COOLING SYSTEM AND METHOD FOR CONTROLLING COOLING SYSTEM
CROSS-REFERENCE TO RELATED APPLICATIONS This application is based upon and claims
the benefit of priority from Japanese Patent Application P2011-229159 (filed on October 18, 2011); the
entire contents of which are incorporated herein by reference. BACKGROUND OF THE INVENTION

1. Field of thedpyentivi: SYKIEREse0DnVentians flewtee ook SyREm@End aRethod for

controlling the cooling system which cool an object to be cooled by circulating a refrigerant.
SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
This application is based upon and claims the benefit of priority
from Japanese Patent Application P2011-229159 (filed on QOctober 18, 2011);

the entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a cooling system and a method for

controlling the cqoling system which cool an object to be cooled by
circulating a refrigerant.

2. Description of Related Art

Conventionally, there is adopted a cooling system which is directed to
improvement on heat conveyance efficiency by latent heat transfer and
cooling an object to be cooled without circulating chilled water. In the
cooling system, a condenser at the first side performs heat-exchange
between a chilled water and a refrigerant to condense the refrigerant, and
the condensed refrigerant is supplied to the evaporator at the second side to
perform heat-exchange with the object to be cooled (air etc.).

Such a cooling system cools the object to be cooled by use of
evaporation heat of the refrigerant to be gasified (evaporated) by the
evaporator. Therefore, the cooling system requires regulating the flow-rate
of the refrigerant to flow in the evaporator and keeping an evaporation
pressure in the evaporator under a predetermined value.

As such a technique of the cooling system, for example, the



2. Description of Related Art Conventionally, there is adopted a cooling system which is directed to
improvement on heat conveyance efficiency by latent heat transfer and cooling an object to be cooled
without circulating chilled water. In the cooling system, a condenser at the first side performs
heat-exchange between a chilled water and a refrigerant to condense the refrigerant, and the
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the object to be cooled (air etc.). Such a cooling system cools the object to be cooled by use of
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cooling system requires regulating the flow-rate of the refrigerant to flow in the evaporator and keeping
an evaporatist @ressnrehin FaeevaPoratorantdeiachrddetemminadivatyenfAb s eehrotadhnique of the
cooling system, for example, the technigpt;e described in the Patent Document 1 (Patent National
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Patent Document 1 includes, in a vicinity of the evaporator, a flow-rate re%ulat%gﬁvalve for regulating a
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refrigeranttjg ﬁgggﬁg%@u&%@&gyoad operation, the refrigerant pressure in the system is lowered
to lower the evaporation tempeérature of the refrigerant in the evaporator, occasionally excessively

cooling an object fereiRg£qaleddaidhnique disclosed in the Patent Document 1, when
the circulation flow rate of the refrigerant is decreased during partial load
operation, the refrigerant pressure in the system is lowered to lower the
evaporation temperature of the refrigerant in the evaporator, occasionally
excessively cooling an object for being cooled (air).
The invention is directed to a cooling system and a method for
controlling the cooling system, which appropriately cool an object to be

cooled even under a partial load operation.

SUMMARY OF THE INVENTION

An aspect of the invention provides a cooling system and a method
for controlling the cooling system including® one or more evaporators, each
of the evaporators for evaporating a refrigerant and cooling an object to be
cooled by heat exchange between the refrigerant and the object to be cooled;
a refrigerant-supply-flow-rate regulator for regulating a flow rate of the
refrigerant to be supplied to each of the evaporators: a post-cooling
temperature measurement device for measuring a temperature of the object
that is cooled by each of the evaporators through heat exchange with the
refrigerant; a condenser for condensing the refrigerant, evaporated by the

evaporator, by cooling the refrigerant through heat exchange between the



The invention is directed to a cooling system and a method for controlling the cooling system, which
appropriately cool an object to be cooled even under a partial load operation. SUMMARY OF THE
INVENTION An aspect of the invention provides a cooling system and a method for controlling
the cooling system including: one or more evaporators, each of the evaporators for evaporating a
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to be cooled; a refrigerant-supply-flow-rate regulator for regulating a flow rate of the refrigerant to be
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refrigerantgarcndedsdryforlcontenkingdtie aefligerahillevaporae oy tratevesmiriader biprooling the
refrigerant through heat exchange between the refrigerant and a chjlled water; and a
refrigeranteendeiingre flegstrsmehtBewbilled Fedstriaghe snpdiathie dhthevatigasint

condensed by the condenser; and a chilled-water-flow-rate regulator, for,regulating a flow rate of the
chilled Watrgpfo”&éré%%ﬁ?éﬁm%n%ﬁgfé%@ﬁ FRRAERIGE SR Toiae %ytliﬁeSB%}?Hg Ser is

pressurized Lo upplied to all of the.evappr to&s. Tpe,_(fpille_d- ateﬂr-floyvgater !ﬁtgg raegulatesa
flow rate of‘% e(%?lﬁ%g?ng%?? %ogé'su%r%ﬁeg%ﬂtﬁe i 1ens?g¥, ora te %earaotﬂrge ?he condensed

refrigerant g come 1o grpredetgrmingdfarast rely |Q§°era§ﬁ1£ HichtemPetuten db8ser, for a

refrigerant-supply-flow-rate regulator regulates the flow rate of the refrigerant, to be supplied to each of
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temperature for each of the evaporators. According to the invention, the cooling system and the

method forr-e@ritreting tHeuidoting systenrare fovidelti geinichtapprphridkety cowl theobjéat to be
cooled even under a partial load operation. The cooling system and the method for controlling the
cooling systegmkrieproviddthwhiate pebyelme asefsizgvaniootind dusvpriiepdrisashddperation and
enhance energy saving in response to a load. BRIEF DESCRIPTION.OF THE ACCOMPANYING
DRAWINGY aporators, for 'a temperature of the object cooled to come to a

predetermined target cooling temperature for each of the evaporators.

According to the invention, the cooling system and the method for

controlling the cooling system are provided, which appropriately cool the

object to be cooled even under a partial load operation. The cooling system

and the method for controlling the cooling system are provided, which

prevent excessive cooling during the partial load operation and enhance

energy saving in response to a load.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
Fig. 1is a diagram illustrating a configuration example of a cooling
system according to the present embodiment;
Fig. 2 is a diagram illustrating a configuration of a data center with
a dew-point thermometer; and
Fig. 3A is a diagram illustrating a configuration with a differential
pressure gauge; and

Fig. 3B is a diagram illustrating a configuration including a



Fig. 1 is a diagram illustrating a configuration example of a cooling system according to the present
embodiment; Fig. 2 is a diagram illustrating a configuration of a data center with a dew-point
thermometer; and = Fig. 3A is a diagram illustrating a configuration with a differential pressure
gauge; and Fig. 3B is a diagram illustrating a configuration including a pressure differential
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and a condenser-refrigerant-liquid temperature sensor.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the present invention will hereby be described
with reference to the drawings.

A cooling system 1 according to the embodiment, as illustrated in
Fig. 1, is configured in such a manner that a refrigerant CL circulates to
cool an object to be cooled to a predetermined temperature (target cooling
temperature). The cooling system 1 includes a first side la where the
refrigerant CL is cooled to be condensed, and a second side 1b where the
refrigerant CL takes heat from the object to be cooled for evaporating.

Hereafter, an evaporated gaseous refrigerant CL is referred to as a
refrigerant gas CL (3), and a liquefied liquid refrigerant CL is referred to as
a refrigerant-liquid CL (L), if necessary.

The second-side 1b corresponds to a system which cools a cooler
object with the refrigerant CL (L) out of which heat is taken during
evaporating. In this embodiment, the object to be cooled 1s a
high-temperature exhaust AH which is discharged from the servers (not
shown in Figs.) arranged in a data center 80.

The data center 80 includes coolers (Fig. 1 illustrates two coolers
20a, 20b) for cooling the high-temperature exhausts AH discharged from the
servers.

Hereafter, the configuration including two coolers 20a, 20b are
explained as an example. If the configuration includes three or more

coolers, each of the coolers has an identical construction and function.



An embodiment of the present invention will hereby be described with reference to the drawings.

A cooling system 1 according to the embodiment, as illustrated in Fig. 1, is configured in such a
manner that a refrigerant CL circulates to cool an object to be cooled to a predetermined temperature
(target cooling temperature). The cooling system 1 includes a first side la where the refrigerant CL is
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circulate through the refrigerant-liquid pipe Cpl, and is supplied to the
evaporator 21a provided to the cooler 20a and the evaporator 21b provided
to the cooler 20b. The evaporator 21a, 21b has thin pipes arranged therein,
through which the supplied refrigerant-liquid CL (L)} flows. The
evaporators 2la, 21b are configured in such a manner that the
high-temperature exhausts AH from the data center 80 flow around on the
thin pipes to be made to exchange heat with the refrigerant-liquids CL (L).
In the evaporators 21a, 21b, the refrigerant-liquid (L} is evaporated to the
refrigerant-liquid (G) by taking evaporation heat from the high-temperature
exhaust AH, which is cooled to be turned into low-temperature air AL.

It should be noted that the coolers 20a, 20b may include blowers 22a,
22b for the high-temperature exhausts AH to efficiéntly circulate through
the evaporators 21a, 21b.

The coolers 20a, 20b include evaporator-outlet-air temperature
sensors 25a, 256b (post-cooling temperature measurement devices) for
measuring temperatures of low-temperature airs AL to which
high-temperature exhausts AH is cooled by the evaporators 21a, 21b. The
coolers 20a, 20b include refrigerant-flow-rate control valves 26a, 26b for
regulating the flow rate of the refrigerant-liquid CL (L)) to be supplied to the
evaporators 21a, 21b. The coolers 20a, 20b include refrigerant-flow-rate

controllers 23a, 23b for controlling the refrigerant-flow-rate control valves



It should be noted that the cooling system 1 provided in the data center 80 is just one example, and
the cooling system 1 according to the embodiment is capable of being appropriately installed at the
place where an object to be cooled such as air is cooled. The refrigerant CL (L), which is
condensed by the condenser 10 provided on the first side la, is pumped by the refrigerant pump 17 to

circulate thypughdhe refrigerantligiding Gl 30615 SURRed 0 1hR.QARRAGARAR pigyided to the

cooler 20a and the evaporator 21b provided to the cooler 20b. The evaporator 21a, 21b has thin pipes
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are configured in such a manner that the high-temperature exhausts AH from the data center 80 flow

around on thfriinpipesipbe hade tocexghdngerheat with the refrigerant-liquids CL (L). In the
evaporators 21a, 21b, the refrigerant-liquid (L) is evaporated to the refrigerant-liquid (G) by taking
evaporation heat fessrigretilegritenperatbeesestrad st AR hvafcthis wdied & Herrhéd into
low-temperature air AL. It should be noted that the coolers 20a, 20b may include blowers 22a, 22b
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refrigerantyﬁow-rate contro es r regulating the flow rate of the refrigerant-liquid CL (L)

to be suppjied\ig,ihe.evangsaiars <andlidthescoplerniaa, R0b-inshiderefkigeranhiloucrate

controllers 23a, 23b for controlling the refrigerant-flow-rate control valves 26a, 26b. In this
embodimegththeretigerantfiauerate tontal dakws?bae 26k andafrigeralit:-(GW-rate controllers 23a,

23b constitute a refrigerant-supply -flow -rate regulator. As described above, the second side Ib of
the cooling systeniTthis chiffigdrechter, which is cooled by the cold heat source 12, is
pumped out by the chilled-water pump 13 through the chilled-water pipe
Wp which is disposed to pass through the condenser 16. The chilled water
is made, in the condenser 10, to exchange heat with the refrigerant gas CL
(@) of a relatively high temperature which is sent through the refrigerant
gas pipe Cpg from the second side 1b, and is raised in temperature before
returning to the cold heat source 12 to be cooled.
It should be noted that the chilled-water pipe Wp includes a bypass
pipe Wpa which is disposed in parallel with the pipe in the condenser 10.
The three-way valve 14 regulates a flow-rate of a chilled water circulating
in the condenser 10 and a chilled water circulating through the bypass pipe
Wpa.
The three-way valve 14 may be configured as a flow-rate regulating
valve which is capable of regulating a flow-rate ratio of a circulating
flow-rate of a chilled water circulating through the bypass pipe Wpa and a
circulating flow rate of a chilled water circulating through the pipe in the
condenser 10, and which is controlled by the refrigerant temperature

controller 15.



The first side la is configured in such a manner that a chilled water, which is cooled by a cold heat
source 12, and a refrigerant gas CL (G), which is evaporated on the second side Ib, are made to
exchange heat with each other by the condenser 10 for condensing the refrigerant gas CL (G).

The chilled water, which is cooled by the cold heat source 12, is pumped out by the chilled-water pump

13 through the chilegtwaier pe Wohich p disnaseddo,passdionsis t ¢opslenser i The chilld

water is made, in the condenser 10, to exchange heat with the refrigerant gas CL (G) of a relatively

high tempengtigsg Whishis-sentithreudiiheualriaesapy gasPipm £ Py Homiiie sesand sigegdb, and is
raised in temperature before returning to the cold heat source 12 to be cooled. It should be noted
that the chilled-waterofipec-Wil ddcked esrachypdssi pipeMitpaghhitl ipigispasethin pardielseith the pipe
in the condenser 10. The three-way valve 14 regulates a flow-rate of a chilled water circulating in the
condenserliD and-esthilled waflercinsuiatiog theouwdhlihd bypses phget \Wpasuppliethdehide-way valve

14 may be configured as a flow-rate regulating valve which is capable of regulating a flow-rate ratio of

a circulatirgpRERAsE Hi-a daYiEevrardiodimatngha s e Bypass dife Wb AR eraptulating flow
rate of a chilled water circulating thrqugh the pipe in the condenser 10, and which is controlled by the
refrigerant ETREHALIFRE 88%12‘?1"1%%?0“%5@%%@%2 Y.ﬂ%eﬁi?é’&m%‘i%% %g&[r]%acfgting flow-rate of
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supplied to {hejaandensel-10r Adhe enbelimentaihe three-way valve 14 and refrigerant temperature

controller 15 constitute a chilled-water-flow-rate regulator. The cold heat source 12 is not limited,
and may be a refrigeratarfang thatika cagalls of feeplirgazchiledmatel at the second side
1b, is sent through the refrigerant gas pipe Cpg to the first side la. The
refrigerant gas CL (G) is made to exchange heat with fhe chilled water in
the condenser 10 to be cooled and condensed into a liquid refrigerant-liquid
CL (1). The refrigerant-liquid CL (L), which is condensed by the condenser
10, is reserved in a refrigerant-liquid tank 16, and, thereafter, is pressurized
by a refrigerant pump 17 and is sent to the second side 1b through the
refrigerant-liquid pipe Cpl. The refrigerant pump 17 may be constructed to
be capable of easily changing a rotation frequency (rotation speed), and, for
example, may be constructed to be inverter controlled. This construction
facilitates regulating a flow rate of the refrigerant-liquid CL (L) which
circulates through the refrigerant-liquid pipe Cpl.
It should be noted that the temperature of the refrigerant-liquid CL
(L), which is condensed by the condenser 10, is measured by a refrigerant
-temperature measurement device (condenser-refrigerant-liquid
temperature sensor 11). The measured value is input into the refrigerant
temperature controller 15.
The refrigerant temperature controller 15 regulates a flow rate of

the chilled water supplied to the condenser 10 for the measured value



The refrigerant gas CL (G), after being evaporated at the second side Ib, is sent through the refrigerant
gas pipe Cpg to the first side la. The refrigerant gas CL (G) is made to exchange heat with the chilled
water in the condenser 10 to be cooled and condensed into a liquid refrigerant-liquid CL (U. The
refrigerant-liquid CL (L), which is condensed by the condenser 10, is reserved in a refrigerant-liquid

tank 16, a@%r{{ﬁ%@ is ppgssurizgd by arefigRIAM R 17 @nd is sgn to thg,secang side Ib

through the refrigerant-liquid pipe Cpl. The refrigerant pump 17 may be constructed to be capable of

easily chapgin:adotation faauericy iatatieigreetirandsfarsexamylle, may dexgonsisucted to be
inverter controlled. This construction facilitates regulating a flow rate of the refrigerant-liquid CL (L)
which circyiatds tiwntighdtia refigeraptliguicelpergel . refri geshotit deid dtadnhea theetemperature of
the refrigerant-liquid CL (L), which is condensed by the condenser 10, is measured by a refrigerant
-temperature meadirémeneaditedieormisiassrrdtigaraetaiguin rempelitirdSeMaBrELshthe
measured value is input into the refri(%erant temg\g@ure controller 15. he r frigerz?]gt temperature
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value (temperatureaftherefrigerant-liquidCL the condenser-refrigerant-liquid. te ture sensor
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specific, t Cﬁgﬁg@%ﬂiﬁe@“@fé%yqﬁé %%@&éﬁ%@@@fﬂti%@@a%m%!y@ i degrgase the flow

rate of the be supplied to the condenser 10, if the measured value (temperature of the
refrigerantgliguiigrC1(Li) bywthe qendenser-tefigeranhliguichiempaiauigsersatdiels Ider than the
target refrigerant-liquid temperature. The refrigerant temperature controller 15 adjusts the three way
valve 14 ta-riffeigasmihedtayetaituet the ehilBdwaterad; bet supipliethie ¢hevagndehger 10 tif the
measured value (temperature of the refrigerant-liquid CL (L)) by the condenser-refrigerant-liquid
temperatuieseaserthe §dighatetodribiecctziided refigetanbliguitnbepéeathrecomiinnepe Hirigerant

temperature controller 15 regulates the flow rate of the chilled water to be s%;ﬁ)l&i%tg th%condenser
10. if the measured value (temperature of the refrigerant-hquid y the

condenser-refrigerant-liquid temperature sensor 11 is higher than the target
refrigerant-liquid temperature. Thus, the refrigerant temperature
controller 15 regulates the flow rate of the chilled water to be supplied to
the condenser 10.

The cobling system 1 of the embodiment including such a configured
first side la and second side 1b is configured to obtain low-temperature air
AL of a predetermined target temperature (target cooling temperature) from
high-temperature exhaust AH of a predetermined temperature
(high-temperature-side temperature) through a rated operation. For
instance, when the cooling pump 13 and the refrigerant pump 17 are
operated under the rated operation, the cooling system 1 is configured to
lower the high-temperature exhausts AH from high-temperature-side
temperatures of 40 °C to the target cooling temperatures of 25 °C to obtain
low-temperature airs AL.

It should be noted that in this case, the evaporation temperature of

the refrigerant-liquid CL (1) may be a temperature (for example, 23 °C)



The cooling system 1 of the embodiment including such a configured first side la and second side Ib is
configured to obtain low-temperature air AL of a predetermined target temperature (target cooling
temperature) from high-temperature exhaust AH of a predetermined temperature
(high-temperature-side temperature) through a rated operation. For instance, when the cooling pump

13 and thel%‘%xfz@"{ﬁ%el%ﬁ@ Rebd 06, QRRIted ynde fhe tated, gperalian, the.cooling systes 1 is

configured to lower t igh-temperature exhausts AH from high-temperature-side temperatures of 40
C to the taige! RO IRPPRIAIUIES af125 'V to obtain low-temperature airs AL. It should be noted
that in this case, the evaporation temperature of the refrigerant-liquid CL (L) may be a temperature (for
example, 23 C) loWaethafrithe-teimperaidr€df @5 Gsthidhisi targadeaskingliennheraturbsst the
low-temperature airs AL. The refrigerant-liquid CL (L), which is condensed by the condenser 10,
may be kepDat sntargberehdgerantt-ligutateniperdfitgevaichisagplopripeeht vee toxdenbrate a pressure
for the above-described evaporation temperature. The high-temperature exhaust AH in the data
center 80 i@ REFRRISAHIM Wieta e tiscATEE sewe ot ihe IrReMets el ST araidoss the
high-temperature exhaust AH varies due to the circumferential temperature and operation states of the
servers. In'fHERBEIHY €ystem 1 which is operated under the rated operation to lower the

high-temperature extiaust AHtom 40.G,10.25,C, yhem e [BEREIaIue gLihe highigmpgiature
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exhaust All varies, the temperatu the low-temperature air A es not occasionally come to the

target coolig temperanve-foL &xanaple9a:Snot ilfiRkinstance ifihe dameeraiues pithe

high-temperature exhausts AH become lower than a predetermined high-temperature-side
temperaturg;wihep His-lamperailesaf 1€ vefFigerantliguids srthmefapataidrs Riklerattndo not vary,

the high-temperature exhausts All are excessively cooled, and the temperatures of the

low-tempetatidrecpissadlohesores ovfetlthasetheetarget cottiegateiperatusesm 1 which 1s
operated under the rated operation to lower the high-temperature exhaust
AH from 40 °C to 25 °C, when the temperature of the high-temperature
exhaust AH varies, the temperature of the low-temperature air Al does not
occasionally come to the target cooling temperature (for example, 25 °C).

For instance, if the temperatures of the high-temperature exhausts
AH become lower than a predetermined high-temperature-side temperature
when the temperatures of the refrigerant-liquids in the evaporators 21b,
21b do not vary, the high-temperature exhausts AH are excessively cooled,
and the temperatures of the low-temperature airs AL become lower than the
target cooling temperatures.

Herein, the refrigerant-flow-rate controllers 23a, 23b at the second
side 1b adjust respectively the refrigerant-flow-rate control valves 26a, 26b
to make the temperatures of the low-temperature airs Al, which are
measured by the evaporator-outlet-air temperature sensors 2ba, 25b, come
to the target cooling temperatures, regulating flow-in rates of the
refrigerant-liquids CL (L) to be supplied to the evaporators 21a, 21b.

The evaporators 21a, 21b cool the high-temperature exhausts AH



Herein, the refrigerant-flow-rate controllers 23a, 23b at the second side |b adjust respectively the
refrigerant-flow-rate control valves 26a, 26b to make the temperatures of the low-temperature airs AL,
which are measured by the evaporator-outlet-air temperature sensors 25a, 25b, come to the target
cooling temperatures, regulating flow-in rates of the refrigerant-liquids CL (L) to be supplied to the

evaporators %1%2%,% %e wdﬁp&rﬁ%rﬁ Zﬁéagéba?gO'tﬁl?eﬂigﬁﬁ?{H e@g&%ﬁ stgeAk, put of which

evaporatio(r)l%eats are taken during evaporating of the refrigerant-liquids (L), obtaining the
low-tempeyatie s Al g hiverefere. for examplanifibe lepeaiuiempbing low-temperafure airs AL

are higher thanthe target cooling temperatures, each evaporation heat of the refrigerant-liquids CL (L)
in the evapPrates 2] ao2 xmaylwcitase (pamelseaeh afnthinlof evappsationscindieasds). In
the evaporators 21a and 21b, as the pressures of the refrigerant-liquids CL (L) lower, the evaporation
temperatures: anéglberetbd it arogets oiduag detipesanerizicreask ok VO préssulesasf ehe
refrigerant-liquids CL (L) in the evaporators 21a and 21b are pressures during sending of the
refrigerantfiffuitefnigenaatlia sidorfclsile) IH i dhexavier AlsERatd@ presi LrRAsT ISHedfigerant pump
17). On th? other hand, decreasing flow-in rates of the refrigerant-liquids CL (L) by the

refrigerant ‘W Fe %hr%%%s%@ﬁ?@ﬁ%é?ﬁﬁt%?ﬁ%@iures of the refrigerant-liquids CL (L) in

evaporators 21a, 21b to,be lowered. It% e eyaporgipr-outlet-air temperature sensqfg 25a, 25b
have measuremen r\l/al%lé% h?d’ﬁéjroﬁ%ﬁrt%e g%et%%%lir%tﬁnémggra%%s ng?sexasnple, 25 C%, the

refigerantiguale conyaleLs @R 23p pduatbe reiRRDLIIO AR eARIOLYBNER 2R 26b. This

adjustment decfeases flow-in rates of the refrigerant-liquids CL (L) e supplied to the evaporators

21a, 21b, apdhilowsrsdhespressives Sfdbp refrgesaniliguide €L (LThethgevanesatoss 2dies 21b.
On the other hand, if the evaporator-outlet-air temperature sensors 25a, 25b have measurement
values lowesfiligarthetthigeidsoGling Iompe titares ather sgtng e Bdrat- tovd-rald cartrglkers28es 23b adjust

the refrigerant-flow-rate control valves 26a, 26b. This control increases flow-in rates of the
refrigerantdiquide Gending bé toppidtigsthatslispomiols Jihto the second side 1b (for

example, discharge pressure of the refrigerant pump 17). On the other
hand, decreasing flow-in rates of the refrigerant-liquids CL (L) by the
refrigerant-flow-rate control valves 26a, 26b permits the pressures of the
refrigerant-liquids CL (L} in evaporators 21a, 21b to be lowered.

If the evaporator-outlet-air temperature sensors 25a, 25b have
measurement values higher than the target cooling temperatures (for
example, 25 °C), the refrigerant-flow-rate controllers 23a, 23b adjust the
refrigerant-flow-rate control valves 26a, 26b. This adjustment decreases
flow-in rates of the refrigerant-liquids CL (L) to be supplied to the
evaporators 21a, 21b, and lowers the pressures of the refrigerant-liguids CL
(L) in the evaporators 21a, 21b.

On the other hand, if the evaporator-outlet-air temperature sensors
25a, 25b have measurement values lower than the target cooling
temperatures, the‘ refrigerant-flow-rate controllers 23a, 23b adjust the
refrigerant-flow-rate control valves 26a, 26b. This control increases flow-in

rates of the refrigerant-liquids CL (L) to be supplied to the evaporators 21a,
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21b, and raises the pressures of the refrigerant-liquids CL (L) in the evaporators 21a, 21b. For
example, the configuration may be the following.The temperature differences between the respective
measurement values of the evaporator-outlet-air temperature sensor 25a, 25b and the corresponding
target cooling temperatures are fed back to the corresponding refrigerant-flow-rate controllers 23a,

23b. The rgfigerant fioyaate sontialiers ada A3hiacivshigsneriveliudag opening dagregs of the

refrigerant-flow-rate control valves 26a, 26b to make the fed-back temperature differences come to "0".
For example,{f shgrmeasiyemant values of the evaporator-outlet- air temperature sensor 25a, 25b are
higher than the target cooling temperatures, the refrigerant-flow-rate controllers 23a, 23b adjust
respectively the refrigerartafioplaateleontol figivestion, athyto decrdaseftibfiowgatesitfehe
refrigerant-liquids CL (L) to be supplied to the evaporators 21a, 21b (decreasing of the pressures of
the refrigetantierstiar€ LAl rOnehdothwenatit ifthpatieunsursnentamieies vikhes of the
evaporator-outlet-air temperature sensor 25a, 25b are lower than the target cooling temperature, the
refrigeranteieRaEAEEOMEIREIRID I8 NI AbjiSt FEBSEEIVAR: RS Peftitfer fIRNERSROBSAS! valves

26a, 26b to increase the flow rates of the refrigerant- i%uidg %Cé{2 (L% to bt%sup%%ed to tgg.%vaporators
21a, 21b (iFiEsinGO RS prEtERELBItRE retigerdhttiiqlieicL i) e COgUrRion may be

also the followind: The ApRropriate.Adsinent meuntaf the gpening. degieen ohigltiggant flow-rate

control valvés Z6a, 26b, corresponding to the température differences betWeen respective

measurementyalues,ofihg evagoralorautieaidamreratir sepserdga.deakand e eapesponding

target cooling temperatures, are previously found by experimental measurements and the like. The
result is stopgd as-daMmi@-map fawnatdd avaR@OrY2ERCtioranot Ehowin keFighe n fidstearkiguration,
the refrigerant-flow-rate controllers 23a, 23b set respectively the opening degrees of the
refrigerantifienpeatecaontbiffalyrec26ep@6b ttasd onfthe temparkturd diferencesiyetwerh the
respective measurement values of the evaporator-outlet-air temperature sensors 25a, 25b and the
correspondialpes gétidsofingRenaserautées; rais g RE S ERES BFR 2 RApOIAE RYBRS be

configured in such a manner that the refrigerant-flow-rate controllers 23a, 23b adjust r%spectively the
refrigerant!#svrriie d8RE6T A0BED A5IIEY BHESS o bR BT eI -aggjrééeaﬁm fit Amounts.

23a, 23b adjust respectively the refrigerant-flow-rate control valves 26a, 26b
to decrease the flow rates of the refrigerant-liquids CL (L) to be supplied to
the evaporators 21a, 21b (decreasing of the pressures of the
refrigerant-liquids CL (L)). On the other hand, if the measurement values
of the evaporator-outlet-air temperature sensor 25a, 25b are lower than the
target cooling temperature, the refrigerant-flow-rate controllers 23a, 23b
adjust respectively the refrigerant-flow-rate control valves 26a, 26b to
increase the flow rates of the refrigerant-liquids CL (L) to be supplied to the
evaporators 21a, 21b {increasing of the pressures of the refrigerant-liquids
CL (L)).

The configuration may be also the following. The appropriate
adjustment amounts of the opening degrees of refrigerant-flow-rate control
valves 26a, 26b, corresponding to the temperature differences between
respective measurement values of the evaporator-outlet-air temperature

sensor 25a, 25b and the corresponding target cooling temperatures, are

w11 -



As described above, the cooling system 1 according to this embodiment regulates the flow-rate of a
chilled water to be supplied to the condenser 10 to make the refrigerant-liquid CL (L) come to a
predetermined target refrigerant-liquid temperature to be condensed at the first side la. To make each
temperature of the low-temperature airs AL come to a predetermined target cooling temperature for

each of the Fy&c@a@éﬁf’@%&@% 5 500lIPg Sl M e LROH RIS i ASRY eSO NG cul

refrigerantalqw S inth orators 21a, 21 e second side Ib. To be specific, the
refrigerant;flquistate cONRUeTT 23% L3 Adiust fRSPeaUYehH-hstaitiderantflanrate cpnEol valves

26a, 26b to make the respective temperatures of low-temperature airs AL come to the corresponding
target cooljpg tanaperaifieas-faidhe elaperdiors:2ta; 2dk; ia regedatedhieftovi 3atedbthet
refrigerant-liquids CL (L) to be supplied to the evaporators 21a, 21b. According to this
configuraticespeetiviflthélte mperang eleg e shightlempdiagens sxiftustrake |oweisobelolyes
predetermined high-temperature-side temperature to reduce the cooling load at the second side Ib
with the cotfiing 39&tehe sedpomidh urigarrepaitar ohdispnandnb oty esmpEraIIRPEFhe
low-temperature airs AL cooled by %evaporators 21a, 21b are kept at predetermined target cooling

temperatuRRS AT TR PdrTGers: BhLiERS £ Bperates ARHET 2 Hads R, THEEORyikation
prevents t ressurgs of the refrigerant-liquids CL {L) from_ being, decrea; requcing.the flow-in
rates of th%%rgfrf}gne%rja%ﬁ iq(i%ge@f_ofgg%g bé%ﬁ%ﬁl%’é’ %)r} § %%‘5’88%%%82 fzj%%ﬁ%%\%%%h%%gve nts the

high-tempeyairesepiavsts, A ram being.excessivlrieanied Ouly.aneningdrgres Adigsiments of

the refrigerant-flow-rate control valves 26a, 26b, based on only the temperature variations of the
low-tempefatigaaifa AlidReastyed danthelRyapoztar-outisk-airdgraperatwesetisel?5ag1kbb, keep the
temperatures of the low-temperature airs AL at predetermined target cooling temperatures. This
adjustment-simplifiesttiie eonitel logimtant sivaplifies tBésyst@fbcomstsadtiomnf tHacookieg system 1.
It should be noted that the cooling system 1 as illustrated in Fig. 1 is configured in such a manner that
the refrigeranntigdeeore asudtbyetieaspaddiiser 10 is pressurized by the pump 17 to be sent to the
second side Ib. On the other hand, this embqdiment is applicable to_the cooling system of refrigerant

natural-circulation e He&RSlin@P s doSingOS e FEHEMgukedHTEIERA Mani8ithat the

height difference, between the first 'deréfi and the second side Ib and the density. difference between
the liquid refh 8%&%31&?& %ﬁ%ﬁ Saﬁﬁet e vﬁa%%%gu%?rgfﬁggl%n ‘géigeéIf?(%ea?%gy#(éérg?riég}é?ant CL to

N AAALEIHIRNOC VS, I ER gAY g birkpide fa s

naturally circulat ntﬁh gﬁgqﬁrea
disposed tgnge iﬁgsﬁénrltﬁan t%e second side Ib. This disposition allows the réfrigerant gas CL (G) of a

smaller depsityato-flgw siwardiiniie tefdgerastsaspine chgdnbesent tadhelitsksidela, and

To make each temperature of the low-temperature airs AL come to a
predetermined target cooling temperature for each of the evaporators 21a,
21b, the cooling system 1 regulates the pressures of the refrigerant-liquids
CL (1) in the evaporators 21a, 21b at the second side 1b. To be specific, the
refrigerant-flow-rate controllers 23a, 23b adjust respectively the
refrigerant-flow-rate control valves 26a, 26b to make the respective
temperatures of low-temperature airs AL come to the corresponding target
cooling temperatures for the evaporators 21a, 21b, to regulate the flow rates
of the refrigerant-liquids CL (L) to be supplied to the evaporators 21a, 21b.
According to this configuration, even if the temperature of the
high-temperature exhaust AH lowers below a predetermined

high-temperature-side temperature to reduce the cooling load at the second

-12 -



allows the refrigerant-liquid CL (L) of a larger density to flow downward (naturally drop) in the
refrigerant-liquid pipe Cpl to be sent to the second side Ib. This configuration allows the
refrigerant-liquid CL (L) condensed by the condenser 10 to naturally drop in the refrigerant-liquid pipe
Cpl due to the height difference between the first side la and the second side Ib, and to be pressurized
to be sent to th dside | r it ' d,i : r e
refrigerant-éﬁgSv?lrgtiﬁ gtgllﬁt% v%#)\%%ga%g%%{?eéﬁ?téep%g&;gﬁ (%?eg f%%%%@%ﬁ?&ggg%%%%CL (L) to be
supplied tocﬂéet@xgm&éefé@ batRiboRemehy dheraressiiesof tislefrigernat-danidyndhe
evaporators 21a, 21b. Such a configuration allows this embodiment to be applied to the cooling
system of thexrefriperant Rapiraltciseuthiioniiped tardeilbasiaigdinfigr 2 itasaywhid cdnfigured that
the data center 80 includes a dew-point temperature measurement device (dew-point thermometer
90), which relrastirestthewdgw Hoinp teatpdratude inathea tateopentdi @0, nahrelygtfiedeatipoint
temperature of the peripheral environment around the evaporators 21a, 21b placed therein, and the
measured VEGENSSnphEtoRkRSFaRRieraft tampardiigetaotibaaids. FineladrgBtoerrieiagt-liquid

temperature is lower than the dew- point temperature in the data. center 80, the refrigerant temperature
controller T &4 t YeE@\a/‘é‘&l@gl\?gl‘ig{?é"’r'éﬂd@rtﬂ@e ﬁgﬁef ?5%%@?‘8?? r;ﬁ[‘-l id°cL (L),

measured by the condenser-refrigerant-liquid temperature sgnsor 11. higher than the dey-point
temperaturgagof he 8%??%% er é N Thfasvggﬁjrs%ﬁé%t aﬁé\é}\is tk?e@émp%?é%ulgre of t %ee Te rige%r%ent-liquid CL

(L), to be i qdhe,seqermsidsibnio beoame bighenthan thexdevipaint tegapataturgyfithe air in the

data center Therefore, the cooling system 1 prevents dew condensation on the coolers 20a, 20b,
which prevgntsmalfungiienofjine seiver ofnols oyt HigshRausedimtheldadaesni®ago, by a
water droplet produced by the dew condensation. To be specific, if the refrigerant CL (L)
condensed B the cahdensetl Ghe keptiptithbutar getriefrigaraot-liheidoterbpetusdwhemthe dew-point
temperature is lower than the target refrigerant-liquid temperature, the refrigerant temperature '
controller ¥eladistsunedihbae thay Senreonates wikattherflowmate abae o eRe Chiffdawafdh to be
supplied to the condenser 10, and to raise the temperature of the refrigerant-liquid CL (L) to be

condensed b rigameeraiores i 4RBnklitsiBRARGHES R e ratuRF HEheF R MG rant-liquid
CL (L), which is to be supplied to the evapofators 1agt21b see Fig.f?é tgnbe hilgpelit an the
dew-point Fgﬁ%?érg?@éng %ﬁéné’gtlaa Bhier 8. : 6?e\57‘e111‘t1indntﬁxel d%{/rvfigohl ensation on the %%%%porgtors
oa, 210 ana WS SAlenequaey (aiatianFeeed) Al saliosramtauip 17 may be confgured t

be regulated in response to the pressure difference between the refrigerant-liquids CL (L) at the

suction side and thg, dischRIgR $ide-af thetrehdaeramh puiR dif. TaE eNaRRIAS 8MPWN INiEig. 3A, the

configuration includes: a differential-pressure measurement device (differential pressure gauge 17a)

for detecting i predsiiresdifierenaa iR hbtwetethefsigetiomsidd.1Ti)anththendistarghiside 170 of

the refrigerant pump 17; and a refrigerant pump controller 17b for regulating the rotation speed of the

refrigerant purdprker 10 isTheersfnigeeshb p dirp wompolldriviereeptate s hivesestatibmiffeglency of the

refrigerant gum 17 for the measurement value (pressure difference APp) of the differential pressure
B

gage 17a't @ 5heprogaerine e mberdma freaenidcabnteyHsecaelagamipie ™ timpPa).

refrigerant natural-circulation type (free cooling). This cooling system is
configured in such a manner that the height difference between the first
side 1a and the second side 1b and the density difference between the liguid
refrigerant-liquid CL (L) and the gaseous refrigerant gas CL (G) allow the
refrigerant CL to naturally circulate.

In the refrigerant natural-circulation type, it is required that the
first side la is disposed to be higher than the second side 1b. This
disposition allows the refrigerant gas CL (G) of a smaller density to flow

upward in the refrigerant gas pipe Cpg to be sent to the first side la, and

- 13-



For example, as shown in Fig. 3A, if the cooling system 1 includes a buffer tank 12a for temporarily
reserving the chilled water cooled by the cold heat source 12 even when the cold heat source 12 is
failed to make it impossible to cool the chilled water, the refrigerant gas CL (G) evaporated at the

second side Ib is cooled by the chilled water which is reserved in the buffer tank 12a. However, the

chilled wargruieis hekaaeled Lyiiha ol heaf spulcg e isaeitompcRv I AREg demperature

rise of the chilled water causes the temperature of the refrigerant-liquid CL (L) condensed at the first

side la to hg, saisediyT habjy, ihthederppgratuatchithachilles walerdBeoseas highrs, taesregulation

range of the flow rate by the three-way valve 14 fails to keep the temperature of the refrigerant-liquid
CL (L) at thedarget raftigerantf: liquic iempatyrehand fligdempelatuid 6fthd Jefrigdearetiquid CL (L)
occasionally becomes higher than the target refrigerant-liquid temperature. Thus, as the temperature
of the refrigerahe liguide@keit ) figesnetivmgly dugesitibprefsigeraithibianed efigetantfigeid pipe Cpl
to be raised. In this case, if the pressure at the discharge side 170 of the refriﬁgant pump 17 is

constant, the Hisshiightdidferensa drigeeant ety Trsidsvdaand dhsy werndestttn paidure within

the refrigerant-liquid pipe Cpl. For example, if the second side |b is disposed to he higher than the first
s@ge :z ?r(]a_t?e Erﬁﬁf]-‘ﬁﬁ;ﬁ_ﬁgdf (é? iy éeﬁ%é&%@ﬁ?@’ﬁias%%gi *faiﬂé%ﬁﬁg bl s@%ty_to{)ﬁlwe SeCIOEId
side |b. This causes the high-temperature, £x ts Al | 10 fai risgely cooled at
the second Sit égfﬁ?eé n %&hg ég%ﬁggf ?ﬁ t%@%?eiﬁﬁé%ﬁe@ggﬁ kgp bctégtl\}t\ﬁgg?l t @%u%%n side 17i

and the disgparge side. 1@ AdRealiograntrvRRL £iS CoRRIAN eveuyhenihapissane within the

refrigerant pipe Cpl varies, the pushing force of the refrigerant pump 17 does not vary, enabling the
refrigerant-Jighlich Ghotlak 08 stablyisan iodthe Brconekside Mol tigrafefa g dherhighirtedypatature

exhaust AH is appropriately cooled at the second side Ib.
the evaporators 21a, 21b. Such a configuration allows this embodiment to
be applied to the cooling system of the refrigerant natural-circulation type.
As illustrated in Fig. 2, it may be configured that the data center 80
includes a dew-point temperature measurement device (dew-point
thermometer 90), which measures the dew-point temperature in the data
center 80, namely, the dew-point temperature of the peripheral environment
around the evaporators 21a, 21b placed therein, and the measured value is
input to the refrigerant temperature controller 15. If the target
refrigerant-liquid temperature is lower than the dew- point temperature in
the data center 80, the refrigerant temperature controller 15 adjusts
three-way valve 14 to render the temperature of the refrigerant-liquid CL
(L), measured by the condenser-refrigerant-liquid temperature sensor 11,
higher than the dew-point temperature of the data center 80. This
adjustment allows the temperature of the refrigerant-liquid CL (1), to be
sent to the second side 1b, to become higher than the dew-point temperature
of the air in the data center 80. Therefore, the cooling system 1 prevents
dew condensation on the coolers 20a, 20b, which prevents malfunction of the

servers (not shown in Figs.), housed in the data center 80, by a water
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Thus, the rotation frequency of the refrigerant pump 17 is controlled to make the pressure difference
APp between the suction side 17i and the discharge side 170 of the refrigerant pump 17 come to a
predetermined differential-pressure setting value. This control appropriately cools the high-temperature
exhausts All (see Fig. 1) at the second side |b, even if the temperature rise of the chilled water causes

the tempergt_lér%c%f thg drgggig%é?@ekgq%gﬁlﬁ ‘ﬁ& e} gﬁ P1rl;il_ised. It should be noted that the

differential- lr(apssur%rsettlng value, w s kept as the pressure difference APp between the suction

side 17i and the digehprae,sided 72 ehiheieiugesant GHNE) L MRk faIPseselda:thirivalie which is

proved by the experimental measurement and the like to enable the high temperature exhausts All to

be appropriataly keplesk inithe avaroraivige2datAiduid terhPusahienite fotadodefkeguancy of the
refrigerant pump 17 is controlled to make the pressure difference APp between the suction side 17i
and the disehapge:sidec] o bithe rdfrgetdet pimgel 7rebnve tot diguedetmmperdiffaentid-pressure
setting value, the configuration may include the UPS (uninterruptable power supply) for driving the

server (notrsha@erantigemnparet usga eaHelbo (dée FUEEsevlA dintag Wavanatesofidoitmercial

power supply, as a back-up power supply. This configuration approprjately cools the high-temperature
exhausts Aft&detby Loyardhe %@8%% ‘fb,l]é?i@ﬁ”\ﬁﬁ%%@%8ﬁi?ﬁiﬁ$a¥%§hfe%ﬁﬁwe\ﬁhich serves

as the power supply of the cooling system 1, is failed, For example, if.the . iguration includes the
UPS as a éWearIngtﬁyrv%sl%h%#éecatggfﬁg ro%]t?:llryi'\?in%ﬁ%%ecﬁl %&%ﬁ/g?&tp}ﬁ%pl ZIBE %gésefﬁ%étr)gnt pump 17,

the reffi96&8{1%&3{9@&f?iwr;%tﬁent{:%klﬂeléeahefhree-vgwalge Hnthe Elfgeranifiguraggecontrol

valves 26a, 26b (see Fig.1) and the refrigerant-flow-rate controllers 23a, 23b (see Fig. 1), the

refrigerant gas (ekA{ @) is sondensaddardhr -thiled walgLiesener 8 hetwlepianid kdagwhich allows

the high-temperature exhausts All to be cooled without driving the cold heat source 12 having a large
amount of elegstieityopowel £orslinpiion. Fig.In1histeases thoighletheleald hbat skwvgeoiftis not driven
for the temperature of the refrigerant liquid CL (L) to rise, the refrigerant pump 17 stably sends the
refrigerantdigquickGLt dry tofthleesdabm deiden B3 O Herevors iate duc daw sidadsativhientsa the

high-temperature exhaust All to be appropriately cooled. AsillustratedinFig.3B,provisionofthe
evaporators 21a, 21b.

The rotation frequency (rotation speed) of the refrigerant pump 17
may be configured to be regulated in response to the pressure difference
between the refrigerant-liquids CL (1) at the suction side and the discharge
side of the refrigerant pump 17. For example, as shown in Fig. 3A, the
configuration includes: a differential-pressure measurement device
(differential pressure gauge 17a) for detecting the pressure difference APp
between the suction side 17i and the discharge side 170 of the refrigerant
pump 17; and a refrigerant pump controller 17b for regulating the rotation
speed of the refrigerant pump 17.

The refrigerant pump controller 17b regulates the rotation
frequency of the refrigerant pump 17 for the measurement value (pressure
difference APp) of the differential pressure gage 17a to come to a
predetermined differential- pressure setting value (for example, 0.1 MPa).

For example, as shown in Fig. 34, if the cooling system 1 includes a

buffer tank 12a for temporarily reserving the chilled water cooled by the

C15.



condenser-refrigerant-liquid temperature sensor 11 at a side of condenser 10 rather than at the suction
side 17i of the refrigerant pump 17 enables the temperature of the refrigerant-liquid CL (L) condensed
by the condenser 10 to be measured at the suction side 17i. Therefore, it is configured in such a
manner that the measurement value of the condenser-refrigerant-liquid temperature sensor 11 is input

into the fe@éﬂ&%@ﬁ?%&&&@QO%%&Z%EH%B@N&M%@% Qanddrpen ngliteapresaug gauge

(outlet-side pressure gauge 17c) which measures the pressure at the discharge-side 170 of the

refrigerant; giiaR-lif1anAaan peh theaneasurath valbiRiste-dhe seligera0h pumposatsdler 170.
According to the configuration, the condenser-refrigerant-liquid temperature sensor 11 and the

outlet-sidetpressurm datide 1Fcigonsildels presstikdidifferance mhastuismentdevdcer the The
refrigerant pump controller 17b calculates the temperature of the refrigerant-liquid CL (L) based on the
measurenlenffoaltenkhichis iHowdrem the chibedserierrgbiahtifiquit tomprhiurbsenkbr 11, and
calculate (estimate) the pressure corresponding to the temperature. The temperature and the pressure

of the refrigepintaitig €2 (ISPRAVCtATBBAEIMHER REH e IR IR biPs fBtet chart. The
fri t troller 17b il Iculates ( timates) the. f th fri t-liquid CL

() o the UG S Do e ek P TR R b g e

refrigeranttﬁlgﬁﬁrg{n%gggi 1ib G@écgé%%%_(esi@ggeﬁ) tﬁetgl@st%%?}&aas&g@ NINg.lemiaagure of the

refrigerant- eterminé the pressure at the suction side 17i. The refrigerant pump

controller 17b, detarmings the pressurenat the.disahgroe side. 169 pnaddipg aredaiernined

differential-pressure setting value to the calculated (estimated) pressure at the suction side 17i. The

refrigerantgirapwartredbrel 1h egldaie skhwpretatian fipatienay aifthibsefigdgruptrtindid for the
difference, between the calculated pressure at the discharge side 170 (the pressure obtained by
adding the(ifférdnitatiprassgre seftingvalde tuithd peesseretarthesdction sideptrotamd e
measurement value of the outlet-side pressure gauge 17c, to come to "0", therefore keeping the
pressure dilferentageppickigsid Gb Sldterrarensilamemoeaidhglr sthen 74t thesstedetermined

differential-pressure setting value. Accordin the coolin%system 1 as,configured_n this

manner, if]Eﬁév_i'ﬁ%‘é%ﬂféﬁ‘iéﬂiiva?ﬁglﬁ?fﬁé%dens _-‘t’éfrig%?an‘i-_ﬁuibef’é‘ﬁl%régrta‘fﬁ?es_ nsoril is
oo Toh IS PTRSEE i ISR Ikl BheopRiATh I S lige Rl Pue

controller T75'F 8576{)@ equency of the refrigerant pum r the measurement value

of the outle}téﬁl a%‘?ﬁ?ﬂ'{ﬁ;ﬁ?kﬂ%?e@ﬁﬂ?o%?ﬁl@éﬁ?”Stant' which keeps _the pr_essure_difference APp
between the suction side 171 and the discharge side 170 at a predetermined differential-pressure
setting value. In this case, if the pressure at the discharge side 170 of the

refrigerant pump 17 is constant, the pushing force of the refrigerant pump

17 is weakened by the rise of the pressure within the refrigerant-liquid pipe

Cpl. For example, if the second side 1b is disposed to be higher than the

first side 1a, the refrigerant-liquid CL (L) condensed at the first side 1a fails

to be stably sent to the second side 1b. This causes the high-temperature

exhausts AH (see Fig. 1) to fail to be appropriately cooled at the second side

1b.

On the contrary, if the pressure difference APp between the suction
side 171 and the discharge side 170 of the refrigerant pump 17 is constant
even when the pressure within the refrigerant pipe Cpl varies, the pushing

force of the refrigerant pump 17 does not vary, enabling the

refrigerant-liquid CL (L) to be stably sent to the second side 1b. Therefore,
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The cooling system 1 may be configured to include a pressure-difference measurement device
including: the outlet-side pressure gauge 17c (see Fig. 3B) which measures the pressure at the
discharge side 170 of the refrigerant pump 17 (see Fig. 3B); and a pressure gauge (inlet-side pressure
gauge (not shown in Figs.) which measures the pressure at the suction side 17i. In the cooling
system 1 g copfiguredh in thismapaRs. e Aeirigesant BUFR AP UAIRIALID Galiatas tBripressure
difference APp between the suction side 17i and the discharge side 170 of the refrigerant pump 17
from the mgasurement-value difference between the outlet-side pressure gauge 17c¢ and the inlet-side
pressure gauge. The refrigerant pump controller 17b regulates the rotation frequency of the
refrigerant pump 1Thasmake tHosataaufatecanessuli éldiffefzngs Aftppeone 16 asprexistediedned
differential-pressure setting value. As described above, the cooling system 1 according to the
embodimetit (sedFithd kespanhdiffansaca b pihpevesgthentneirnclide ) 1&braehdba at the first
side la, at the predetermined target refrigerant-liquid temperature. The cooling system 1 regulates the

flow rate ofiiReEgeFHIR- ALt e) 15 BEstRPlich U thetdvapBiatiPs B I S HRRE Bféssure of the
refrigerangg(ﬂgid CL éi/_) in the eva%%ators 21a, 21Bh).to keegtth? tem eratyar Pf th(()e0 OWzjemperature

air AL, to i QEIEg: %885\1715_50 _%Is%féf ) at the second side1b (see Fig, 1), a a predetermined
target coolgempsIaliis, Luscauliauatonanailes jhg amReRIE SR owiaperalure a AL
(see Fig. 1) at the second side Ib to be kept at a required target cooling temperature without controlling

the rotatiopdfeguencyef theerefigerantmpl 1 tisee Figadkhevar whaijbeasaetingsysiem 1 comes
into a partial load operation. When the cooling system 1 includes, at the second side Ib (see Fig.

2), a dew-pointdbesmometed TSR tbibeDaudridh detects the dew-point temperature of the data
center 80 (see Fig. 2) having the coolers 20a, 20b (see Fig. 1) arranged therein, the temperature of the
refrigerant-liquid CIt () prbdibeenbae drehfitstisiddifie tsediplgrp s wiade Higreer slan. thdrddw point
temperature of the data center 80. This prevents the occurrence of the dew condensation on the

coolers 20 RoBt(@saiieraises s, differeneer n hetweemndhe sicGeystdh 1 Gcddditifto the

embodiment (see Fig. 3A) regulates the rotation frequency ,of the refrigerant pump 17 (see Fig. 3A) to
VR HsRidd Pl Readts

make the SHSSRFEEAIfIENEAB Liperadtd 1ABNG ThB §igcharge’si o of the

o oran RHR 8¢ es o Dk ecame sonian Je et Pt RCHIRIC R BRI e 1o e

predetermineé er pressure setting valu erefore, for example, even If failure of the cold

source 12 (gee Figy34)caHaasIhe BUIRRIaredt the religgmnbilvidEly (Wi ke misedea discharge
force by the refrigerant pump 17 is appropriately kept, which allows the high-temperature exhausts All
(see Fig. 1) he-apiropiatety sooled in the evaporators 21a, 21b.
Thus, when the rotation frequency of the refrigerant pump 17 is
controlled to make the pressure difference APp between the suction side 171
and the discharge side 170 of the refrigerant pimp 17 come to a
predetermined differential-pressure setting value, the configuration may
include the UPS (uninterruptable power supply) for driving the server (not
shown in Figs) in the data center 80 {(see Fig.1), even during the failure of
commercial power supply, as a back-up power supply. This configuration
appropriately cools the high-temperature exhausts AH (see Fig. 1) at the
second side 1b, even when the commercial power supply, which serves as the
power supply of the cooling system 1, is failed. For example, if the

configuration includes the UPS as a power supply which is capable of

driving the chilled water pump 13, the refrigerant pump 17, the
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Although the invention has been described above by reference to certain embodiments of the
invention, the invention is not limited to the embodiments described above. Modifications and
variations of the embodiments described above will occur to those skilled in the art, in light of the
above teachings. The scope of the invention is defined with reference to the following claims. WHAT

IS CLAIMEDfIS:B%&%fg eorylrr%%ésggggc égg fﬁ%@%ﬂég: 1gnet%%m%ﬁ%g$§atq?@acq £f the gvaporators

r? rig ’
for evaporatinga refrigera an object to be coole exchange between the

refrigerant anpd the.Qhigrido.Rg LoRlgk o1 reffigerantaupplydiow rie ragglater tor deguiating a flow

rate of the refrigerant to be supplied to each of the evaporators; a post-cooling temperature
measuremgifi-ievicatidloReasiyinmartdlopensure bt oiect thatlie eediagkbyaaghsoClhe

evaporators through heat exchange with the refrigerant;
(@) is condensed by the chilled water reserved in the buffer tank 12a, which
allows the high-temperature exhausts AH to be cooled without driving the
cold heat source 12 having a large amount of electricity power consumption.

In this case, though the cold heat source 12 is not driven for the
temperature of the refrigerant liquid CL (L) to rise, the refrigerant pump 17
stably sends the refrigerant-liquid CL (L) to the second side 1b. Therefore,
the second side 1b allows the high-temperature exhaust AH to be
appropriately cooled.

As illustrated in Fig. 3B, provision of the
condenser-refrigerant-liquid temperature sensor 11 at a side of condenser 10
rather than at the suction side 17i of the refrigerant pump 17 enables the
temperature of the refrigerant-liquid CL (L) condensed by the condenser 10
to be measured at the suction side 17i. Therefore, it 1s configured in such a
manner that the measurement value of the condenser-refrigerant-liguid
temperature sensor 11 is input into the refrigerant-pump controller 17b.
The configuration may further include a pressure gauge (outlet-side
pressure gauge 17¢) which measures the pressure at the discharge-side 170
of the refrigerant pump 17, and may input the measured value into the
refrigerant pump controller 17b. According to the configuration, the
condénser‘refrigerant-liquid temperature sensor 11 and the outlet-side
pressure gauge 17c constitute a pressure-difference measurement device.

The refrigerant pump controller 17b calculates the temperature of
the refrigerant-liguid CL (L) based on the measurement value which is

input from the condenser-refrigerant-liquid temperature sensor 11, and
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a condenser for condensing the refrigerant, evaporated by the evaporator, by cooling the refrigerant
through heat exchange between the refrigerant and a chilled water; a refrigerant-temperature
measurement device for measuring a temperature of the refrigerant condensed by the condenser; and
a chilled-water-flow-rate regulator for regulating a flow rate of the chilled water to be supplied to the

condensel,,).,1Hhe (Slfigerap) eorRdshsed by thecapdanserpbeaingdo benpsesstiized tihe supplied to
all of the evaporators, the chilled-water-flow-rate regulator being to regulate a flow rate of the

chilled watgrnte-betsppbeditathe pyvapaiatonforta: tampegeaitintof thadefiiefdnt terdensed to come
to a predetermined target refrigerant-liquid temperature, the refrigerant-supply-flow-rate regulator
being to reguiate therflowhiate ofthelresrigerfint, txbeplppliby te eddnlbethecboaboratdhs for a
temperature of the object cooled to come to a predetermined target cooling temperature for each of
the evaporg@igerant pump controller 17b easily calculates {or estimates) the pressure
of the refrigerant-liquid CL (L) at the suction side 17i based on the
temperature of the refrigerant-liquid CL (L).

The refrigerant pump controller 17b calculates (estimates) the
pressure based on the temperature of the refrigerant-liquid CL (L) to
determine the pressure at the suction side 17i. The refrigerant pump
controller 17b determines the pressure at the discharge side 170 by adding a
predetermined differential-pressure setting value to the calculated
(estimated) pressure at the suction side 17i. The refrigerant pump
controller 17b regulates the rotation frequency of the refrigerant pump 17
for the difference, between the calculated pressure at the discharge side 170
(the pressure obtained by adding the differential-pressure setting value to
the pressure at the suction side 17i) and the measurement value of the
outlet-side pressure gauge 17c, to come to “07, therefore keeping the
pressure difference APp between the suction side 17i and the discharge side
170 at the predetermined differential-pressure setting value.

According to the cooling system 1 as configured in this manner, if
the measurement value of the condenser-refrigerant-liquid temperature
sensor 11 is constant, that is, the temperature of the refrigerant-liquid CL
(L) is constant, the refrigerant pump controller 17b regulates the rotation
frequency of the refrigerant pump 17 for the measurement value of the
outlet-side pressure gauge 17c to become constant, which keeps the pressure

difference APp between the suction side 17i and the discharge side 170 at a

predetermined differential-pressure setting value.
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2. The cooling system according to claim 1, further comprising a dew-point-temperature measurement
device for measuring a dew-point temperature of a peripheral environment where the evaporators are
arranged, the chilled-water-flow-rate regulator being to regulate a flow rate of the chilled water to be
supplied to the condenser for a temperature of the refrigerant condensed to come to the dew-point

temperature or moyg . UPQRIhE arg%ggiﬁgergntﬂ%d tepeiiEe ey iverihandhe dew-point

temperature measured by the dew-point temperature measurement device. 3. The cooling system
according e &laield ffehalcompHsingmen feldgeranhphnpnigr fiiessuting théerefriganant, condensed
by the condenser, to be supplied to the evaporator; a pressure-difference measurement device for
measuringza peessee diffefencs Betwerh arsmtior sitheapteaise et b sidiso g efiftserant pump;
and a refrigerant pump controller for regulating a rotation frequency of the refrigerant pump for the
pressure differevfcéhealreftigerpatedemp Mdadaremeit-val ;oﬁt‘hé preB36FE Hiffe fEHtE

measurement device, to come to a predetermined differential-pressure setting.value. 4. i
system ac@&}fﬁﬁﬁiﬁ?éfﬁﬁﬁgﬁre gaugpe {not sg})wn in fEelgsrj')t w c% measures géhe pressu-IIL:Q e cooling

at the suction side 171

In the cooling system 1 as configured in this manner, the refrigerant
pump controller 17b calculates the pressure difference APp between the
suction side 17i and the discharge side 170 of the refrigerant pump 17 from
the measurement-value difference between the outlet-side pressure gauge
17c and the inlet-side pressure gauge.

The refrigerant pump controller 17b regulates the rotation
frequency of the refrigerant pump 17 to make the calculated pressure
difference APp come to a predetermined differential-pressure setting value.

As described above, the cooling system 1 according to the
embodiment (see Fig. 1) keeps the temperature of the refrigerant-liquid CL
(L), condensed at the first side la, at the predetermined target
refrigerant-liquid temperature. The cooling system 1 regulates the flow
rate of the refrigerant-liquid CL (L) to be supplied to the evaporators 21a,
21b (the pressure of the refrigerant-liquid CL (1) in the evaporators 21a,
21b) to keep the temperature of the low-temperature air AL, to be cooled by
the evaporators 21a, 21b at the second side 1b (see Fig. 1), at a
predetermined target cooling temperature. This configuration enables the
temperature of the low-temperature air AL (see Fig. 1) at the second side 1b
to be kept at a required target cooling temperature without controlling the
rotation frequency of the refrigerant pump 17 (see Fig. 1), even when the

cooling system 1 comes into a partial load operation.
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the pressure difference measurement device comprising: an outlet-side pressure gauge for measuring
a pressure of the refrigerant at a discharge side of the pump; and a refrigerant-temperature
measurement device provided at a suction side of the refrigerant, the refrigerant-pump controller
being to calculate a pressure of the refrigerant at the suction side of the refrigerant pump based on a

measurement valugrRy,the, refiigarantsiamnaraturransstocalbdlale-adaresgure toi(the misigerant at the
discharge side of the refrigerant pump based on a measurement value by the outlet-side pressure

gauge, and), thelefrigeranthurnpeentsellenbéaing B:det@rmihéclasieaidipredsurbedifiprance, a
pressure difference between the refrigerant at the suction side of the refrigerant pump and the
refrigeranttattipe wischarfetdid alaf sheersfeiy SR ritee Mg 52/ The codling s pseeract@rdidgho claim 1,
the cooling system including the condenser at a first side; and the evaporator at @ second side, the

first side blifg Eiefrideraraieadraheneinaids tRrereryrealit RedsBigarnndr it thEtirst side is
dposed e s o) O e e, g ot g e e
naturally drop Ip 106 T IIgRIANt PR Jodbe PIESIZES FOTRENG ARl i B GYRBRRRAI O

the dew condensation on the coolers 20a, 20b (evaporators 21a, 21b (see Fig.

).

The cooling system 1 according to the embodiment (see Fig. 3A)

regulates the rotation frequency of the refrigerant pump 17 {see Fig. 3A) to

make the pressure difference APp between the suction side 17i and the

discharge side 170 of the refrigerant pump 17 (see Fig. 3A) become constant

(to make the pressure difference APp come to the predetermined

differential- pressure setting value). Therefore, for example, even if failure

of the cold source 12 (see Fig. 3A) causes the temperature of the refrigerant

fluid CL (L) to be raised, a discharge force by the refrigerant pump 17 is

appropriately kept, which allows the high-temperature exhausts AH (see

Fig. 1) to be appropriately cooled in the evaporators 21a, 21b.

Although the invention has been described above by reference to

certain embodiments of the invention, the invention is not himited to the

embodiments described above.  Modifications and variations of the

embodiments described above will occur to those skilled in the art, in light

of the above teachings. The scope of the invention is defined with reference

to the following claims,
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6. A method for controlling a cooling system, comprising: providing one or more evaporators, each of
the evaporators for evaporating a refrigerant to cool an object to be cooled by heat exchange between
the refrigerant and the object; providing a refrigerant-supply-flow-rate regulator for regulating a flow
rate of the refrigerant to be supplied to each of the evaporators; providing a post-cooling-temperature

measuremgnidavige far MK/RRYYING: a temperature of the object that is cooled by each of the
evaporators through heat exchange with the refrigerant; providing a condenser for condensing the

refrigerantj evapeksiied ky dhemevapgretan oy cooling the refrigerant through heat exchange between
the refrigerant and a chilled water;

One or more evaporators, each of the evaporators for evaporating a
refrigerant and cooling an object to be cooled by heat exchange between the
refrigerant and the object to be cooled;

a refrigerant-supply-flow-rate regulator for regulating a flow rate of the
refrigerant to be supplied to each of the evaporators;

a post-cooling temperature measurement device for measuring a
temperature of the object that is cooled by each of the evaporators through
heat exchange with the refrigerant;

a condenser for condensing the refrigerant, evaporated by the evaporator,
by cooling the refrigerant through heat exchange between the refrigerant
and a chilled water:

a refrigerant-temperature measurement device for measuring a
temperature of the refrigerant condensed by the condenser; and

a chilled-water-flow-rate regulator for regulating a flow rate of the
chilled water to be supplied to the condenser,

the refrigerant condensed by the condenser being to be pressurized
to be supplied to all of the evaporators,
the chilled-water-flow-rate regulator being to regulate a flow rate of
the chilled water, to be supplied to the evaporator, for a temperature of the
refrigerant condensed to come to a predetermined target refrigerant-liquid
temperature,
the refrigerant-supply-flow-rate regulator being to regulate the flow
rate of the refrigerant, to be supplied to each of the evaporators, for a
temperature of the object cooled to come to a predetermined target cooling

temperature for each of the evaporators.
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providing a refrigerant temperature measurement device for measuring a temperature of the
refrigerant condensed by the condenser; and providing a chilled-water-flow-rate regulator for
regulating a flow rate of the chilled water to be supplied to the condenser, pressurizing the
refrigerant, condensed by the condenser, to be supplied to all of the evaporators; regulating, by the
chilled-water-flow-rate regulator, a flow rate of the chilled water, to be supplied to the condenser, for a
temperature of the refrigerant condensed to come to a predetermined target refrigerant-liquid
temperatuge; an@d  regulaiing;ybydie reddgetand-supplyltom-rate régulater, eofioprisiesof the
refrigerant for each of the evaporators for a temperature of the object cooled to come to a
predetermined¢avgstictdiingteraperature dsneaxteof tHevevagoratopsisuring a dew-point

temperature of a peripheral environment where the evaporators are

arranged,

the chilied-water*ﬂow-rate regulator being to regulate a flow rate of the
chilled water to be supplied to the condenser for a temperature of the
refrigerant condensed to come to the dew-point temperature or more, upon
the target refrigerant-liquid temperature being lower than the dew-point

temperature measured by the dew-point temperature measurement device.

3. The cooling system according to claim 1, further comprising:

a refrigerant pump for pressuring the refrigerant, condensed by the
condenser, to be supplied to the evaporator;

a pressure-difference measurement device for measuring a pressure
difference between a suction side and a discharge side of the refrigerant
pump; and

a refrigerant pump controller for regulating a rotation frequency of the
refrigerant pump for the pressure difference, calculated based on a
measurement value of the pressure difference measurement device, to come

to a predetermined differential-pressure setting value.

4. The cooling system according to claim 3,

the pressure difference measurement device comprising: an outlet-side
pressure gauge for measuring a pressure of the refrigerant at a discharge
side of the pump; and a refrigerant-temperature measurement device

provided at a suction side of the refrigerant,
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an evaporator for evaporating a refrigerant by heat exchange between the refrigerant and an object for
being cooled; a refrigerant-supply-flow-rate regulator for regulating a flow rate of the refrigerant to be
supplied to the evaporator; a post-cooling temperature measurement device for measuring a
temperature of the object cooled by the evaporator; a condenser for condensing the refrigerant,

evaporated byjthe QuapRIAiRk- Pi60ling tRrnughtheatexshanue bebveenbesiefgefatiand a chilled
fluid; a refrigerant temperature measurement device for measuring a temperature of the refrigerant
condenseddfyithaeandansekhcantiction side of the refrigerant pump based on a

measurement value by the refrigerant-temperature, and to calculate a

pressure of the refrigerant at the discharge side of the refrigerant pump

based on a measurement value by the outlet-side pressure gauge, and

the refrigerant-pump controller being to determine, as said pressure
difference, a pressure difference between the refrigerant at the suction side

of the refrigerant pump and the refrigerant at the discharge side of the

refrigerant pump.

5. The cooling system according to claim 1,

the cooling system including thé condenser at a first side; and the
evaporator at a second side,

the first side being a refrigerant natural-circulation type configured in
such a manner that the first side is disposed to be higher than the second
side, the refrigerant condensed at the first side is sent to the second side
through a refrigerant pipe, and the refrigerant condensed by the condenser
is made naturally drop in the refrigerant pipe to be pressurized for being

supplied to the evaporator.

6. A method for controlling a cooling system, comprising:

providing one or more evaporators, each of the evaporators for
evaporating a refrigerant to cool an object to be cooled by heat exchange
between the refrigerant and the object;

providing a refrigerant-supply-flow-rate regulator for regulating a flow
rate of the refrigerant to be supplied to each of the evaporators:

providing a post-cooling-temperature measurement device for measuring



a chilled-fluid-flow-rate regulator for regulating a flow rate of the chilled fluid to be supplied to the
condenser, the refrigerant, condensed by the condenser, being to be pressurized to be supplied to
the evaporator, the chilled-fluid-flow-rate regulator being to regulate a flow rate of the fluid, to be
supplied to the evaporator, for a temperature of the refrigerant condensed to come to a predetermined
target refrigerantrlismid:ie apgiaturge @nshatihe sefligbant-seppiy theve vaisoreguiatohheind to regulate

the flow rate of the refrigerant, to be supplied to the evaporator, for a temperature of the object cooled
to come tche firedetemyaeditarght cebtizgitentperature.
providing a condenser for condensing the refrigerant, evaporated by the
evaporator, by cooling the refrigerant through heat exchange between the
refrigerant and a chilled water;
providing a refrigerant temperature measurement device for measuring
a temperature of the refrigerant condensed by the condenser; and
providing a chilled-water-flow-rate regulator for regulating a flow rate of
the chilled water to be supplied to the condenser,
pressurizing the refrigerant, condensed by the condenser, to be supplied
to all of the evaporators;
regulating, by the chilled-water-flow-rate regulator, a flow rate of the
chilled water, to be supplied to the condenser, for a temperature of the
refrigerant condensed to come to a predetermined target refrigerant-liquid
temperature; and
regulating, by the refrigerant-supply ﬂow*rafe regulator, a flow rate of
the refrigerant for each of the evaporators for a temperature of the object
cooled to come to a predetermined target cooling temperature for each of the

evaporators.

7. Acooling system comprising:

an evaporator for evaporating a refrigerant by heat exchange between
the refrigerant and an object for being cooled:

a refrigerant-supply-flow-rate regulator for regulating a flow rate of the
refrigerant to be supplied to the evaporator:

a post-cooling temperature measurement device for measuring a

temperature of the object cooled by the evaporator;
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a condenser for condensing the refrigerant, evaporated by the evaporator,
by cooling through heat exchange between the refrigerant and a chilled
fluid;

a refrigerant temperature measurement device for measuring a
temperature of the refrigerant condensed by the condenser; and

a chilled-fluid-flow-rate regulator for regulating a flow rate of the chilled
fluid to be supplied to the condenser,

the refrigerant, condensed by the condenser, being to be pressurized to be
supplied to the evaporator,

the chilled-fluid-flow-rate regulator being to regulate a flow rate of the
fluid, to be supplied to the evaporator, for a temperature of the refrigerant
condensed to come to a predetermined target refrigerant-liquid temperature,
and

the refrigerant-supply-flow-rate regulator being to regulate the flow rate
of the refrigerant, to be supplied to the evaporator, for a temperature of the

object cooled to come to a predetermined target cooling temperature.
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