1 REFRI GERANT Cl RCULATI ON APPARATUS BACKGROUND OF THE | NVENTI ON Fi el d of
the Invention The present invention relates to a refrigerant circulation
apparatus, and 5Sparticularly to a refrigerant circul ati on apparatus for
controlling a cooling capacity at the time of failure of a cooling unit

bl ower in an air-conditioning system Dkscription of the Related Art

In a server room a |large nunber of electronic devices such as a conputer

and a server are pl ﬁﬁﬁ%' E?ququg E(ﬁq | evices are
general ly placed byRa ¥§c nount !rgggg&? at if??gllﬁgmggdof st acki ng
racks (casings), which house the electronic devices with the electronic
devi ces separated accordi j I i bi nets in | ayer, and
a | arge nunber of cabinetqg&éﬁ(; RTHEINEENATO fl oor of a server
room These el ectronic devices need a constant tenperature environnent for
15perforninq a_normal operation, and if the electronic devices are brought
into a hiéﬁliﬁgﬂﬁéﬂ&EEE@ state, a trouble such as system stoppage is |likely
to be caused. ThegefQes: infertBnMelatdsA0 MrkfigeRint Eiddlathr sppacutesnded a const ant
tenperature environnment by a year-round cooling type package

: . . € p 19 :
ai r - cohdi pedisearlyrtotatrefrigekant chpwatien apnaratphior sPRUAHRE RCPBHRG CaPFINLat  he
i nsi de of 1 i Nt L gh-t.emn &Hifo Stv@ds by the
generatedt%%§%%$9g¥h?%§f%ggﬂgl§?ﬁ§ﬂg“?tgn?g§§??£ g%u%ﬁ% into a state where
hi gh-tenperature spots locally occur. The all owabl e tenperature of

el ectroni ¢, devices | ener Aly about a roomtenperature. Thus, if the
ambi ent a&¥§ﬂ§§5guﬂ¥§%gﬁgﬁﬁgf§ture, the devices thenselves are likely to
stop automati calph ¥ sbyvePFddngGllage muaitet of elecrditc devdagasble aoh comptienanda
operation, and further, the conponents ﬁf t he gevices are IerI% 0 be

broken 25&piYer aelplaced i Asercapatedstag n| Fles s IEwres Bp 8RNIy BB B 419

di scl 9§€s &k mount method, that is, a method of stacking racks (casings), which house the
electronic devices with the electronic devices separated according to functional units,
on cabinets in layer, and a large number of cabinets are disposed in line on the floor of a
server room.

These electronic devices need a constant temperature environment for

15  performing a normal operation, and if the electronic devices are brought into a high-
temperature state, a trouble such as system stoppage is likely to be caused. Therefore,
a server room is controlled to be under a constant temperature environment by a year-
round cooling type package air-conditioner or the like. However, if the air-conditioner
fails, the inside of the room is brought into a high-temperature state by the generated

20  heat of the devices, and the room is brought into a state where high-temperature spots
locally occur. The allowable temperature of electronic devices is generally about a
room temperature. Thus, if the ambient air has a high temperature, the devices
themselves are likely to stop automatically by protection control to be incapable of
continuing operation, and further, the components of the devices are likely to be broken

25  and fail.

Japanese Patent Application Laid-Open No. 2009-047419 discloses a
refrigerant circulation apparatus which is equipped with the countermeasures against the
occasion of failure of an air-conditioner. The refrigerant circulation apparatus of
Japanese Patent Application Laid-Open No. 2009-047419 is provided with an indoor

30  unit, an outdoor unit, a compressor, an expansion valve and refrigerant piping which



refrigerant circul ation apparatus which is equipped with the
count er nreasur es agai nst the occasion of failure of an air-conditioner. The
refrigerant circul ati on apparatus of Japanese Patent Application Laid-Open
No. 2009-047419 is provided with an indoor 30unit, an outdoor unit, a
conpressor, an expansion valve and refr?gerant piping which 2 connects

t hese conponents and, for exanple, when the conpressor fails, after
confirm ng s th%%% gﬂﬁ%nty Nnld, RirQueh eswﬁ@r?fh%Qlo?nprc‘:ssmt 138s,"HRek UM
tenperature ca cul at sed on’ the measured val ue of the tenperature
sensor pl acﬂﬁtmlngﬁ@n t@anéwwmmowpmmpbnahiet ifttberpexanun éempiretur¢ s set based
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refriger alﬁte Wpet Uhﬁﬁtbmlpe@nﬁaﬁk\&hﬁ&s(%t Bapdoete Paable tdmpkiatat oftheLai d- Open
No. 2009-047419 cannot perform I|n operati gn when the conpressor fails,
t here %rl§5§“?ﬁ@‘*é@?sPHQPUBBBfﬁﬁa’ﬁgg?%FHﬂWB@ is reduced, which |eads 10to
tenperature rise in the roomand causes failure of the el ectronic devices.

Further, when the blower fails, % nmeasur es cannot be taken. The
present invention is made i SUMMARY GHEHEIMVENTION nst ances, and has an

object to provi (Ij-l%’we'\/?r inc Vﬁft}{éhlgﬁ{a%ae%nt%?&ﬁlﬂ o L Qi AROBF ﬁ%‘f’lﬁcsta PteAl
ai r-condi tioni ng system ural circulates a refrigerant, a
r ef ri ger amtppticatean Iaehd@]peaﬁ%r%)ﬂ%ﬂﬁhl Q;barmanpelrﬁ]rnm@éjsg oaemoh Mrhgn tkpaci ty

and conpensate th acit | east . one of. a urali.ty. of

bl ower s V\A‘EP’EIHKEF(H%&’;? Ehetrg aé?] S%F@F ﬁlacfoqléﬂgl Rerfogmpngg iy ge 3 kflflﬁl Eé‘gsr eases,
and the ceotdmi@raaRateliy the@dftsnd dads@rfiiretod tad dladtrorihéeabny eFdahear i bed

obj ect, an aspect of the present invention provides, a refrigerant
C|rcuIat|dﬂwaﬁbﬁ?ﬁﬂﬁéﬁ¥Hc@ﬂ@@ﬁ@mﬁﬁﬁmév§ﬁ8ﬁﬂﬁﬁr configured to 20evaporate a
refrigerant; a BhopAnARYLARNGORILOH Gl er L M6 RIdirchihsloREeCHAPRIAROT 2
condenser conflgur d to condense the refrigerant evaporated by t he

evapor at oobjeat toafrpwge,rlamtrefrlgpmrd cprpletiomaprarates fqr@eraalhttor@a@npﬁlgoﬁsm ch
connect th Y th ndens I I g devi ce
confi gur edvq}‘&l %ER Cfm&ﬁfrs é rg?lg(%ﬁg& %\%ﬁl %e?a C?\éﬁfatlglq #l%g?mg%? I ow rate
cont r o va:hotéase (arcfobgmg edpatiny a@dhtdsmberﬁan‘eltbw:zrmbey ef/erawhﬁaat 12&smedé uﬁa suppl i ed

to the condenser,. the heat dium for cooling the refri a
p ura ity of bﬁowers % hmtl)elow air to an evaporatog falPs, air flow uan?ity decreases,

and the cooling capacity reduces.
In order to attain the above-described object, an aspect of the present invention

provides, a refrigerant circulation apparatus including: an evaporator configured to

20  evaporate a refrigerant; a blowing device configured to blow air to the evaporator; a
condenser configured to condense the refrigerant evaporated by the evaporator; a
refrigerant liquid pipe and a refrigerant gas pipe which connect the evaporator and the
condenser; a blower failure detecting device configured to detect failure of the blowing
device; a heat medium flow rate control valve configured to control a flow rate of a heat

25  medium supplied to the condenser, the heat medium for cooling the refrigerant; a
condenser refrigerant liquid temperature sensor configured to detect a temperature of
the refrigerant which is supplied to the evaporator from the condenser; and a condenser
side refrigerant temperature control device configured to lower a setting temperature of
a condenser side externally inputted temperature and control the heat medium flow rate

30  control valve so that a measured value measured by the condenser refrigerant liquid
temperature sensor becomes equal to the lowered setting temperature, when receiving a

failure signal from the blower failure detecting device.



condenser refrigerant liquid tenperature sensor configured to detect a
tenperature of the refrigerant which is supplied to the evaporator fromthe
condenser; and a condenser side refrigerant tenperature control device
configured to |ower a setting tenperature of a condenser side externally
inputted tenperature and control the hedt nediumflow rate 30control valve
so that a neasured val ue neasured by the condenser refrigerant liquid
tenperature Se.nsh(?'ércg?%)@fe ?xglé%rekl%nﬁ dlﬁ?wﬁEﬁgth%erEfrl%é%rﬁ_@HBﬁﬁﬁéd”ey when
receiving a failure signal fromthe blower failure detecting device. 3

| n order tppaeiusactdrdingftotienasptitodéht presdit émventipreincedap¢sghe gpeling sapacist i on
appar at us agcordi ng to the. astgecteral Jr the present invention increases the
cooling c B 8YVWH%§'GIC8\IR/%?WSHI§ e éondensi ng tenperature. The refrigerant
circul ati on appamhatrefsigacmotidiuigidmoappamtyy @senling ovkeapiesent ibveationsthabishe
refrigerant circulati on apparatus i.ch naturally circulates a refrigerant,
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than the %‘éﬁﬁ%ﬁ@& BY cWhiddtiflg sheXdRidBiked RhidH A Pplde @bl Plice HizheOdan efe t he
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refrigerame obidifed @Alth®BvapRRASAL SuchaGefritichtt hatdeirasipgo typk aie present
15i nvention preferably further includes. a g%ondenser i de control .
t enper at ucengisopingsypien igepplicd tedatal aeling g aseIven g éhf‘éebye@ées%‘awg

condenser c%Etdcﬁtﬁé’QﬁchﬁdiE@l'i@%\%\lﬁﬁoHrr@d&@&ed on a nunber of failed blowers and
abl e which |

a cool ing performance t _ ch I's set in advance when the failure signal
i s outputted frdrhetrbisigetamiveircilatidruanpagisteatcortingiwihe espeghel e presere bl owi ng
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tenperature. 25Thus, the refrigerant circul ation apparatus. according to the

present i ibehlovene daviceichidens plualiyod dbargrsiaddbnsomignics fpseratiacent r om t he
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value measured by the condenser refrigerant temperature sensor becomes equal to the
lowered setting temperature.

25 Thus, the refrigerant circulation apparatus according to the present invention
can calculate a necessary condensing temperature from the number of failed blowers
and the cooling performance table, reduce the condensing temperature to that
condensing temperature, and thereby, increase the cooling capacity.

The refrigerant circulation apparatus according to the aspect of the present

30  invention preferably further includes an evaporator internal pressure sensor configured
to measure an internal pressure in the evaporator, wherein: when the failure signal is
outputted from the blower failure detecting device, the condenser side control

temperature calculating device calculates a necessary condenser side control



to neasure an internal pressure in the evaporator, wherein: when the
failure signal is outputted fromthe blower failure detecting device, the
condenser side control tenperature calcul ating device cal cul ates a
necessary condenser side control 4 tenperature based on the nunber of
failed blowers, the measured val ue of tthe evaporator internal pressure
sensor and the cooling performance table which is set in advance; and the

condenser (& de.fef $is88bAMe AGAREREMIR BIONES Othe dR356Rd haMRIoS the setting
tenperature of the condenser side externally inputted tenperature to the
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neat mect U i@Vl AhE c&?t{&ﬁeqlsic}/egjefrg%?%&ttt{}ﬁ‘éergtﬂ?e SRAREEc Rhites fiRasur ed by
re I qul eratu a

t he condenser rigeran e sensor becones equ to the
| ower ed settting gerhperparasdithe cofdenser sideeextahallyapatied Gimpewtarcitotheappar at us
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30cal cul ated necessary condenser side control tenperature is not nore than
t he i ndooiterdpssatyod based enyiles mamber. of failed blowers and the cooling performance table

which is set in advance; and the condenser side refrigerant temperature control device
updates the setting temperature of the condenser side externally inputted temperature to
the calculated necessary condenser side control temperature when the calculated

25  necessary condenser side control temperature is not less than an indoor dew-point
temperature, or the condenser side refrigerant temperature control device lowers the
setting temperature to the indoor dew-point temperature and controls the heat medium
flow rate control valve so that measured value measured by the condenser refrigerant
liquid temperature sensor becomes equal to the lowered setting temperature when the

30 calculated necessary condenser side control temperature is not more than the indoor
dew-point temperature.

The present invention adds measure for prevent dew formation in a room.



The present invention adds neasure for prevent dew formation in a room 5
According to the refrigerant circul ati on apparatus of the present

i nvention, when at |east one of the blowers which blow air to the
evaporator fails, the cooling capacity is increased by |owering the
condensing tenperature, and therefore, fhe cooling unit capacity can be
conpgnsated. Further, in addition to this, dew formation 5in the evaporator
can be prevented. 3 . : s RleBt is a

B ock df agr am PG oo ET A A L OE oPEp by s e ivefiof

appar at us wifenat fdastsdnearfitbelblomvats which blow air to the qyaporatas fails thecdootinggr am
showi ng a confiquration, of a refrjgerant .circulation atus of a
second enﬁ?ﬂ%ﬂcﬁﬁﬁ? Increased by K{Yfring tl‘ C%P‘%P%B% GRS & é%\t/ﬁ%}\gge’ T(t:h:)énf i guration
of a refrigghi@ tinittagasiptadbe aRRpemates. OFuhdrhinraddaidpadithiendew formation Fi g. 4
is a block diagram show ng a configuration of a refrigerant circul ation
appar af us ibthe veBeratds canBeareysned: 15Fig. 5 is a bl ock di agram showi ng a
configuration of a refrigerant circulation apparatus of a fifth enbodi nent;

Fig. 6 is a block diagram show n% a configuration of a refrigerant
circul ati on apparat us ofBRIE] RERCRARB? THEAIRAWINGS Fig. 7is a

bl ock di agram show.n cqnf.i i QF i o | at.i 0
apparatus of a B‘Oég/elnxt ﬁ%el%%c;(o%ﬁ%ﬁlta}fho%é% E@B{%{é@@f WW@%I&@%%EE%RRED
ENBODLINEI\FE§parhﬁrseJifIaa‘Trttﬁsrmbqnﬁméﬁcred enbodi nents of a refrigerant apparatus
according to the, prese inyention w.ll be described in.accqrdan with the
acconpanyi ng dri\?\gr?g’é.arhsﬁ?‘ij(. <¥1§griag1 08‘1“6%?(Cﬁ’?fg%jjrrﬁtr‘ﬁrbWgweﬁrégeéa@ocﬁrfc}lgaﬁ%ti on of
a ref r1bgeragpgraﬁjsrogws@@drgrbm%@t us of a first enbodi nent. In Fig.
1, a condenser 3 is a device for cooling and condensi n%_a refrigerant which

i s vaporized i n s isvdieriadiagem shamdng a canfeeiahitine! HrelidgspcicBlalion i s not
limted t%pkmps'gf% tﬁf?ﬁ'gﬁ'%&i'}ne%t;i s provided at a place higher than the
, tor

evapor at or

Fig. 4 is a block diagram showing a configuration of a refrigerant circulation
apparatus of a fourth embodiment;
15 Fig. 5 is a block diagram showing a configuration of a refrigerant circulation
apparatus of a fifth embodiment;
Fig. 6 is a block diagram showing a configuration of a refrigerant circulation
apparatus of a sixth embodiment; and
Fig. 7 is a block diagram showing a configuration of a refrigerant circulation

20  apparatus of a seventh embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, preferred embodiments of a refrigerant apparatus according to the

present invention will be described in accordance with the accompanying drawings.
Fig. 1 is a block diagram showing a configuration of a refrigerant circulation
25  apparatus of a first embodiment.

In Fig. 1, a condenser 3 is a device for cooling and condensing a refrigerant
which is vaporized in two evaporators 1 and 1. The number of evaporators 1 is not
limited to two.

The condenser 3 is provided at a place higher than the evaporator 1, for

30 example, on the roof of a building. The condenser 3 is internally provided with a coil

in which a heat medium (for example, cold water) which cools the refrigerant so that the



30exanpl e, on the roof of a building. The condenser 3 is internally
provided with a coil in which a heat nedium (for exanple, cold water) which
cools the refrigerant so that the 6 vaporized refrigerant perforns heat
exchange and the refrigerant is |iquefied. The heat nedi um which cools the
aforesaid refrigerant in the condenser 8 is supplied froma heat medium
creating device 21 (for exanple, a refrigerator) by using a heat medium
conveying V?}ﬁaﬂz%ﬁ réifige E;Pﬁer%/rﬂﬂq{e { QlchadgAd tljre ?émgétjaﬁt iSoRdemser Thetest
connect ed Fough at er ant |qU| ipe 4 a refrigerant gas pipe 5.
An upper &mdmmﬁ“ﬂ)hrélco@ﬂsrnhgafamamgﬁrlgftrpet i8 th@cmﬁnmﬁeasmpﬂﬁﬂém@n@h@#t t he
coil in the ,conden Iomer end pipe 5is
connect ed 1§ BR §re§ﬁ8g 8?‘7186 ggﬂ%r SFamnle ree\;ré%eor%% oé}?&{lh%g% an upper

end of theofielying®sivadet22.i quid p| pe 4 is connected to the ot her end of 10t he

coil in the condenser 3, and a end of the refrigerant |qU|d pi pe 4
is conhected to PﬁéV%ﬁ%@Prse]n%Pdo* a g)ecggp@iergpr ? A Cé’\‘?ﬁ'f)‘g?‘gﬁg?u 2 Accor di ngI Y,

a gas of Ififigbh h@ﬁagn&e M&M@réfﬁ gH@RQUA 1AL DY ﬁﬁﬁpﬁé}fenﬁhﬁ‘tw&ﬂ@g@mrs

and 1 is natura to the con enser e refrigerant gas pipe
5, and af gesrpnphé lgagnnestqdutq@ee p@djoﬁshetcnd ip Giecromeensen 3, andea oy erd afjth

refriger antfrlggriaﬂfa%a% %é glJ éﬁfo%\@@% Y}goﬂe en a(ﬁ)‘flacpf%ra@ Q{Iap]orgttgxlf' Pth the

15refrigeran nat ur circulation
refri ger aMeaansvhpie;efrnmpmd end of the reﬁh@etah’nehqmﬂrpq@eci andonnbited tecthe @theabaé of

chl or dr ochl or,of.l .uor ocarb ter native

chl or %’ eo‘%?é 115‘65:%0 ‘{ef‘ 9 I(“l'i%% i%l erisad of thy regr ?fg? q“f‘fP‘B%edS ?nngcﬁpessure
| ower tha'ﬂo HeRABRRAAIE thY @SS the eV@io@z[toﬁﬁn Aecd:aﬁn@ly,a g@@oftmgemyetanvml ch

i ncl udes the evaporators 1 and bl owers ﬁ] bl owers 2_are

shown, as Vé¥cheisaitpedzed ity cashof 8w @iaporatprs @n@\}dE)Bi"télf%lrysfe@ % Ths? OPEASEHRY at a
rear surf aee,of 1 SE{6RInt ¢4 a@cﬂﬁt&)@ﬁ'@g@stls mﬁﬁ&ﬁ&f Wﬁh@l@n&’érﬁ&tj QRd C

~devi ces house%ﬂ nt serg i§lrpack is peFformed by blowing air to the
evapor at oﬂlsluaﬁwefm@rmtomaxtgwly ﬂ'dve@r@ow tosgach wuanasetoby thrieuglethect r oni ¢

devi c |s 00| e el in t The
bl ower s 2 SFeesroiaea sy bn TraRtherbfalenfuls b IR b SIR IS UL, o
detects f ail ur eA(sfthé Mn@éﬂamewﬁlcﬁ CIrculates cthsteﬂueiforca@enamr HEG cul ati on

appar at us |s condenser refrigeran tur control
devi ce 7 {BrIrg ?rrogwpr%arthf)ﬁia émqtamhiofeﬁu?rﬂéarbg?sr ?rgtéF L B PE s

suppl i ed FgrhéeicRedans Ffesg’ure TheerapndansRphaicdfessald, vaesranh bk @@&Br at ure
control device 7 controls an openi ng degree of a heat nmedium flow rate 30

control valve 2@ eRrodinis i %lnwherwtlu%ahwappmmg Izmdddowera (i Pgasu™ed val ue
o2, 8N SSlE LASKEN! o LAl el PIRSTALYS SRS ghrs, Ayt be
equal to arsatsuifage bﬁmmvatmcle2@,fanﬂkwhwndea’c§m’m sheddedronér dei¢ep hiongadt t ed
tenperat UL S the server rack 24 is performed by blowing air to the evaporators 1 by the blowers 2.
Thereby, air warmed by the electronic devices is cooled and is released into the inside
of the server room. The blowers 2 are provided with a blower failure detecting device
25 6 which detects failure of the blowers 2.

The refrigerant circulation apparatus is provided with a condenser side
refrigerant temperature control device 7 for controlling the temperature of the
refrigerant which is supplied to the condenser 3. The condenser side refrigerant
temperature control device 7 controls an opening degree of a heat medium flow rate

30  control valve 23 provided at heat medium piping 25 so that a measured value of a
condenser refrigerant liquid temperature sensor 8 provided at the refrigerant liquid pipe
4 at an outlet port of the condenser 3 becomes equal to a setting temperature of the

condenser side externally inputted temperature.



7 Further, upon receiving a failure signal fromthe blower failure
detecting device 6, the condenser side refrigerant tenperature control
device 7 lowers the setting tenperature of the condenser side externally
inputted tenperature, and controls the opening degree of the heat nmedium
flow rate control valve 23 so that the heasured 5val ue of the condenser
refrigerant |iquid tenperature sensor 8 becones equal to the setting

t emper at ur e. T . ' : i ' Lation
appar at us. of_t hEU e B e R A R R I o e e | uced
and the cdevicag, hapasddngercade teérigearentdamperatunheonsty} denise ddpweistihe sttinge
cooling unit can be.conpensated, 10Fi g. 2 1 i LNg a
confi gur atyBreT8 reaOfrtgF EF@%P&%SI% erx?f%r g][l¥ O ug%cgge?llﬁ%g%u%f %g({gc;enélo%msgwe

enbodi Nentoperfing ds@@e oOthedicai madiufrefibe rate @dnirblogdvd 28 ddrhat et mgeuadt

circul ation apparatus shown in Fi 9 é wll be descré{'ged b beiln assi gned
with the Yahe of dhesamdprsehisEgsnaat gyid tenuperatyrs SeREOTH PIEgMmet cawe ég ratus of
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tenperature. In this case, the condensing tenperature |s |owered. In order
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control tenperature calculating device 9 cal cul ates a necessary condenser
side control tefperefrigesnf ciatwaticn appavedhued) Figr Din frthemrerided vikid ed bl ower s

2 and.the cooling.performance | e ' IS, ' . quently,
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to the cal cul ated, val ue, and controls the opening degree of the heat nmedium
fl ow rat e S¢OREIdF 8 al ve 23 so that the nmeasured val ue of the condenser

refrigerant |iquyged £IRFASIEAA 1S BPHAE] & PECONRNSQHIM refi@edri® ts@bérafige
tenperat urcgfltrol device 7 from the blower failure detecting device 6, the evaporation temperature
20  needs to be lowered to discharge the heat quantity corresponding to the reduction in an
air quantity. In the refrigerant natural circulation system of the refrigerant circulation
apparatus, the evaporation temperature varies with the condensing temperature. In this
case, the condensing temperature is lowered.
In order to lower the evaporation temperature by the evaporation temperature
25  corresponding to reduction in the air quantity, the condenser side control temperature
calculating device 9 calculates a necessary condenser side control temperature
(calculated value) from a number of failed blowers 2 and the cooling performance table
which is set in advance. Subsequently, the condenser side refrigerant temperature
control device 7 reduces the setting temperature of the condenser side externally
30  inputted temperature to the calculated value, and controls the opening degree of the heat

medium flow rate control valve 23 so that the measured value of the condenser

refrigerant liquid temperature sensor 8 becomes equal to the setting temperature.



8 Ther eby, according to the refrigerant circulation apparatus of the
second enbodi nent, the condensing tenperature is |owered and the cooling
capacity can be increased, whereby the cooling unit capacity can be
conpensated. Cal cul ati on of the condenser side control tenperature is
performed by setting 5the relational expression of the air quantity and the
cooling capacity, the relational expression of the cooling capacity and the

evapor ation tenmgeragyr aﬁ:cof‘dﬁ&fﬁ Qeant géfri%%gi dit @M iontdpBarafls A RN@LofKPr €SSi on
of the evaporation tenperature and the condensing tenperature, and the

r el at i onalembrginesd, the coddenking ¢onpeawraiy lowersdaad treecophidg chraciysdehs er
refrigerant |iguid t rature. i.n the. i forpance table in
advance. iﬁﬁf%gg§9¥%g§P%F88 h%%%ﬁ?%ﬁ?§ﬁ%§§LEp§”§§% %ﬁgsation of a
refrigerant cirQalaildtion ofppacaidessepkida cohiroldempbadiratnerfcamdd blpaetsiage or
sinilag menbers. as, t hose, of the,refriiﬁ;e%’gﬂt cirﬁulation aggaratus shown in

Fig. 1°wi e 5taakeiPHSaon T i 3pduandivy RlRggaragite hefedsuanak
nuner al s. cRApfkegdibh BEMRRboKAJ Edpasity S MRRIGFIrHGorPfenipethturd, ihe desighher provi ded
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t he condensing tenperature. In this case, the condensing tenperature is
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correspongdiifnGht Qahbs-rARaEEASRG A I quantity, the condenser side contro
tenperature cal cul ating device 9 cal cul ates the 25evaporation tenperature
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needs to be lowered to discharge the heat quantity corresponding to reduction in an air
20  quantity. In the refrigerant natural circulation system of the refrigerant circulation
apparatus, the evaporation temperature varies with the condensing temperature. In this
case, the condensing temperature is lowered.
In order to achieve the evaporation temperature corresponding to the decreased
air quantity, the condenser side control temperature calculating device 9 calculates the
25  evaporation temperature from the measured value of the evaporator internal pressure
sensor 11 set in advance, calculates a degree of temperature by which the evaporation
temperature should be lowered, and calculates by a degree of temperature (calculation
value) by which the condensing temperature should be lowered from the relational
expression of the evaporation temperature and the condensing temperature. In order to
30  achieve the condensing temperature, the condensing side refrigerant temperature control
device 7 calculates the condenser side externally inputted temperature from the
relational expression of the condensing temperature and the condenser refrigerant liquid

temperature, lowers the setting temperature of the condenser side externally inputted



device 7 calculates the condenser side externally inputted tenperature from
the rel ational expression of the condensing tenperature and the condenser
refrigerant liquid tenperature, |lowers the setting tenperature of the
condenser side externally inputted 9 tenperature to the cal cul ated val ue,
and controls the opening degree of the fieat nmediumflow rate control valve
23 so that the neasured value of the condenser refrigerant liquid
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nunerals. The re rant circul ation apparatus of Fig. 4 is f%dr']tthger

provi ded KPIESHOR Qfﬂ ﬁﬂwraweﬁmel?ﬁturteé‘ﬁﬁ&%@W&n%%?&pe%u’iﬁh? etects an
I ndoor de%lﬁ@bl{htl ek&%&%@&%@ c sﬁvﬁmﬁéxﬁﬂlré B frRefcohdelsaniefisddrattliguian

apparatus shown in lure signal is inputted to the
condenser t@npl@atrueefmlt@elcacvitngtmrf%manmt@bbomadmméev| ce 7 fromthe bl ower

fail uig hdet ecti 29% acb?oc d1 l%’/rgm s\fx%gl?ré%é éc?rﬁ' %{Poslgﬁtage?r O%?:?ﬂ%g%&lg??n | over ed

to di arge th quan corres
25quant i t wppdratuk v arf_eﬁnth gﬁb@dhtnenataud dtle winfecot!sahilammemberems dfost éthe

refrigerant_circul ati on apparatus, the _evapor n t. ture vari.es with
t he condeﬁ%ﬁ%ﬁrap&ﬁﬁ%ﬂﬁt%%aﬁuﬁwnﬂ&g thﬁﬁﬁ%%fgﬂg% dRpasigfde i s

| ower ed.  with the shite 9%6fdRhcé AueMBy, the evaporation tenperature by a degree
of tenperature corresponding to reduction in an air_ quantjt the condenser

side control t eﬂ%‘éﬁ%l&ﬁ@%@‘é@ﬂ@tﬂ%ﬂpﬁ@tw Kig. ‘blscfértb‘éﬂ pipwided Mithdcessar y
condenger idie dERMdi ehBERRLESUIS: {6 AR RARL HPINBIr dwPBbMD RrfRAALAD

performance tab S set 1 n advance.
when comparing the refrigerant circulation apparatus shown in Fig. 2.

When a failure signal is inputted to the condenser side refrigerant temperature
control device 7 from the blower failure detecting device 6, the evaporation temperature
needs to be lowered to discharge the heat quantity corresponding to reduction in an air

25 quantity. In the refrigerant natural circulation system of the refrigerant circulation
apparatus, the evaporation temperature varies with the condensing temperature. In this
case, the condensing temperature is lowered.

In order to lower the evaporation temperature by a degree of temperature
corresponding to reduction in an air quantity, the condenser side control temperature

30 calculating device 9 calculates the necessary condenser side control temperature
(calculated value) from the cooling performance table which is set in advance. The
condenser side refrigerant temperature control device 7 resets (update) the setting

temperature of the condenser side externally inputted temperature to the calculated



condenser side refrigerant tenperature control device 7 resets (update) the
setting tenperature of the condenser side externally inputted tenperature
to the calculated 10 value when the calculated value is not |ess than the
nmeasured val ue of the indoor dew point tenperature sensor 10. On the other
hand, the condenser side refrigerant tefperature control device 7 |owers
the setting tenperature to the neasured value of the indoor dew point
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expression e ‘evaporation tenperature and the condensi ng tenperature,
and the rel ati ofhkrebypacessiinntoche tré¢fegemntansilatpnt ppprtustalities tovdht he
condenser refrigerant liquid.tenperature in,the cool.ing perf.orman tabl e,
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simlar nenbers as those of the refrigerant circul ati on apparatus shown in

Fig. 1w previsetedescri bed by being assigned with the sane reference
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to the refdesigecanditions, chd @ldtionalagxpedsaion HE shesdvaporation kényseratdrd anddhe Fig. 6 is

a bl ock di agram showi ng a confjguration of a.refrjgerant .circul ation 30
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by being assigned with the sane reference nunerals. The refrigerant

circul ati @dva@pparatus of Fig. 6 is an apparatus which controls the
frequggcy of a \f‘@é.%ris 2180k &iXQ@maghroiﬁIQé)il @&@Hﬁ%ﬁs@f" a %?rige]‘ént circulation
apparatus of a fifth embodiment, and the same or similar members as those of the
refrigerant circulation apparatus shown in Fig. 1 will be described by being assigned
with the same reference numerals. The refrigerant circulation apparatus of Fig. 5 is an
apparatus which controls the frequency of the heat medium conveying device 22 by a
25  heat medium conveying device controlling device 26 instead of controlling the opening
degree of the heat medium flow rate control valve 23 in the refrigerant circulation
apparatus shown in Fig. 1. The same thing applies to the refrigerant circulation
apparatuses shown in Figs. 2 to 4.
Fig. 6 is a block diagram showing a configuration of a refrigerant circulation
30 apparatus of a sixth embodiment, and the same or similar members as those of the
refrigerant circulation apparatus shown in Fig. 1 will be described by being assigned
with the same reference numerals. The refrigerant circulation apparatus of Fig. 6 is an

apparatus which controls the frequency of a water spray type air-cooled condenser 27



by a water spray type air-cool ed condenser bl ower control device 29 instead
of controlling the opening degree of the heat nediumflow rate control

val ve 23 when the condenser 3 is a water spray type air-cool ed condenser 27
in the refrigerant circul ati on apparatus shown in Fig. 1. The sane thing
applies to the refrigerant circul ati on Bapparatuses shown in Figs. 2 to 4.
Fig. 7 is a block diagramshow ng a configuration of a refrigerant
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15and chﬁHGQQH&HQﬁESﬁhggu{ﬁ&r5gerant tenperature control device
conflgureg | ower a setting tenperature of a condenser side externally

i nputted tenperature and control the heat mediumflow rate control valve so

that a neasured val ue neasured by the condenser refrigerant liquid
t enperature sensor becones equal to the | owered setting



20t enperature, when receiving a failure signal fromthe blower failure
detecting device. 2. The refrigerant circul ati on apparatus according to
claim1, further conprising a condenser side control tenperature
cal cul ating device configured to cal cul ate a necessary condenser side
control tenperature based on a nunber of2 failed blowers and a cooling
performance table which is set in advance when the failure signal is

out putted ﬁtéﬁoﬁ(tlﬂ I . failure detecting device, wherein: the bl ow ng
devi ce inﬁudves—a—pgugalwrﬁ' of bl owers; and t he condenser side

refrigerant tenperedtigerentaimentation dpparesicomprisinghe setting tenperature of
t he condenser side externq%h¥ i nput t ed tf@ﬁ%%@%?&%-to t he cal cul ated
necessary condeAS&YaRGTHAT EYHISUST HBRY A S A% d* Cont rol s the heat nedi um
fl ow rate 30contrybwingldéeict@ohfigiirel hebimagititetic ¢ahpigatogasur ed by the
condenser refrigerant tenperature sensor becgpes equal to.the |owered
setting tenper atupodensgnconiigprrd tosppiess e ?Sﬁé%ﬂtgtf?leﬂﬁatﬁ%%é?‘éﬁ us accordi ng
to clainlévaﬁyﬁ&yer conprising an evaporator internal pressure sensor
configured to nmeasure an internal pressure in the evaporator, wherein: when
the failure signatfrigsranyiiguidippe flrilcg Béoﬁl%ftcéglei ng devi ce,

5t he condenser side,gaontrol nperature cal cul ati ng device cal cul ates a
necessary ‘SandeRsavd Brdendeer

arrafrigeranioges pigeayvhig

e con%ﬁol t enperature based on the nunber of failed
bl owers, the neasisweer fdltealendctingeeecapontdguwed tondeteat fidilye o thertdowimgsor and
the coqlin erformance table which is set in advance; and the condenser

si de ﬂgfri 81%nt tenperature control device |owers the setting

10t enper at ure ofy HhEmePNALNSR ratsicAbtrEM AV nifigutddny ichatolt effpeirat wfa to the
cal cul at ed necessary condenser side caontrol tenperature and controls the
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the condenser rgfdohdai@itedibhdihaIRAIRMLR SARTQbnREGRITRS sqaual Lo the
| onered setting tenperature” 4. The refrigerant circulation apparatus
accor di ng teropetatirerPthereBigefant tineeh is Supntisdite ithegevaporator from the condenser;
15 and
a condenser side refrigerant temperature control device configured to lower a

setting temperature of a condenser side externally inputted temperature and control the

heat medium flow rate control valve so that a measured value measured by the

condenser refrigerant liquid temperature sensor becomes equal to the lowered setting

20  temperature, when receiving a failure signal from the blower failure detecting device.

2. The refrigerant circulation apparatus according to claim 1, further comprising
a condenser side control temperature calculating device configured to calculate
a necessary condenser side control temperature based on a number of failed blowers and
a cooling performance table which is set in advance when the failure signal is outputted
25  from the blower failure detecting device, wherein:
the blowing device includes a plurality of blowers; and
the condenser side refrigerant temperature control device lowers the setting
temperature of the condenser side externally inputted temperature to the calculated
necessary condenser side control temperature and controls the heat medium flow rate
30  control valve so that the measured value measured by the condenser refrigerant

temperature sensor becomes equal to the lowered setting temperature.



an i ndoor dew point tenperature sensor configured to detect an indoor

dew poi nt tenperature, wherein: when the failure signal is outputted
fromthe blower failure detecting device, the condenser side control
tenperature cal cul ati ng device cal cul ates a necessary 20 condenser side
control tenperature based on the numberl®df failed blowers and the cooling
performance table which is set in advance; and the condenser side

refrigerant tenneLaliiolranPbidhideMpariiPdabRitnd BeIsat 2, foghératReiiidg e of
t he condenser side ex?é?hally ihputggd tenperaﬁ%re to the calculéte

necessary condensevamirger obermnalopressanpiensernoalighisd @ meagdp aninewdl necessary

condenser 25si de._contr re is not |less than an i ndoor dew poi nt
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and coptrols the heat, nmediumflow rate c ntral.va e so that neasured val ue
lghpe ey
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condenser sidefcontrol tenperature is not nore than the indoor qEMFpoint
t enper at urvelue of the evaporator internal pressure sensor and the cooling performance table
which is set in advance; and
the condenser side refrigerant temperature control device lowers the setting
10  temperature of the condenser side externally inputted temperature to the calculated
necessary condenser side control temperature and controls the heat medium flow rate
control valve so that the measured value measured by the condenser refrigerant liquid

temperature sensor becomes equal to the lowered setting temperature.

4. The refrigerant circulation apparatus according to claim 2 or 3, further
15  comprising
an indoor dew-point temperature sensor configured to detect an indoor dew-
point temperature, wherein:
when the failure signal is outputted from the blower failure detecting device,
the condenser side control temperature calculating device calculates a necessary
20  condenser side control temperature based on the number of failed blowers and the
cooling performance table which is set in advance; and
the condenser side refrigerant temperature control device updates the setting
temperature of the condenser side externally inputted temperature to the calculated
necessary condenser side control temperature when the calculated necessary condenser
25  side control temperature is not less than an indoor dew-point temperature, or
the condenser side refrigerant temperature control device lowers the setting
temperature to the indoor dew-point temperature and controls the heat medium flow rate
control valve so fhat measured value measured by the condenser refrigerant liquid
temperature sensor becomes equal to the lowered setting temperature when the
30 calculated necessary condenser side control temperature is not more than the indoor

dew-point temperature.



