%’_VeTw%%£%%Eeed<§9rlﬁ89!l%Y}ae%'%%%%rﬁ@iﬁsc;ig‘ingcﬁhle eby g required aump power

increases in some cases as shown in Fl 006 Further, there Is a problem that the cooling

amount of the load.in the dgﬁgggggjf%[ate‘gjgg&easgé%@c@e designgg.15 maximum,amount of heat

processing cannot be performed. For example, when one chiller and one constant flow rate pump are

provided, if the flow rate-ofthe-auop i3 increased hefare the,cooling; capasity of the chiller becomes

100 % when the temperature difference is small, two chillers and two pumps are
5 FIG. 18 is a diagram showing a relationship between the COP and

a cooling amount (%) in a centrifugal chiller. 1In an operation
state in which the round-trip temperature difference for the
load of cold water is small, the COP of the chiller decreases
and the flow rate required for cooling the load increases, and

10 thereby the required pump power increases in some cases as shown

{00Ce}
Further, there is a problem that the cooling amount of
the load in the designed flow rate decreases and the designed
15 maximum amount of heat processing cannot be performed. For
example, when one chiller and one constant flow rate pump are
provided, 1f the flow rate of the pump is increased before the
cooling capacity of the chiller becomes 100 % when the
temperature difference is small, two chillers and two punps are
20  reguired to be operated instead of one chiller and one pump.
Therefore, the system COP of the heat scurce system decreases.
{00eM
In view of the actual circumstances described above, the

object of the present invention is tTo provide a heat source
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20 required to be operated instead of one chiller and one pump. Therefore, the system COP of the
heat source system decreases. (0007} In view of the actual circumstances described above, the
object of the present invention is to provide a heat source system which improves a system COP
without decreasing an operating efficiency of a cold source, and also a control method therefor and a
program therefor. ( Solution to Problem} 5{ 0008} A heat source system according to claims 1, 2,
5 is one for which pumps that send a heat medium to at least one of a cold source for cooling the heat

mediun and g hegt exchanoet{or exchanging feat hetwosn e gagled heat medium,and,a load, 10

the cold source, and the heat exchanger of the load, are connéct y pipes through"which the heat

medium f'%@%@ﬁé@%i@%g characteyistics,.{ 0009) The heat squrce system.accarding to

claim 1 includes a 1570ad heat amoéunt measurement unit that measures an amount of heat which the

heat mediym.exchanges with the load,a ¢eld watgr.return temperature measurement unit that
measures a temperature
{ Soluticn to Problem)
5 {0008}
A heat scurce system according to claims 1, 2, 5 is one
for which pumps that send a heat medium to at least one of a
cold source for cooling the heat medium and a heat exchanger
for exchanging heat between the cooled heat medium and a load,
10 the cold source, and the heat exchanger of the load, are
cennected by pipes through which the heat medium flows, and has
the following characteristics.
{ 0009}
The heat source system according to claim 1 includes a
15 load heat amcunt measurement unit that measures an amcunt of
heat which the heat medium exchanges with the load, a cold water
return temperature measurement unit that measures a temperature
of the heat medium which exchanges heat with the load and returns
to the cold source, and a first control unit that lowers a
20  temperature set value of the heat medium at an outlet of the
cold source, 1f a temperature of the heat medium falls below
a temperature set value thereof and a difference between the

temperature c¢f the heat medium and the tempaerature set value

of the heat medium at the ocoutlet of the cold source becomes legg



of the heat medium which exchanges heat with the load and returns to the cold source, and a first
control unit that lowers a 20 temperature set value of the heat medium at an outlet of the cold source,
if a temperature of the heat medium falls below a temperature set value thereof and a difference
between the temperature of the heat medium and the temperature set value of the heat medium at the
outlet of the cold source becomes less than a predetermined set value. { The heat source system
according to claim 2 includes a load heat amount measurement unit that measures an amount of 5
heat Whicmmgnheat m%q:ig@ exc.han%(]eg v%ithvtgf load, acoldwater return temperature measurement

€

unit that meastres & Femper%ﬁﬂ%noﬁ hieat medium which exchanges heat with the load and returns

to the COId{S@?'fh%Ef' and a second control unit that changes a temperature set value of the heat medium
at an outlet of the 10 cold source to be lower than a predetermined temperature set value at the time

of a maximum Ioadfh_e heat source system according to claim 2 includes a

load heat amount measurement unit that measures an amount of

5 heat which the heat medium exchanges with the load, a cold water

return temperature measurement unit that measures a temperature

of the heat mediumwhich exchanges heat with the lcad and returns

to the cold source, and a second control unit that changes a

temperature set value of the heat medium at an outlet of the

10 cold source to be lower than a predetermined temperature set
value at the time cf a maximum load.

{0011}

The heat source system according to c¢laim 5 includes a

load heat amount measurement unit that measures an amount of

15  heat which the heat medium exchanges with the load, a cold watex

return temperature measurement unit that measures a temperature

of the heat medium which exchanges heat with the load and returns

£o the cold scurce, a heat medium flow rate measurement unit

that measures a flow rate of the heat medium which exchanges

20 heat with the load, and.a third control unit that raises a

temperature set value of the heat medium which is cooled by the

cold source 1f the flow rate of the heat medium is in a set range

of temperature raising determination flow rate, and on the othar

hand, lowers the temperature set value of the heat medium which

-5



(00111 The heat source system according to claim 5 includes a load heat amount measurement unit
that measures an amount of 15 heat which the heat medium exchanges with the load, a cold water
return temperature measurement unit that measures a temperature of the heat medium which
exchanges heat with the load and returns to the cold source, a heat medium flow rate measurement
unit that measures a flow rate of the heat medium which exchanges 20 heat with the load, and a third
control unit that raises a temperature set value of the heat medium which is cooled by the cold source

fthe flow rate of the heat mediums in, 4 set.range pf temperature raising determination flow rate, and

e
on the othérsh%ﬁa, lowers the temperature set value of the heat medium which
is in a set range of temperature lowering determination flow
rate and the temperature of the heat medium is lower than a
predetermined temperature lowering determination temperature.

5 {0012}

Control methods according to claims 11, 1Z, 15 for heat
soufce systems are control methods for heat source systems
according to claims 1, 2, 5, respectively.

{0013}

16 A program according to claiml9 for the heat source system
is a program for performing on a computer the control method
according to any one of claims 11, 12, 13 for the heat source
system.

{ Advantageous Effects of Invention}

15 {0014}

Acceording to the present invention, it 1s possible to
provide a heat source system which prevents the system COP from
decreasing without reducing ths operating efficiency ©f the
cold source, and also a control method therefor, and a program

20  therefor.

{ Brief Description of Drawings}
{0015}
FIG. 1 ilsablockdiagramoef aheat source system according

to a first embodiment of the present invention.
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is cooled by the cold source if the flow rate of the heat medium is in a set range of temperature
lowering determination flow rate and the temperature of the heat medium is lower than a
predetermined temperature lowering determination temperature. 5{0012} Control methods
according to claims 11, 12, 15 for heat source systems are control methods for heat source systems
according to claims 1, 2, 5, respectively. {0013 10A program according to claim 19 for the heat source
system is a program for performing on a computer the control method according to any one of claims

11, 12, 15 for the soyrce system, @gvag@(gggyls %fjlecéts é); EIﬂncvieontion% élééq%lg}ﬁ o éé\ccording to
the present invention, it is possilgle o provide a heat source gys’tem which prevents the system COP

e e SSLOMILA et s i ey e oo s coneo
is 7 °C.

FIG. ZB is a diagram showing an operation example of one

5 c¢hiller as a cold source when the cold water cutlet temperature
is 5.5 °C.

FIG. 3 is a diagram showing a graph of a relationship
between a coeificient of performance (COP) ratio (%) and a
cooling load facteor (%) per chiller when the cold water cutlet

10  temperatures are 5.5 °C and 7 °C.

FIG. 4 is a diagram showing a control flow of a control
method for the heat source system according to the first
embodiment.

FIG. 5 is a block diagram showing a heat source system

15  according to a second embodiment of the present invention.

FIG. © is a diagram showing a centrol flow of a control
method for the heat source system according to the second
embodiment .

FIG. 7 is a diagram showing power of ccld water pumps,

20 power of chillers as cold sources, and total power consumption,
against cold water feed temperature (temperature at the outlets
of cold sources).

FIG. 8 is a block diagram showing a heat source system

according to a third embodiment of the present invention.
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FIG. 1 is a block diagram of a heat source system according to a first embodiment of the present
invention. FIG. 2A is a diagram showing an operation example of two chillers as cold sources
when a cold water outlet temperature is 7 C. FIG. 2B is a diagram showing an operation example
of one 5 chiller as a cold source when the cold water outlet temperature is 5.5 C. FIG.3isa
diagram showing a graph of a relationship between a coefficient of performance (COP) ratio (%) and a
cooling load factor (%) per chiller when the cold water outlet 10 temperatures are 5.5 C and 7 C.

FIG. 4 is a diagrarp showing a control flow of. 3 conjrol methad for,the heat spurce system according to

the first embodiment. FIG. 5 Is a block diagram showing a heat source system 15 according to a

second emhodimgntofithe presentipvention... FlG.6is adiageam showing a.control flow of a
control method for the heat source system according to the second embodiment. FIG. 7 is a diagram
showing pgwer.of coldwater pumps, 20 power of chillers as cold sources, and total power

consumption, against cold water feed temperature (temperature at the outlets of cold sources).
FIG. 8 is a block diagtam shewing 8 heat sQuEGE-systeR-agcasding to-a third, embagdinent;of the

present invention.
5 according to a fourth embodiment of the present invention.

FIG. 11 is a diagram showing a control flow of a control
method for the heat socurce system according to the fourth
embodiment.

FIG. 12 is & diagram showing a COP against a cooling amount

10 (%) at each cold water feed temperature (temperature at an
outlet of a chiller as a cold socurce).

FIG. 13 is a diagram showing power cof cold water pumps,
power of chillers as cold sources, and total power consumption,
against cold water feed temperature (temperature of cold water

15 going out of the cold sources) when cold sources of a constant
flow rate are controlled in the number thereof,

FIG. 14 is a diagram showing a relationship between power
and a flow rate when each pump controlled in the number thereof
is controliled by a constant flow rate control or a variable flow

20 rate contrel {inverter controll.

FIG. 15 is a block diagram showing a heat source system
according tc a fifth embodiment of the present invention.

FIG. 16A is a diagram showing a total head against a flow

rate of device characteristics of a pump.
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FIG. 9 is a diagram showing a control flow of a control method for the heat source system according to
the third embodiment. FIG. 10 is a block diagram showing a heat source system 5 according to a
fourth embodiment of the present invention. FIG. 11 is a diagram showing a control flow of a
control method for the heat source system according to the fourth embodiment. FIG. 12 s
adiagramshowingaCOPagainstacoolingamount 10 (1) at each cold water feed temperature
(temperature at an outlet of a chiller as a cold source). FIG. 13 is a diagram showing power of

cold water pumps, erl%chillers s cold so rces, and.total Qwer consum tion ag inst cold water
feed temperature (amberaturs of cowater 15 Goma bt of the told Sources) e cdid Sources of a
constant flw rate.ate controlled in the number thereof. FIG. 14 is a diagram showing a

relationship between power and a flow rate when each pump controlled in the number thereof is

controlled by a constant flow rate goptral.or.a variable flow 20.rate control (inverter control). ~ FIG.

15 is a block diagram showing a heat source system according to a fifth embodiment of the present
invention. = F1G,16A.s a diagram showing a total head against a flow rate of device
characteristics of a pump.

5 FIG. 17 is a block diagram showing a heat source system
accerding to a sixth embodiment of the present invention.
FIG. 18 is a diagram showing a relationship between the
COF and a cooling amount (%) in a centrifugal chiller.
{ Description of Embodiments}
10 {0cie
Hereinafter, embodiments of the present invention will
be described with reference to the accompanying drawings. Heat
source systems N (N1 to NI) acceording to the embodiments of the
present invention are heat source systems for cooling
15 facilities such as buildings, factories, data centers, and
lcoccal heating and cooling.
{0017}
<<First Embodiment>>
FIG. 1 is a block diagram ¢f a heat source system NI
20 according to a first embodiment of the present invention. The
heat source system N1 according to the first embodiment includes
one or more cold sources R (RL, R2, ~--) which cocl water as
a heat medium and provide the cold water of desired temperature,

and loads 1 {la, 1b, ---) f{air in coocling target facilities)

9.



FIG. 163 is a diagram showing power of a pump against the flow rate. FIG. 160 is a diagram
showing a pipe resistance against the flow rate. 5FIG. 17 is a block diagram showing a heat source
system according to a sixth embodiment of the present invention. FIG. 18 is a diagram showing a
relationship between the COP and a cooling amount (%) in a centrifugal chiller. {Description of
Embodiments} 10{0016) Hereinafter, embodiments of the present invention will be described with
reference to the accompanying drawings. Heat source systems N (Ni to N5) according to the
embodiments of the present invention are heat source systems for cooling 15facilities such as
puldings, Tacta e At Sontere At Dol Eaand ni TG OO T ALt Ehiboamionts FIG. 1
is a block gjrgﬁgr%g 1031 %ecaetrsogé%ets%sg%g‘] lgh%O ggci%rdggltgc%grsﬁ_errodiment of the present

e

invention.
{0018}
The heat source system N1 includes cold water pumps P (P11,

5 P2, ———) which circulate water as a heat medium to sach of cold
sources R provided on the primary side, pumps P3 (P3a, P3b, ———)
which send the cold water produced by the cold sources R to each
of the loads 1 {la, 1lb, ---) provided on the secondary side,
a water tank 5 having a low temperature side tank 5A in which

10 the ceold water produced by the cold sources R i1s stored and a
high temperature side tank 5B in which water heated by heat
exchanging with the loads 1 is stored, and a computing unit 2
which contrels the heat source system Nl.

{ 0019}

15 The cold water pumps P and the pumps P3 perform rated
operations, respectively. The computingunit 2 is a controller
such as a PLC (Programmable TLogle Controller). Control of the
heat source system N1 is performed by executing a program stored
in a memcry of the controller.

20 {0020}

The cold water cooled by the cold scurces R (R1, RZ) is
sent To and stored in the low temperature side tank 5A via cold
water liines rl, rZ by the cold water pumps P (PL, P2},

respectively. The ccoldwater stored in the low temperature side

~-10-



heat source system Ni according to the first embodiment includes one or more cold sources R (R1,
R2, ---) which cool water as a heat medium and provide the cold water of desired temperature, and
loads 1 (1a, Ib, ---) (air in cooling target facilities) which are heat exchanged in heat exchangers (not
shown) with the cold water sent from the cold sources R. tC)0181 The heat source systemNL1 includes
cold water pumps P (P1, 5 32, ---) which circulate water as a heat medium to each of cold sources R
provided on the primary side, pumps P3 (P3a, P3b, ---) which send the cold water produced by the

cold sources g gach aLthe loads | fla,b.cr) Broyided opythe secondary side. pwaler fank 5 having

a low temperature side tank 5A in which 10 the cold water produced by the ¢

and a highdempeyatuke;side_tank 53 in which water heated by heaf exchanging with the loads 1 is

stored, and a computing unit 2 which controls the heat source system Ni. {00191 15The cold water

pumps P andthepumps P3perform, rated operations, respectively. The gomputing.uni{ g is a

-

controller such as a PLC (Programmable Logic Controller). Control of the heat source system Ni is
performed by.executing & pragramstored-ina memawy ofithe cotrollet v re side tank

5 5B of the water tank 5 by the pumps P3 on the secondary side.
{0021}

The cold water in the hich temperature side tank 5B is
sent by the cecld water pumps P (P1, P2) on the primary side to
the cold sources R (R1l, RZ) to be cooled again, and sent to and

10 stored in the low temperature side tank 5A of the water tank
5. The heat socurce system NIl includes a flow rate senscr 3 and
a temperature sensor 4 as sensors for measuring physical
quantities thereof. The flow rate sensor 3 measures a flow rate
of the cold water which exchanges heat with the loads 1 {la,

15  1b, ---) in the heat exchangers (not shown) and returns to the
cold socurces R, and the temperature sensor 4 measures a
temperature (cold water return temperature) of the returning
cold water. The flow rate sensor 3 and the temperature sensor
4 are adapted to respectively measure the flow rate and

20 temperature (cold water return temperature) of the cold water
which is sent from the cold scurces R (R1, R2Z) and heated by
heat exchanging with the loads 1.
{0022}

The cold scurce R is a cold water production heat source

-11-



20{0020} The cold water cooled by the cold sources R (31, 32) is sent to and stored in the low
temperature side tank 5A via cold water lines rl, r2 by the cold water pumps P (PI, 32), respectively.
The cold water stored in the low temperature side tank 5A is sent to each of the loads 1 (1a, Ib, ---) by
the pumps 23 (P3a, 23b, ---) on the secondary side. The cold water which has been heated by heat
exchanging with the loads I (Ia, Ib, ---) is sent to and stored in the high temperature side tank 5 53 of
the water tank 5 by the pumps P3 on the secondary side. {00211 The cold water in the high

temperatuce side fank 58,13 SNt by.ihe £old waler pumes. P (B1.B2)-00 the primapy sids fo the cold
nL byt SPAEAP ayy sidg

sources Rs(ﬁi ) to be cooled again, and sent to an stored in the Tow temperature side tank 5A

of the water tapk 5, Ihe heat spurcesystem Nijncludes adlow rate sgnsqr3,and atempesature sensor

4 as sensors for measuring physical quantities thereof. The flow rate sensor 3 measures a flow rate of

the cold water which. exchanges heatyith the.loads,(1a 410,19 dn dhe heat exchangers (not

shown) and returns to the cold sources R, and the temperature sensor 4 measures a temperature

(cold watek rgturn. temperature):afthe fetyrning cgldwvater, sthe-flow rate sepsen 3 apd the temperature
sensor 4 are adapted to respectively measure the flow rate and 20 temperature (cold water return

tempeyatuke)gfdhe caldvater whichds sept fromithe.cold seurces)R(R1;:22) andsheated: by heat

exchanging with the loads 1. (00221 system composed of chillers such as a centrifugal chiller and an

absorption-chillergand dinest-egntact soelingstawers as<lesadseikcuit, coplingtewers pdpe«cold sources
R (R1, R2) are, for example, chillers which are capable of controlling the 5 temperature (cold water
outlet tempgrature) of the eoldavates coelesitoy-the caldsourees-Rdqbesconstanti- and are capable of

changing a set value of the cold water outlet temperature (outward temperature) of the cold sources R.
The cold sources:Rare capahbte of setting the eolcbwaterauttet temperatwedowerscurces
R are capable of setting the cold water outlet temperature lower
10 than the temperature set value of the cold water to be supplied
to the loads 1.
{0023}
Contrcls of the pumps 3 (P3a, P3b, ---} on the secondary
side may be flow rate controls such as an optimized flow rate
15 control and a constant pressure control of the cold water. As
described above, the heat source system N1 i1s configured with,
for example, a plurality of chillers as the heat scurces R, and
the cold water is sent at a constant flow rate by the cold water
pumps P on the primary side and pumps P3 on the secondary side,
20 which perform the rated operations.
{00z4)
FIGS. 22 and 2B are diagrams showing operaticon state

examples when cold water temperature of chilliers Rt as cold

sources R 1s lowered, wherein FIG. 2A shows an operation example

-12-



10 than the temperature set value of the cold water to be supplied to the loads 1. (00231 Controls
of the pumps 3 (P3a, P3b, ---) on the secondary side may be flow rate controls such as an optimized
flow rate 15 control and a constant pressure control of the cold water. As described above, the heat
source system NI is configured with, for example, a plurality of chillers as the heat sources R, and the
cold water is sent at a constant flow rate by the cold water pumps P on the primary side and pumps P3
on the secondary side, 20 which perform the rated operations. {0024} FIGS. 2A and 2B are

diagrams sfiowing operation stale examples wher) cald walgr Jemperaipre of ehilers,Ft as cold
sources R is lowered, wherein DA shows an operation example o fwo chillers R as cold sources

R when a cold water qutlet emperature js 7,C, and I, 2B shows an eperation example,of one chiller

Rt as a cold source R when the cold water outlet temperature is 5.5 C. FIG. 3 shows a graph of a

relationship b.befween.a ceeffigient of pedormance, (RAR)Latie (%) and.a gooling load facto. (%) per

chiller Rt when the cold water outlet temperatures of the chillers Rt as the cold sources R are 5.5 C
and 7 C. {0Q23110In FIG. 24, @ coldwater iplet iemperature whigh is a temperaturg of fhe cold water

entering each of chillers Rtl,

5 between a coefficient of performance (COP) ratic (%) and a
cocling lead factor (%) per chiller Rt when the cold water cutlet
temperatures of the chillers Rt as the ccld sources R are 5.5
°C and 7 °C.

{0025}

10 In FIG. 2A, a cold water inlet temperature which is a
temperature of the cold water entering each cof chillers Rtl,
Rt2 as cold sources R1, RZ2 1s 8.5 °C, and the cold water ocutlet
temperature therecf is 7 °C (see FIG. 3). When the cold water
of a designed flow rate flows with 1.5 °C temperature

I5 differences between the cold water inlet temperature and the
cold water cutlet temperature, the two chillers are operated
with the lcad factor 30 % of each of chillers Rtl, Rt2 as the
cold sources R1 and the total load factor €0 % of the cold source
R1. In FIG. 2B, the chiller R2 is not operated, and the cold

20 water outlet temperature of the chiller Rtl as the cold source
R1 is 5.5 °C, and the cold water inlet temperature thereof is
8.5 °C. This means that the tTemperature differences between
the cold water iniet fTemperature and the ccld water outliet

ftemperature of the chiller Btl is 3 °C, and one chiller Rtl as
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Rt2 as cold sources R1, R2 is 8.5 C, and the cold water outlet temperature thereof is 7 C (see FIG. 3).
When the cold water of a designed flow rate flows with 1.5 C temperature 15 differences between the
cold water inlet temperature and the cold water outlet temperature, the two chillers are operated with
the load factor 30 % of each of chillers Rtl, Rt2 as the cold sources Ri and the total load factor 60 % of
the cold source Ri. In FIG. 2B, the chiller R2 is not operated, and the cold 20 water outlet temperature
of the chiller Rt1 as the cold source R1is 5.5 C, and the cold water inlet temperature thereof is 8.5 C.
This means.that the,temperat differences between the cold water.inlet temperature and the cold
water outltﬁﬂgngggr%ta?e@a: t%g{zhvflf'e&hﬁﬁsﬁ3 e,aang%%%oc%iﬁgrcﬁﬂjggqe o Eprocessmg

the loads (see FIG. 3). The cold source Rl may be the chiller
Rtl and the cold source RZ may be the chiller RtZ.
{6026}

5 100 % load factor in FIG. 3 shows an example of 5 °C
temperature differences between the cold water inlet
temperature and the cold water cutlet temperature c¢f each of
the chillers Rtl, RtZ with rated flow rates. In FIGS. 1 and
Z, although the cooling towers and cooling water pumps sending

10 the cooling water from the cooling towers are not illustrated,
they are operated in conjunction with each of chillers Rt1, Rt2
as the cold sources R. In FIG. 3, by lowering the cold water
outlet temperature of the cold scurces R, the number of the cold
sources R in operation is reduced. In cther words, operatiocons

15 o©of the chillers Rtl, RtZ2 turn to be an operation of only the
chiller Rtl, and thereby the COP ratio is improved. Ffurther,
the number of pumps in coperation is reduced, and powers of the
cold water pump P, the cocling water pump sending the cooling
water from the cocling tower, and the chiller Rtl as the cold

20 source R per unit load, are reduced compared with a case of two
chillers. The centrifugal chiller may be an inverter
centrifugal chiller, and the COP of the inverter centrifugal
chiller is higher than that of a constant rate centrifugal

chiller. 1In a heat source of heat pump type targeting a heating
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the cold source R1 with 60 % load factor is capable of processing the loads (see FIG. 3). The cold
source R1 may be the chiller Rtl and the cold source R2 may be the chiller Rt2. (0026) 5100 % load
factor in FIG. 3 shows an example of 5 C temperature differences between the cold water inlet
temperature and the cold water outlet temperature of each of the chillers Rtl, Rt2 with rated flow rates.
In FIGS. 1 and 2, although the cooling towers and cooling water pumps sending 10 the cooling water
from the cooling towers are not illustrated, they are operated in conjunction with each of chillers Rtl,
Rt2 as the colddsou ces R.tj_n FIG. 3’tb Iow%ring%he cold water outltet ter.r(mjg%rat re of the cold sources
R, the numlbOear of the €oId sources R in %%eoratign i FeduCed T oterof 5,0 Stion& 43 of the
chillers RtIaFgZ turn to b\efaafu%peggation of onI% tg%g@"ﬁg@%%“&%&?% the COP ratio is.improved.

Further, the nﬁr%%?%%ipumps ih operation is educed, andepowers of'the %g%rv?/gt%]f%uarﬁg P, the

cooling water pump. ending th%cg Iir%%watgr{rom}ghe ooling tower, and_ the chiller Rtl as the cold 20
source R p§ urlﬁtl %ésgga?e re uce§ Cc:omrpa?ed vﬁ?n aecaa%seggfut%v%ecr% e%rls?al’ e ggﬁr#gfﬁ chiller may

e an inveteg centifugal ehller, andibe, QP Yl inysitarcanilugal ghilghishighet lhpn that of 2

constant rate centrifugal chiller. In a heat source of heat pump type targeting a heating load, when a

tempeyatue,ef refurning ot water is higher than a designed.yalue, by raising a hot éﬁ/@&%&ut'et
temperature and by raising a load factor of the heat source of heat pump type, the COP of the heat
source operation is.improved and g system 5 COP of a heat source system is improved, and thereby

power consumption is reduced. f00271 <Control method for heat source system N1>
{0027}

<Control method for heat source system Nl1>
Next, a control method for the heat source system N1 will
10 Dbe described with reference to FIG. 4 which shows a control flow
thereof. The control ¢f the heat source system N1 shown in FIG.
4 1s performed by the computing unit 2 at a predetermined time
interval, for example, at any time interval such as 5 minutes
interval, 1 hour interval by measuring time using a timer.
15 First, in Step 8100, a flow rate (cold water flow rate) and a
temperature (cold water return temperature) of the cold water
returning to the cold sources R after heat exchanging with the
loads 1 {la, 1lb, ———} are measured respectively by the flow rate
sensor 2 and the temperature sensor 4 in FIG. 1. In addition,
20  atemperature (coldwater cutward temperature) of the cold water
on an outward path to the loads 1 from the cold sources R 1s
obtained from a temperature control of the cold water in the
cold sources R.

{0028}
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Next, a control method for the heat source system NI will 10 be described with reference to FIG. 4
which shows a control flow thereof. The control of the heat source system N1 shown in FIG. 4 is
performed by the computing unit 2 at a predetermined time interval, for example, at any time interval
such as 5 minutes interval, 1 hour interval by measuring time using a timer. 15 First, Step S100, a flow
rate (cold water flow rate) and a temperature (cold water return temperature) of the cold water return g
to the cold sources R after heat exchanging with the loads 1 (1a, Ib, ---) are measured respectively by

the flow rate sensqr 3.and the t erature sensor é in.FI}Cls. 1le In addijtion,.20 a emaergtlge (cold
rla?ou tcﬁ?ﬁgﬁ%,@xc ancged wit 5 EJ%O& s%]ls ci 1 e
water outward tempera ureyoft e cold water on“an outward path to the'loads 1 from the cold sources

R is obtainggffom & temperalre catol of e coldwatern e old sources B (0028). . An

r
amount of heat exchange ads 1 is calculated from the e of the cold water measured

by the flow iate sensor 3and a.temneratuye difference betwgen the fermperatie, of the Gald water on

the outward paths of the cold sources R 5 and the temperature of the cold water measured by the

temperatuge-sensor.4,0n afeturp path after heat exchanging with thedoads 3. The tempegature of the

cold water on the outward paths of the cold sources R may be measured by providing a temperature

sensog in thgdow temperatyye side fank 54 ofthe 10 water {ank.3-or.in afipe leading tobe loads 1 on
the secondary side, or may be obtained from a cooling control of the cold sources R. (00291 Next, in

Step S101; itis determinedavhetber ernot.the. 1o flpuinate of dhercold water measured:by.the flow rate

sensor 3 is smaller than a minimum flow rate of the cold water pump P plus B (margin amount). If the

flow rate of the celghwater issnaliesthan the minsmurnflowyate of ther-cold water-pumpRiplus B
(margin amount) ("Yes" in Step S101), the control flow 20 goes to Step S102, and it is determined

whether ornetrbe flewtate efthe cold:water measured by the fowdatessensen 3iis egyakto or larger
than the minimum flow rate of the cold water pump P.
temperature senscr in the low temperature side tank 5A of the
10 water tank 5 or in a pipe leading to the loads 1 on the secondary
side, or may be cbtained from a cooling control of the cold
sources R,
{0029
Next, in Step 5101, it is determined whether or not the
15 flow rate of the cold water measured by the flow rate sensor
3 is smaller than a minimum flow rate of the cold water pump
P plus B (margin amount). If the flow rate of the cold water
is smaller than the minimum flow rate of the cold water pump
P plus B {margin amount) (“Yes” in Step 5101), the control flow
20 goes to Step S102, and it is determined whether or not the flow
rate of the cold water measured by the flow rate sensocr 3 is
equal to or larger than the minimum flow rate of the cold water
pump P.

{0030}
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{00301 If the flow rate of the cold water measured by the flow rate sensor 3 is equal to or larger than
the minimum flow rate of the cold water pump P ("Yes" in Step S102), the control flow goes to Step
S105, and a current set value of the temperature 5 of the cold water on the outward paths of the cold
sources R is maintained. On the other hand, if the flow rate of the cold water measured by the flow
rate sensor 3 is smaller than the minimum flow rate of the cold water pump P ("No" in Step S102), the
control flow goes to Step S106, and a temperature set value 10 of the cold water on the outward paths

of the cold sources R i faised by apredgtermined vaue, forexamele, 9% ¢ the £1ow
rate gsensor 3 is equal to or larger than the minimum flow rate
of the cold water pump P {(“Yes” in Step S102), the control flow
goes tc Step 5105, and a current set value of the temperature
5 of the cold water on the outward paths of the cold gsources R
igs maintained. On the other hand, if the flow rate of the cold
water measured by the flow rate sensor 3 is smaller than the
minimum £low rate of the cold water pump P ("No” in Step S102},
the control flow goes to Step 5106, and a temperature set value
10 of the cold water on the outward paths of the cold sources R
is raised by a predeternined value, for example, 0.5 °C, 1 °C.
A temperature width to be raised can be set appropriately to
any value 1n each heat source system. The temperature width
to be raised is, for example, 0.5 °C and changed periodically.

15 {0031}
In Step 5101, if the fiow rate of the cold water is not
smaller than the minimum flow rate of the cold water pump P plus
2 (margin amount}, i.e., the flow rate of thé cold water is equal
to or larger than the minimum flow rate of the cold water pump
20 P plus B {margin amount) (“No” in Step $5101), the control flow
goes to Step 5103, and it is determined whether or not the
temperature of the cold water returning to the cold sources R
after heat exchanging with the loads 1 (la, 1b, ---) is lower

than a temperature lowering determination temperature.
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A temperature width to be raised can be set appropriately to any value in each heat source system.
The temperature width to be raised is, for example, 0.5 C and changed periodically. 15{0031} In
Step S101, if the flow rate of the cold water is not smaller than the minimum flow rate of the cold water
pump P plus B (margin amount), i.e., the flow rate of the cold water is equal to or larger than the
minimum flow rate of the cold water pump 20 P plus B (margin amount) ("No" in Step S101), the
control flow goes to Step S103, and it is determined whether or not the temperature of the cold water
returning t (%%%)Id sources R after heat exchanging with the loads 1 (la, Ib, ---) is lower than a
temperature Iowéring determination temperature. 0032) The temperature lowering determination

temperature is, for,l%xgnggle Ieers%__tgaga tq%ggglgged v Iuer%ti%}aetyime ogéhe maximum load. For

example, the temperaturerpgwerlng determination (tléam%erature is8'C'when the cold water outward

temperatugs 6.C.g0d the Sold wales e temperag 15 11,C. Herg,fhe fapperafurs lowering

determination temperature is a temperature of d water and is set to have a width suchas 8 C a

C. Althoughthe temperature 10 lowering determinationtemperafyre.can he 8 Cyithout awidth, itis

desirable to have a width such as 800 a C because the control of the heat source systeni’is more

stablesand practical when the lemperature loweringdetgrmination temperaire has thewidth. Note that

the temperature lowering determination

temperature is € °C and the cold water return temperature is
11 CC. Here, the temperature lowering determination
temperature 1s a temperature of the cold water and is set to
have a width such as 8 °C + o °C. Althcugh the temperature
[0 lowering determination temperature can be & °C without a width,
it is desirable to have a width such as 8 °C + o °C because the
contrcl of the heat source system is more stable and practical
when the temperature lowering determination temperature has the
width. Note that the temperature lcowering determination
15 temperature can be set arbitrarily for each of the heat source
systems to be applied.
{0033
If the cold water return temperature is deterimined not
to be lower than the temperature lowering determination
20 temperature (“No” in Step $5103), it is determined whether or
not the temperature (cold water return temperature) of the cold
water retuning to the cold sources R after heat exchanging with
the loads 1 {(la, 1lb, ——--) is ecual to the temperature lowering

determinaticon temperature (Step S104). Tf the tamperature
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15 temperature can be set arbitrarily for each of the heat source systems to be applied. {00331 If the
cold water return temperature is detemined not to be lower than the temperature lowering
determination 20 temperature ("No" in Step 3103), it is determined whether or not the temperature
(cold water return temperature) of the cold water retuning to the cold sources R after heat exchanging
with the loads 1 (la, Ib, ---) is equal to the temperature lowering determination temperature (Step
S104). If the temperature (cold water return temperature) of the cold water retuning after heat

exchangin Wi? the loads 1 (la, Ib, ---) is determined.to be equal to the temperature lowering
determination’ e?nvf)aelrcaetﬁrge( &+ if eep*éf[df)??h%fc%%ﬁo?%é“% ‘5853%0%@5%@?0%%5% the current

set value of the temperature of the cold water on, the oytward ﬂJaths_ of hei%ol esougl;nesnlgés
malntalnegq.?a%?,é?é{ 'On the Other hand, in g?ep%lg%,/ if the t’empersature (%OFGE water return
tempeﬁuu%%(ﬁ%@eCg&ﬁg%&ﬂggﬂﬂ%ﬂ%toyg%gggature lowering determination
temperature (“Yes” in 3tep 3104), the control flow goes to Step
5 8105, and the current set value of the temperature of the cold
water on the cutward paths of the cold scources R is maintained.
{0034}
On the other hand,; in Step 3104, if the temperature (cold
water return temperature) of the ceold water retuning to the cold
10 sources R after heat exchanging with the loads 1 {(la, 1lb, —---)
is determined to be different from the temperature lowering
determination temperature, i.e., higher than the temperature
lowering determination temperature (“No” in Step S104), the
contrel flow goes to Step 5106, and the temperature set value
15 of the cold water on the outward paths of the cold sources R
is raised by the predetermined value.
{0035}
In Step 5103, 1f the cold water return temperature is
determined to be lower than the temperature lowering
20  determinatiocn temperature (“Yes” in Step 3103), it is
determined whether or not the temperature set value of the cold
water on the outward paths of the cold sources R (R1, RZ) 1is
a specificminimum value of the temperature set value determined

by devices of the cold sources R (Step 5107). If the temperature
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10 sources R after heat exchanging with the loads 1 (la, Ib, ---) is determined to be different from the
temperature lowering determination temperature, i.e., higher than the temperature lowering
determination temperature ("No" in Step S104), the control flow goes to Step S106, and the
temperature set value 15 of the cold water on the outward paths of the cold sources R is raised by the
predetermined value. {00351 In Step 5103, if the cold water return temperature is determined to be
lower than the temperature lowering 20 determination temperature ("Yes" in Step S103), it is

determined whether or nat the temperature set value of the cold water an the outward t@s of the cold
sources R%é\% ‘ﬁf’z?)?? a%%e%ﬁi% n%f?ﬁr%i%a%glﬁeoﬁ tﬁg ?ercr)]%g‘rﬂa%\;&e gést%é?ué) é)gice\érlemir?egg y devices of

the cold S%%&%%gsggtﬁﬂﬁlﬁ)y If 5“8&%@%{@%'%%8%&’ ?#%% %té'ééf?ldc}?é%ﬁ?gﬁﬂrm%‘i%%ard paths of

the cold sources 2) is determined to be the specific minimum value of the temperature set

value deteymined by the devices of the cold sourees B.(Yes,in, Step S107).,the contrglflow goes to 5
Step 5105, and the curfent set value of the temperature of the cdold water on the outward paths of the
cold Sourceéﬁii%@@%@igeﬁl (§t§%§1@' Step S5107), the contrcl flow goes to
5 Step 5105, and the current set value of the temperature of the
cold water con the outward paths ¢f the cold sources R is
maintained (Step 5105} .
{0036}
On the other hand, in Step 3107, 1if the temperature set
10 wvalue of the cold water on the ocutward paths of the cold sources
R (R1, RZ) is determined not to be the specific minimum value
of the temperature set value determined by the devices of the
celd sources R (“No” in Step S107), the temperature seat value
of the cold water on the ocutward paths of the cold sources R
15 is raised by a predetermined value, for example, 0.5 °C, 1 °C.
The temperature width to be raised is, for example, 0.5 °C and
changed periodically (Step 5108). At this time, the
tTemperature set values of the coldwater on the cutlets (outward
paths) of the cold scurces R are changed in some cases to be
20 lower than a predetermined temperature set value at the time
of the maximum load. Hereinabove, a flow of the control method
for the heat source system N1 shown in FIG. 4 has been explained.

{ 0037}

According to the control method for the heat source system
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10036) On the other hand, in Step S107, if the temperature set 10 value of the cold water on the
outward paths of the cold sources R (R1, R2) is determined not to be the specific minimum value of
the temperature set value determined by the devices of the cold sources R ("No" in Step S107), the
temperature set value of the cold water on the outward paths of the cold sources R 15 is raised by a
predetermined value, for example, 0.5 C, 1 C. The temperature width to be raised is, for example, 0.5
C and changed periodically (Step 5108). At this time, the temperature set values of the cold water on
the outletsN(?ytwgr%)eatgi)m%f thlg ?E%ng ourgeselfér é:‘treicpa}crggeedci&sometcaxs(-;Dseto be 20 lower than a
predetermined iaemperature Setva

3. i W mperatuse
e at te tinie of the maximum load. &reinabove. a flow of the
control meltgocigor ér%ee CQeahsourgg gy{s:toe{r&N% gpgwn in EIG, 4 has be&n explelu&ugd.. 10(%:%7@1 According

to the conirol methad for the heat Source system ili?g‘t the time of I%waﬁo%d‘,seven it the cold water

temperat“!n%%?i'%ﬁ%‘i%%%%e gpld %’%?E?E%?\fh &QI% ary,side Is, the @8@“8@%&%"1 fate and a

minimum operation number (for example, one cold heat sources R'is enough for cooling loads,

5 the flow fate of the cold water does nat decrease, and ther Lthforzpveé%@fim% cold water pumps P,

and the pumps P3 cannot be reduced. Therefore, at the time of low load, the cold water temperature of

the coyd squyces R,is patlowered, but thetemperatyre whenthe.cold yater is the minimym flow rate is

10 maintained. Thus, it is possible to prevent the decrease of the coefficient of performance (COP)
caused bydgwering the geld-water outlef,lemperature-ofithe chillers Rt.asthe ootd squrces R. (00381

15Characteristics of the heat source system N1 according to the first embodiment are as follows. If the

cold waterdetfinced. Therefore, at the time of low load, the cold water
temperature of the cold sources R 1s not lowered, but the
femperature when the cold water is the minimum flow rate is

10 maintained. Thus, it is possible to prevent the decrease of
the coefficient of performance {COP) caused by lowering the cold
water outlet temperature of the chillers Rt as the cold sources
R.

{0038}

15 Characteristics of the heat source system N1 according
to the first embodiment are as follows. If theccldwater return
temperature ({(the temperature, which 1is measured by the
temperature sensor 4, of the cold water returning to the cold
resources R after heat exchanging with the lcads 1) on the

20 secondary side is low, the cold water feed temperature (the
cutlet temperature of the cold water cooled by the cold sources
R} is lowered so as £o increase a temperature difference between
the cold water return temperature and the cold water feed

temperature. By increasing the temperature difference, a heat

21-



temperature (the temperature, which is measured by the temperature sensor 4, of the cold water
returning to the cold resources R after heat exchanging with the loads 1) on the 20 secondary side is
low, the cold water feed temperature (the outlet temperature of the cold water cooled by the cold
sources R) is lowered so as to increase a temperature difference between the cold water return
temperature and the cold water feed temperature. By increasing the temperature difference, a heat
amount per unit flow rate is increased and an efficiency of the system is increased, and thereby it is
possible to reduce waste of.the Rower of the cold water ptgn(é)aslf on the t‘%rimary side_and the power of
I t

the pumps B3 8h théSedbhdary side “ fcideritaly o5 §h& & féed terperaturdiis the same as

the cold W%ter Qgtward I%mgeragg[jgyor Sgbéﬁ%n“aﬂ)! t{]g ;SL%\T/ﬁé (%(%%%}e &;O Fr%r ?g ecmg%rgel?tl, Rt2 as
eneral’'when the cold water temiperattre

the cold soufées R \:/Lv%ci]‘secefﬁgiency i§ 1owered in
of the power of the cold water pumps P on the primary side and
the power of the pumps P3 on the secondary side. Incidentally,
5 the cold water feed temperature is the same as the cold water
cutward temperature or substantially the same.
{0039}
For the chillers Rtl, Rt2 as the celd sources R whose
efficiency is lowered in general when the cold water temperature
10 is lowered, it ispossible toprevent the tenmperature difference
from reducing by lowering the temperature of the cold water,
and to prevent the decrease of the COP of the chillers Rtl, Rt2
as the cold scurces R caused by the increase of the number of
the chillers in operation, thereby increasing the overall
15 system efficiency.
{0040}
<<Second Embodiment>>
FIG. 5 is a block diagram showing a heat source system
NZ accerding to a secend embodiment of the present invention.
20 The heat source system N2 according to the second embodiment
includes one or more cold sources R (R1, R2, ~---) which cool
water as a heat medium and provide the cold water of desired
temperature, and loads 1 {la, ib, ~—~) which are heat exchangead

in heat exchangers {not shown) with the cold water sent from
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10 is lowered, it is possible to prevent the temperature difference from reducing by lowering the
temperature of the cold water, and to prevent the decrease of the COP of the chillers Rtl, 3t2 as the
cold sources R caused by the increase of the number of the chillers in operation, thereby increasing
the overall 15system efficiency. (0040) <<Second Embodiment>> FIG. 5 is a block diagram showing a
heat source system N2 according to a second embodiment of the present invention. 20 The heat
source system N2 according to the second embodiment includes one or more cold sources R (121,
R2, ---) Whi%h cool water as a healt%med{um alng pr%vidg the cold water of desired temperature, and
loads | (Ia,q s (Wv lich 8re" heAt ex'chanrgledF in"Hea ’excﬁgﬁgsesrsIiﬁgttﬁsown(?Wﬁ]eﬁe cold water sent
from the cold gourceésng. In FIG. bggass routes bg%/%%eé} feeaqjg aders and return h%%%ers are

iImps

omitted. THe heat Sotrce rs?/ts:t%%l 5 fncludes ¢old water pump ?L?Eiqy-f(\?v%iséﬁ%re inverter

controlled ﬁ?dl%ﬁzci‘ﬁ%gs@hgo%%dw"é%t&r:t%ﬁr%@ CH ‘i%,s%“fei—) which are inverter

4

controlled and circulate the cold water to each of cold sources
5 R, and a computing unit Z which controls the heat source system
N2 (celd sources R, cold water pumps P, and the like).
{0041}
The computing unit 2 is a controller such as a PLC
(Programmable Logic Contreoller). Control of the heat source
10 system N2 is performed by executing a program stored in a memory

of the controlier. The cold water produced by the cold sources

R (R1, RZ, ---) 1s sent by the cold water pump P (PL, P2, —---)

to the loads 1 (la, 1lb, -—-—} from the cold sources R (R1l, RZ,

--—} via the cold water lines {rl, 2, ---}, respsctively.
IS5 {0042}

The heat source system N2 includes a flow rate sensor 3
and a temperature sensor 4 as sensors for measuring physical
guantities thereof. The flow rate sensor 3 measures a flow rate
of the cold water which exchanges heat with the loads 1 {(la,

20 ib, =-~) in the heat exchangers (not shown) and returns to the
cold scurces R, and the femperature sensor 4 measures a
temperature (cold water return temperature} of the returning
cold water. Thus, the heat source system NZ is capable of

measuring the flow rate and temperature (cold water return
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5 R, and a computing unit 2 which controls the heat source system N2 (cold sources R, cold water
pumps P, and the like). {0041) The computing unit 2 is a controller such as a PLC (Programmable
Logic Controller). Control of the heat source 10 system N2 is performed by executing a program stored
in a memory of the controller. The cold water produced by the cold sources R (R1, R2, ---) is sent by
the cold water pump P (P1, P2, ---) to the loads 1 (la, Ib, ---) from the cold sources R (R1, R2, ---) via
the cold water lines (rl, r2, ---), respectively. 15{0042} The heat source system N2 includes a flow rate
sensor 3 and a temperature sensor 4 as.sensors for measuring physical guantities thereof. The flow
rate sens?%mﬁgégﬁr%§%f|€v€ rgt%eof%ﬁé(gomavi\:/gfe’r W‘”hléhcexcgh%ngg%%% 1 the 165 OE

. eat with the 16ads 1 (1a, 20 ib,
) in the hegt exchanaess (nobshown) and retrns Lo the, cpld soutees R A the iempgrature sensor
4 measures a temperature (co I

C
water return temperatur%) Ig% the returning cold water. Thus, the heat
source system N2-is;Gapable of. measuring the- oy rate.and temperatiure. (Cold watgr retyrn
flow rate sensor 3 and the temperature sensor 4.
5 {0043}

The cold source R is a cold water producticon heat scurce
system composed of chillers such as a centrifugal chiller and
an absorptien chiller, and direct-contact cooling towers or
closed-circuit cooling towers. The coldscurcesR (R1, RZ) are,

10 for example, chillers which are capable of controlling the cold
water feed temperature {cold water cutlet temperature of the
cold water cooled by the cold sources R) to be constant, and
are capable of changing a set value of the cold water feed
temperature of the cold scurces R. The cold water ocutlet

15 temperature (cold water temperature at the cutlets of the sold
resources R) of the chillers as the cold resources R can be set
lower than the Cemperature set value designed for the cold water
to be supplied to the loads 1. Controls of the cold water pumps
Prmaybe flowrate controls such as an optimized flow rate control

20 and a constant pressure control of the cold water.

{ 0044}
<Ccntrol methed for heat source system NZ>
Next, a control method for the heat source system N2 will

be described with reference to FIG, 6 which shows a control flow
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temperature) of the cold water, which is sent from the cold sources R (RT, R2, ---) and heated by heat
exchanging with the loads 1 in the heat exchangers (not shown), respectively by the flow rate sensor 3
and the temperature sensor 4. 5(0043) The cold source R is a cold water production heat source
system composed of chillers such as a centrifugal chiller and an absorption chiller, and direct-contact
cooling towers or closed-circuit cooling towers. The cold sources R (R1, R2) are, 10 for example,
chillers which are capable of controlling the cold water feed temperature (cold water outlet temperature

of the cald water agoled by the cold soioes, ) fo he gonstan, and aje,caogble of chagging a set

value of the cold water feed temperature of the cold sources R.Sﬁﬁe cold water outlet 15 temperature

(cold water terupgratute gLihe. qulets af ihe sold esgurces R).ofthe ahillers s the. £l gsources R

can be set lower than the temperature set value designed for the cold water to be supplied to the loads

1. Controls gf the.cold water es&gr}g%% may be flow tate canirols such, a3 an.aptimized flow rate control

20 and a constant pressure control of the cold water. {0044} <Control method for heat source system

N2> Nexta-contrel method for; the heatsoyrce.system;N2 will be described with reference to FIG.
6 which shows a control flow thereof. The control of the heat source system. N2 shown in FIG. 6 is

perforged;hy:thg,computing unit 2 at a predetermined time interval, for example, at any time interval
such as 5 minutes interval by measuring time using a timer. 5{ 0045) First, in Step S201 in FIG. 6,

a flow rate (cold water flow ratesard temperaturer(cold water retusn temperature)ofthe gold water
returning to the cold sources R after heat exchanging with the loads 1 (1a, Ib, ---) are measured
flow rate) and temperature (cold water return temperature) of
the cold water returning to the cold sources R after heat
exchanging with the loads 1 {la, 1b, ---} are measured
10 respectively by the flow rate sensor 3 and the temperature
sensor 4. In addition, a temperature {cold water outward
temperature) of the cold water on an outward path to theé loads
1 from the cold scurces R is obtained froma temperature control
of the cold water in the cold socurces R, or measured by a
15 temperature sensor provided on a pipe of the outward path to
the loads 1. An amount of heat exchanged with the loads 1 is
calculated fromthe flowrate of the coldwater and a temperaturse
difference between the temperature of the cold water on the
outward paths of the cold sources R and the temperature {cold
20 water return femperature) of the cold water measured by the
temperature sensor 4 on a return path after heat exchanging with
the loads 1.
{ 0046}

FIG. 7 is a diagram showing power of cold water pumps P,
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10 respectively by the flow rate sensor 3 and the temperature sensor 4. In addition, a temperature
(cold water outward temperature) of the cold water on an outward path to the loads 1 from the cold
sources R is obtained from a temperature control of the cold water in the cold sources R, or measured
by a 15 temperature sensor provided on a. pipe of the outward path to the loads 1. An amount of heat
exchanged with the loads 1 is calculated from the flow rate of the cold water and a temperature
difference between the temperature of the cold water on the outward paths of the cold sources R and

the lempetaiufe (Geld 20 walsreun sempeatirel ol he,cold water measured by s tepperature

sensor 4 onh a return path after heat exchanging with the loads 1. 00461 FIG. 7is a‘'diagram showing

power of COULWAIEE RUIMIAS:fzr: WAL AE CIUlIRES AR spuloes IR 20 (LA goDmption

against cold'water feed temperature (cold water temperature at the outlets of the cold sources R). As

shown in RIG.. 7, theaverall power copsumption increases whenthe outlet temperafure. 5 of the cold

sources R is high (the flow rate of the cold water pump P is large because the amount of heat

exchange is,smal)iapd.yhenthe outlet temperaturesefthe cold sources Riis: low.(the flgw.rate of the
cold water pump P is small because the amount of heat exchange is large). 10{0047) In Step

S202 in FIGs 6; jitds deternined hy-using-a range of tmperature, raising deterenation.flow rate
whether or not the flow rate of the cold water which exchanges heat with the loads 1 is too small.

Then, in Stepr$203; it is detesmined by d S-usingrasrange-of tegperatiig dowering datgrmination flow
rate whether or not the flow rate of the cold water which exchanges heat with the loads 1 is too large. If

the flow ratenis tonsmalh ¢he efficiency-ofitbe £old-sources iR deereases andthereby:the-system COP
decreases. On the other hand, if the 20 flow rate is too large, the efficiency of the pumps P decreases
and therebyithe system OB detreases: dherefore;ingach aases thextemperatureset value of the
cold water on the outward paths of the cold sources R is reset, so that the flow rates of the pumps P
are optimizethunt of heat exchange is large).
16 {C047}
In Step 5202 in FIG. 6, it is determined by using a range
of temperature raising determination flow rate whether or not
the flow rate of the cold water which exchanges heat with the
loads 1 is tco small. Then, in Step $203, it is determined by
IS5 using a range of temperature lowering determination flow rate
whether or not the flow rate of the cold water which exchanges
heat with the loads 1 is tco large. If the flow rate is too
small, the efficiency of the cold scurces R decreases and
thereby the system COP decreases. On the other hand, if the
20 flow rate is too large, the efficiency of the pumps P decreases
and thereby the system COP decreases. Therefore, in each case,
the temperature set value of the cold water on the outward paths

of the cold socurces R 1s reset, so that the flow rates of the

pumps P are cptimized.
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1 0048) In Step 3202, it is determined whether or not the flow rate, detected by the flow rate
sensor 3, of the cold water which exchanges heat with the loads I (la, Ib, ---) is in the 5 predetermined
range of temperature raising determination flow rate (range of flow rate which is too small). In Step
S202, if it is determined that the flow rate of the cold water which exchanges heat with the loads 1 is in
the predetermined range of temperature raising determination flow rate (range of flow 10 rate which is
too small) ("Yes" in Step S202), it is determined whether or not a current temperature set value of the
cold water; aimthg outward paths of the cold sources R is a maximum value of the temperature set
value determined by the devices of the cold sources R (Step 3204). 15(0049} If it is determined that

the current tempergture:se vajueof the gaold yuater-on thejoytwardpaths-of the ¢old sources R is the
maximum value of the temperature set value of the cold sources R ("Yes" in Step S204), the current

temperatuge; set, 2Qpdue- et ths, cold water on: the outward paths efithe-cald seuwsesR ismaintained
(Step 3205). On the other hand, if it is determined that the current temperature set value of the cold
water on the evbwvardpathssaf the eold spurces &iis not thea, 1b, ---) is in the
5 opredetermined range of temperature raising determination flow
rate (range of flow rate which 1g too small). In Step 52062,
if it is determined that the flow rate of the cold water which
exchanges heat with the lcads i is in the predetermined range
of temperature raising determination flow rate {range of flow
10 rate which is too small) (“"Yes’” in Step 5202), it is determined

whether or not a current temperature set value of the cold water

on the outward paths of the cold sources R is a maximum value

h

of the temperature set value determined by the devices of the
cold sources R (Step S204).
15 10048}
If it is determined that the current temperature set value
of the cold water on the outward paths of the cold sources R
is the maximum value of the temperature set value of the cold
sources R ("Yes” in Step 5204), the current temperature set
20 wvalue of the cold water on the outward paths of the cold sources
R is maintained (Step S$205). On the other hand, if it is
determined that the current femperature set value of the cold

water on the outward paths of the cold sources R is not the

maximum value of the temperature set value of the cold sources
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maximum value of the temperature set value of the cold sources R ("No" in Step S204), the current
temperature set value of the cold water on the outward paths of the cold sources R is raised by a
predetermined value, for example, a temperature width such as 0.5 C and 1 C. A temperature width to
be raised can be 5 set appropriately to any value in each heat source system. The temperature width
to be raised is, for example, 0.5 C and changed periodically (Step S206). {0050) On the other hand, in
Step 202, if it is determined that 10 the flow rate of the cold water which exchanges heat with the loads

1 is not in the Predetarmined range of temperaturedaising.determinatian flowrate (sange of flow rate
which is too small) ("No" in Step S202), it is determined whether or not the flow rate of the cold water

which exchanges heatwith thedoads.k 13 igin the predeterained sange ektemperaturgdewering
determination flow rate (range of flow rate which is too large) in Step 5203. If it is determined that the
flow rate of the eolddvatet-whichcexehanges beat mithcthe loadshjs-netin theyaredatenmined range of
temperature lowering determination flow 20 rate (range of flow rate which is too large) ("No" in Step
S203), the=coritrdl flow goes to Step SR0b¢apd the: curentitemperatuse sehvakie afdhe isold water on
the outward paths of the cold sources R is maintained. {00511 On the other hand, if it is
deterrhined ¢tiat therfiguw tate<of theccaldywatdruehich excliahges: heat with thesloads 1 i8Ha the
predetermined range of temperature lowering determination flow rate (range of flow rate which is too
large) ("Yest i Step: 5:3208) the controkflow: goes ta- SteptS$20% -amdHit i, deéterminéd svhéther or not a
temperature of the flow returning from the loads 1 is lower than a predetermined temperature lowering
determinatidn terapetaturec Fhe aémperdtufcloweling -determination temperature is, for example, less

than the
£ 00503

On the other hand, in Step 202, if it is determined that

10 the flow rate of the cold water which exchanges heat with the

loads 1 is not in the predetermined range of temperature raising

determination flow rate (range of flow rate which 1s too small)

(“"No” in Step 5202), it is determined whether or not the flow

rate of the cold water which exchanges heat with the leoads 1

I5 is in the precetermined range of temperature lowering

determination flow rate (range of flow rate which is too large)

in Step $203. If it is determined that the flow rate of the

cold water which exchanges heat with the loads 1 is not in the

predetermined range of temperature lowering defermination flow

20 rate (range of flow rate which is too large) (“No” in Step S203),

the control flow goes to Step 58205, and the current temperature

set value of the cold water on the cutward paths of the cold
sources R 1s maintained.

{0051}
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10 designed value at the time of the maximum load. For example, the temperature lowering
determination temperature is 8 00 when the cold water outward temperature is 6 C and the cold water
return temperature is 11 C. Here, since the cold water flows in pipes, the temperature lowering
determination temperature 15 is set to have a width such as 8 C 0.5 C. Although the temperature
lowering determination temperature can be 8 C without a width, it is desirable to have a width such as
8 00 + 0.5 C because the control of the heat source system is more stable and practical when the

temperature lowerig 20 dejermipajianderperajure s el Note g the fempaeraire lovering

determination temperature can be set arbitrarily for each o eat source systems. §2) In Step

S207, if it i determined that the temperature . (cald.water feturn temperature) of the:flow returning

from the loads 1 is not lower than the predeterminéd temperature lowering determination temperature

("No" in Step S200)qthe-contral dlov gogsde $tep»208,and i is determingd whether.of not the S

temperature of the flow returning from the loads 1 is equal to the predetermined temperature lowering

determinationtemperature nlfeStep S208. it is fetermingd.thatithe lemperatie of the-flow returning

from the loads 1 is equal to the predetermined temperature lowering determination 10 temperature

("Yes'sin Step $208) nthe-eomtral flaw geestoStep $S205, andthesglyrent temperatiyg setivalue of the
cold water on the outward paths of the cold sources R is maintained. 0053} On the other hand, in Step

S208, if it isiletermined that 45 the-temperaturerof the floywretyningifronrthedeads st equal to
the predetermined temperature lowering determination temperature, i.e., higher than the

predetermineditempesatsire lovvering detetmination temperature-(iNE”4n Step S2O8Y.thegontrol
flow-goes to Step S206, and the current temperature set 20 value of the cold water on the outward
paths of thescold saurces Ris raised by preeletermingdevaluesfosexampte, a temperdtuse width such
as 0.5 Cand 1 C. In Step S207, if it is determined that the temperature of the flow returning from the
loads 1 is kdwies them thelpredetermpitetittemperature faweriagample, less than the
10 designed value at the time of the maximum load. For example,
the temperature lowering determination temperature is 8 °C when
the cold water cutward temperature is 6 °C and the cold water
return temperature is 11 °C. Here, since the cold water flows
in pipes, the temperature lowering determination temperature
15 is set to have a width such as 8 °C % 0.5 °C. Although the
temperature lowering determination temperature can be 8 °C
without a width, it is desirable tc have a width such as 8 °C
T 0.5 °C because the control of the heat source system is more
stable and practical when the temperature lowering
20 determination temperature has the width. Note that the
temperature lowering determination temperature can be set
arpitrarily for each of the heat source systems,

{ 0052}

In Step 5207, if it is determined that the temperature
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determination temperature ("Yes" in Step S207), the control flow goes to Step S209, and it is
determined whether or not the temperature set value of the cold water on the outward paths of the cold
sources R (R1, R2) is a specific minimum value of 5 the temperature set value determined by the
devices of the cold sources R (Step S209). [0054) In Step 209, if if is determined that the temperature
set value of the cold water on the outward paths of the cold sources 10 R (R1, R2) is the minimum
value of the temperature set value of the cold sources R ("Yes" in Step S209), the control flow goes to
Step 5205, (an the current temperature set alue oft old water on.t the outwa ath of the cold
sources R |s m%alntawjlge n%tﬁg ot% TS?ep 2?05%?3 |t£|gt determlnea jl%gthatg eifemperature set

value of the cold waler 00he QuvarcBeus ol e, ol Spurges. R BL. 52) .ok e mpmum value

determination temperature ("No” in Step 5207}, the control £low
goes to Step S208, and it is determined whether or not the
5 temperature of the flow returning from the loads 1 is equal to
the predetermined temperature lowering determination
temperature. In Step S208, if it is determined that the
temperature of the flow returning from the loads 1 is equal to
the predetermined tempaerature lowering determination
10  temperature (“Wes” in Step 5208), the control flow goes to Step
S5205, and the current temperature set value of the cold water
on the outward paths cf the cold scurces R is maintained.
{0053}
Cn the other hand, in Step $S208, 1if it is determined that
15 the temperature of the flow returning from the loads 1 is not
equal tc the predetermined temperature lowering determination
temperature, i.e., higher than the predetermined temperature
lowering determination temperature (“"No” in Step $5208), the
control flow goes to Step 5206, and the current temperature st
20 wvalue of the cold water on the outward paths of the cold sources
R is raised by a predetermined value, for example, a temperature
width such as 0.5 °Cand 1 °C. 1In Step 5207, if it is determined
that the temperature of the flow returning from the loads 1 is

lower than the predetermined temperature lowering
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of the temperature set value of the cold sources R ("No" in Step S209), the control flow goes to Step
S210, and the current temperature set value of the cold water on the outward paths 20 of the cold
sources R is lowered by a temperature width such as 0.5 C and 1 C. The temperature width to be
lowered is, for example, 0.5 C and changed periodically (Step S210). At this time, the temperature set
values of the cold water on the outlets (outward paths) of the cold sources R are changed in some
cases to be lower than a predetermined temperature set value at the time of the maximum load.

Hereinaho& ,#%g wof.th%gogtrol @ethcod for the,heat saqurce syst N shown in FIG. 6.has been
explained. 5%5055%mat%he he%{tn oﬁnr%eusgfsitet(lr:] N%Sacc%rﬁdm%%et tfgggegdndg g%b%%ﬂr%r?tluses chillers

capable ofselting the cold water iemperatie pf the chillers as Ihe cold squiges R tg,be Jqwer than an

initial temperaturé set value, so that the cold water 10 outlet temperature of the chillers as the cold

sources R canhe, lowered by utilizing.mgasured values of the.cald water flow rate,and the cold water
return temperature. For example, it is possible to lower the cold water outlet temperature of the cold
sources R(§9 t@ﬁgt%q‘adé@%ﬁe&@yr@ps(Elo,p%{%e @tsraéegpecific minimum value of
5 the temperature set value determined by the devices of the cold
sources R (Step S5209).
{ 0054}
In Step 209, if it is determined that the temperature set
value of the cold water on the cutward paths of the cold sources
10 R (R1, RZ) is the minimum value of the temperature set value
of the cold sources R (“"Yes” in Step S5209), the control flow
goes to Step 5205, and the current temperature set value of the
cold water con the outward paths of the cold zscurces R is
maintained. On the other hand, in Step 209, 1f it is determined
15 that the temperature set value of the cold water on the outward
paths of the cold sources R (R1l, RZ} is not the minimum value
of the temperature set value of the cold sources R (“"No” in Step
5209), the control flow goes to Step 5210, and the current
temperature set value of the cold water on the outward paths
20 of the cold sources R ig lowered by a temperature width such
as 0.5 °C and 1 °C. The temperature width to be lowered is,
for example, 0.5 °C and changed pericdically (Step 5210). At
this time, the temperature set values of the cold water on the

cutlets (outward paths) of the cold sources R are changed in
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15 flows, thereby reducing the number of the cold water pumps P in operation. Therefore, it is possible
to reduce the cold water flow ate while the cold sources R are operated in high efficiency, thereby
improving the COP of the heat source system N2. 20(0056} <<Third Embodiment>> FIG.8isa
block diagram showing a heat source system N3 according to a third embodiment of the present
invention. The heat source system N3 according to the third embodiment includes any number of cold
sources R (Re, Rb, ---) connected in series instead of in parallel in the heat source system N2
according 1o the second embodiment. Since the Qeatr%g#er e system.N3 includes the cold sources R
(Ra, Rb, S) connected 5 in ser‘l'es,(fhere is'onhe cold water line r]r, And one inverter-contrsiied pump
161 are used, When the cold sourc are two, there are a high temperature side cold source Ra and
a low temp—ge%alﬁ?e%s%de%gl dé%%rc%%%%%ﬁ?f T T Eo%éénsigﬁgte th{elpa%)e%‘{%bu?cg g%te?ﬁ N3is a

e e e e e
maximum lpad., and the, og;%gi% a|Qw temperature side
5 {0055}

The heat scurce system N2 according to the second
embodiment uses chillers capable of setting the cold water
temperature of the chillers as the cold sources R to be lower
than an initial femperature self value, so that the cold water

10 outlet temperature of the chillers as the cold scurces R can
be lowered by utilizing measured values of the cold water flow
rate and the cold water return temperature. For example, it
is possible to lower the cold water outlet temperature of the
celd sources R so that the cold water pumps P operate at rated

I5 flows, thereby reducing the number of the cold water pumps P
in operation. Therefore, it is possible to reduce the cold
water flow rate while the cold sources R are operated in high
efficiency, thereby improving the CCP of the heat source system
NZ.

20 {0056}
<<Third Embodiment>>

FIG. 8 i1s a block diagram showing a heat source system
N3 according to a third embodiment of the present invention.

The heat source system N3 according to the third embodiment
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15 chiller (Rb) which cools the loads, for example, from 11 C to 6C at the time of the maximum load. In
FIG. 8, two cold sources R (Ra, Rb) connected in series are illustrated, but any number of the cold
sources R can be connected in series. The chiller as a high temperature side cold source Ra and the
chiller as 20 a low temperature side cold source Rb can be set at temperatures lower than temperature
set values at the time of the maximum load. Since the other configurations of the heat source system
N3 are the same as the heat source system N2 according to the second embodiment, detailed

description the{e%{evgma%e On”f‘;'rﬁ d {O%@old scurces R (Ra, Rk, —-—--} connected

in series instead of in parallel in the heat source system NZ
according to the second embodiment. Since the heat source
system N3 includes the cold scurces R {(Ra, Rb, —---) connected

5 in series, there 1ig one cold water 1line rl1, and one
inverter-controlled pump Pl are used. When the cold sources
R are two, there are a high temperature side cold source Ra and
a low temperature side cold scurce Rb, |
{0057}

10 This means that the heat source system N3 is a heat source
system including two chillers connected in series as the cold
sources R. One is a high temperature zide chiller (Ra) which
cools the loads, for example, from 16 °C to 11 °C at the time
cf the maximum load, and the other is a low temperature sids

15 chiller (Rb) which cools the lcads, for example, from 11 °C to
6 °C at the time cf the maximum lcad. In FIG. 8, two cold sources
R (Ra, Rb} connected in series are i1liustrated, but any number
of the cold sources R can be connected in series. The chiller
as a high temperature side <¢old source Ra and the chiller as

20 a low temperature side cold source Rb can be set at temperatures
lower than temperature set values at the time of the maximum
load. Since the other configurations of the heat source system
N3 are the same as the heat source system N2 according to the

second embodiment, detailed description thereof will be
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<Control method for heat source system N3> Next, a control method for the heat source system N3
will 5 be described with reference to FIG. 9 which shows a control flow thereof. The control of the heat
source system N3 shown in FIG. 9 is performed by the computing unit 2 at a predetermined time
interval, for example, at any time interval such as 5 minutes interval and 1 hour interval by measuring
time using a timer. 10(0059) The cold water outlet temperatures of the chillers as the high temperature
side and low temperature side cold sources Ra, Rb can be lowered respectively from the temperature
set values _accarding to the measured value of the cold water flow rate 15 measured by the flow rate
sensor 3 and the cold water return temperature measured by the temperature sensor 4. First, in Step
S301in FIG: &5 g}flow rate (cold water flow rate) and a temperature (cold water return temperature) of
the cold water returning to the cold sources R after heat exchanging with the

<Controcl method for heat scurce system N3>
Next, a control method for the heat source system N3 will
5 Dbe described with reference to FIG. ¢ which shows a control flow
therecof. The control of the heat scurce gsystem N3 shown in FIG.
9 is performed by the computing unit 2 at a predetermined time
interval, for example, at any time interval such as 5 minutes
interval and 1 hour interval by measuring time using a timer.
10 {0659
The cold water cutlet temperatures of the chillers as the
high temperature side and low temperature side cold socurces Ra,
R can be lowered respectively from the temperature sat values,
according to the measured value of the cold water flow rate
15 measured by the flow rate sensor 3 and the cold water return
temperature measured by the temperature sensor 4. First, in
Step 5301 in FIG. 92, a flow rate (cold water flow rate) and a
temperature (cold water return temperature) c¢f the cold water
raturning to the coid sources R after heat exchanging with the
20 loads 1 (1la, 1b, ——-) in heat exchangers (not shown) are measursd
respectively by the flow rate sensor 3 and the temperature
sensor 4 shown in FIG. 8. A temperature of the cold water on
an outward path te the loads 1 {(la, 1b, ---) is obtained from

a temperature control cf the cold water cooled in the high
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20 loads 1 (la, Ib, ---) in heat exchangers (not shown) are measured respectively by the flow rate
sensor 3 and the temperature sensor 4 shown in FIG. 8. A temperature of the cold water on an
outward path to the loads 1 (la, Ib, ---) is obtained from a temperature control of the cold water cooled
in the high temperature side and low temperature side cold sources Ra, Rb, or measured by a
temperature sensor (not shown) provided on the outward path to the loads 1 (la, Ib, ---). (0060} 5An
amount of heat exchanged with the loads 1 is calculated from a temperature difference between the

temperatuce.afsbe £old walsron fhe auyard path of the.cad-source RO andine cold wpter

temperature measured by the temperature sensor 4 on a refurn path. 302/ itis

determined by.using 10.ay1ange af lempergtute saising. determination flow. sate hether, rnot the flow

rate of the cold water which flows for exchanging heat with the loads 1 is too small. Then, in Step
S303, it is detgrmined, by ysing a range.of temperature gyering determination flow rate whether or not

the flow rate of the cold 15 water which flows for excﬁangiﬁg heat with the loads 1 is too large. (0061}
{ 0060}

5 An amount of heat exchanged with the loads 1 is calculated
from a temperature difference between the temperature of the
cold water on the outward path of the cold source Rb and the
cold water temperature measured by the temperature sensor 4 on
a return path. Next, in Step S302, it is determined by using

10 & range of temperature raising determination flow rate whether
or not the flow rate of the cold water which flows for exchanging
.heat with the lcads 1 is too small. Then, in Step 5303, it is
determined by using a range of temperature lowering
determination flow rate whether or not the flow rate of the cold

15  water which flows for exchanging heat with the loads 1 is too
large.

{0061}
If the flow rate of the cold water which exchanges heat
with the loads 1 in heat exchangers (not shown) is too small,

20 the efficiency of the cold sources R {Ra, Rb) decreases and
thereby the system COP of the heat scource system N3 decreases.
On the other hand, 1f the flow rate is too large, the efficiency
of the pump Pl decreases and thereby the system COP of the heat

source system N3 decreases. Therefore, in each case, the
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If the flow rate of the cold water which exchanges heat with the loads 1 in heat exchangers (not
shown) is too small, 20 the efficiency of the cold sources R (Ra, Rb) decreases and thereby the
system COP of the heat source system N3 decreases. On the other hand, if the flow rate is too large,
the efficiency of the pump P1 decreases and thereby the system COP of the heat source system N3
decreases. Therefore, in each case, the temperature set values of the cold water on the outward
paths of the cold sources Ra, Rb are reset, so that the flow rate of the pump 51 is optimized. (00621

5First, in Séte S302, it is detecrmin%d whether or not&h&a flow-rate dect cted t%%the flow rate sensor 3,
J ; d pat
of the cold Wa Ergl\ivf?ﬁ'(%hrgxc:Sﬁaang\f?éc‘ls heat with Tﬁee I6ads 1S Fnetlﬁe Bre(ﬁa?epﬁ”llme%rran}a% o%?emperature

ising detepmination. f ff ich.is t : t 02..if it is determined
raising detgamigtion flow.faie.{(anog of fiow rate whichis tag, scaell). In.Step 8302, 1t s determine

water which exchanges heat with the loads | in the heat exchangers

(not shown)is irbg}gpprﬁgegesmg%«%qﬁ%qf temperature raising determination flow rate (range of flow
rate which is too small) ("Yes"in Step S302), it is determined whether or not a current temperature set

value (D062}

5 First, in Step S302, it is determined whether or not the
flow rate, detected by the flow rate senscr 3, of the cocld water
which exchanges heat with the loads 1 is in the predetermined
range of temperature raising determination flow rate (range of
[low ratewhich is tcosmall). In Step 3302, if it is determined

10 that the flow rate of the cold water which exchanges heat with
the lcads 1 1in the heat exchangers (not shown) is in the
predetermined range of temperature raising determination flow
rate (range of fiow rate which is toosmall) (“Wes” in Step 5302},
it is determined whether or not a current temperature set value

15 of the cold water on the outward path of the high temperature
side and low temperature side cold sources Ra, Rb 1s a maximum
value of the temperature set value determined bv the devices
of each of the colid sources R (Ra, Rb) (Step $304).

{0063}

20 Tfitisdetermined that the current temperature set value
of the cold water on the outward path of the high temperature
side and low temperature side cold sources Ra, Rb is the maximum
value of the temperature set value determined by the devices

of each of the cold sources R (Ra, Rb) (“Yes” in Step $304),
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15 of the cold water on the outward path of the high temperature side and low temperature side cold
sources Ra, Rb is a maximum value of the temperature set value determined by the devices of each of
the cold sources R (Ra, Rb) (Step S304). {0063} 20If it is determined that the current temperature set
value of the cold water on the outward path of the high temperature side and low temperature side
cold sources Ra, Rb is the maximum value of the temperature set value determined by the devices of
each of the cold sources R (Ra, Rb) ("Yes" in Step S304), the current temperature set values of the

cold water an.cach ouward sl pf he iob demperaute e and oy femperature side gpld sources

Bl i
Ra, Rb are maintained (Step S305). On the other hand, if it is determined t%att e current temperature

5 set value,qf the cold water, pn the outward path.of the high tamperaturg side and law temperature

side cold sources Ra, Rb is not the maximum value of the temperature set value determined by the

devices of eagh of the high,temperature;side, and Jow temperaturessidg cold sgurces,Ra,Rb ("No” in

Step S304), the 10 current temperature set values of the cold water on the outward path of the high

temperature side anelgw temperatureside epld sources Ra; R are-raised by afredetermined value,
for example, a temperature width such as 0.5 C and 1 C (Step S306). A temperature width to be raised

can bg setappropriatelyde any:=1% ¥algedn each heat seursesystemyoEhe, tempernature width to be
raised is, for example, 0.5 C and changed periodically. {0064} On the other hand, in Step 302, if it

is determineghthat the.flewsate:-of.the cold water whieh excharges beat with the 20dgadst (1a, Ib, ---)
is not in the predetermined range of temperature raising determination flow rate (range of flow rate

which is toossmall) {'Not ik Stem S302) dsaletarminedwheiherer not the flow satecofrithe €old water
which exchanges heat with the loads 1 is in the predetermined range of temperature lowering
determination flow ratev(farge of:flew cateathichds toojlarge)nperature side and low
temperature side cold sources Ra, Rk (“No” in Step 83043, the
10 current temperature set values of the celd water on the cutward
path of the high temperature side and low temperature side cold
sources Ra, Rb are réised by a predetermined value, for exampls,
a temperature width such as 0.5 °C ancg 1 °C (Step 5306). A
temperature width to be raised can be set appropriately to any
15  wvalue in each heat source system. The temperature width to be
raised is, for example, 0.5 °C and changed pericdically.
{0064}
On the other hand, in Step 302, if it is determined that
the flow rate cf the cold water which exchanges heat with the
200 leoads 1 {la, 1b, =~--) is not in the predetermined range of
temperature ralsing determination flow rate (range of flow rate
which is too small) {“No” in Step S302}, it is determined whether

or not the flow rate of the cold water which exchanges heat with

the loads 1 is in the predetermined rangs of temperature
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{0065} In Step S303, if it is determined that the flow rate of 5 the cold water which exchanges heat with
the loads 1 is not in the predetermined range of temperature lowering determination flow rate (range of
flow rate which is too large) ("No" in Step S303), the control flow goes to Step S305, and the current
temperature set values of the cold water on each outward path 10 of the high temperature side and
low temperature side cold sources Ra, Rh are maintained. {0066} On the other hand, in Step
S303, if it is determined that the flow rate, detected by the flow rate sensor 3, of the cold 15 water

which exchanges.heat with the. loads 1 is.in the etermined r f temperature lowering
determinaﬁgjr?%c?v%/r}gte&%éﬁé}f of %o&v%%té; gvﬁ?crfé%%o?lg%g e("\?agz%%%geé a8%3%03V§%lltlhcelqc(:)Lr?troI flow
goes to St@g§39gra@q it is determined whether or not a temperature of the cold water returning after
heat 20 exchanging with the loads 1 is lower than a predetermined temperature lowering determination
temperaturey($tep S307). {0067) The temperature lowering determination temperature is less
than the designed value at the time of the maximum load, for example, 12C (8C) when the cold water

outward temperaturg of the lewdemperature sideseold:spureeiRbis S €6 €) and the colgewater return
temperature of the high temperature side cold source Ra is 15 C. Here, since the cold water flows in 5

pipes sthe termaperature,lowering, determinationftemperaturgsis:setite havepswidthssueh asp12 C 0.5 C.
Although the temperature lowering determination temperature can be 12 C (8 C) without a width, it is

desirable te:have-a wddthsucheas 42:G05Chegausethe soniket of the heatseuree system 10 is

more stable and practical when the temperature lowering determination temperature has the width.
Note that the demperaturedewering determination;temperaiure canbe;set arbitrarily:-faregeh of the

heat source systems.
S3203), the contreol flow goes to 3tep 3305, and the current
temperature set values of the cold water on each outward path
10 o©f the high temperature side and low temperature side cold
sources Ra, Rb are maintained.
{0068}
Cn the other hand, in Step 5303, if it is determined that
the flow rate, detected by the flow rate sensor 3, of the cold
15 water which exchanges heat with the locads 1 is in the
predetermined range of temperature lowering determination flow
rate (range of flowratewhich is too large) (“Yes’” in Step 3303),
the control flow goes to Step $307, and it is determined whether
or not a temperature of the cold water returning after heat
20  exchanging with the loads 1 1is lower than a predetermined
temperature lowering determination temperature (Step S307).
{0067
The temperature lowering determination temperature is

less than the designed value at the time of the maximum load,
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{00681 15In Step S307, if it is determined that the temperature of the cold water returning after heat
exchanging with the loads 1 is not lower than the predetermined temperature lowering determination
temperature ("No" in Step S307), the control flow goes to Step S308, and it is determined whether or
not the 20 temperature (cold water return temperature) of the cold water returning after heat
exchanging with the loads 1 is equal to the predetermined temperature lowering determination
temperature. In Step 5308, if it is determined that the temperature of the flow returning from the loads

L (2. 1o, )i eualiodne predetermined lempsraturs lowering deleyuinaton femperatce (Ves' i

Step S308), the control flow goes to Step S305, and the current temperature set values of the cold

water on the-outyiarc paths,gf the high.temperature 5 side and law {empeature;sice,cald sources Ra,

Rb are maintained. {00691 On the other hand, in Step S308, if it Is determined that the
temperature,of the, floyy.returning. aiter heat.exchanging wi.10.the Ey%@%%é%&%tﬁg}@@? dhe
n

predetermined temperature lowering determination temperature ("No" in Step S308), the control flow

goes to Step, 5306, apddhe current demperafiye set yalues ofithe coldswateron each, ouiward path of
the high temperature side and low temperature side cold sources Ra, Rb 15 are raised by a

predeterminedaialue,for example, .temperature width suchas 0.5 Gand 4l 1nStep S307, ifitis
determined that the temperature of the flow returning after heat exchanging with the loads 1 (1a, Ib, ---)
is lower thar thecpredetesmined tamperature lowerning detesminatory temperature(J¥es e Step 20
S307), the control flow goes to Step S309, and it is determined whether or not the temperature set
value of the«ald-water-an the:eutwarcdipath.ef the bighteraperature sideand taw tentgereture side

cold sources Ra, Rb is a specific minimum value of the temperature set value determined by the
devices ofthe without a width, it is desirable to have a width such as
12 °C £ 0.5 °C because the control of the heat source system
10 is more stable and practical when the temperature lowering
determination temperature has the width. Note that the
temperature lowering determination temperature can be gset
arbitrarily for each of the heat source systems.
{0068}
15 in Step 3307, if it is determined that the temperature
of the cold water returning after heat exchanging with the loads
1 is not lower than the predetermined ftemperature lowering
determination temperature (“No” in Step $3207), the contrcl flow
goes to Step 5308, and it is determined whether or not the
20  temperature (cold water return temperature} of the cold water
returning after heat exchanging with the loads 1 is egual to
the predetermined  temperature lowering  determination
temperature. In Step 5308, if it 1is determined that the

temperature of the flow returning from the locads 1 {la, 1lb, ===~)
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high temperature side and low temperature side cold sources Ra, Rb (Step S309) . (00701 In Step
3009, if it is determined that the temperature set 5 value of the cold water on the outward path of the
high temperature side and low temperature side cold sources Ra, Rb is the specific minimum value of
the temperature set value determined by the devices of the high temperature side and low temperature
side cold sources Ra, Rb ("Yes" in Step S309), the 10 control flow goes to Step S305, and the current
temperature set values of the cold water on the outward paths of the high temperature side and low

temperatu .eSside %%Ig sources R%hlgb are,. ﬁ%}é%(i:%ﬁ?r{ggnlggﬁ%g gqa%g@gr helr}%t %1% S]%E 309, ifitis

determined that the temperature set value o water on the outward path o

temperatugg.side and Jow Jemperature side.cold sgurees,Ray R issefhe spegific mipimym value of

the temperature set value determined by the devices of the high 20 temperature side and low

temperature, sigecold sourges Ray R ("Noj-in §ter. $309), the £optrpl low 9oes: 1o, 3tep.$310, and

of the cold water on the outward paths of the high temperature
5 side and low temperature side cold sources Ra, Rb are
maintained.
{0069}
On the other hand, in Step $308, if it is determined that
the temperature of the flow returning atfter heat exchanging with
10 the loads 1 is not egqual to the predetermined temperature
lowering determination temperature (“No” in Step $308), the
control flow goes toe Step S306, and the current temperature set
values of the cold water on each outward path of the high
temperature side and low temperature side cold sources Ra, Rb
15 are raised by a predetermined value, for example, a Temperature
width such as 6.5 °Cand 1 °C. In Step 8307, if it is determined
that the temperature ¢f the flow returning after heat exchanging
with the loads 1 (la, lo, ---) is lower than the predetermined
temperature lowering determination temperature (“Yes” in Step
20 8307), the contrcl flow goes to Step 8309, and it is determined
whether or not the temperature set value of the cold water on
the outward path of the high temperature side and low
temperature side cold socurces Ra, Rb is a specific minimum value

of the temperature set value determined by the devices of the

-40)-



the current temperature set values of the cold water on the outward paths of the high temperature side
and low temperature side cold sources Ra, Rb are lowered by a temperature width such as 0.5 C and
1 C (Step S310). The temperature width to be lowered is, for example, 0.5 C and arranged
periodically. At this time the temperature set values of the cold water on the outlets (outward paths) of
the high temperature side and low 5 temperature side cold sources Ra, Rb are changed in some
cases to be lower than predetermined temperature se,, values at the time of the maximum load.

Hereinaboye a flow of the contral methd for the hieat squrge systam N3,shawp.in EIG, 9 has been
explained . 10(0072}

Rb, ---) ar%goq@e&g

to be low, it is possi

b

According to the heat source system N3, even when the heat sources R (Ra,
d Jgg@@r)ie_s, by controlling the cold water outlet temperature of the cold sources R
le to reduce the cold water flow rate while 15 the cold sources R are operated in

high efficigngysy thereby improving the COP of the heat source system N3. {00731 <<Fourth
Embodiment>> FIG. 10 is a block diagram showing a heat source system 20 N4 according to a fourth

embodiment of the;grgsgﬂg IBYeNtion. i+ is determined that the temperature set

5 wvalue of the cold water on the outward path of the high

temperature side and low temperature side cold sources Ra, Rb

is the specific minimum value of the temperature set value

determined by the devices of the high temperature side and low

temperature side cold gources Ra, Rb (“Yes” in Step 3309), the

10  control flow goes to Step 5305, and the current temperature set

values of the cold water on the outward paths of the high

temperature side and low temperature side cold sources Ra, Rb

are malntained.

{0071}

15 On the other hand, in Step 309, if it is determined that

the temperature set value of the cold water on the cutward path

of the high temperature side and low temperature side cold

gources Ra, Rb is not the specific minimum wvalue of the

temperature set value determined by the devices of the high

20 temperature side and low temperature side cold sources Ra, Rb

{"No” in Step S$309), the control flow goes to Step 3310, and

the current temperature set values of the cold water on the

outward paths of the high temperature side and low temperature

side cold sources Ra, Rb are lowered by a temperature width such

w1



In the heat source system N4 according to the fourth embodiment, a known unit control (see 13th
Edition, Air-Conditioning and Sanitary Engineering Handbook, by The Society of Heating,
Air-Conditioning and Sanitary Engineers of Japan, pp. 632 to 635) of two or more cold sources R (R1,
R2, ---) by the computing unit 2 is added to the heat source system N2 according to the second
embodiment. {00741 5For increasing or decreasing stages of two or more cold sources R (R1, R2, ---),
the temperatures of the cold water going out of and returning to the cold sources R are measured so

that the compufing unit 2,cancaleulate the number of the.stages by uising.the; cold water flow rate and

an amount of the loads. In 10 other words, the temperature of the cold water going out of the cold

sources R js,ghtained from the controlof the oold soyrces.R-0rthe temperature sensor 14, while the
temperature of the cold water returning to the cold sources R after heat exchanging with the loads 1

(la, Ib, ---) isxmeasured bythe demperature-155ensex A: 43 agddition, the flow; kateof the gold water

which exchanges heat with the loads 1 in heat exchangers (not shown) is measured by the flow rate

sensor 3. Then,asaneunhef-beat-consymed imbeatiexchasging-with the loads 1 isicalgylated by the

computing unit 2 from a temperature difference between 20 temperatures of the cold water going out
of andsreturbingdedhe cold sauwces:R, and the Jomeraterof:the cold water exchanging:heat with the

loads 1. {0075}
to be lower than predetermined temperature sef values at the
time of the maximum load. Hereinabove, a flow of the contrel
method for the heat source system N3 shown in FIG. 9 has been
explained.
10 {0072}

According to the heat source system N3, even when the heat
sources R (Ra, Rb, -—--) are connected in series, by controlling
the cold water outlet temperature of the cold sources R to be
low, it is possible to reduce the cold water flow rate while

15 the cold sources R are operated in high efficiency, thereby
improving the COP of the heat scurce system N3.
{0C73}
<<Fcurth Embodiment>>
FIG. 10 is a block diagram showing a heat source system
20 N4 according to a fourth embodiment of the present invention.
In the heat source system N4 according to the fourth embodiment,
a known unit control (see 13 Edition, Air-Conditicning and
Sanitary Engineering Handbook, by The Society of Heating,

Air-Ceonditioning and Sanitary Engineers of Japan, pp. 632 to
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resources R (R1, R2, ---) is performed by the unit control by the computing unit 2, and includes
performing an operation start/stop of the cold pumps P (P1, P2, ---) and the chillers as the cold
resources R. The cold pumps P (P1, P2, ---) may 5 be operated by a constant flow rate control or a
variable flow rate control by a pressure control. Since the other configurations of the heat source
system N4 is the same as the heat source system N2 according to the second embodiment, detailed
description thereof will be omitted. 10P0076) <Control method for heat source system N4> Next, a

trol far.t [ ibed with,ref to FIG, 11 which sh
convo mepo o et sy gl b b il efrence I, 1 which sows

a control flow thereof. The control of the heat source system N4 show

the computing unit 2 at any predstermingd fime; interval by measuring, time usingajtimes, In the heat

source system N4, cold water outlet temperatures of the cold sources R (R1, R2; ---) are changed
based on the cold water flow rate and the cold water return temperature 20 (temperature of the cold
water returning to the cold sources { 0077} First, in Step S400 in FIG. 11, the cold sources R as
heat sourgegmaghines are assumed to output maximum powers at the set (designed) flow rate and
the set (designed) temperatures (cold water inlet temperature, cold water outlet temperature), and the

unit cgntrol for increasing, er-decreasing-the-numaher efthercold sources; R is.performed based on the
values of the flow rates 5 and the temperatures. The number of the cold sources R is controlled based

on upper anghlowes imjkvalues, of the coldwaterflewdate-andarcogling-ameuntSineg Steps S401 to
S410 in FIG. 11 showing the control method for the heat source system N4 are the same as Steps
S201 to S21xin Flen & shawingithe conttdle cold sources R are measured so that
the computing unit 2 can calculate the number of the stages by
using the cold water flow rate and an amount of the loads. In
10 other words, the temperature of the cold water going out of the
cold sources R is obtained from the control of the cold sources
R or the temperature sensor 14, while the temperature of the
cold water returning to the cold sources R after heat exchanging
with the loads 1 (la, lb, ---) is measured by the temperature
15 sensor 4. In addition, the flow rate of the cold water which
exchanges heat with the loads 1 in heat exchangers (not shown)
is measured by the flow rate sensor 3. Then, an amount of heat
consumed in heat exchanging with the loads 1 is calculated by
the computing unit 2 from a temperature difference betwsen
20 temperatures of the cold water going out of and returning to
the cold sources R, and the flow rate of the cold water exchanging
heat with the loads 1.

{0075}

An operation start/stop of the chillers as the cold
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10 method for the heat source system N2, detailed description thereof will be omitted. {00781
Conventionally, when a temperature difference between the cold water inlet temperature and the cold
water outlet 15 temperature of the colds sources R is small (when the cold water feed temperature
(temperature of the cold water going out of the cold sources R) is low), as shown in FIG. 7, the cooling
amount decreases and the efficiency of the cold sources R falls, and thereby the cold water flow rate is
increased to increase 20 the number of the cold sources R. By increasing the number of the cold

sources R (R1,R2.z3). e £pld water flow rate isingreased. and therebythe pawer of the cold pumps

per heat amount is increased. {00791 In contrast, according to the heat source system N4, as

shown in RIG. 11 since the,cold ﬂatér,O%Wardﬂ%ﬂ&%@wr%mgw%fesg teNRerature) is

controlled to be lowered so as to increase a temperature difference between the cold water inlet 5

temperatuce-and the.coldwateroutlet tempsratute gbthe eolds souyces R, a£oaling;armount is
increased to increase a cooling load per flow rate, and thereby it is possible to operate the cold

sources Fipa range-efhigh efficiencys(see Fig.d DckIG cl2is-a diagram showing.a CER against a
cooling amount (%) at 10 each cold water outlet temperature (cold water feed temperature) of chillers

as colgl soukcess d hetefare,t is pessibleto preyent incseasing:the numpey 9t thesceldrsaurces R (R1,
R2, ---), thereby reducing total power consumption for the heat source system N4 as shown in FIGS. 7

and 13. 15{Q@80} conkEKa.1131ssa diagksha showing the-power.of the coldavater pumps.Br-the power of
the chillers as the cold sources R, and the total power consumption, against the cold water feed
temperatures(temperature-afthercoldawater gaing out: of the-eal 0 sources R)when the old sources
R (R1, R2, ---) of a constant flow rate are controlled in the number thereof. Further, by controlling the
number ofitke told sourcesR dtsnpassiblectoopeiate the caldsources R having dhexaumper and the
flow rates more precisely appropriate to the loads 1.
detailed description thereof will be omitted.
10 {0676}
<Control method for heat scurce system N4>
Next, a control method for the heat source system N4 will
be described with reference to FIG. 11 which shows a control
flow thereof. The control of the heat source system N4 shown
15 in FIG. 11 1is performed by the computing unit 2 at any
predetermined time interval by measuring time using a timer.
In the heat source system N4, cold water outlet temperatures
0of the cold scurces R (R1, RZ, ---) are changed based on the

celd water flow rate and the cold water return temperature

20 {temperature of the cold water returning to the cold sources

First, in Step 5400 in FIG. 11, the cold sources R as heat

source machines are assumed to cutput maximum powers at the set
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{008 11

FIG. 14 is a diagram showing a relationship between the power and the flow r

ate when

each cold water pump P of the unit control is controlled by a constant flow rate control or a 5 variable
flow rate control (inverter control). As shown in FIG. 14, although the power of the cold pumps
increases stepwise along a solid line indicating one, two, and three pumps when the constant flow rate
control is performed for each cold pump P of the unit control, it is possible to reduce the power of 10
the pumps corresponding to hatched portions by performing the variable flow rate control (inverter

control) for .each.pum
15isa bloc(lg%lsalg?élr%gs)howing a

invention. The hieal soutoe. systan, Noaccordjag t e it srbedinent s iy which

of switching

P .thereby performing energy savings. {0082} <<Fifth Embodjment
’frfow r%{ge angp{]}ge steeg {'\o[a S dglgg%%rgpf%atuggai 8(}?8?

n
eat source system accor em n

y a compufing unit 52 cold Water productions by cold sources

a cold water tank, The heat source system Na 1@%%98&@85@&%%@;3%& &%gngh%o

towers Ry as the devices for producing the cold water which cools

s 51 (51a, 51b, ---),

> 15FIG.
the present
is capable
and 20 has
oling

and

performs the, eald waterprodyction by the cold sources Ry, 0083}, . . Jhe fieat soyree system NS

includes on the primary side cold water pumps P51a, P51b of rated operations which flow the water
returning fromytherloads pl o each.of the 6Qld SOWERS. of the cold sources R is

10

15

20

controlled based on upper and lower limit values of the cold
water fldw rate and a cooling amount. Since Steps 5401 to S410
in FIG. 11 showing the control method for the heat source system
N4 are the same as Steps 53201 £o 8210 in FIG. 6 showing the control
method for the heat source system N2, detailed description
therecf will be omitted.

{0078}

Conventionally, when a temperature difference between
the cold water inlet temperature and the cold water outlet
temperature of the colds scurces R is small (when the cold water
feed temperature (temperature of the cold water going out of
the celd sources R) is low), as shown in FIG. 7, the cooling
amount decreases and the efficiency of the cold sources R falls,
and thereby the cold water flow rate 1s increased to increase
the number of the cold sources R. By increasing the number of
the cold scurces R (R1, RZ2, ---}, the cold water flow rate is
increased, and thereby the power of the cold pumps per heat

amount is increased.

{007¢
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5 Ri, R2, and cooling water pumps P52a, P52b of rated operations which flow the cooling water cooled
by the cooling towers Ry to each of the cold sources R1, R2 via a cooling water line tl. The heat
source system N5 further includes a water tank 55 having a low temperature side tank 55A in which
cold water cooled by 10 the cold sources R is stored, and a high temperature side tank 55B in which
the cold water heated by heat exchanging with the loads 51 is stored. [0084} The cold water sent to
the cold sources R (R1, R2) are 15 sent to the low temperature side tank 55A of the water tank 55

respectively via the gold water Jines 12, On the loads 51 side of the secandary side, pumps P53

(53a, 53b, ---) in rated operation for sending the cold water which is cooled by the cold sources R and

stored in the, low temperature side tank 55A 0£20 the water tank 53 to.each-gf thedoads 51 (51a, 51b,

---) are provided. Note that pressure control of feed headers on the secondary side is omitted. For

example, the cold water maybe retumed to the-water fank-so thatidisgharge pressures of the pumps
are constant. { 0085} The heat source system N5 includes as sensors a temperature sensor 54

which measyres:thetemperaiuie: of the waterdetraing to-the.cold:sourses R, gndheiprimary side after
5 heat exchanging with the loads 51 (51a, 51b, ---) in heat exchangers (not shown), and a flow rate

sensof 53 whiglemeasues the flaw raie ofihe svaten retweningno dhe ealeksourcasR: dheheat source
system N5 further includes the computing unit 52 such as a controller, as a control unit for controlling
the heat 16 Sovreessystemdds. {008Edoun Thescamputing anitth? Outptits sendral signalssto the
devices such as the cold sources R while detection information is inputted therein from the flow rate
sensor 53,lthed per flow rate, and thereby it is possible to operate the
cold sources R in a range of high efficiency (see FIG. 12). FIG.
12 is a diagram showing a COP againstT 2 cooling amount (%) at
10 each cold water g¢utlet Lfemperature (cold water feed
temperature) of chillers as cold sources. Therefore, it is
possible to prevent increasing the number of the cold sources
R (Ri, R2, ---}, thereby reducing total power consumption for
the heat source system N4 as shown in FIGS. 7 and 13.
15 {0080
FIG. 13 is a diagram showing the power of the cold water
punmps P, the power of the chillers as the cold scurces R, and
the total power consumption, &gainst the cold water feed
temperature (temperature of The cold water going cut of the cold
20  sources R) when the cold sources R (R1, R2, ~---) of a constant
flow rate are controlled in the number thereof. Further, by
coentrolling the number of the cold scurces R, it is possible

to operate the cold scurces R having the number and the flow

rates more precisely appropriate to the lcads 1.
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15 temperature sensor 54, and the like. The computing unit 52 controls the number of the cold sources
R and the cooling towers Ry. Although it is not necessary to control the number of the cold sources R
and the cooling towers Ry, it is desirable to control the number because the efficiency of the heat
source 20 system N5 becomes high. Switching operation of the cold sources R by the computing unit
52 is instructed by calculating an optimized state of the operation so that energy consumption is
minimized based on the conditions such as the loads 51. {0087) The calculation of the energy
consumpti ﬁla (558 ?grformed by setting pipe resistances and device characteristics of cold water pumps
P51, cooling water pumps P52, the pumps P53, the cold sources R, and the like, and using a simulator

capable of 5 calcuka{mg I|:35wers the | OJ% gogg%%sllg?tge ggg water pum gl the %I%ollng water

pumps P52, the pumps rom operation conditions thereof or example, the device

characterisfigs of th&%M@m%&seP&%eAhsgeghagf@%@geg%ﬁ%a&@' the_pumps PS3 are

mentioned as a flow rate Q - 10 a total head (see FIG. 16A) and the f rate Q - a pump power (see

FIG. 16B). FIG. 16C shows arelatignship between a pine resistance.and the flow.rate, Q. (0088) The

device characteristics of the chillers as the cold 15 sources R is mentioned as the characteristics

indicaging how mush.is the,power at ademperpiure diference befyeen ihe dnlet,temperaure and the
outlet temperature, and a cooling amount (see FIG. 12) . The heat source system N5 uses, in each
operation 14, although the power of the cold pumps increases stepwise
along a solid line indicating one, two, and three pumps when
the constant flow rate control is performed for each cold pump
P of the unit control, it is possibkble to reduce the powsr of
160 the pumps corresponding to hatched portions by performing the
variaeble flow rate control (inverter contrcl} for each pump F,
thereby performing energy savings.
{ 0082}
<<Fifth Embodiment>>
15 FIG. 15 1g a block diagram showing a heat source system
N5 according to a fifth embodiment ¢f the present invention.
The heat source system N5 according to the £fifth embodiment is
a facility which is capable of switching by a computing unit
52 cold water productions by cold sources R (R1, R2, ——-), and
20 has a cold water tank. The heat source system N5 includes the
cold sources R (R1, RZ}) and cooling towers Ry as the devices
for producing the cold water which ccols loads 51 (5ia, 5ib,
--—-}, and performs the cold water producticon by the cold sources

R.
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state, the temperature (cold water outward temperature) of the 20 cold water which is cooled by the
cold sources R and stored in the low temperature side tank 55A of the water tank 55, the cold water
flow rate measured by the flow rate sensor 53, and the temperature (cold water return temperature) of
the cold water measured by the temperature sensor 54. Incidentally, the outward temperature of the
cold water stored in the low temperature side tank 55A is obtained by a cooling control of the cold
sources R, or measured by an outward temperature sensor (not shown) which measures the
temperatU{eO%fgtge cold water 5 on the outward path provided on the loads 51 side or the temperature
of the cold water stored in the low temperatures de tank 55A of the water tank 55. {0089} When the

temperature clfferenge hemeen hedemnatatife s (ealc Watel oywartemperane) ofihe cold

water sent to the loads 51 and the temperature (cold water return temperature) of the cold water

measured by ihe, lempieralife senses S4is-amalt and the fpnratesofibe.old wateols large, the

temperature set values of cold water outlets of a system including the cold 15 sources R are lowered.
At this time,.fhe temperature sekvajles:of the cold wateron the, oytets (Outward paths). of the system

including the cold sources R are changed in some cases to be lower than a predetermined
tempeyaturg sekyalugat thedime of the maximum lead..Ondheother hapdawhen.the femperature

which flow the cooling water cooled by the cooling towers Ry
to each of the cold sources R1, R2 via a cooling water line tl.
The heat source system ND further includes awater tank 55 having
a low temperature side tank 553A in which cold water cooled by
10 the cold sources R is stored, and a high temperature side tank
55B in which the cold water heated by heat exchanging with the

loads 51 is stored.

{ 0084}

The cold water sent to the cold sources R (R1, R2) are
15 sent to the low temperature side tank 554 of the water tank 55
respectively via the cold water lines rl, rZ2. On the loads 51
side of the secondary side, pumps P53 {53a, 53b, —--) in rated
operation for sending the cold water which is cooled by the cold
sources R and stored in the low temperature side tank 55A of
20  the water tank 5% to each of the locads 51 {(51la, 351lb, ---) are
provided. Note that pressure control of feed headers on the
secondary side 1s omitted. For example, the cold water may be
returned to the water tank so that discharge pressures of the

pumps are constant,
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20 difference between the temperature (cold water outward temperature) of the cold water sent to the
loads 51 and the cold water return temperature is close to the designed value (set value) and the flow
rate of the cold water is small, the state is controlled to be maintained. Incidentally, by performing a
cooling load prediction by a known load prediction means, a control to reduce the number of the
cooling towers Ry and the cold sources R in operation may be incorporated without performing a
control of reducing the number of the cooling 5 towers and the cold sources in operation with a margin
for huntinq %rgé(ggtion. 10090} As described above, since the temperature of the cold water outlet
of the cold soufc¢es R may be measured by the 10 temperature sensor provided on the cold water feed
pipe lines or obtain defrognegh__e cosrg{]ol Cog the chde%ou sR thf t @pergturesca?p %ergbtaailned even if
there is no temperature output from the cold Sources .”{00“9'%:1 22Sixth Embodiments> FIG.

17 is a block diagram showing a heal soyrce sysiem.NG according to a sixth embogimentof the
on e

present invent The heat source system N6 according to the sixth odiment is a acﬁity which

enables cold wate prodygtion hy.chillers Rt.2Q (BYl.-R12), The heat spuree system Ne-includes the
chillers Ft as the devices for producing the cold water which cools loads 617(61a, 61b, ---), and
perforgns the coldwater prodyction by the.chilers RE. 3009241 5 515, ---) in heat
exchangers (not shown}, and a flow rate senscor 53 which measures
the flow rate of the water returning to the cold sources R. The
heat scurce system N- further includes the computing unit 52
such as a controller, as a control unit for controlling the heat
10 source system N5,
{ 0066}

The computing unit 52 outputs control signals to the
devices such as the cold scurces R while detection information
is dnputted therein £from the flow rate sensor 53, the

15 temperature sensor 54, and the like. The computing unit 52
controls the number of the cold sources R and the cooling towers
Ry. Although it is not necessary to centrol the number of the
cold sources R and the ccoling towers Ry, it 1s desirable to
control the number because the efficiency of the heat source

20 system N5 becomes high. Switchingoperationof the cold sources
R by the computing unit 52 is instructed by calculating an
optimized state of the operation so that energy consumption is
minimized based on the conditions such as the loads 51.

{ 0087}
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The heat source system. N6 includes cold water pumps P61a, P6lb which flow water returning after
heat exchanging with the loads 61 respectively to the chillers Rtl, Rt2, and cooling water pumps P62a,
P62b which flow cooling water cooled by 5 cooling towers Ry respectively to the chillers Rtl, Rt2 via a
cooling water line ti. {0093) The cold water pumps P61a, P61b and the coolingwaterpumps P62a,
P62b are inverter controlled and different from the rated 10 operation of the heat source system N5
according to the fifth embodiment. In addition, unlike the heat source system NS according to the fifth
embodiment, the P{@nat source gystergﬂN(S 0es noérilrécrlude a @25 }9@?& lggn thggo%gnségl side,
inverter-controlled pu?nps %&Tﬁ’%ﬁa, 6§b, =3%or sengiﬁg(fﬁe‘ cold water coolé)éﬁby e chillers Rt (Rtl

Rt2, ---) tobea%kéggthe IoadseG;:éGS]iaStGéLrpgi-é) gg%pég\/,'ggg- T}t]grhaectesg%cgs ster%x: é\loﬁllncludes, as
a the cold water

feriper i of
sensors, an outward temperature sensor for measuring the temperature )

f:rﬁlsgrggjﬁfgaet%@”%@ﬂ%tsa% gentiofhe loads 61 side viathe cold water lingsJl 4gqa retun
cold sources R, and the like, and using a simulator capable of
5 calculating powers of the cold sources R, the cold water pumps
P51, the ceocling water pumps P52, the pumps P53, and the like,
from operation conditions thereof. For example, the device
characteristics of the cold water pumps P51, the cooling water
pumps P52, and the pumps P53 are mentioned as a flow rate @ -
10 a total head {see FIG. 16A) and the flow rate Q - a pump power
(see FIG. 16B). FIG. 16C shows a relationship between a pipe
resistance and the flow rate (.
{oossg;
The device characteristics of the chillers as the cold
15 sources R is mentioned as the characteristics indicating how
much 1is the power at a temperature difference between the inlet
temperature and the outlet temperature, and a ccoling amcunt
(see F1G. 12). The heat source system N5 uses, in each operation
state, the temperature (cold water outward temperature) of the
20 cold water which is cooled by the cold sources R and stored in
the low temperature side tank 554 of the water tank 55, the cold
water flow rate measured by the filow rate sensor 53, and the
temperature (cold water return temperature) of the cold water

measured by the temperature sensor 54. Incidentally, the
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sensor 64b for measuring the temperature of the water returning to the chillers Rt after heat
exchanging with the loads 61 (61a, 61b, ---) in heat exchangers (not shown), a flow rate sensor 63 for
measuring the flow rate of the cold water returning to the chillers Rt, an outside air temperature sensor
64c for measuring a temperature of an outside air, and a humidity sensor 65 for measuring a humidity
of the outside air. 5{0095) The heat source system N6 further includes a computing unit 62 such
as a controller, as a control unit for controlling the heat source system N6. The computing unit 62

outputs copoMsignalsJn fhe ehilets R the,gooling tgweys, Ry, cold-q water, purgs e, cooling

water pumps P62, pumps P63, and the like, while detection information is inputt erein from the

outward tempetalie sensgr 442 theelum tempgralure senser; o4, the fourate. senser 63, the

outside air temperature sensor 64c, the humidity sensor 65, and the like. 15{0096} The computing unit

62 in the heatsoyice system Ng contrals-the numberof the.cold chillers Rt.and the, caaling towers Ry.

(not shown} which measures the temperature of the cold water
5 on the cutward path provided on the loads 51 side or the
temperature of the cold water stored in the low temperature side
tank 55A of the water tank 55.
{0089}
When the temperature difference between the temperature
10 (cold water cutward temperature) of the cold water sent To the
loads 51 and the temperature {cold water return temperature)
of the cold water measured by the temperature sensor 54 ig small
and the flow rate of the cold water is large, the temperature
set values of cold water outlets of a system including the cold
15 sources R are lowered. At this time, the temperature set values
of the cold water on The cutlets (outward paths) of the system
including the cold sources R are changed in some cases to be
lower than a predetermined temperature set value at the time
of the maximum load. On the other hand, when the temperature
20 difference between the temperature {cold water outward
temperature) of the cold water sent to the loads b1 and the cold
water return temperature i1is close to the designed value (set
value) and the flow rate of the cold water is small, the state

ig controlled to be maintained. Incidentally, by performing
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Although it is not necessary to control the number of the chillers At and the cooling towers Ry, it is
desirable to control 20 the number because the system COP of the heat source system N6 becomes
high. Switching operation of the cold sources R by the computing unit 62 is instructed by calculating an
optimized state of the operation so that energy consumption is minimized based on the conditions
such as the outside air and the loads 61. { 0097) The calculation of the energy consumption is
performed by setting pipe resistances and device characteristics of the 5 cold water pumps P61, the

cooling water pUMPS P62, the§Flém S gG%htrber%chlll%s Rt, tgg%ollngégw%rs Ry, and the like, and

using a simufator capgc\b & of calcu ajtl%glpowe &F the Chillerd the €00 |nlgot%v{/neer§‘pﬁy, the cold water

pumps P6L, {he copling water,pumbs, P62, fhe. pumps, £63, and cooling fower fans, frop, 10 operation
conditions thereof. For example, the device characteristics of the cold water pumps 61, the cooling

water pumps £62, and the pumps P63 are mentigned.as %@F’Wﬂr%'é% b%é%t&'iheﬁdt(ﬁﬁ?ft':'e 16A)
and the flow rate Q - a pump power (see FIG. 16B). T%e device characteristics of the chillers Rt is
performing a contrel of reducing the number of the cooling
5 towers and the cold socurces in operation with a margin for
hunting prevention.
{0090}
As described above, singe The temperature of the cold
water outlet of the cold sources R may be measured by the
10 temperature sensor provided on the cold water feed pipe lines
or obtained from the control of the cold sources R, the
temperature can be obtained even 1f there is nc temperature
cutput from the cold sources R.
{0081}
15 <«<8ixth Embodiment>>
FIG. 17 is a block diagram showing a heat source system
N6 according to a sixth embodiment of the present invention.
The heat source system NO according to the sixth embodimant is
a facility which enables cold water production by chillers Rt
20 (Rti, Rt2). The heat source system N&6 includes the chillers
Rt as the devices for producing the colid water which cools loads
6l (6la, 6lb, ---), and performs the cold water production by
the chillers Rt.

{00092}
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15 mentioned as the characteristics indicating how much is the power at a temperature difference
between the inlet temperature and the outlet temperature, and a cooling amount (see FIG. 12). The
device characteristics of the cooling towers Ry is mentioned as the characteristics of the flow rate - the
cooling amount 20 - the power. { 0098) The heat source system. N6 uses, in each operation state,
the cold water outward temperature which is measured by the outward temperature sensor 64a, the
cold water flow rate measured by the flow rate sensor 63, and the cold water return temperature
measured by the temperature sensor 64b. When the temperature difference between the cold water
outward tem perattﬁg%léggﬁr&&) By the olitward YempEratiite Sersbr 67 &rd B RS coIa \Rater return
temperatur&ql}ﬁ]awu:rjwecqlb%tg% retyrn lteén%erature sensor §4}EJ is small and_ the flow rate %{:the cold
water is large; thé témiperattire Sat Valdds oF cold dter Sateidr & SySRnFintiidingthe chillers Rt and
the coolingltggv S %regogg£%dv éﬁ,_t thif. Otirr%%, thgktl%rﬁggfatu%% et vE%I;Lbes of 10 the cold water on the
outlets (outward paths) of the systerﬁ%’nc uding the chillers Rt and the codlina“gr%w(é?sO Jynagfe changed
in some cases to b rt a pr ermined temperature set value at the time.of the maximum
load. On tﬁigc?t%u%r ﬁggﬂg%%whpeaat%’e tegr%]%r}éra"{}frleC fff?rg%‘ge ggtc\;v%;*e%qthéq <%aetr?lﬁer%l?l?ﬁee(é‘o(l%}(/vater 15
outwagd temperatize).af the cold vyfaets;é%gt%tp;g iz A iheasaldyaier gy femperature is
close to the designed value (set'value) an the flow rate of the cold water is $ma , the state is
controlled tg,be maintained. { 0099} 29Incidentally, by performing a cooling load prediction by a known
load prediction means, a control to reduce the number of the chillers Rt and the cooling towers Ry may
be incorporated fin the basis of the prediction results without performing a control of reducing the
number of the chillers Rt and the cooling

The coldwater pumps Pé6la, P6lb and the cooling water pumps

Po2a, Pe2Zb are inverter controlled and different from the rated

10 operation of the heat source system NS5 according to the £ifth
empodiment. In addition, unlike the heat source system N5
according to the fifth embodiment, the heat source system N6

does not include a tank.

{ 0094}

15 On the loads 61 side, inverter-controlled pumps P63 {P&3a,
63b, ---) for sending the cold water cooled by the chillers Rt
(Rtl Rt2, ---) to each of the loads 61 (6la, 6lb, ---) are

provided. The heat source system Né includes, as sensors, an
outward temperature sensor 64a for measuring the temperature
20  of the cold water cooled by the chillers Rt and sent to the loads
©l side via the cold water lines rl, r2, a return temperature
sensor 64b for measuring the temperature of the water returning
to the chillers Rt after heat exchanging with the loads 61 (61la,

6ib, ===~} in heat exchangers (not shown), a flow rate sensor
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towers Ry in operation with a margin for hunting prevention_ The temperature of the cold water outlet
of the chillers Rt may be measured by the outward temperature sensor 64a provided on the cold water
feed pipe lines as shown in FIG. 17 or obtained 5 from the temperature control of the chillers Ft on the
water feed side, and the temperature can be obtained even if there is no temperature output of the
chillers Rt. The chillers Rt may be inverter-controlled centrifugal chillers, and it is possible to perform
energy savings of partial loads by the 10 inverter control. {01001 According to the first to sixth
embodiments, when the return temperature of the cold water flowing at a set flow rate after heat
exchanging Wity thé foadid id Tsiver hah & EolcPlvare 15 Tefurntempitafire Set 4F dédignttime, the
outward temeera ure of the cold water qé)_in to the loads is lowered to enlarsige thg temjeserature

difference ohthé Toads side, and thereby & pampbower PBr fbat AfrouRtisToweret to'save energy.

{0101} 201;nhe loads side is com ostedrof heat Iclaxchtan?grs in which the ,tem$graéure difference between
the inlet temepgésrgtrulre r?d%ﬁe Butist t%n‘?pgr‘aﬁjregi% en aregeadl wheh thé infet erfipéfrgt%?es 6f the cold
water in cogling c}pilzsﬁggggg%qge gsggrggr g@neralfpl%eeh%%ttesxjgggngeg and air conditioners is
lowered. By pércformlng an automatic con?rofgf the temperature Sét valtés of the cold water from the
cold sgurces @gggprding to the outputs from the computing un s possible to save energy by changing
the temperature of the cold water in response to the 5 variation of the loads. When the outward
temperature of the,gold yater sentita the loads fram the,cold sourcesis constant and the flow rate of

one cold source is not enough, even in acase where the number of the chillers as'the cold sources

must be ingreasegh by, lowering the quiward.temperature.of the cold 10water sent fg the leads from

the cold sources, it is possible to reduce the flow rate of the cold water for the loads, thereby extending
a load range whets: it isat-necessary 4o ingreasethe numper of the cold sourges, oyt

o

control signals to the chillers Rt, the cooling towers Ry, cold
10 water pumps P61, cooling water pumps P62, pumps P63, and the
like, while detection information is inputted therein from the
outward temperature sensor 64a, the return temperature sensor
54, the flow rate sensor 3, the outside alr temperature sensor
64c, the humidity sensor 65, and the like.
IS  {00%¢
The computing unit 62 in the heat source system N6 controls
the number of the cold chillers Rt and the cooling towers Ry.
Although it is not necessary to centrol the number of the
cnillers Rt and the cooling towers Ry, it is desirable to control
20 the number because the system COP of the heat source system N6
becomes high. Switching operation of the cold sources R by the
computing unit 62 is instructed by calculating an optimized
state of the cperation so that energy consumption is minimized

based on the conditions such as the outside air and the loads
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1 0102} 15As shown in FIG. 3, the COP of the centrifugal chiller is small at the time of low loads, for
example, 30 % load factor per chiller. Therefore, by operating one chiller at 60 % load factor, it is
possible to operate the chiller with the COP higher than that in a case where two chillers are operated
at 30 % load 20 factor per chiller, thereby eliminating a waste of transport powers of the pumps.
Although a pipe resistance is increased when the flow rate of the cold water is increased, it is possible
to operate the chillers in high efficiency by reducing the flow rate by lowering the outlet temperature of
the cold sources, and by increasing the load factor per chiller as a cold source. Transport system of
the cold water may be composed of a primary pump system on the cold source side and a secondary
pump syst?%%n];[he load side, and when the temperature difference between

The calculatiocn of the energy consumption 1s performed
by setting pipe resistances and device characteristics of the
5 cold water pumps P6l, the cooling water pumps P62, the pumps
P63, the chillers Rt, the cooling towers Ry, and the liks, and
using a simulator capable of calculating powers of the chilliers
Rt, the coecling towers Ry, the cold water pumps P61, the cooling
water pumps P&Z, the pumps P63, and cocling tower fans, from
[0  operation conditions thereof. For example, the device
characteristics of the cold water pumps P61, the cooling water
pumps P62, and the pumps P63 are mentioned as a flow rate @ -
a total head (see FIG. 16A) and the flow rate Q - a pump powar (see
FIG. 16B). The device characteristics of the chillers Rt is
15 mentioned as the characteristics indicating how much is the
power at a temperature difference between the inlet temperature
and the cutlet Temperature, and a cooling amount {see FIG. 12).
The device characteristics of the cooling towers Ry 1s mentioned
as the characteristics of the flow rate -~ the ccooling amount
200 - ths power.
{0098}
The heat source sysiem N6 uses, in each operation state,
the cold water outward temperature which is measured by the

outward temperature sensor 64a, the cold water flow rate
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5 the temperature of the outward cold water to the loads on the secondary side and the temperature of
the return cold water is large, it is possible to reduce the flow rate of the cold water, thereby reducing
the power of the secondary pumps. {0103) 10In the present embodiment, since the pipe size does not
change, it is possible to introduce the heat source system by setting the outward temperature of the
cold water sent to the loads lower than a default temperature set value at the time of renewal of a
chiller. . Note that, in the above embodiments, 15 although water is used as a heat medium as an
example, anything other than water may be used as the heat medium. In addition, although each
conflguratldg H%eﬁ]r&}fo ith' é‘rﬂﬁoﬁ%ﬁgn?seﬁagsoﬁegﬁ 'deas%ﬁb‘é]a“?naﬁ/}d{]&iﬁltﬁ%a?%%rébnflgured in

any comblnatlon as ap;{) rlate fro mon confl%uratlo s of the 20 flrs%g?ﬁ3|xth embadiments.

{Reference Signs Lis 4518 a 61 B1KT64d Feontuting urit (first EBRtol Ui, second

control unit, _third cantrol unit). 3 53 63 flow v rate sensog]oad heﬁt amount measurement unit, flow
u rferkndce
rate measuren?ent unit

temperature measured by the cutward temperature sensor 64a and
5 the cold water return temperature measured by the return
temperature sensor 64b 1s small and the flow rate of the cold
water is large, the temperature set values of cold water outlets
of a system including the chillers Rt and the cooling towers
Ry are lowered. At this time, the temperature set values of

10 the cold water on the outlets (cutward paths) of the system
including the chiliers Rt and the cooling towers Ry are changed
in some cases to be lower than a predetermined temperature set
value at the time of the maximum lcad. On the other hand, when
the temperature difference between the temperature (cold water

15  ocutward temperature) of the cold water sent to the loads 61 and
the cold water return temperature is close to the designed value
{set value) and the fiow rate of the cold water is small, the
state 1s contrelled to be maintained.

{ 0099}

20 Incidentally, by performing a cooling load prediction by
a known load prediction means, a control to reduce the number
of the chillers Rt and the cooling towers Ry may be incorporated
on the basis of the prediction results without performing a

control of reducing the number of the chillers Rt and the cooling
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4, 54:temperature sensor (load heat amount measurement 5 unit, cold water return temperature
measurement unit) 64a: outward temperature sensor (load heat amount measurement unit) 64b:
return temperature sensor (load heat amount measurement unit, cold water return temperature
measurement unit) 10 B:margin amount N1, N2, N3, N4, N5, N6: heat source system P, PI, P2, P51,
P51a, P51b, P61, P61a, P6113:coldwater pump (pump) P3, P3a, P3b, P53, P53a, P53b, P63, P63a,
P63b:pump 15 P52, P52a, P52b, P62, P62a, P62b: cooling water pump (pump) rl, r2:cold water line

(pipe) R, F%%W%Zfscqid source Rgé igh ;tlem %llglature side col sou cen()c.(l:rL\g CO'%%QIUVF?QCBIP”OW
temperature side colgsourcepfunlt cold source)azdrﬁf%f {2chiller (cold éjourcee) N

The temperature of the cold water outlet of the chillers Rt may
be measured by the cutward temperature sensor 64s provided on
the cold water feed pipe lines as shown in FIG. 17 or obtained
5 from the temperature control of the chillers Rt on the watex
feed side, and the temperature can be cbtained even if there
is no temperature output of the chilliers Rt. The chillers Rt
may be inverter-controlled centrifugal chillers, and it is
posgible to perform energy savings of partial loads by the
10 inverter control.
{0100}

According to the first to sixth embodiments, when the
return temperature of the cold water flowing at a sat flow rate
affer heat exchanging with the loads is lower than a cold watex

15 return temperature set at design time, the outward temperature
of the cold water goling to the loads is lowered fTo enlarge the
temperature difference on the loads side, and thereby a pump
power per heat amount is lowered toc save energy.

{0101}

20 The loads side is compesed of heat exchangers in which
the temperature difference between the inlet temperature and
the cutlet temperature i1s enlarged when the inlet temperature
of the cold water in cooling coils and the like used for general

plate heat exchangers and air conditioners is lowered. By
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Ry:cooling tower (cold source) ti:cooling water line (pipe) CLAIMS 1. A heat source system, wherein
pumps that send a heat medium to at least one of a cold source for cooling the heat medium and a
heat exchanger for exchanging heat between the cooled 5 heat medium and a load, the cold source,
and the heat exchanger of the load, are connected by pipes through which the heat medium flows,
comprising: a load heat amount measurement unit that measures an amount of heat which the
heat medium exchanges with the load; 10 a cold water return temperature measurement unit that

meastres g temberatyce of the heat mediun which exchanges hgat wit the load ajd (etyrms to the

cold source; a first control unit that lowers a temperature set value of the heat medium at an

outlet of theccold spurce. i£a 15 temperaure of ihe hieat medium falls, helow atemperaiure set value

thereof and a difference between the temperature of the heat medium and the temperature set value

of the heat:medium, at the gutlet gf,the.cold squrce becomes jess than gg{;%deé%rgyggd set value. 20

2. A heat source system, wherein pumps that send a heat medium to at least one of a cold source for
cooling the. heaymedium and.aheat exchangerfar exchangipg heat between the cegled,heat medium

and a load, the cold source, and the heat

5 wvariation of the loads. When the outward temperature of the
cold water sent to the lcads from the cold scurces is constant
and the fiow rate of one cold source is not enough, even in a
cage where the number of the chillers as the cold sources must
be increased, by lowering the outward temperature of the cold

10 water sent to the loads from the cold scurces, it is possible
to reduce the flow rate of the cold water for the loads, thereby
extending a load range where it iz not necessary Lo increase
the number of the cold scources.

{0102}

15 As shown in FIG. 3, the COP of the centrifugal chiller
is small at the time of low iLoads, for example, 30 % load factor
per chiller. Therefore, by operating cone chiller at 60 % load
factor, it is possible to operate the chiller with the COP higher
than that in a case where two chillers are operated at 30 % lcad

20  factor per chiller, thereby eliminating a waste of transport
powers of the pumps. Although a pipe resistance is increased
when the flow rate of the cold water 1s increased, 1t 13 possible
to operate the chillers in high efficiency by reducing the flow

rate by lowering the outlet temperature of the cold sources,

~58.



exchanger of the load, are connected by pipes through which the heat medium flows, comprising:
a load heat amount measurement unit that measures an amount of heat which the heat medium
exchanges with the load; 5 a cold water return temperature measurement unit that measures a
temperature of the heat medium which exchanges heat with the load and returns to the cold source;
and a second control unit that changes a temperature set value of the heat medium at an outlet of
the cold source to be lower 10 than a predetermined temperature set value at the time of a maximum
load. 3. The h at source s%/stem as set foélr;@%n 8'%%3@ 2, com r.isiﬂgra flow rate.measurement unit that
s

measures a flow fate 15 of the heat madium whic eat %xéﬁange(ﬁviﬁﬁ %ﬁejf oz%j,uv%ﬁéeréin when

2 flow rategf e fsat medumipssomes apradelanmingd sl aie s ime ol g maximum

load, if a temperature of the heat medium is lower than the predete temperature set value, the

second control unit changes the tempeyature. of.2Q the heat medium at the outlet of the, cold source to

be lower than the predetermined temperature set value. 4. The heat source system as set forth in
claim 2, comprisinga flowgrate. meagyrgment unit that measyres.a flow:tate of the heat medium which

is heat exchanged with the load, wherein the cold source is arranged with a plurality of unit cold
sourcgs inigeLieseANd rature of the outward cold water to the loads on the
secondary side and the temperature c¢f the return cold water is
large, it is possibkble to reduce the flow rate of the cold water,
thereby reducing the power of the secondary pumps.
{0163}

10 In the present embodiment, since the pipe size does not
change, it 1s possible to introduce the heat source system by
setting the outward temperature of the cold water sent to the
loads lower than a default temperature set value at the time
of renewal of a chiller. Note that, in the above embodiments,

15 although water is used as a heat medium as an example, anything
other than water may be used as the heat medium. In addition,
although each configuration in the first to sixth embodiments
has been described individually, it may be configured in any
combination as appropriate from among configurations of the

200 first to sixth embodiments.

{ Reference Signs List}
{0104}
1, la, 51, 5la, 61, b6la: ioad

Z: computing unit {(first contrecl unit, second control unit,
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the second control unit changes the temperature set value 5 of the heat medium at each outlet of the
plurality of unit cold sources to be lower than the predetermined set value, on the basis of the flow rate
and temperature of the heat medium. 5. A heat source system, wherein pumps that send a heat
medium 10 to at least one of a cold source for cooling the heat medium and a heat exchanger for
exchanging heat between the cooled heat medium and a load, the cold source, and the heat
exchanger of the load, are connected by pipes through which the heat medium flows, comprising: 15a
load heat %@ou%meg%urgj{nent un)it that measures an amount of heat which the heat medium

%ﬁ CF unlﬁ .
exchanges wi e load,; a cold water return temperature measurement unit that measures a

temperatug olhe het rediym hichexchanaes.heat with the load and rstuins (o fhe gold source;

20a heat médium’ flow rate measurement unit that measures the heat medium which

exchanges:-heat with the Joad:.and . .+ a,third,control unit that raises a temperature set value of the
heat medium which is cooled by the cold source if the flow rate of the heat medium is in a set range of

temperaturg raising determipation flow.rate.andon the gther hand, lowers the fempgrature set value

of the heat medium which is cooled by the cold source if the flow rate of the heat medium is in 5 a set

range of temperaturg lewering. determinationdiov rate and the femperatire afthe heat medium is
lower than a predetermined temperature lowering determination temperature.

bda: outward temperature sensor (load heat amount measurement
unit}
64b: return temperature sensor (Load heat amount measurement
unit, cold water return temperature measurement unit)

10 B: margin amount
N1, NZ, N3, N4, N5, N6:heat source system
P, PL, P2, P51, P51la, Pblb, P61, Ptlaz, Polb: cold water
pump  {(pump)
P3, P3a, P3b, PL3, PL3a, PH3b, P63, Pbla, P63L: pump

15 P52, P52a, P52k, P62, P6Za, PF62b: cooling water pump (pump)
rl, r2: cold water line {pipe)

R, Rl, RZ: cold source

Ra: high temperature side cold source (unit ccld source)

Rb: low temperature side cold source {unit cold source)
20 Et, EREtl, RtZ: chiller (cold source)

Ry cooling tower (cold scurce)

tl: cocling water line (pips)

-60-



6. The heat source system as set forth in claim 5, wherein 10 the third control unit maintains a current
temperature set value of the heat medium which is cooled by the cold source, if the flow rate of the
heat medium is in the set range of temperature lowering determination flow rate and the temperature
of the heat medium is equal to the predetermined 15 temperature lowering determination temperature,
and raises the temperature set value of the heat medium which is cooled by the cold source, if the
flow rate of the heat medium is in the set range of temperature lowering determination flow rate and
the temperature of the heat medium is higher @fﬂf 20 predetermined temperature lowering
determination temperature. 7. The heat source system as set forth in claim 5 or 6, wherein the third

control uni raigesdt tsmPErALIe set yalus.af the heat medim whidh Js gopled by the ggld source, I

the flow rate of the heat medium s less than a predetermined minimum flow rate, an maintains

the current tempeature set vajue of:the heatmedium.which is.cooled by the cold spuice, f the flow

rate of 5 the heat medium is equal to or more than the predetermined minimum flow rate and is less

than a flow ratg.0f adding.a predeigrnined margin.amauntio, the predefermined.minimium flow rate. 10

8. The heat source system as set forth in any one of claims 1 to 6, wherein the cold sources are two or
more,sand theplurality of cold seuices are.gentrolled insthenumher theregf, 159 Eherheat source

system as set forth in any one of claims 1 to 6, wherein the pumps perform rated operations or inverter
control operatigpshanger of the load, are connected by pives through which
the heat medium flows, comprising:
a load heat amount measurement unit that measures an
amount of heat which tThe heat medium exchanges with the load;
10 a cold water return temperature measurement unit that
measures a temperature cf the heat medium which exchanges heat
with the lcoad and returns to the cold source; and
a first control unit that lowers a temperature set value
of the heat medium at an outlet of the cold scurce, if a
15 temperature of the heat medium falls below a temperaturs set
value thereci and a difference between the temperature of the
heat medium and the temperature set value of the heat medium
at the outlet o¢f the c¢old source becomes less than a
predetermined set value.
20
2. A heat source system, wherein pumps that send a heat medium
to at least one of a cold source for cooling the heat medium
and a heat exchanger for exchanging heat between the ccoled

heat medium and a load, the cold source, and the heat
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10. The heat source system as set forth in any one of claims 201 to 6, wherein the heat medium is
water. 11. A control method for a heat source system, wherein pumps that send a heat medium to at
least one of a cold source for cooling the heat medium and a heat exchanger for exchanging heat
between the cooled heat medium and a load, the cold source, and the heat exchanger of the load, are
connected by pipes through which the heat medium flows, wherein a temperature set value of the heat
medium at an outlet 5 of the cold source is lowered, if a temperature of the heat medium returning to
the cold source after heat exchanging with the load falls below a temperature set value thereof and a

difference with the elferatiire St valde ofihe Hedt tediam Si'the bitfet- OFthe 2o14 3bGfte becomes

less than a pquqaeée rgingdgeé;\(%luef g“}g AC%%ntr;:oiénethqd for a heat source system, wherein
pumps that senda et mediom to at184st one 0f a ¢old 'Sburce for cooling the heat medium and a

heat exchanger for excha QH‘@ heat between the cooled hgat megiug%and a load, the cold 15source,
a LOE:[(%| fit armeunt mef‘isc}iremen uni atl measures an
and the heat exchanger of the load, are connecte

amount of heat which the heat medium exchanges with the load;

5 a cold water return temperature measurement unit that

measures a temperature of the heat medium which exchanges heat
with the lead and returns to the cold source; and

a second contrel unit that changes a temperature set value

of the heat medium at an outlet of the cold source to be lower

10 than a predetermined temperature set value at the time of a

maximum load.

3. The heat source system as set forth in claim 2, comprising

a flow rate measurement unit that measures a flow rate

15  of the heat mediumwhich is heat exchanged with the load, wherein
when a flow rate of the heat mediumbecomes a predetermined

set flow rate at the time of the maximum load, if a temperature

of the heat medium is lower than the predetermined temperature

set value, the second control unit changes the temperature of

20 the heat medium at the outlet of the cold scurce to be lower

than the predetermined temperature set value.

4. The heat scurce system as set forth in claim 2, comprising

a flow rate measurement unit that measures a flow rate
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by pipes through which the heat medium flows, wherein a temperature set value of the heat medium at
an outlet of the cold source is changed to be lower than a predetermined temperature set value at the
time of a maximum load. 20 13. The control method for the heat source system as set forth in claim
12, wherein when a flow rate of the heat medium which is heat exchanged with the load becomes
a predetermined set flow rate at the time of the maximum load, if a temperature of the heat medium is
lower than the predetermined temperature set value, the temperature of the heat medium at the outlet
of the cold source is changed to be lower than the predetermined temperature set value. 5 14. The
control mefhod 36 e et SobFcBisysterhcad et BithiA EEeM 12 Wi oad, wherein

the cold socurce is arranged with a plurality of unit cold

sources 1in series, and
the second control unit changes the temperature set value
5 of the heat medium at each outlet of the plurality of unit cold
sources to be lower than the predetermined set value, on the

basis of the flow rate and temperature of the heat medium.

5. A heat source system, wherein pumps that send a heat medium

10 to at least one of a cold source for cooling the heat medium

and a heat exchanger for exchanging heat betwsen the coocled
heat medium and a load, the cold gsource, and the heat
exchanger of the load, are connected by pipes through which
the heat medium flows, comprising:

15 a load heat amount measurement unit that measures an
amount of heat which the heat medium exchanges with the load;

a cold water return temperature measurement unit that
measures a temperature of the heat medium which exchanges heat
with the lcad and returns to the cold source;

20 a heat medium flow rate measurement unit that measures
a flow rate of the heat medium which exchanges heat with the
load; and

a third control unit that raises a temperature gset value

of the heat medium which is cocled by the c¢old source if the
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the cold source is arranged with a plurality of unit cold sources in series, and 10the temperature set
value of the heat medium at each outlet of the plurality of unit cold sources is changed to be lower than
the predetermined set value, on the basis of the temperature and flow rate of the heat medium which
is heat exchanged with the load. 15 15. A control method for a heat source system, wherein pumps
that send a heat medium to at least one of a cold source for cooling the heat medium and a heat
exchanger for exchanging heat between the cooled heat medium and a load, the cold 20source, and

the heat exqtianger.of the laad, afe.conesledby pines through whigh the heat mediy flows, wherein

if a flow rate of the heat medium which is heat exchanged with the Ioad is in a set range o

temperature raising deterination flow rats, a temperajure setvalug af the;heay medjumwhich is

cooled by the cold source is raised, and on the other hand, if the flow rate of the heat medium is in a

set range of temperaturs lowering determination figw rate.and the temperature;of the heat medium is

lower than a predetermined
by the cold scurce if the flow rate of the heat medium is in

5 aseb range of temperature lowering determination flow rate and
the temperature of the heat medium is lower than a predetermined

temperature lowering determination temperature.

6. The heatl scurce system as set forth in claim 5, wherein
10 the third control unit maintains a current temperature
set value of the heat medium which is cooled by the cold source,
if the flow rate of the heat medium is in the set range of
temperature lowering determination flow rate and the
temperature of the heat medium is egual to the predetermined
15 temperature lowering determination tempesrature, and
ralses the temperature set value of the heat medium which
is cocled by the cold source, if the flow rate of the heat medium
is in the set range of temperature lowering determination flow
rate and the temperature of the heat medium is higher than the

20 predetermined temperature lowering determination temperature.

7. The heat source system as set forth in claim 5 or 6, wherein
the third control unit raises the temperature set value

of the heat medium which is cooled by the cold source, if the
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5 temperature lowering determination temperature, the temperature set value of the heat medium
which is cooled by the cold source is lowered. 16.The control method for the heat source system as
set forth 10in claim 15, wherein if the flow rate of the heat medium is in the set range of
temperature lowering determination flow rate and the temperature of the heat medium is equal to the
predetermined temperature lowering determination temperature, a current 15 temperature set value of
the heat medium which is cooled by the cold source is maintained, and if the flow rate of the heat

medium s i7 the set angc attemperalre lawering determination flou 1a(s, pnd the tempgrature of the
heat medium is higher than the predetermlneé{%&temperature owering determination emperature,
the temperature sef value_of the heat medium which is cooled by the cold source is raised. 17.The

control method for the heat source system as set forth in claim 15 or 16, wherein if the flow rate of

the heat medium i less than a predetermiped minimum,flow rate, the temperature sef, value of the

heat medium which is cooled by the cold source is raised, 5 and if the flow rate of the heat
medium is;equal.to o more thap the predetermined minimum flow rate gands Igssthan @ flow rate of
adding a predetermined margin amount to the predetermined minimum flow rate, the current
tempefatukengetheat medium is equal to or more than the predetermined
minimum flow rate and is less than a flow rate of adding a

predetermined margin amount to the predetermined minimum flow

rate.

10 8. The heat socurce system as set forth in any one of claims 1
to 6, wherein the coid sources are two or more, and the
plurality of cold socurces are contrcolled in the number

thereof.

I5 9. The heat source system as set forth in any one of claims 1
to 6, wherein the pumps perform rated operations or inverter

contrcl operations.

10. The heat scurce system as set forth in any one of claims
20 1 to 6, wnhnerein the heat medium is water.
11. A control method for a heat source system, wherein pumps

that send a heat medium to at least one of a cold source for

cooling the heat medium and a heat exchanger for exchanging
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10 value of the heat medium which is cooled by the cold source is maintained. 18. The control method
for the heat source system as set forth in any one of claims 11 to 16, wherein the cold sources are
15more than one, and the plurality of cold sources are controlled in the number. 19. A program for
performing on a computer the control method for the heat source system as set forth in any one of
claims 2011 to 16.

heat between the cocoled heat medium and a load, the cold
scurce, and the heat exchanger of the lcoad, are connected
by pipes through which the heat medium flows, wherein
a temperature set value of the heat medium at an ocutlet
5 of thecoldsource is lowered, if a temperature of the heat medium
returning to the cold source after heat exchanging with the load
falls below a temperature set value thereof and a difference
with the temperature set value of the heat medium at the cutlet
of the cold source becomas less tﬁan.a predetermined set value.
10
12. A control methoed for a heat scurce system, wherein pumps
that send a heat medium to at least one of a cold source for
cooling the heat medium and & heat exchanger for exchanging
heat between the cooled heat medium and a load, the cold
I5 source, and the heat exchanger of the load, are connected
by pipes through which the heat medium flows, wherein
a temperature set value of the heat medium at an cutlet
of the cold source is changed to be lower than a predetermined
temperature set value at the time of a maximum locad.
20
13, The control method for the heat source system as set forth
in ¢laim 12, wherein
when a flow rate of the heat medlumwhich is heat exchanged

with the load becomes a predetermined set flow rate at the time
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of the maximum load, if a temperature of the heat mediumis lower
than the predetermined temperature set value, the temperature
of the heat medium at the ocutlet of the cold source is changed

to he lower than the predetermined temperature set value.

14, The control method for the heat source system as set forth
in claim 12, wherein

the cold source is arranged with a plurality of unit cold
sources in series, and

the temperature set value of the heat medium at each cutlet

of the plurality c¢f unit cold sources 1is changed to be lower

than the predetermined set wvalue, on the basis of the

temperature and flow rate of the heat medium which is heat

exchanged with the load.

15. A control method for a heat source system, wherein pumps
that send a heat medium to at least one of a cold source for
cooling the heat medium and a heat exchanger for exchanging
heat between the cooled heat medium and a load, the cold
source, and the heat exchanger of the load, are connected
by pipes through which the heat medium flows, wherein

if a flow rate of the heat medium which is heat exchanged
with the load is in a set range of temperature raising

determination flow rate, a temperature set value of the heat
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medium which is cocled by the ¢old source is raised, and on the
other hand, if the flow rate of the heat medium is in a set range
of temperature lowering determination flow rate and the
temperature of the heat medium is lower than a predetermined
temperature lowering determination Temperature, the
temparature set value of the.heat medium which is cooled by the

cold source is lowered.

15. The centrol method for the heat source system as set forth
in ¢laim 15, wherein

if the flow rate of the heat medium is in the set range
of temperature lowering determination flow rate and the
temperature of the heat medium is equal to the predetermined
temperature lowering determination temperature, a current
temperature set value of the heat medium which is cooled by the
cold source is mailntained, and

if the flow rate of the heat medium is in the set range
of temperature lowering determination flow rate and the
cemperature of the heat medium is hicgher than the predetermined
temperature lowering determination temperature, the
temperature set value of the heat medium which is cocled by the

cold source is railsed.

i7. The contrel method for the heat scurce system as set forth
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in c¢laim 15 or 16, wherein

if the flow rate of the heat medium is less than a
predetermined minimum flow rate, the temperature set value of
the heat medium which is cooled by the cold source is raised,
and

if the flow rate of the heat medium is equal tc or more
than the predetermined minimum flow rate and is less than a flow
rate of adding a predetermined margin amount to the
predetermined minimum flow rate, the current temperature set
value of the heat medium which is cooled by the cold source is

maintained.

18. The control method for the heat source system as set forth
in any one of c¢laims 11 to 16, wherein the cold sources are
more than one, and the plurality of cold sources are

controlled in the number,.

19. A program for performing on a computer The control method

for the heat source system as set forth in any one of claims

11 to 16.
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