1 COOLI NG SYSTEM BACKGROUND OF THE I NVENTION Field of the Invention The
present invention relates to a cooling systemfor an el ectronic device, and
5 particularly to a cooling systemfor an el ectronic device which cools
heat generated froma plurality of electronic devices such as a conputer
and a server which are installed in a server roomby a cooling apparatus
whi ch includes an evaporator and a bl ovver install ed between el ectronic

devi ces. Description of the Rel %td%\@ server room a nunber of

el ectroni c devices such as conputers andS servers are placed in a
concentrated state. El ectronl c devices are generally installed by a rack
nount nethod, that is, a 5 Irdwlc devices in |ayers
on racks (ca5| ngs) accor d+H 1 artd a nunber of racks are
di sposed (arranged) in line on the floor of a server room 15These

el ectroni c devices need a constant tenperature environnment for nornal

oper at | ofieldof thefInyemdion] ect roni ¢ devi ces are brought into a
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of the elsgflef Eotintbyle\Cookisg afeatih@hichiniludpsaastvapdratn and p bbovatiindtdldr has
been sharply |ncrea5| % Meanwhile, if the racks with a | arge heat
gener at i QEHRFARISHRPIIE deViSsRidond y arranged, heat accunul ation by a

hi gh-t enperature exhaust gas fromthe racks occurs, 25and the racks absorb
the high-temperature air of the heat accunul ati on, whereby the electronic

devi ces dpesctiptien of the Ristated Stight into a high-tenperature state. For this
reasag for the, Lagks, | h*bn? radﬂﬂﬁt;déf o?%fe\éﬁ% nit Y Res ﬁch%E G%pht%r@éiﬁ%‘éﬁ@rs whi ch
arranges air intake surfaces and air aust surfaces o urality of
racks respeplicsking cindentmtedstde, Fdeveonichdevides arergetnhleﬂls’ensi@lfedrh)’o%ﬁaﬂ to a

hot isle r¥1\'gxlmqt rr]nel‘d?oda ttha?%llst %%’e%fl &wlinch stﬁ:ﬁgrelegtrr]grﬂc %QVI%ngan}t?ers 8n racks

(casings) according to functional units, and a number of racks are disposed (arranged) in
line on the floor of a server room.

15 These electronic devices need a constant temperature environment for normal
operation, and if the electronic devices are brought into a high-temperature state, they are
likely to cause a trouble such as system stoppage. Therefore, a server room is
controlled to be under a constant temperature environment by an air-conditioner.

In recent years, however, the heat generation amount from electronic devices

20  has been steadily increasing with abrupt increase in processing speed and processing
capacity of the electronic devices, and the running cost of an air conditioner has been
sharply increasing.

Meanwhile, if the racks with a large heat generation quantity are randomly
arranged, heat accumulation by a high-temperature exhaust gas from the racks occurs,

25  and the racks absorb the high-temperature air of the heat accumulation, whereby the
electronic devices are likely to be brought into a high-temperature state. For this reason,
for the racks in ordinary server rooms, a method is adopted, which arranges air intake
surfaces and air exhaust surfaces of a plurality of racks respectively side by side, zones

the air in the server room into a hot isle which is at a temperature higher than an ambient



tenperature due to high-tenperature exhaust air fromthe racks, and a cold
isle which is cooled by an air-conditioner and supplied to the racks and is
at a tenperature lower than the anbient tenperature, and prevents the racks
from absorbing a high-tenperature air. Against such a backdrop, various

t echni ques of reducing the running costy for 5cooling el ectronic devices
have been proposed. For exanple, the air-conditioning systemdescribed in
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Japanese pat ent, ARBLEL CA1 bOBblafted iPRReMBoraff06- 162248 is configured by

connecting a codling apparatus with an evaporator and a bl ower incorporated
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described in Japanese Patent Application Laid-Open No. 2006-162248 is configured by
connecting a cooling apparatus with an evaporator and a blower incorporated between

25  racks arranged in a server room, a condenser which condenses a refrigerant, and a
refrigerant pumping device which is installed between the evaporator and the condenser
and pumps the refrigerant with refrigerant piping. The refrigerant pressure and the
refrigerant temperature of the cooling apparatus are measured, the saturation temperature
of the refrigerant is obtained from the pressure measured value, and the output power

30  quantity of the refrigerant pumping device and the air blow quantity of the blower are
controlled in accordance with the difference from the temperature measured value,

whereby the running cost can be reduced.



Swhereas the air blow quantities of the racks individually vary in
accordance with the heat generation quantities of the el ectronic devices
nounted in the racks. For exanple, if the air blow quantity of the rack
exceeds the air blow quantity of the cooling apparatus, the

hi gh-tenperature exhaust air by the rack cones around the front surface of
the rack, and is likely to cause a tenperature rise of the electronic
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condenser which is installed at a place hi gher than the evaporator and

l'iquefies the vaporized refrigerant, ing which feeds a refrigerant
gas vaporized in the evapor3t MARY Eﬂﬁéﬁgﬁirliqu|d pi pi ng whi ch
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20  object to provide a cooling system with high energy-saving performance, which reduces

running cost by controlling an air blow quantity of the cooling apparatus in accordance
with load while preventing a temperature rise of electronic devices, in a cooling system
including a cooling apparatus which is installed between racks and performs semi-local
cooling operation in a refrigerant natural circulation cycle.

25 In order to attain the above-described object, the present invention provides, in a
cooling system comprising a plurality of racks which are loaded with a plurality of
electronic devices, have structures capable of passing air in front surfaces and rear
surfaces, and are arranged so that respective air intake surfaces are aligned with one
another and respective air exhaust surfaces are aligned with one another, an evaporator

30  which is installed Between the racks, vaporizes a refrigerant by heat exchange with high-

temperature exhaust air from the racks, and cools the high-temperature exhaust air, a



evaporator, a cold water punp which supplies cold water to the condenser,
col d wat er piping which connects the condenser and the cold water punp, and
a natural circulation mechani smwhich naturally circulates the refrigerant
bet ween the evaporator and the condenser, characterized by conprising: an
intake air tenperature sensor which neasures 10an intake air tenperature to
the evaporator by the blower; a return air tenperature sensor which
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Further according to the present invention, it is preferable that the blower
frequency switching device includes a required air blow quantity calculating device
which calculates a required air blow quantity of the blower, and the required air blow
20  quantity calculating device calculates thermal load from detected values of the intake air
temperature sensor and the return air temperature sensor, and controls the frequency of
the blower to a frequency necessary for thermal load processing.
Further, according to the present invention, it is preferable that the cooling
system includes a rack intake air temperature sensor which measures a rack intake air
25  temperature within a range assigned to the cooling apparatus, wherein the blower
frequency switching device increases the air blow quantity of the blower when the
detected value of the rack intake air temperature sensor is a predetermined value or
above.
Further, according to the present invention, it is preferable that the cooling
30  system includes a refrigerant temperature sensor which measures a refrigerant

temperature at an outlet port of the condenser, and a required refrigerant temperature

calculating device which calculates a required condenser refrigerant temperature from



5 the frequency of the blower and a cooling performance table, wherein the
required refrigerant tenperature cal cul ating device cal cul ates a required
condenser refrigerant tenperature fromthe frequency of the blower and the
cooling performance table, and sets a set value of a refrigerant
tenperature of the condenser at a calcuyl ated value. 5 Further, according
to the present invention, it is preferable that the cooling system i ncludes
a conputer_ roamin i .Gh e nl ! ARASdaSi hat
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showi ng a con a cooling systemof a second enbodi nent;
Fig. 3 i gefrigetamt kentipeagtusmoshowidogr deve poiint tpurperatore whensthe calcilatdsipbiicdm of a
is a block diagram show ng a

t hi rd_enmbodi nent ; . Fi g.
conf ﬂaur a{gﬁ’ Biogt ey pait f%peé@tg{ee%]bgfo% 30 fourth embodinent; 6 Fig.
5 is a block dis@oalhghotiergobngonfdngun atsemitlafal eoddinglsystgmsyystatmabf a fifth
enbodi nent; . : . : :
circulation of the refrigerant, at the time of a partial load, the air blow quantity of the
cooling apparatus can be controlled while the rack is prevented from absorbing high-
temperature air, and the set value of the condenser refrigerant temperature can be
20  changed in accordance with load while occurrence of dew formation is prevented,

whereby air-conditioning equipment with high energy conservation can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing a configuration of a cooling system of a first

embodiment;
25 Fig. 2 is a block diagram showing a configuration of a cooling system of a
second embodiment;
Fig. 3 is a block diagram showing a configuration of a cooling system of a third
embodiment;
Fig. 4 is a block diagram showing a configuration of a cooling system of a

30 fourth embodiment;



Fig. 6 is a block diagram showi ng a configuration of a cooling systemof a
sixth enbodi nent; 5Fig. 7 is an explanatory di agram of a bl ower operation

control exanple of the cooling systemshown in Fig. 1; Fig. 8 is an
expl anat ory di agram of a bl ower operation control exanple of the cooling
system shown in Fig. 2; and gi9. 9 is an explanatory diagram of

a bl ower operation control exanple of the 10cooling system shown in Fig. 4.
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appar at us,o2f3ge Wstdi aioaY aPRIzati or 21a and a bl ower 22a incorporated, and a
20 cooling appdratus 20b wi th an evaporator 21b and a bl ower 22Db
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peri phery of hé&ag. Dis anagplanataty diagtam bfa Yasict ppetatidiheordtyy exarhple of the

hi gh-1 enperature EXh€USt'% &1 fromthe rack 10 is cool ed. Reference
nuner'dl s QRIS EGHEY SATER 1 B8 and 23b designate cooling air exhausted from
t he cooling apparatuses 20a and 20b. Meanwhi | e, a condenser 50 is
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gas pi pi ngvesioarvdllibegigsetiysidpn mgeotdance rwithhide cesrdeppsaingsawings. ref ri ger ant

which is gasifi1:(=fgli1nS

2l as 2 e

atbhgck diagram showing a configuration of a cooling system of a first
15 embodiment.

In Fig. 1, in a server room (computer room) 1, a plurality of racks 10 loaded
with respective electronic devices which generate heat are arranged so that air intake
surfaces and air exhaust surfaces are respectively aligned, and between the racks, a
cooling apparatus 20a with an evaporator 21a and a blower 22a incorporated, and a

20  cooling apparatus 20b with an evaporator 21b and a blower 22b incorporated are
installed. A refrigerant liquid is supplied inside the evaporators 21a and 21b, and the
refrigerant liquid is evaporated with a high-temperature exhaust air 11 from the rack 10,
and thereby, deprives a periphery of heat of vaporization to be gasified. Thereby, the
high-temperature exhaust air 11 from the rack 10 is cooled. Reference numerals and

25  characters 23a and 23b designate cooling air exhausted from the cooling apparatuses 20a
and 20b.

Meanwhile, a condenser 50 is provided at a position higher than the evaporators
21a and 21b, and between the condenser 50 and the aforementioned respective
evaporators 21a and 21b, a refrigerant circulation line in which the refrigerant naturally

30 circulates is provided. The refrigerant circulation line is configured by gas piping 40

and liquid piping 42. In the condenser 50, the refrigerant which is gasified in the



7 evaporators 2la and 21b exchanges heat with cold water and is |iquefied.
The liquefied refrigerant flows by gravitational force through the inside
of the liquid piping 42 which connects the evaporators 2la and 21b and the
condenser 50, and naturally circulates to the evaporators 2la and 21b.

Ref erence nuneral 53 designates a | ow tenperature heat 5source which cools
cold water to be supplied to the condenser 50, and the cold water which is
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the rack SPBRFEAIE gge.lpofﬁorlsamﬁ?, ang%qlgﬁp gtﬁhee e %Sg}rlrvrs)g’?%? un%glﬁglg\r/l\gﬁ gérhslétgsgtoar e
i nst al | edh@évdpbaték 21k BhdR€b.S UREfaR@Se nadicral 63 desigmites 4 lonpempetatee heatsor s 82

are installed at the air exhaust surfaces .in the coolin rrat uses 20a
and 20b, SQHEE MR ¢qnds ?ﬁ%éé"(ﬁeéd"&?(?llsmle ftof}}?ecqnﬁ?‘%?ﬁég)@i gtt@?rg(gfiéﬁ? e sensors

80 and t RgyikelsWobledidy the IRt pirfuRaRePicuré?s3 sherchRigemtsupsliel tftke ence of
the intake air tenperature and the return air tenperature is cal cul ated by

a bl ower chnéensentd/thidahi qokdvatsr aining by ZgoldTwater pBBRIeAci es of the bl owers
22a and 22b ar r i r I
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For exanpind20bhsnopdnsedhion essialt tixflver ataicendiiichehe ned af $hd melyd 0 wgduges.

respect tQ a predeterm ned reference, val ue e.gool.in a ities of the
cool ﬁﬁg é%b’é’r 18%3% agg]gm%rgﬁae ﬁﬁﬁo%?fgé) Eﬁgflgﬁ*ﬁeﬂé‘&&}eoalrblélgaé(%éggg?e%?ndand t he
f r equenciregrphir tdepdrhtareiensodd 82 ardlindRlle@bethd ai e SR stirfacde 1 haseolife

rotational speeds_ of the blowers 22a and 22b. In_contrast, with this, when

the af or épap@usenr adiA0b. ang femdhe Bepsiredupiicyph he fghRd irpaure
pr edet er Lped §¢L&1 &gggtu}’r%i'r' CmpdRufORhidg 89,%@%&1%@@&&8: ditfReenc@er iHeg

apparatuses 20a and are determned to be insufficient, and the
f r equenciisgkohirtérepdshiovensl 2 getarmhip Rinpgraiuizss pdedatsd dytablower Baguenche

r ot ati.onal .speeds _of +he- bl e P i

cor dSponttingEaty e Doy e b S AREL PR T5PE e APELRIRT o e
savi ng ofedqathdes aerkspaldingtoethaldrepbrathiegdifi2ranse by iheodkwdi frgquemcshowi ng a
confi gurat i.oB. of . a, C%§| ing systemof a second enbodi nent, and the sane or
simlar PRfisBIE ds¥ic{lse of the cooling system 30shown in Fig. 1 will be

descri bed by beijpgxafapleOwaeh Wetaforebi8d SexifReritafeadi LA cH el vaitlaRdpect to
charact erasﬁredetermined reference value, the cooling capacities of the cooling apparatuses 20a
20  and 20b are determined to be excessive, and the frequencies of the blowers 22a and 22b
are decreased to decrease the rotational speeds of the blowers 22a and 22b.  In contrast
with this, when the aforesaid temperature difference is small with respect to the
predetermined reference value, the cooling capacities of the cooling apparatuses 20a and
20b are determined to be insufficient, and the frequencies of the blowers 22a and 22b are
25  increased to increase the rotational speeds of the blowers 22a and 22b.  Thereby,
operation corresponding to the thermal load of the rack 10 is enabled, and energy saving
operation control is enabled.
Fig. 2 is a block diagram showing a configuration of a cooling system of a
second embodiment, and the same or similar members as those of the cooling system

30  shown in Fig. 1 will be described by being assigned with the same reference numerals

and characters.



8 The cooling systemof Fig. 2 is a systemwhich cal cul ates thermal |oad by
a required air blow quantity calculating device 71 of the bl ower frequency
swi tching device 70 based on the nmeasured val ues of the intake air
tenperature sensor 80 and the return air tenperature sensor 82, and
controls the frequencies of the blowerg 22a and 22b 5to the frequencies
required for processing the aforesaid thernal |oad by the required air bl ow

Quant ity cal cugt Lag Y68 dipiel 8RR WA @O ATosSt £ Shour

inFig 1 _ . _ I'agram show ng a configuration of a
cool i ng sygptiedhadfblawtduhntity eatvotitimedeyicarid of He Wayer Bequshay bwiichiegber s as

t hose of the i system sh in Fiq. I : CrLi in

assi gned d\ﬂ”tcﬁgﬁ ;f? Sersag)r?e%? érfe@Flérﬁ%\g%HﬁSn%f%l?sm%%%\élh%gﬂgeggg{%es%}sl&qcéob%d%% ngt he
cool i ng sytefeamr CB;(mﬂaragure?senﬁ)rmpknd mmf thk fretjeenuarsatf theblovrsid2a88dwAbch
measures an intake air te rature of one or .nore racks.10 which the

cool i Ag é«pwrfa%%@ageszvaua?@?oz@sO%%n$ Fpeé%eéaégﬁ?er@%ﬁépﬁ?ee@qpﬁe# #e

cool i ng $ysk ﬁﬁéxﬁhy\éﬁlchﬂaﬁﬁg Bevide 7VRRoARA L WBASHE E6b1Mal systenl shoha ih @K 1. nt ake
air tenperature sensor 83 is a 15predeterni ned val ue or. above, the bl ower

frequency swit &g iigs ddlodkediggamahowing 3 gonfrmraionay anooling syiehofadhifd ty of
the bl ower ; d _pr : rd f ¢ hewHeyi ces as
a result e(r)r%b%ﬁ Hré&{r?’aac t%g}%}%‘ggr%};@g{) ﬁ{e&hb{é%%%lé?%togrﬂéé gtﬁrlﬁ%%?gtéﬂzyh igs a bl ock
di agr am $Higvii wijl be dsnfibglibpbeiog asdigredonith thegamy seferangé namewly artd enbodi nent ,
and t1 e ssrre or simlar nenbers as those of the cooling system 20shown in
Fig. 19 wiPPrap™descri bed by being assigned with the same reference nuneral s

and char act er s.In Thecoetah isiigers WS FeM30h rédkdintakte altabmigaatige tanpeshtviich sensor
84 which nmeasures _a refrigerant tenperature ok we cqndenser 50, and a
r equi r ed TReASHTCH @R Aeke ARjsEmSEIiIE LQ0e OF MR ERHS &hléht Per& al cul ates the

R iy vy e
1. When the measured value of the rack intake air temperature sensor 83 is a
15  predetermined value or above, the blower frequency switching device 70 forcefully
increases an air blow quantity of the blower 22, and prevents a temperature rise of the
electronic devices as a result of the rack 10 absorbing high-temperature air.

Fig. 4 is a block diagram showing a configuration of a cooling system of a
fourth embodiment, and the same or similar members as those of the cooling system

20  shown in Fig. 1 will be described by being assigned with the same reference numerals
and characters.

The cooling system of Fig. 4 includes a temperature sensor 84 which measures a
refrigerant temperature of the condenser 50, and a required refrigerant temperature
calculating device 86 which calculates the required refrigerant temperature of the

25  condenser 50 from the frequencies of the blowers 22a and 22b and a cooling performance
table in the cooling system shown in Fig. 1, and sets a set value of the refrigerant
temperature of the condenser 50 at the calculated value. Thereby, the refrigerant
temperature of the condenser 50 can be set to be high at the time of partial load.

Fig. 5 is a block diagram showing a configuration of a cooling system of a fifth

30 embodiment, and the same or similar members as those of the cooling system shown in

Fig. 1 will be described by being assigned with the same reference numerals and

characters.



table in the cooling systemshow in Fig. 1, and sets a set value of the
refrigerant tenperature of the condenser 50 at the cal cul ated val ue.
Thereby, the refrigerant tenperature of the condenser 50 can be set to be
high at the tinme of partial load. Fig. 5 is a block diagram show ng a
configuration of a cooling systemof ad¢gfifth 30 enbodi nent, and the sane or
simlar nenbers as those of the cooling systemshown in Fig. 1 wll be

described by Do i B3RHINRTEAGE Bid @?in%ﬂgﬁoalﬁiggyggagssﬂgwmwi . 1288 indoor

characters. ng system ) , In the cooling
syst em skiewrpai tEingerafire dete¢tirgodaviatedd§ whichdeteetypenadaor dewagroitt i ng devi ce 85

whi ch detects an jnda de oi nt tenper re._| s, i erver
room 1. It?m]?eﬁétuﬁ%’lSdmtaieéidn\\lfiﬁpff’év%ﬁ O?ﬁgl' r 3Eﬁ1€rcgicf “%aé‘lf[hf‘lt"‘g{éér gﬂ{ﬂe{} g%igerd:t ure

cal cul at irp@igeRmt EenpRfatife caltutaing dedice S6aviicr edadats a abdssagicondasér i ger ant
tenperature fromthe frequency of the bé%svvﬁ Zz\énd tge cool i ngf Ferfor mance
t abl e5i s TeffiePiabismRSEMISITTR thehipRicas P bhE DB AR RhCIXINGAECHBHISY t he
| ndoor  deyyp) ﬁ%inagéﬂ%%wc%{ﬁ{ftﬁ%%ﬁ%gb g ag@\)Sé'O\QEicﬁ% ddiftRe BBy théahddor@kwt he

refrigerant tenperature of e condenser i s changed to the cal cul ated
val ue, amdintfernprratved deteciingdlevisk 88, the sehealinalothe refeigergat Wmpeea Aty e or
bel ow, the set value,of t.he. refp] eEB I 0 r 50
is changgang%ls?rhe @ecé\lla%efirﬁ{? ﬂ%eegr%lrl)éeu(f?%3 %Pél_u ¢ eﬁg@tﬁ‘éa%gga&?&rihﬁ%%fgg? gg\liavéle

f or mat i onlesaviMacpperant etbelpiptiefseedhlex afifhe edfrigerant temiperadaretofdlic t he

cool ing systenms sho in Figs. Ilto 5 the condenser,50 which perforns heat
exchdfge CBPé%F‘dEQ/\)é}t%g'f‘n%qdo ?l?'f’eder"é??‘i“bgmﬁ‘?ffﬁ?@' i TOELEPY R cusERee Ot dgH | ger ant
15cool i ngoiWRIh AR bahr&lenfeandenses the refrigerant by using external air
cold heat may be provided instead of the condenser 50 as in Fig. 6.

[Air bl ow oper dMogiiedomrempiclexanpl e of the cooling systemof the first
embodi ment | Fory, ex tgg fﬁ@i%ﬂ%ﬁsgﬁgWH in Figs@1 f 5 [RE 88ERnéet S0ANTHER N- Tout )

between a 20 neasure e Intake air tenperature sensor 80
(see Fi g.peifprantes erelenge eficaldwaterpadithofeftiperantds installgis buterrpBiesrante sensor

2 AT S i S35 R 0 GRL BRI M OGRS o
of the cqpbiided aRRAd af tie doadsgkr GaAH IGg. @&nd a desi gn m ni num t enperature
difference is S[/e\tir b gwpc\)-{)%rce:ltivgntcgntrrgls x%rcntplet c())f &IQ %O(\)/l?rlguseyst%];n (t>th t%e FaP e’ ature
embodiment]
For example, as shown in Fig. 7, a difference AT (AT=Tin-Tout) between a
20 measured value Tin of the intake air temperature sensor 80 (see Fig. 1) and a measured
value Tout of the return air temperature sensor 82 is calculated, and when the aforesaid
temperature difference AT is within a range of AT|<AT<AT, where a design maximum
temperature difference of the cooling apparatus is set as AT;°C, and a design minimum
temperature difference is set as AT,°C with respect to the value of the temperature
25  difference AT, a blower frequency f corresponding to AT is set in advance.
Subsequently, at the time of AT>AT;, the blower frequency is changed to a maximum
frequency fmax. At the time of AT<AT), the blower frequency is changed to a
minimum frequency fmin. At the time of AT|<AT<AT,, the blower frequency
corresponding to the temperature difference AT is changed to the value f which is set in
30 advance. Thereby, when the thermal load of the rack 10 reduces, operation is enabled

by reducing the blower frequency, and energy-saving operation is enabled. Further,

when the cooling performance is reduced due to abnormality or the like of the cooling



25di fference AT, a blower frequency f corresponding to AT is set in
advance. Subsequently, at the tine of AT>AT1l, the blower frequency is
changed to a maxi mum frequency fmax. At the tinme of AT<AT2, the bl ower
frequency is changed to a m ninumfrequency fmn. At the tinme of ATIAT_AT2,
the bl ower frequency corresponding to e tenperature difference AT is
changed to the value f which is set in 30advance. Thereby, when the thernal

| oad of ta?s%rﬁgxg,gthé%gagﬁléﬁ S Shue ARG 8 thPethith ﬁf‘é&%;ggad%é s'éﬁsﬁﬁ'@b @Sﬁiﬁﬁ@% Exlxed)"ver

frequency nergy-saving operation is enabl'ed. Further,
cool i ng peclbse tethe @alus of Gduneatuttdevatue Eibrod thainiakyg aprtemperafirg senspr $the

cooling 10 a ratus, the neasured v e Tout of, t n..al

t enper at @Pg ﬂ%%ﬁ@fﬁr’ thetemperalure géflfl%{ﬁ%ce’l @‘ § FEIEssg aIllhe q?/lg%’ﬁééj %‘? bfchzg neasur ed
val ue Ti quehtifyhedédttake baidecressipethatlewerseamency80, Tiendotehdredfigi-e, t he
tenperature difference AT_bec

A mes. small . Thus, t ai r. bl ow ntity is
decr edsedeBYCIaBEs SEAUR P ﬁ@mﬁﬁ%%i‘ lgracéa &8 rﬁ’é?’.emﬁﬁgf%? E?Flé‘? SPP@&IL’#% fhe ér |
tenper at qﬁﬁk@ﬁmtof%é'raﬁﬁ eOithBul BGKg déble@n be prevented from being

supplied to the air intake surface of the rack 10 w thout being cool ed.

[Air bl ow oper ddinhlowmperation sratigll example ¢fehe selinggysigm ¢ithesecoRd second
enbodi nent bOForerﬁT)arrpl e, as shown in Fig. 8, when a design nmaxi mum t her nal
| oad of the iiBmco ling apparatus is set as Q kw, and a design m ni num
thermal | oad i FosekaapleQkshpwa iblFogws; whee quiesigy niaxironmegherural hapdaod tad r bl ow

quantity reguired for, cooli a heat, quant.i t IS S LN advapce. An air
bl ow !§uarfePtiye pgpaggpgl}srfgaasrﬁ ’é‘ngﬂé’é’g‘ﬁf‘ Bt tféeggpg[qagﬁs ?e?gaggélgvgya} and
the heat yipadtfrdgueRdy Siot@hsutnatchif blom duaatinerguirarioy abslag ofied heaarthy ake
air tenperature sensor 80 (see Fig. and the_ return air, tenperat.ure

2) . .
sensor 8A &t imadVeBes. owish 2isiblovh Hwtiﬁ%l srithtgiped fgpm reeq loyyer opergjion ¢ he
bl over f rfﬁ%ﬂg@ ah® Ffér}?c'ag iy ONE cATBNL I Tk BRURBLAYrddTatues @R theAhtakBe tinme

of QR, t wer frequency i's changed to the mninmumfrequency fmn. At
the time abf te@pe@age scndoe 80 |(soediig.f) and dreeneturs aiHemperdturo sertier & aigethe

frequency ,f corr ondi t o, t.he .heat t i IS - i nce.
Ther ggy ar Eflﬁ@%?‘h%‘f’aﬁgﬁ"l dégc}n%]ﬂmtehoéf @%@ﬂ théglrogég@gg{ﬂedggés?ghngﬁd ?Ogt‘{lgnabl ed
20by ] red uﬁém@uhﬂﬂedpldmlw Ifmﬁi,%(ﬂ? anthe, timof @6 gthe v esrgfrag]}uencazt i:s ehangedenabl ed.
Furt her, en the coolin erfo nce re e.to.abnormality or the

li ke of tRETEBEHYH e%ﬁi‘éggg‘ﬁ%, éi@eﬁg&?ﬁﬁﬁgﬁééﬁzeﬁh‘i@lﬁwe& "R PP urn air

t enper at When SRS Ahe BRWeR ElcEASRS faBHedpon8in@s6 thethdahGuatdity!© Which hesefpasur ed
value Tin of the intake air tenperature sensor 80, and therefore, Lege heat

quant i t y advaessonddeaby) whemrthgghermablog of pheoipck d 8 reducss. ioperatiop scs®aed by
decr easi . ' r all np e
exhaals it ASIoWECAUERGY,, AELnbielsal Bk Gpeliitn i AlLIATDELAN © | e

ai r i nt akeheuht acelingf parfremeackreddcasidub o bbixeinaljtycodhe ke of the coolleg  exanpl e,
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10, is close to the value of the measured value Tin of the intake air temperature sensor 80,
and therefore, the heat quantity Q becomes small. Thus, the air blow quantity is
25  decreased by decreasing the blower frequency, and therefore, the high-temperature
exhaust air from the rack 10 can be prevented from being supplied to the air intake
surface of the rack 10 without being cooled.
For example, when the value of an air blow quantity Q of the cooling apparatus
satisfies Q<Q3 with respect to a high-temperature exhaust air quantity Q3 of the rack 10,
30  high-temperature exhaust air which is equal to or more than the air blow quantity of the
cooling apparatus is supplied, and the high-temperature exhaust air in the quantity

exceeding the air blow quantity of the cooling apparatus comes around the air intake



30hi gh-tenperature exhaust air which is equal to or nore than the air bl ow
quantity of the cooling apparatus is supplied, and the high-tenperature
exhaust air in the quantity exceeding the air blow quantity of the cooling
apparatus cones around the air intake 11 surface of the rack 10. This
causes the fear of increasing the intakg air tenperature of the rack 10 and
causing a tenperature rise of the electronic devices nounted on the rack
10. Accorgl\l{g&l %f’thm%ﬂ 1ohe TIRASUERnY flat' 61 Akrdalifg tRCHtdkR L@ BmBLlatr€BPEr at ur e
sensor 83 Which Measures the intake air terrpera?fure.of the rack 10 becones
t he desi g fankld6mnd cemsier atammeranrehisghodthe ¢lectianicide aeasinemtechern the wack

hi gh-te rature exhaust air of the rack.10 ¢ r Lol ke
Sur't ace, nd AEFE BT AT BT PRAUBRLYABF Of 18 Bronmad PhrpafEsspfis

i ncr easedyhidigkedies thBénthkdir teaifRedtatcwrehexbRus tbeadmed thededipreindack 10 can
be prevented from com ng. arqund the air intake surface . [ Bl ower
oper aPi orCTERHANE orhighet i 1pfetemangdthat 1hg }%%lé feé‘i’ﬁeﬁaftu’feﬁé(hf“b% f"rrﬁ’filtf rack

enbodi meniylcomes arquniQhe £ AMLEsurALe, SRAWE bbritidh frquedc £ O0thE BHWRE2LAE Mance
table is creat eg_ I'n advance fromthe rel ationship of a processing heat

quant i t y fofcefully inorohsedg Apprebuntthe highdtemperapire wshaust &g repcipe sk kGan be
condenser_refrigera L re; : quantity Qis calculated from

t he val ué)r%vfengeﬁgt?%nrlgérélﬁlrfgn%rﬁgﬁife{fhe?i}re%{l}gﬁEg%cﬁd the tenperature difference
15bet ween t he i[Btovke opkratibe npeiratennmpkend thheoalmgsysteai of thefpethat ure of t he
cool ing apparatus, and the condenser refrigerant tenperature is changed to
a confdeng Ofig’f"?r}tberant tenperature Tr corresponding to the heat quantity Q

fromthe af or esqi dxifple] GHBRNTIAFIRNC e cbellEperTditaatytablefis tRatedéat quantity
Q becones | arge, the condenser refrigerant terrp,eragure is rai sed, whereas

i f the hedvanggdrm the rasiondhinof 3 REIESSInhbea GBBHEER the sogfing gRRegetps and
t enper at qp@nggvg!r ?x‘éﬁ{i&m@glaﬂg@hé QsehRr RofriEOBRAKmELIY, MPREAGuARIGIQ tshe time

of partia i's enable e apparent to osé skilled in
the art tcabulawat fromshewaut of diei esnabloweaficatdnengnd shecthmaeragure ddfarensesy st em

conpr,i.si thr or. .nor.e. cool i.n [ , INalY nt
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Thus, it dnd thet@ddadt: téfaigetanetepipesdmnt is chwmged ana candenser réfeigemdt f i cat i ons

and variations of _this inventi o& r ovi deg taef}/ come wi thi,n the scope of the
€ 1ty om

appended temnpsratire g coesPPndige ity tquan ¢ aforesaid cooling
performance table. Thereby, if the heat quantity Q becomes large, the condenser

refrigerant temperature is raised, whereas if the heat quantity Q becomes small, the
20  condenser refrigerant temperature is lowered, and therefore, energy-saving operation at
the time of partial load is enabled.

It will be apparent to those skilled in the art that various modifications and
variations, such as a cooling system comprising three or more cooling apparatuses, can
be made in the present invention without departing from the spirit or scope of the

25  invention. Thus, it is intended that the present invention covers the modifications and
variations of this invention provided they come within the scope of the appended claims

and their equivalents.



12 WHAT IS CLAI MED | S: 1. A cooling systemconprising a plurality of
racks which are loaded with a plurality of electronic devices, have
structures capable of passing air in front surfaces and rear surfaces, and
are arranged so that respective air intake surfaces are aligned with one
Sanot her and respective air exhaust sufjaces are aligned with one another,
an evaporator which is installed between the racks, vaporizes a refrigerant

by heat &% R%“}%%%EME j gh- tenperature exhaust air fromthe racks, and
cools th E 5 exhaust air, a blower which supplies the

hi gh- t ender at urtecaiingissstemi coniprsing chgluraditk sf taoks whichveaploededwitha cool i ng
apparatus with th vapor at or .and t he bl ower i ncor }

condenser? l‘%b\ﬂi o ﬁ?ﬁicgopﬁsc{eé{ [Edaye S%“%P%?E ga%%glg%cgfr:patsﬁgé %{rﬁg ﬁIg\%{)‘g{rﬁag So;?nda nd
| i quefi esedriR@riM@ROfiidZad arrahgdder thnt resi@asvaipimgkedrabes #edbgredneith bger ant

gas vaporized in the evaporator to_the condenser, |iqui i pin ich feeds
a ref Pi g@paier ?quWFEFCFliVEIBEfCP‘EHJSF prrfages @Gﬁggﬂ%ciwﬂbw BOtgf‘r‘gﬁEFYi%’(?\r@O’é cold
wat er  punp,ihiGRssRPhdiR et Bl Fadi@L @d’poﬁ@es& DR GO Heat GRhEngEHEE hRihPi Ng

t
whi ch connects t%e condenser and the cold water punp, and a natural
ci r cul at itonpdrBivec trdraustrainfipoithe sacks.and goels thghighdemperature pxhiayelrdhe bet ween

the evap%rlc‘;ivgeqrrw}?‘lrc]lq {ﬁbgieg %qﬂ?ﬁ%r{%%m{eaégh%ﬁétzaﬁdﬁ&% tﬁfﬁgf(é &M évagorator, an

intake air terrpera Senso measures an I ntake alr .terrp rature to
t he evaparabting bypdrinas blithwhe gvaporator and the bloaver énaorporaied thereipea aondeasgensor

whi ch measures .a return air tenperature which is 20cqoled in t.he

evapgpat d’f’k}m}édegaﬁ?d;%@rﬁﬁeelaﬁg‘%ébarb%eFX?‘R%@‘OH%W ﬁ‘éufi(if?ﬁ @he @Retieskes a

f requencyteRfoetdng %?E OWRKg which feeds aMRefi @irahtighe viaheised i theqvepaytos v thehi ng
device controls the frequency of the blower ta Z‘ frfequ,ency of  t he bl ower
cor r esporf@ndgyse’ liguigi ripisgaviieh frednasrrigerant hqugd dayshicd i3 thesondgpist ihien i s
nmeasur ed [ I.I }nﬁﬁp I ; ARh N W
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The cool ipiging yétidneaneds thaepndonsel andrthe cold water pumhegnsi annatirel gir@ation

cal cdrat g o Paa AR AL QTR E50s e HERb L GRBLY R IR b they 1
bl ower, afddenser, characterized by comprising:
an intake air temperature sensor which measures an intake air temperature to the
evaporator by the blower;
a return air temperature sensor which measures a return air temperature which is
20  cooled in the evaporator; and
a blower frequency switching device which switches a frequency of the blower,
wherein the blower frequency switching device controls the frequency of the
blower to a frequency of the blower corresponding to a difference between the intake air

temperature which is measured by the intake air temperature sensor and the return air

25  temperature which is measured by the return air temperature sensor.

2. The cooling system according to claim 1,
wherein the blower frequency switching device comprises a required air blow
quantity calculating device which calculates a required air blow quantity of the blower,
and
30 the required air blow quantity calculating device calculates a thermal load from

detected values of the intake air temperature sensor and the return air temperature sensor,



30the required air blow quantity cal cul ating device cal cul ates a thernal

| oad from detected values of the intake air tenperature sensor and the
return air tenperature sensor, 13 and controls the frequency of the bl ower
to a frequency necessary for thermal |oad processing. 3. The cooling system
according to claim1 or 2, further compgising: a rack intake air

t enperature sensor which nmeasures a rack intake air 5Stenperature within a

range asgj j 48 fref&Hc§ R céRMryTbPwRImAINBsIEency
smﬁtchinghgggﬂgggﬂﬁggggggé}gﬁgéggﬁhgﬁga/gﬁgnfﬁiycof ghe blgaer when t he

det ect ed prvedessngf the rack intake air tenperature sensor is a predeterm ned
val ue or above. 4. The cooling systemaccording to any one of clains 1 to
3, further conprising: 10a refrigerant tenperature sensor which nmeasures a
refrigerant temnercabliesyatenancooudihgto paint 1k 2t hetheopdepseng: and a

required refrigerant tenperature cal cul ating device ich.calculates a
requi red conderdat wgﬁﬁggaﬁﬁﬁ?ﬁwgﬁﬁgﬁaf8&5*%?%ﬁ?¥ﬁ8‘?$ DRSS of the bl ower

and ascoqlihperaRes HahPfe gt ablighed A6 WhedRiling bpgaratagui red refrigerant
tenperature calculat|$g@deV|ce cal cul ates a required condenser refrigerant
&

tenperature froverdie the @quentyauncy ReitphBaEsvisgh NCTHRECTIB AL Y PP BHHance
tabl e, ang tl?eelglgw@fa ﬁfﬁ%n ﬁ%l &é%s?gd \aalﬁ'iee(w th@ lcRNhtak € IR L AbdthRrOfentbtgs gondenser

at a calculated v e cooling systemaccording to any one of clains
1 to 4, fueddemicwhymlusomagpove20 a conputer roomin which the plurality of
racks are arranged so that respective air intake surfaces are aligned with
one anot her and respective air exhaust surfaces are aligned wth one
anot her; 4@ deviTae cobliedsydeine at®rding itm doponddefe] gaisrt tot3e Mpeeatcumerisihgt he
conputer room wherein the required refrigerant tenperature calcul atin
de\r/rip d8 cal Curlataergfrégerant temperatglre sensor Wthll’l gneasures a rerFRgerant temperature at an 9

outlet port of the condenser; and

a required refrigerant temperature calculating device which calculates a required
condenser refrigerant temperature from the frequency of the blower and a cooling
performance table,
15 wherein the required refrigerant temperature calculating device calculates a
required condenser refrigerant temperature from the frequency of the blower and the
cooling performance table, and sets a set value of a refrigerant temperature of the

condenser at a calculated value.

5. The cooling system according to any one of claims 1 to 4, further comprising:
20 a computer room in which the plurality of racks are arranged so that respective
air intake surfaces are aligned with one another and respective air exhaust surfaces are
aligned with one another;
a device which detects an indoor dew point temperature of the computer room,
wherein the required refrigerant temperature calculating device calculates a
25  required condenser refrigerant temperature from the frequency of the blower and the
cooling performance table, and changes a set value of the condenser refrigerant
temperature to a calculated value when the calculated value is the indoor dew point

temperature or above, and changes the set value of the condenser refrigerant temperature



25requi red condenser refrigerant tenperature fromthe frequency of the

bl ower and the cooling performance table, and changes a set value of the
condenser refrigerant tenperature to a cal cul ated val ue when the cal cul at ed
val ue is the indoor dew point tenperature or above, and changes the set

val ue of the condenser refrigerant tenpgrature 14 to the indoor dew point
t enperature when the cal cul ated value is the indoor dew point tenperature

or bel OW.¢, the indoor dew point temperature when the calculated value is the indoor dew point

temperature or below.



