- 1 - COOLI NG APPARATUS BACKGROUND OF THE | NVENTI ON 5 The present
invention relates to a cooling apparatus equipped with a refrigerant
circuit which includes a conpressor capable of controlling a speed of
rotation and uses carbon dioxide as-alrefrigerant. In a conventional

cool ing apparatus of such a kind, 10 e.g.,.a showase installed at a
store, arefrigerant <circuit is constituted by sequentially connecting a
conpressor, a gas cool er (condenser) and expansion valve neans (capillary

tube or the |like) which constitaterd: xergensisng unit and an evapor at or
installed on a showase 15 main body side through a pipe in an annul ar
shape. A refrigerant gas conpressed by the conpressor to becone high in

tenperatuggcggﬁogﬁ§3@yr@HtsIﬁﬁﬁﬁﬁﬁﬁ@ed to the gas cooler. Heat is radiated

fromthe T _ cooler, and then the refrigerant gas

is dbrected byThherPdsexpansvont vat viee teelars t® becdeding dwee svapor at or .

The _refrigerant evaporates_t here, and. absorbs heat, fromits surroundi ngs
rihl ﬂ%

to exhi bi TTARRST i K- ihctT Dt 9% HE ebyt Coot & HEHARET T space to be

cool ed) ofohhee SHOMCASSat Be Tof SEErJBPANESE eNto ApRd i Latd PmA@i d- Open
No. 11-257830). 25 For the conpressor, a speed of rotation is normally
cont r ol | egEDet GREPCE fhvesde sheetl ik lo9iaHest speed by. a control devi ce.

That 1S anen o STRAALM Sl L% hATRE(. Ol LIS SQuGASe [aaehes an
upper limt, the contro evice star urns he conpréessor. Then,
t hel@ont rolg deva cehSQ-xont 1od tsa ldl sspeed ofstratagt inrafridwe aonpressor within

a range of preset Iomest,and(ﬂhg?est speeds based on outputs fromvarious
sensors for-s ect’ P B tEperhtt &G He 2 et rGYEteaitindnfen the
tenper at W Fedder champey Qoldle &ondenser) and expansion valve

~means (capillary tube or the like) which constitute a
condensing unit and an evaporator installed on a showcase

15 main body side through a pipe in an annular shape. A
refrigerant gas compressed by the Compressor to become high
in temperature and pressure is discharged to the gas
coocler. Heat is radiated from the refrigerant gas at the
gas coocler, and then the refrigerant gas is directed by the

-+ 20 expansion valve means to be fed to the evaporator. The
refrigerant evaporates there, and absorbs heat from its
surroundings to exhibit a cooling function, thereby cooling
the chamber (space to be cooled) of the showcase {e.g., see
Japanese Patent Application Laid-Open No. 11-257830).

25 For the compressor, .a speed of rotation is normally
~controlled between a lowest speed and a highest speed by a
control device. That is, when a temperature in the chamber
of the showcase reaches an upper limit, the control device
starts (turns ON) the compressor. Then, the control device

30 controls a speed of rotation of the compressor within a
‘range of preset lowest and highest speeds based on outputs
from various sensors for detecting a temperature of the

refrigerant. When the temperature in the chamber of the



showcase drops to a lower limt, the conpressor is stopped (turned OFF).
Accordingly, a predeterm ned tenperature is maintained in the chanber of

t he showase. Incidentally, in order to solve a problemof ozone 5 | ayer
destruction, a proposal has recently been made to use carbon dioxide as a
refrigerant in the cooling apparatus of the described kind. In the case of
using the carbon dioxide as the refrigerant in the cooling apparatus,
however, SPUEHFCSHBT &t if0 LseEdmed Mgy thieg FOMBERE S& OT0 1te OPREGr e of t he

-conpressofc i@ forand adlenpeniatyie of Bedethidgarant [ arged into
the refrigerant cﬁﬁguit becoﬁbkﬁﬁgh. Ebﬁ%ghﬁéntﬁf, ifgggr%%%%%c& t to
obt ai n amadediziegdcdol ithg efbkimbeeneyf. tEef shbwchaee t her ef ore been nade to

i nprove a cooldn 1 ffici,enc t the evaporator by raising a speed of
rotati on of tfﬁlecgggr?%ragslé'dr 1t O%r?%re:}?es :fr"%rrﬁ‘uﬁ’tr 05’?@51 Péf PPGBFant
ci raul at adyier e theftiiger,ant prlopewiall, hdisSpesknd 1dNpHekht RLRR!l theake

exchanger to exchange heat between a refrigerant of a high pressure side
and a refAir§orafiosfids 26 pPowesrdgegratsiiae theuperddnbi agrekeatusf pifger ant

of the higlh deessuen sida or el ke, Haweyer, i CLhe cgepon di oxide is
used as the Trefrigerant, the high pressure sideof *thé rePrlgerant
circuit mapxhedeome sbperefirtigeabntCansetuenbbyinpr eppui-atds,of the high

side is no etermnate due,to an _oqutside air enperature, design pressure
d ﬁ t det te d t tsid t nB t d
' f

of a devi’C¥SVETexBeEGBRT CESPRYI APINY CaP CARSE| HETYf NP8yt PRY 8r a hi gh

outtgi de akmipehaRpREAbYr @heaRdrbheksois iastear 1afi daregptarhhe device in
the worst case. Thus, the conpressor has conventionally 30 been controlled

to a hi ghesrigpsadtopapotasicbarpgardoitdép tbe peévégersuthchirghipressure
abnor Ml LLLEge APBRCIUBBRLYquehRRY N9:21 8" QRERILET Al edpegd cgo! i ng
efficiency.
: desired cooling efficiency.
Efforts have therefore been made to improve a cooling
15 efficiency at the evaporator by raising a speed of rotation
of the compressor to increase an amount of a refrigerant
circulated in the refrigerant circuit, disposing an
internal heat exchanger to exchange heat between a
refrigerant of a high pressure side and a refrigerant of a
20 low pressure side, supercooling the refrigerant of the high
pressure side or the like.

However, if the carbon dioxide is used as the
refrigerant, the high pressure side of the refrigerant
circuit may become supercritical. Consequently, pressure

25 of the high side is not determinate due to an outside air
temperature, design pressure of a device is exceeded
especially at the time of starting or a high outside air
temperaturé, and there is a fear of damage to the device in
the worst case. Thus, the compressor has conventionally

30 been controlled to a highest speed of rotation in order to
prevent such high pressure abnormalities, consequently

creating a problem of a reduced cooling efficiency.



SUMVARY COF THE | NVENTI ON Exanpl e enbodi nents nmay provide a cooling
apparatus which can inprove a cooling efficiency while preventing an
abnornmal increase in pressure of a high side. In accordance with a first
aspect of the present invention, there is provided a cooling apparatus
conprising: a refrigerant circuit which includes a conpressor capable of
controlling a speed of rotation, and .uses carbon dioxide as a refrigerant;
a control device which controls a speed of rotation of the conpressor

bet ween predeterm ned | owest and hi ghest speeds; and a cool ed state sensor
capabl e of detecting a coolgtiMaéRat OFOTHE aISPRICEI® be cool ed by an

evapor at or incljﬁude in tged.ref%i gerant circuit, wherein the control device
increases a hi'gHest® spEBEOF P ot ati®dn BFCYHE® conplrBlsoldi PR E&HFer at ur e
of the coehechspageiflptected byolhggceslredieatat @nseBSPheent oWy The

cool ing apparatus may further conprise an outside air tenperature sensor
whi ch det 8RS diticdecailn rrefperat of e Wit et¥fidhe control device

i ncreases the 1hi ghest-aspeed Rfcpotatin@f LhE-£PMPLLSS WaeR Lhe .
outside air tenperature detected by the outside air tenperature sensor is
hi gh, andireiucle®t he Ubiegleest ispeedrovidedt atd on wfoltimg compresstnswhen t he
out si de aj e ﬁ_[_atu e i nmpl e, di ment.s, may. i nprove a_cooling
ef fici en%ém%%l an e'vap%rat%erﬂ%elr?ﬁgr evCglr1T[(-J<|gj?1)%lC anwgt%ﬁ(})lr najrncfrrjg%reesaseai n
pressur e ofmErddgir stadmbdfe aoftoodn g Hpipay a uspeda ofnracgoidapcenwi th a
second aspect of the presen invention, there is provided a cooling

appar at us"> Compri §PRg: AP G | G&r aft T HI AR chei icttides: ade¥dffr essor
capabl e ofhant rddtidddsa speegdesli rotati@utidl of the compressor

between predetermined lowest and highest speeds; and a
cooled state sensor capable of detecting a cooled state of
a space to be cooled by an evaporator included in the
refrigerant circuit, wherein the control device increases a
highest speed of rotation of the compressor if a
temperature of the cooled space detected by the cooled
state sensor is low.

The ccoling épparatus may further comprise an outside
air temperature sensor which detects an outside air
temperature, wherein the control device increases the
highest speed of rotation of the compressor when the
ocutside air temperature detected by the outside air
temperature sensor is high, and reduces the highest speed
df rotation of the compressor when the outside air
temperature is low.

Example embodiments may improve a cooling efficiency
at an evaporator while preventing an abnormal increase in

pressure of a high side of a cooling apparatus.



uses a carbon dioxide refrigerant; a control device which controls a speed
of rotation of the conpressor; and a cooled state sensor capabl e of
detecting a cooled state of a space to be cooled by an evaporator included.
inthe refrigerant circuit, wherein the control device sets a target
evaporation tenperature of the refrigerant at the evaporator based on a
tenperature of the cool ed space de[egteg by the cool ed state sensor, and
controls the speed of rotation of th aconpressor SO0 as to set an
evaporation tenperature of the refrigerant equal to the target

evaporation tepperature at the evaporator. 4 The control device may set
the target eva%r GG ePeRpet btiur & of CERRY r ¥R afif &Rt h&revapbrator in

a relati oivehtbsing himgher asstheph-eppgsaturg ofoddie ool gdhpashaGS 1S
hi gher based on the tenperature of the cooled space detected by the cool ed

state senS®RPTINETont Pol HRAAgenmf seelr@elt ar gbdchvaporaludss  a
t enper at Up S Pesd 2l AL Ofo DeLAg 2P dnd Ny €008 bRELERL . 1Y Chng

acconpani es a change | e tenperature t he cool e space 1h aregion of
a hi gh t enpes aturerbfont il codolee dresPaice radet; et edoyrd hedeobtedwatiahe

sensor, - a e i_n change thereof .which_ acconpanies a change in_the
t enper at u?%n%?&g% hé CSBF%% sopftacgoi ﬁIEéOPegc?%n%@F a“POW TR aflife Bf the
cool ed spaseledhet£ool sags@ppespdbie &Y fatébeing oAPEbSEe@NsOLtsi de  air

tenperature sensor which detects an outside air tenperature, wherein the
control devis€&Eor FRctRe t AROLEH gAY @DapdfaRIGH WenpBEALaee ti8 bERfi gh when

the outsigeraiderdriipenaturie, defecteth bynkhecgutshe @lyidLmerat uge sensor
is high. 5 The control device nay correct the target evaporation
target evaporation temperature of the refrigerant at the
evaporator based on a temperature of the cooled space
detected by the cooled state sensor, and controls the speed
of rotation of the compressor so as to set an evaporation

temperature of the refrigerant equal to the target

evaporation temperature‘at the evaporator.



tenperature in the region of the high tenperature of the cooled space
detected by the cool ed state sensor based on the outside air tenperature.
BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a refrigerant circuit diagram
of a cooling ~apparatus according to the present invention; FIG 2 is a

vi ew showi ng changes in a speed of rotation of a conpressor, pressure of a
high side, a tenperature in the chanper of a refrigerator nmain body, and
an evaporation tenperature of a refrrgerant in the cooling apparatus of
the invention; Fig. 3 is a flowhart show ng rotational speed control of

t he conpressor by a control device of the cooling apparatus of the
invention; FIG 4 is a view show ng changes in a speed of rotation of the

conpressor angnpr essif £o0f dhi8 i ORa§i dgeat cdie chirgerof es4@tdtihn FIG 5
is a view showing a relation between an outside air tenperature and a
hi ghest $pBRErefuret a?forfhsf tedrigempréssat itha hevepolrehgrappar &t us of

the inventhap; k!l Gr 6d4 j how a.r [ et a targe
evaporat?on téﬁperat8¥%§1nd¥gﬁﬁ%ﬁp§¥g?8?etfﬁgg%g%g gnﬁ%ﬁ at (gg%%x%utside
ai r tenpepatearels nhtibhbecodbaswd appardtaels tepetrheéuiraverti i ahg ansbds 7 is a

vi ew showi.ng_a_.change.in t erature in,_ the chanber of the cooling
_appar at ugb%getﬁ%pFﬁg%%t?%n&@ﬁé;%ﬁ_%ﬁ%cﬁﬁﬁﬁm OF THE PREFERRED
EVMBODI MENT Nexhe thentprelf erderd cenbrgdiy mesdt oftHche cprgeentevd ion will be

describeg in detail wth reference to the 6 acconpanying draw ngs. A
cool i ng SPPBFEELEC416R0f ERGATIONcAiplicdey FMadidensi Hipniad ttheaind a

. refrigerghoknmkBonpoSYe408 ¥hiche PECOPRS BekOt £y i dE bogly . ciR£ool i ng
- space in a region of a high temperature of the cooled space
detected by the cooled state sensor, and large in change
thereof which accompanies a change in the temperature of
the cooled space in a region of a low temperature of the
cooled space.

The cooling apparatus may further comprise an outside
air temperature sensor which detects an outside air
temperature, wherein the control device corrects the target
evaporation temperature to be high when the outside air
temperature detected by thé outside air temperature sensor

is high.



apparatus 110 of the enbodinent is, e.g., a showase 5 installed at a
store. Thus, the refrigerator main body 105 is constituted of an adi abatic
wal | of a showcase. The condensing unit 100 conprises a conpressor 10, a
gas cool er (condenser) 40, a capillary tube 58 etc., and is connected
through a pipe to an evaporator 92 of a 10 refrigerator main body 105
(described later). The conpressor 10, the gas cooler 40 and the capillary
tube 58 constitute a predetermined refrigerant circuit together wth the
evaporator 92. That is, a refrigerant 5di-scharge tube 24 of the 15
conpressor 10 is connected to an inlet of the gas cooler 40. Here,
accordi ng to tThe enbddicienigvitdee rconpeessatt 10hei sadgatl kivapaget ( bno

st ages) i type tary. co essor . of _an internal interpediate
pressure tyggﬁ%%Pg% Jﬁgegﬂgagﬁéﬁoaigggdéh?cﬁé?hagxgmﬁﬁpFﬁﬁgréﬁf. e
conpr esscroR@dl Greoreprisesctmat dhecthic celodmentstditsposats@as baskd vomg
el enment i 2 3gakad 8??L?g%§%ré€§£68homn)’ and first and second rotary

conpressi on el enments stages) driven by the electric el enent.
In the drawing, a reference nuneral 20 denotes a 25 refrigerant

i ntroduction tube compegsedsRYrIBOIb 8F TR ARNy FYERT €SSion el ement of

the conpressor 10 to ‘ _ : _ outside fromthe
seal ed contafh&r fli rst andefhégserantncisguée Hegrefy iaferantophiny t he

second r QpRbYa€QBPAEESEANE! €FB e (B AN i0fvdifig 30 refrigerant
i ntroduction tube 20 is communicated with a cylinder (not shown) of the

second rotaryFéBnpressi®n @ elVéfint ShaHéngt hehargrP ofin he@ r ePregeraht
i ntroductoeBtibibeo20 d s Gaipreriseat edptBEough adr i nf enegi ategepoling 7
circuit gS dlsgosed_Ln t he gas cool er 40 (described | atér) w th the inside
of the s SPRET BHF%uh%the hamber of a refrigerator main body, and
: an evaporation temperature of a refrigerant in the cooling
apparatus of the invention;
Fig. 3 is a flowchart showing rotational speed control
of the compressor by a control device of the cooling
apparatus of the invention;
FIG. 4 1is a view showing changes in a speed of
- rotation of the compressor and pressure of the high side at
the time of starting;
FIG. 5 is a view showing a relation between an outside
air temperature and a highest speed of rotation of the
compressor in the cooling apparatus of the invention;
FIG. 6 is a view showing a relation between a target
evaporation temperature and a temperature in the chamber at
each outside air temperature in the cooling apparatus of
the invention; and
FIG. 7 is a view showing a change in temperature in

the chamber of the cooling apparatus of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Next, the preferred embodiment of the present

invention will be described in detail with reference to the



In the drawing, a reference nuneral 22 denotes a refrigerant introduction
tube for introducing the 5 refrigerant into a cylinder (not shown) of the
first rotary conpression elenent of the conpressor 10. One end of the
refrigerant introduction tube 22 is_cgmunicated with the cylinder (not
shown) of the first rotary conpression elenent. The other end of the
refrigerant introduction 10 tube 22 is connected to one end of a strainer
56. The QTP ISG S&Friines -and Forddny eepPeirghushbjlétt §fsféR-ad dusts or

chips M xeghgr) 2of &f atiAl ngAan Ll Gloatad L bhegkebiblgerant cf reult,
and conprisés an opening formed on the other en sPdéthareof ‘and a filter
(not showodyoflO® ¥hichudpelcpmesniacabodkapeatapered.f r @het heocapani ng t oward

one end _side thereqf. The opening.of the filer is nounted in a state of
bei ng boﬁ&@@lﬁ3u§ ﬁgprp§esgﬁteﬂhﬁgl§§n onflecfed-ro® PRE"GEREr end of the
stra@ ner i9GtaAddid benal kyorkhe mrefiki gehantcdirsghange -t HRen2fAohsy 80520

refrigerant pipe for discharging the.refrlgerant conpressed by the second
rotary ceéfpressitanusreneit anoadhebgid ccosller of4e. shhwcgas - cool er 40

conprises a rekfri i.pe. and’ h xchanging fin_disposed
heat-exchangegﬁﬁygﬁﬁaghggég Pe%giggpaﬁg&ﬁsﬁgengecgg FFS%P%n?épi%e 24 is
comuni cgted coatdrcgnpedeadetrg dn,i al ebpiiideref tube Bef etgeraahdpipe of

t he gas cool er 40.tﬁn outside.,air tenperature sensqor 74 is disposed as a

t enper at GPBEEREGr FRACHAE §aBiRGoler 2R0eVEPCHREREL P4nCbutsi de air

temnerat@é@riga%aeakshgenabbdgo1b9nnaéghy&seéem§eér74 i gpgonnected to a
m croconputer 80 (described later) as a control device of the condensing

unit 100coBpraspefrilfer the pkpecgélesnAbceed tbheanapiilerystdeeobst he
refrigerant pipgeuhLch &aastifivhes 108,988,500 81:8%i¢ together
with the evaporator 92.
That is, a refrigerant discharge tube 24 of the
15 compressor 10 is connected to an inlet of the gas cooler
40. Here, according to the embodiment, the compressor 10
is a multistage (two stages) compression type rotary
compressor of an internal intermediate pressure type which
uses carbon dicxide (CO;) as a refrigerant. The compressor
20 © 10 comprises an electric element disposed as a driving
element in a sealed container (not shown), and first and
second rotary compression elements (lst and 2nd stages)
driven by the electric element.
In the drawing, a reference numeral 20 denctes a
25 refrigerant introduction tube compressed by the first
rotary compression element of the compressor 10 to
discharge the refrigerant to the outside from the sealed
container first and then to introduce the refrigerant into
the second rotary compression element. One end of the
30 refrigerant introduction tube 20 is communicated with a
cylinder (not shown) of the second rotary compression
element. The other end of the refrigerant introduction

tube 20 is communicated through an intermediate cooling




passes through an internal heat exchanger 50. The internal heat exchanger
50 heat-exchanges a refrigerant of a high 5 pressure side fromthe second
rotary conpression elenent which is discharged fromthe gas cooler 40 with
a refrigerant of a | ow pressure sideswhich is discharged from the

evapor ator 92 disposed in the refrigerator main body 105. The refrigerant
pi pe 26 of the hi essure side 10 passed through the internal heat
exchangercig@wyig §%é§gdﬁxﬁ%¥bu@ht@esgﬁélﬁ@PlEI $i0mi(dgpscrabere labeve to reach

the capi);har % htuq_elt ea%fth%x%%gisgn gggacgge end of a refrigerant pipe

94 of the refrigerato mai n bly connected to the
refrigerant 13rpitpe ﬁ&a@hn@heacmedemenng uoint r200 2By denswage al ocki ng | oi nt
as connection neans. ,Mean | e, the refrigerant pipe 28 connected to the

ot her end S 1O 28t AP tl?“déFQ@héBFyl@Sﬁﬁ@BFéBgt6 fhe refrigerant

Pi p&s 94 by raiswaged qeing i l%&@hd@% qaBReshban) 29fﬂeaesf§&%klebt%9 t he
above which is passed throug i nt er nal heat exchanger 50 to e

at t ached coBiotigs sdhe e lemgntob ft hber ebmbgesant pOpe Qaeoknthefr &hei ger at or

mai n body. refrl ant di.scharge.tube 24 incl udes di scharge 25
tenperature s%ﬁggp' 6n5|sposeéopotﬁéﬁe%g éStSRBgPQEG?EQ fwé%h Fgﬁrlgerant

gas di schandedetr amot-hgheoanpr essehelirandratakiygboppesseienswi tch 72

di sposed to detect pressure of the refrigerant gas. These components are

connect e EBPhe APEr 6EBRBUEBF 86. tBE FRETiEPFRFEr ARLLPPPEL26T0ut of the

capigl | ar ygbe 58 beﬁheeeedatbeéhbgeﬁangftgneeEQEHEE §@Nsor, L6 di sposed to

detect a tenperature of a refrigerant out of the capilllary “tube 58. This
conponenstmelabso560na9¢ﬂedstenﬂhélgtenscfocemputebjeetsFeuthees on the

i nl et SIQe %s %rechlps mixed in a refrigerant gas circulated in the
refrigerant circuit, and comprises an opening formed on the
other end side thereof and a filter (not shown) of a
15 roughly conical shape tapered from the opening toward one
end side thereof. The opening of the filer is mounted in a
state of being bonded to a refrigerant pipe 28 connected to
the other end of the strainer 56.
Additicnally, the refrigerant discharge tube 24 is a
20 refrigerant pipe for discharging the refrigerant compressed
by the second rotary compression element to the gas cooler
40.
The gas cocler 40 comprises a refrigerant pipe and a
heat exchanging fin disposed heat-exchangeably in the
25 refrigerant pipe. The refrigerant pipe 24 is communicated
and connected to an inlet side of the refrigerant pipe of
the gas cooler 40. An outside air temperature sensor 74 is
disposed as a temperature sensor in the gas cooler 40 to
detect an outside air temperature. The outside air
30 temperature sensor 74 is connected to a microcomputer 80

{described later) as a control device of the condensing

unit 100.



internal heat exchanger 50 of the refrigerant pipe 28, a return
tenperature sensor 78 is disposed to detect a tenperature of the
refrigerant out of the evaporator 92 of 5 the refrigerator nmain body 105.
This return tenperature sensor 78 isgalso connected to the m croconputer
80. A reference nuneral OF denotes a fan for venting the gas cooler 40 to
air-cool it. Areference nuneral 92F denotes a fan for circulating a chil

heat - exchanged WSiF IpeaRE @idgordt songecdieshésedn wud ledcs idsorfshown) of
the ref&ﬂﬂﬁH%H%gg%%%%g$§g§ﬁl%%ikae@@n@gngggs'%h% ;%%C%o%geqe4OCOO|ed by

t he evaporat or ce nuner al not es current “sensor for
det ect i ngragys eenarhgiozighg anc intexthadf hiche elketizhigerels@rentThef ihherg@dpr essor

10 to 15.control .running.. The fan OF and the current sensor 65 are
connect ed® taﬁ‘échl‘?in@re&g)r(?pgleélt“géf‘%‘ﬁntgﬁé CoRGdrdong 2t L £081%Rhile the

fan P2F ipsezereciedet ¢rant Rk bcdev ¢ot30y E@ﬁ?%%%@%@nlﬁﬁ%hanf the
refrigerator main body 105. Here, the m croConputer 80 is a control device

for 20 cohdcH [Hisngiskaacendedsiong thri ©as00003egndl0 Wimbdsaf rom t he
di scharg I re.sensor. 70, _the hi pressure _sw.tc 72,. the outside
e R N A LT s R i T T

air tenpérature sensor refrigerant
return tehpeestpoeasersol d8spokhe cur teBt re€rsgerbborambe@ApBbdiUr e sensor
in the cg% erT%S 91 (described | ater) di gﬁosed in the refrigerator main

body 105”and Tfie 'ESAEPEF 2BEYPABSO6 6a8 Tc ShEr B IheBAS SEHTENE 1 e ri ger at or
TR 1 bOdba%@@daEﬁrBQBHEQEQdithQHaH”HHBtOExEﬁgnggkc@QC?ngBEEeQO' Based on

t hese inputs, the m Croconmputer 80 controls peed o tation of the
conpr ess6hr®ggB0acehnedned 64 ammolibputobyhanabnver ter rsabbt thte (not

hown, rected to the.output to the.ni ter 80), and trol
Funni hg SPEERG P ABE. ST0LC TR OREPEICHUPEBo50 of Lhe rofri gerator main

body One end of a refrigerant pipe 94 of the refrigerator
main body 105 is detachably connected to the refrigerant
15 pipe 26 of the condensing unit 100 by a swage locking joint
as connection means.

Meanwhile, the refrigerant pipe 28 connected to the
other end of the strainer 56 is detachably connected to the
refrigerant pipe 94 by a swage locking joint as connection

20 means similar to the above which is passed through the
internal heat exchanger 50 to be attached to the other end
of the refrigerant pipe 94 of the refrigerator main body
105.

The refrigerant discharge tube 24 includes a discharge

25 temperature sensor 70 disposed to detect.a temperature of a
-refrigerant gas discharged from the compressor 10, and a
high pressure switch 72 disposed to detect pressure of the
refrigerant gas. These components are connected to the
‘microcomputer 80.

30 The refrigerant pipe 26 out of the capillary tube 58

| includes a refrigerant temperature sensor 76 disposed to
detect a temperature of a refrigerant out of the capillary

tube 58. This component is also connected to the



105 includes the tenperature sensor in the chanber 91 disposed to detect
the tenperature in the chanber, a tenperature control dial disposed to
control the 5 tenperature in the chanber, a function disposed to stop the
conpressor 10 etc. Based on these outputs, the control device 90 controls
the fan 92F, and sends an OV OFF signal through the signal line to the

m croconputer 80 of the condensing unit 100. 10 As the refrigerant of the
cool i ng @FFECLCTPULEY, S0he Fardhexencthonde éadbsnsdidexiodethe02) which is a

natural .refriager i i nsi-degat i f friend.iness tqo a gl obal
environné#?ér@%ﬁb%%%ﬁb%ﬁ#ﬁéggkgxﬁ?i?5 gpg.&%grgﬁﬁga&ﬁigﬁb?saﬁﬂbgicating
oi |, for retampl ¢cmpeirsttiurg ciehssuchsad slhigbneeal toi Hetakkykbenzene oil,

ether oil, ester oil ar _polyal kyl ene glycol (PGA) is used. The
refriger&?@?eﬁ§FHrﬁoﬁg b5 F§%66H§Fﬁpﬁt8 toPfafheagivapatrtofalPt 85 a whol e,

and 58 chamler 3% idcFRREE hgiheboagoh@@.isTQQQSEEEu&ﬁdtEQpEEQtaggabatiC
wal | . The duct is 20 partitioned fromthe chanber in the adiabatic wall.
The evapéraPsr /§21gndlshecbancg2Edate &sheangedocamphéeduf. The

evaporator 92,c Ll the refri ant pipe 94._.of nmeanderi ng, shape, and
a fan (not shghggnggﬁﬁgaPugfgﬁangﬁﬁgaeggF Seﬁdgan%PﬁeVFE Fpaeggﬁt pi pe 94
are 25 dehnachabllgrcanneet adrt-ecbheiref r ngee@nkepcpesurbra28o0f the
condensk@g unit 10Q by the swage | ocking %Qint (not shown) as described
above. potgaser fpri 6RATWPEECHé2haRE 8f ChAldpBratirerchanghd wibbling

appar at usnd1@yabolBeoknyenti R 6aRSLht Yt 8ckn (hBE sAB LT 89OLAY manner wi th
reference to FIGS. 2 to 7. Fl 2 1s a view show ng changes 1 n a speed of
rotationrefriersbaprwsinrbady pPéssbheeedh whhthhisi despaeapevabare in the

chamber of 108 L§'£h9eLeLRL DL Body 402, and gvaporatipngdl
denotes a current sensor for detecting an energizing
current of the electric element of the compressor 10 to
15 | control running. The fan 40F and the current sensor 65 are
connected to the micreocomputer 80 of the condensing unit
100, while the fan 92F is connected to a control device 90
(described later) of the refrigerator main body 105.
Here, the microcomputer 80 is a control device for
20 controlling the condensing unit 100. Signal lines from the
discharge temperature sensor 70, the high pressure switch
‘72, the outside air temperature sensor 74, the refrigerant
temperature sensor 76, the return temperature sensor 78,
the current sensor 65, a temperature sensor in the chamber
25 91 (described later) disposed in the refrigerator main body
105, and the control device 90 as control means of the
refrigerator main body 105 are connected to an input of the
microcomputer 80. Based on these inputs, the microcomputer
80 contrecls a speed of rotation of the compressor 10
30 connected to an cutput by an inverter substrate (not shown,
connected to the ocutput to the microcomputer 80), and

controls running of the fan 40F.



tenperature of the refrigerant in the evaporator 92. FIG 3 is a flowhart
showi ng a control operation of the mcroconputer 80. (1) Start of
conpressor control 5 Wen a start switch (not shown) disposed in the
refrigerator main body 105 is turned OQN or a power socket of the
refrigerator main body 105 is connected to a power outlet, power is
supplied to the mcroconputer 80 (step Si of FIG 3) to enter initial
setting in stédpeszontgaln defyd cienidli &IF ket irpdr igreatarerpdn badstrate is

nitiall 290 Lo ARk Anl QUM AR LRRSBLALL Ghe! RRanBLOdbaM Lhe

m croconputer 80 reads vario unctions or a constan roma ROMin step
S3. | n t kEspeadidngof demetche thROveobeshepr83inr ahat chnabespead i nf or mati on

other than a 15 highest speed.,of rotation of the conpressor 10, and a
paranete%eF@?§EFF5%dc EFépﬁ gé@éséé??°§82 81 EGP&EPHhg TS hi ghest speed of

rOtQiiOntsg%FQagﬁ%eoﬁthﬁe 3hagberl ead rufAttebnConR %%EgntefsEBE ggadi ng

fromthe in step S3 of FIG 3, the mcroconputer 80 proceeds to step

S4 to 20°MpEgssensdP elfer nBeced of thesdi suharge,t éhpecantirelsensor 70,
t he out si alLr ghe r.e nsQr the ;refri.geran erature sensor
76, the P%?&?ﬁ ?En%ggggégg §§%s§§n7éégf aﬁﬁeg i g,agnéNébggﬁF%gpa i gnal of
t he presshreugiv thh #Zgnattheéihsvebt eheomithecbinkateNegd, ofhenal cr oconput er
80 25 enters abnormality erm nation of step S5. In step S5, the

t
nicroconﬁﬁ?gﬁnﬁénaePBFFiﬂgg'turning ON OFF of the pressure switch 72, a

tenper at ur e dﬁEeEhgdre¥ri§@99n§38§0EheaCBHiEﬁﬁtaﬁBQQEHﬁEi§¥09rtBQe 1 ke.
Here, if an abnornmality i's discovered in each sensor or a current 30

val ue, opfpremhatppasdurerbant ghoZ2des (CPR, uthech mMgrooonputaer 80 proceeds
(o step BackoqLball 25 BEgdoler MAGHLLED, (Lamee! ot aoui fxipg ey, gocurreonce
global environment, combustibility, toxicity etc. As oil
which is lubricating oil, for example, existing o0il such as
15 mineral oil, alkylbenzene oil, ether oil, ester oil or
polyalkylene glycol (PGA) is used.

The refrigerator main body 105 is constituted of an
adiabatic wall as a whole, and a chamber as a space to be
cocled is constituted in the adiabatic wall. The duct is

20 _partitioned from the chamber in the adiabatic wall. The
evaporator 92 and the fan 92F are arranged in the duct.
The evaporator 92 comprises the refrigerant pipe 94 of a
meandering shape, and a fan (not shown) for heat-
exchanging. Both ends of the refrigerant pipe 94 are

25 detachably connected to the refrigerant pipes 26, 28 of the
condensing unit 100 by the swage locking joint (not shown)
as described above.

Next, description will be made of an operation of the
ceceling apparatus 110 of the invention constituted in the

30 foregoing manner with reference to FIGS. 2 to 7. FIG. 2 is
a view showing changes in a speed of rotation of the
compressor 10, pressure of a high side, temperature in the

chamber of the refrigerator main body 105, and evaporation



- 12 j time of its running. Incidentally, the pressure switch 72 senses
an abnormal increase of the pressure of the high side. The switch is
turned OFF when pressure of the refrigerant passed through the refrigerant
di scharge tube 5 24 becones, e.g., 131p MPaG or higher, and turned ON again
when the pressure becones 9.5 MPaG or |ower. Thus, upon notification of the
abnornmal ity occurrence in step S6, the m croconputer 80 stands by for a

pr edet er HHBETETE S &fd Wiverafetigeqsanto 18t épesevegorasest 9210 FRE-

af or ementy aned ARG ARG o RehIBAdopklaR080Rer FRLI LY 1
recogni zed in the tenperature detected by 515 sensor, the current val ue
or the | imkercamdputetrhd@Opressure switch 72 is ONin step S5, the

m cr oconput er roceeds. to step S7 to enter 15 defrosting determ nation
(descri bed Iaﬁ§8)%tﬁéﬁefﬁiFogprﬁ§§8rt8083FPgst the evaporator 92 is

det gy m ned, t @ enMaCleeawPELAk 80 (RLRCRRLSHn) 043LBRsSE ta shap the running
of the cogpressor 10, and repeats the operation fromstep S4 to step S9

until codsitedidexasrt Reigebrest iLRg iis dvraedi A¥dOr26 pAwsreposgetn the
gther hang okl 294998460 JCLLOR! pHhG 18¥aRQ! ALRL AP LS deLepnlagd Tn step
i e step §9, “the

S7, or defrosting” conpletion is ermned in

m cr oconputtéetd0 pograceadsuppliteptSl@htomtakoubapateet a0i gpakpspeed

hol di ng 5 &ine f the conpressor 10. (2) Rotational speed hol ding control
of conpr &4sé G'sgngoHépé?rtH@lFéﬁét?SE FNgpéBdShEPdPAg of the conpressor

10 qeans runnirRgchler et iwhi LetthggM ehaconputer-8Q,petdsra 130 speed of
rotation | ower than a | owest speed of rotation for a predetermned tine at

the tineisfitdpaieedgtoTharritsa phegraimer obpaputke 80asetsfatharget speed of
rotationp@%gggﬂ,athe microcomputer 80 reads various functions or a
constant from a ROM in step S3. In the reading from the
ROM of step S3, rotational speed information other than a
15 highest speed of rotation of the compressor 10, and a
parameter (described later) necessary for calculating a
highest speed of rotation (step S13 of FIG. 3} are read.
After completion of the reading from the ROM in step
53 of FIG. 3, the microcomputer 80 proceeds to step S4 to
20 read sensor information of the discharge temperature sensor
70, the outside air temperature sensor 74, the refrigerant
temperature sensor 76, the return temperature sensor 78 or
the like, and a control signal of the pressure switch 72,
the inverter or the like. Next, the microcomputer 80
25 enters abnormality determination of step S5.
In step 385, the microcomputer 80 determines turning
ON/OFF of the pressure switch 72, a temperature detected by
each sensor, a current abnormality or the like. Here, if
an abnormality is discovered in each sensor or a current
30 value, or if the pressure switch 72 is OFF, the
microcomputer 80 proceeds to step 86 to light a
predetermined LED (lamp for notifying an occurrence of an

abnormality), and stops running of the compressor 10 at the



range of a highest speed of rotation (MaxHz) obtained in - 13 calculation
of a highest rotational speed of step S13 (described later) during normal
running and a | owest speed of rotation read beforehand in step S3 to run
the conpressor 10. At the tinme of stapting, however, the 5 m croconputer
80 holds a speed of rotation |ower than the |owest rotational speed for a
predetermned tinme before the |owest rotational speed is reached to run

t he conpriéd$orf16ts( sardngr ( Incddeptelly)y. ther paeawpire, s tidhe 7Powest
rotation r f : RS f _El 3, :the
nicrocon%%?%%ﬁggnh%% grggq;5%%5%%5efgggkﬁgn%?%ggﬁf%aggo?-Fn&lto t he

enbodi nemtidesquahe tseliltaked st harn@d¥ et B0 eklz pressarpr edeterm ned tine to

run the c ressor. 10. The above_ state will, be described in detail with
15 referéﬁ%ggﬁﬁrﬁpé.pﬂssﬁg Fﬁ&oﬁﬂgr538nﬁﬁ?§ﬂg§6a§Faﬁﬂ§Chﬁﬁﬁﬁ h§PsF t he

comy essoi Hacahed) Bz gwhi 6B issmdaloweshigpreed 0l ratakhobnwalaqut hol ding
a speed of rotation lower than the |owest rotational speed for a
pr edet er Mwad thempregistirer bacomesm’t heMEsfRv et iloWalr.case, pressure of a

hi gh 20 side en L.ngr . . the_ti starti.ng as __indicated by a
broken |ine o?ﬁggG.hﬁ?haﬁa%?%ggg%ﬁgkagFeggg ?ﬁg?rﬁgéﬂgﬁ ngggﬁFgcflinit of
W t hst andnpsespusé) ohet hecrdevinpetetrheOpspandes bierbirke di sposed in the
refrigerant gircuit naﬁmbe exceeded in a worst case. Assumng that a 25

| ovest sPEEFeGRTPSPELI bAMPs PREsERSPoTSBURRSOECl 8P £& FGnTrePREtconpressor

10,101 T theer gkat-bABak:spEQdohs hewshed bel ow 30 Hz during running, there
occurs a problemof a considerable increase in noise or vibration

generated frofin the ebhprebsnd, 10f 80 kbwevmality theretogodesputar 80 runs
the COMPLASSPLupdPaPYrD0LEL DS LR $PE8En0e0Lat T PR (23, HEN ! QUL ! han the
or the like, and if the pressure switch 72 is ON in step
S5, the microcomputer 80 proceeds to step S7 to enter
15 defrosting determination (described later). Here, if a
need to defrost the evaporator 92 is determined, the
microcomputer 80 proceeds to step S8 to stop the running of
the compressor 10, and repeats the operation from step $4
to step S9 until completion of the defrosting is determined
20 in step S9.

On the other hand, if no need to defrost the
evaporatoer 92 is determined in step 87, or if defrosting
completion is determined in step S9, the microcomputer 80
proceeds to step S10 to calculate rotational speed holding

25  time of the compressor 10.

(2) Rotational speed holding control of compressor
start

Here, the rotatiocnal speed holding of the compressor
10 means running therecf while the microcomputer 80 holds a

- 30 speed of rotation lower than a lowest speed of rotation for
a predetermined time at the time of starting. That is, the

microcomputer 80 sets a target speed of rotation within a

range of a highest speed of rotation {MaxHz) obtained in



| owest rotational speed for a predetermned tine before the rotational
speed of the conpressor 10 reaches a 14 predeterm ned rotational speed at
the tine of starting as indicated by a solid line of FIG 4, it is
possible to prevent an abnormal increase in the pressure of the high

side. 5 Additionally, since the rotational speed never drops below 30 Hz
during runnln% possi bl e to suppress_even noise or vibration from

t he conp aIeonFeﬁtﬁehlgbﬁéthépaeﬁQOPe&eSeeeehefrétap|§ﬁ§| speed is
deci ded h er t he fr.l ator main
body 105Q%%%gﬁqubagﬁg%q2rg?%#é%obgrhgg gﬁgggﬁgogbg goéﬁggs% g%%orator 92
in step SfOrofhauonsxeadcbemdmegahd uheseepodenentruhfthetenperature in the
chanber detected by %%n%g ure s%nsor in the_chamber gl as a cool ed
state sefSBPTPESQ4ua to RES 2308F2¥51PHe RP¥PEESNPGPEr 80 runs the
CO”BressﬁﬁckgcamPUQleﬂg hb3dsr at 8pkenabrspeedtabn22oerf @hanetfe, 30 sec.
and then increases the rotational speed to the |owest rotational speed
(30 Hz) dewgss éptéﬂyopﬁlFBEﬁeQ)fOInaopﬁedeﬁétmsnedftlmhebﬁéﬁperéhare in

the Cha”ﬁ%%e@% %g%aEEBB'Qe%BEQd 'Qeéghg8d¥olg %pﬁq%gmgrQIIOﬁeiothan

+20C, a tenperature is hé evaporat or, ahd

refrigerdntateTbfis (1) ew€nFuGt haut setting a holding tinme so long, an
abnornmal increase in Ege pressure of the hlgh si de can be prevented to
shorten the h&PHi AgaEP AEcohai hEr§stsrAtRTEPNRS SBeBEsEPBRetEEMt r ansf er

t o qgor matnEORSki @Rakrspesd 6@nk&@| 3ba§ﬁg HEchSBﬁ?hté9d8b0H6§&srQtat'O”a'
speeds within a short time, the chahber of the refrigerator main body 105

can be qapeﬂdyoéoebeathheKéﬁoHe accorglpgsSobteetempoévmﬁnthneababrnal 30
I ncrease | Lg, PERSRUBE: O£t B LIRS §C 1hLL B SUPRLESEINY to run
the compressor 10.
The above state will be described in detail with

16 reference to FIG. 4. If the microcomputer 80 starts
running cf the compressor 10 at 30 Hz which is a lowest
speed of rotation without holding a speed of rotation lower
than the lowest rotational speed for a predetermined time
different from the conventional case, pressure of a high

20 side suddenly increases at the time of starting as
indicated by a broken line of FIG. 4, and there is a fear
that design pressure (limit of withstand pressure) of the
device, the pipe or the like disposed in the refrigerant
circuit may be exceeded in a worst case. Assuming that a

25 Lowest speed of rotation is preset to 30 Hz or lower to run
the compressor 10, i1f the rotatiocnal speed is lowered below
30 Hz during running, there occurs a problem of a
considerable increase in noise or vibration generated from
the compreseor 1C.

30 However, if the microcomputer 80 runs the compressor
10 by holding the speed of rotation (25 Hz) lower than the
lowest rotational speed for a predetermined time before the

. rotational speed of the compressor 10 reaches a



a reduction in a cooling efficiency in the refrigerator nmain body 105 as
much as possible. 15 On the other hand, if the tenperature in the chanber
detected by the tenperature sensor in the chanber 91 is higher than +20C
the m croconputer 80 runs the conpresgpr— 10 by holding its speed of

rotation at 25 Hz for 10 sec., 5 and then increases the speed of rotation

to the lowest Trotational speed. If the tenggrapure in the chanber of the
ref ri ger AGASFETRIBSEY 1065 tiengilgiseeschan FPectimespst stpgtingsegbl e in the

refriger ; I t re r.e .¢f Hhe ,hi icde .S [ i ncreased.
In otherqaﬁ?%%%eﬁf%nhg %%12813?#8 F?nglpé §0 ggcisa Oé%&%ﬁ?bgé above, the
hol di ng prevendf anhebnotrakilonalcrspeed ins theopzkasureoofir eéienhigh abnor ma
i ncrease j.n. the pressure of the high side. Thus, by extending the hol ding
time to fdaﬁ'n., it is possible to surely prevent the abnormal increase of

the shi gh presgurie tiansindg, aRdckotheCHbeaishabl epkdANhBYest AkBpsTheref ore,
after the start of the conpressor, the mcroconputer 80 runs it by hol di ng
t he rot abedral 38pded darings rnniipg, t hs pregeseihlaedot sHpPrbeter evehe | owest

rotational.:spe LSr d d._pro g the 20 holding tine based
on the tgﬁﬁ%%a?%rgiFﬁ%?%§%C 5% eFBSfB§RE¥e%g$?igéfator mai n body 105,
wher eby t he abnethel,i nbeeaseéding theeppEssieerotathenbigbpsedeigan be

effectively. prevented, ang reliability and perfornmance of the cooling
_ appar at u§et18°8aR258% RPr bP8dTeBBeRPLEr St AB FBEaFlBRAFTsBéellfiol ding ti e

of fighe %@Mﬁ@%&QEo%O]{nbinCBb%W abedyRasgd;Qna,t benbepRelakure tRet he

chanber 'in step S10 of FIG as descri bed above, the m croconputer 80

starts tBeagenprebsorodbdeiinbyt epasbiratoThér, inhetennfilfig tThetthas far is

compared,@tblqthg 28 PRLILAG.LLABAE! SH! 8t edn B 8EER.O1]- (AL the running
chamber detected by the temperature sensor in the chamber
91 as a cooled state sensor is equal to/lower than +20°C,

15 the microcomputer 80 runs the compressor 10 by holding its

rotational speed at 25 Hz for, e.g., 30 sec., and then
increases the rotational speed to the lowest rotational
speed (30 Hz) (state of (2) in FIG. 3). 1In other words, if

the temperature in the chamber of the refrigerator main

20 body 105 is equal to/lower than +20°C, a temperature is low
in the evaporator, and there are many refrigerants. Thus,
even without setting a holding time so long, an abnormal
increase in the pressure of the high side can be prevented
to shorten the helding time. Accordingly, since it is

25 possible to transfer to normal rotational speed control
based on highest and lowest rotational speeds within a
short time, the chamber of the refrigerator main body 105
can be quickly cooled.

Therefore, it is possible to prevent an abnormal

30 increase in the pressure of the high side while suppressing

a reduction in a cooling efficiency in the refrigerator

main body 105 as much as possible.



fromthe start of the conpressor 10 is shorter than the holding tinme
calculated in step 510, the process proceeds to step 512. Here, the

m croconputer 80 sets the 16 aforenentioned starting time Hz of 25 Hz
equal to a target rotational speed_ofgthe conpressor 10, and proceeds to
step 520. Subsequently, in step 520, the conpressor 10 is run at a
rotational speed of 25 Hz by the inverter substrate as 5 described |ater.
That is, upon @ dther tdfen hansl, edtlr ithiecltemprrasiirehén tbsprbesberl0 at the

afOrenen%kﬁﬂﬁﬂx&?&%;L?ﬂ@%eﬁ&%&%?ﬁ%e %%%%%Qe&%n%ggfgﬁg%%gg bqtgsthe first

rotary conpression emen € cOonpressar e conpresSed, and then

10 di scharigedy ot heseal edeCcRNERLRBRpuTBE S6fFLQST 8L Sasprdisshar ged
into the sealed container enters the re?rlgerant i ntroduction tube 20, and
goes out 16f bvhédodopideddsr sp@edo off lrowaitno alte 26nter edi d0esegol i ng

circguit . i ntermedi ate,coaling circuit 35 radiates-heat by an air 15
cooﬁfng g%% g%% ﬁ%&rﬁgggﬁnghFhFSSS% Pﬁer8§§t688lgp %b? lﬂ@?SFdingly, si nce
t he refrirgemanionauckeedeidnt o rtthehseeenger-atary campresshanbekregnthean be

cooled, a tenperature increase can be suppressed in the sealed container,
and conpredsiiges reftbirc meday boftivt A€ Ssésohd ghetratap0+26hiPr esssomtel Bmrent can

be I npr oved.tlagteilreeover 0SS 0 sugprgss a temgera Ul?’igel ncrease

it IS, bl
of the r&fFr ant’ 88?%%8?3&8 6?“%h8§§@8068 r 50&r YTESRPrEsSfof"®el enent to

be di scharigédsiflbens theigqoliedreakedger ant c8asrofokAker Mediake 25
pressure is sucked into the second rotary conpression elenent of the
conBr essBPLEdNgstibeciéd 3P0 Se6npREs SP6RTAPedt RBoEBeoRleshagding becone a

i 30 OhehLaR RSRUEESRAYD Dyl BIReL g oRpif] scharoes
abnormal increase in the pressure of the high side. Thus,
by extending the holding time to 10 min., it is possible to
surely prevent the abnormal increase of the high pressure

15 side, and to secure a stable running state.

Therefore, after the start of the compressor, the
microcomputer 80 runs it by holding the rotational speed at
25 Hz for the predetermined time before the lowest
rotational speed is reached, and properly changes the

20 holding time based on the temperature in the chamber of the
refrigerator main body 105, whereby the abnormal increase
in the pressure of the high side can be effectively
prevented, and reliability and performance of the cooling
apparatus 110 can be improved.

25 After the rotational speed holding time of the
compressor 10 is calculated based on the temperature in the
chamber in step S10 of FIG. 3 as described above, the
microcomputer 80 starts the compressor 10 in step S11.
Then, the running time thus far is compared with the

30 holding time calculated in step S10. If the running time
from the start of the compressor 10 is shorter than the
holding time calculated in step 510, the process proceeds

to step S12. Here, the microcomputer 80 sets the



30 tinme, the refrigerant has been conpressed to proper supercritical
pressure. The refrigerant gas discharged fromthe refrigerant discharge
tube 24 flows into the gas cooler 40, radiates heat therein by the air
cooling system 17 and then passes-thgough the internal heat exchanger 50.
Heat of the refrigerant is renoved by the refrigerant of the |ow pressure
side there to be further cooled. Because of the presence of the internal
heat exclifRfement ismed §¢agddndoft ifmre HeePdi gér HAt cdVedhirgéd taggesf t he gas

COO'?r 4@6%%6%%%%lt@&@Mﬁpokh%ﬂenkﬁﬁg§gs@§§t1@¥Cgﬁﬁg§&o%geb§.t%egQ%ﬁd by the
refrigerant of the | Oow pressure side, and thus a supercooling degree of

t he refrisgér-antSubscomestllvar ger sthgpa S€0r, r éspondimpgeasountl0 As aunesult, the
cooling 1Q efficienc f the evapqrator 92 can.be inproved. The refrigerant
Gos of 1 iE B gif (PEachate SeRRe EanPedr Iy Ye hES HEPRAE AP SEXBRENGS! S0 1o
pas$d t re@ugh Hdae 1 asterai ner 54 to reach the capillary tube 58. The
pressure of the refrigerant is lowered in the capillary tube 58, and 15

t hen passed t AR&kgh st héPSRage sitecki p§ fFbeneleadrishewaiens ofl Wefrom t he

refrigerant, -Re 94 ¢f Jthe, retr : ;N iLn t he evapor at or
92. The re%??éé%gnt1%e3gpgpgtégogﬁégé?agﬁ%ds58E§gﬁgég§fFB%ggﬂrgounding air
to exhi metfra geeahitng sf vnekiedn intherbby feeski ngchhe ebapbessabn20 t he

refrigerator in_b 105. Subsequently, the refrigerant flows out of the
evapor at & e@?g%p8§sgggfF8WPFﬁ§SPEfESQEPah? FPBRTEFSEHr 08fH thRB swage

loclgi ng HekBhatBel shewnrnbosent el thgtalfifbEl geraBt (REPe26,0E LhE _
condensi ng unit 100, and reaches 25 the'internal heat excChanger "50. Heat is

removed Fieanergedr énkpgehansesiethechtghnpressueessitie rhérégeandtt he
e S SRSt op?. DRRL bR CREE P B L Ror I B oo

flow into the intermediate cooling circuit 35. The
intermediate cooling circuit 35 radiates heat by an air

15 cooling system while passing through the gas cooler 40.

Accordingly, since the refrigerant sucked into the

second rotary compression element can be cooled, a
temperature increase can be suppressed in the sealed
container, and compression efficiency of the second rotary

20 compression element can be improved. Moreover, it is
possible to suppress a temperature increase of the
refrigerant compressed by the second rotary compression
element to be discharged.

Then, the cooled refrigerant gas of intermediate

25 pressure is sucked into the second rotary compression
element of the compresscr 10, subjected to compression of
the second stage to become a refrigerant gas of high
pressure and a high temperature, and discharged through the
refrigerant discharge tube 24 to the outside. By this

30 time, the refrigerant has been compressed to proper
supercritical pressure. The refrigerant gas discharged
from the refrigerant discharge tube 24 flows into the gas

cooler 40, radiates heat therein by the air cooling system,



in tenperature, and discharged therefromis not conpletely 30 in a gas
state but in a state of being mxed with a |iquid. However, the
refrigerant is passed through the internal heat exchanger 50 to be
heat - exchanged with the refrigerant_. p§ the high pressure side, and thus
the refrigerant is 18 heated. At a point of this tine, the refrigerant is
secured for a degree of superheat to becone a gas conpletely. Accordingly,
si nce th@nﬁeﬁbﬁ@eP&ﬁﬁe§u¢h§pugﬁetBeevaﬁéﬁéﬁérhggtcﬁﬁcbéngﬁﬁeﬁﬁ -gasi fi ed,

wi t hout 0Sicn n ressure side, it
IS possg%%g ?g g&%efﬁ%%gé eng ls Iﬁkg Eiﬁg inewgggﬁqg ?ﬁ§§i§
refrigerahe ﬂswspabedumetelﬁbethempressbe fortard aoptekl.em of danage

given to the conpressor UId congresslon 10 Therefore, it is

possible to i BFF VéerQﬁlgg?I PC?th 561 i-RGS&ppar BEGS trehanger

|nCEﬁent@b|Ythbhﬁeé%fbfgﬁhénEeﬁgéb%QaHX h@%cha&%@aabuth%%ttﬁécaggger 50
repeats a cycle of being passed through the strainer 56 to be sucked from

t he refrpgeﬁaﬁt4QStpnPﬁééu@hmOnghubQGZZDEﬁIOaﬂhéeﬁtr@KChgnaey &6npeessi on

el ement of the.c pL ssor 3 tr f change in highest speed of
rotatlon%opgvggn% es85r * ége%ﬁ%SUPE Pwt5§ﬁgfgfﬁrgl énapane passes
fronlthetﬁbarh,sapdrbbelﬁu@nd@grébnef zﬁetbésrﬁgéraﬁ@cb@aomag hol di ng tine
calculated in step S10 of FIG, 3 in step Sil, the mcroconputer 80

i ncr easesFHBT P¥t t FERAPSBpBEdNEf 2BMRBNEonpPEsdoFrettlte the Femddng

"ot i onglespeerol30sHehe( shabs ALot2)oi ol e Iho-Then, the m orocomputer

80 proceeds fromstep S tep S13 to 25 calculate a hi ghest speed of
rotation (MaxFiag. r@ﬁrsgehaghegasrofathenhhgbppedsBsreabmdbatedlbdsed on an

out si de b9i£héei grature, detected by the,outside air, fenperatyre

strainer 54 to reach the capillary tube 58. The pressure
of the refrigerant is lowered in the capillary tube 58, and

15 then passed through the swage locking joint (not shown) to
flow from the refrigerant pipe 94 of the refrigerator main
bedy 105 into the evaporator 92. The refrigerant
evaporates there, and sucks heat from surrounding air to
exhibit a cooling function, thereby cooling the chamber of

20 the refrigérator main body 105.

Subsequentliy, the refrigerant flows out of the
evaporator 92, passes from the refrigerant pipe 94 through
the swage locking joint (not shown) to enter the
refrigerant pipe 26 of the condensing unit 100, and reaches

25 the internal heat exchanger 50. Heat is removed from the
refrigerant of the high pressure side there, and the
refrigerant is subjected to a heating operaticon. Here, the
refrigerant evaporated by the evaporator 92 to become low
in temperature, and discharged therefrom is not completely

30 in a gas state but in a state of being mixed with a liquid.
However, the refrigerant is passed through the internal
heat exchanger 50 to be heat-exchanged with the refrigerant

of the high pressure side, and thus the refrigerant is



sensor 74. That is, the mcroconmputer 80 |l owers the highest 30 rotational
speed of the conpressor 10 if the outside air tenperature detected by the
outside air tenperature sensor 74 is high, and increases the highest
rotational speed thereof if the outsigle_air tenperature is |ow The

hi ghest 19 rotational speed is calculated wwthin a range of preset upper
and lower limt values (respectively 45 Hz and 30 Hz according to the
enbodi meAAtES -shdn & PORRG oF. thiiss tifkeghése #@ﬁéﬂg@ﬁaptsééed is |owered

in a I|n%% Iggp%bgngldgﬁg%%n%% @ﬂ%%rh@%to%%s _ %pr t erature increases,

and increase n the sa manner en the outside alr enperature
decreasesom@LHMQMyl n FIG 5. If the outside air tenperature is high, a

t enperature t he refrlgerant circul ted in the refrigerant circuit 10
becones high %8085 IaH 1 e&&?cﬁbﬁbﬁnﬁﬁ FHOPEGEE PHEt Ré gﬁéssure of the high

si des. Th@&ap@xa%%&t@@gchaebalgngguy hgediel, r aiahbon h@ WooktinlgS aROSSi bl e
to prevent the abnormal increase in'the pressure of the high Side as mnuch

as possi BICEUngd atipe @ﬁhéhehéﬁ&e pﬂ the éQWspdésaurelslﬂempetauare is |ow,

h f h f t t
o1 ow ¢ BoReRE1an oansra PraceaisdSge BFRehR PRCvRREb.Aratihufc i gn

si de. Thuefriigeiranpossi bueked iﬁtothﬁehbghﬁsésS§QedOQfanﬁobabkﬁﬁlhmgh 20
Therefore, since a target speed of rotation (described |ater) becones
equal toPfoflePapRaAl¥R ﬁPgﬁ8§tcpﬁpéﬁﬁ§ﬁ5|1Ossgeélqﬁyds@PmPHQSFHQHh.ghest

rotiat i 0nghespesdel 012 Y3l Y8ackBIBNLCN: AR BONOLARL bS] E9SEel endiflicult in
the pressure of { he hi gh de, it is possible to effectively prevent the

25 abnorﬁaplﬂngréaﬁérﬁhushél@ressure of the high side. (4) Target

evaporation tfﬁg%&g% El%?nkﬁglrg%rigerant heated by the internal

heat exchanger 50 repeats a cycle of being passed through
the strainer 56 to be sucked from the refrigerant
15 _introduction tube 22 into the first rotary compression
element of the compressor 10.
(3) Control of change in highest speed of rotation of
compressor based on outside air temperature
When time passes from the start, and the running time
20 thus far reaches the holding time calculated in step S10 of
FIG. 3 in step S11, the microcomputer 80 increases the
rotational speed of the compressor 10 to the lowest
rotational speed (30 Hz) (state of (2) in FIG. 3}). Then,

the microcomputer 80 proceeds from step S10 to step S13 to

25 calculate a highest speed of rotation {(MaxHz). This
highest rotational speed is calculated based on an outside
air temperature detected by the outside air temperature
sensor 74.

That is, the microcomputer 80 lowers the highest

30 rotatiocnal speed of the compressor 10 if the outside air
temperature detected by the outside air temperature sensor
74 is high, and increases the highest rotational speed

thereof if the outside air temperature is low. The highest



evaporator After the highest speed of rotation is decided in step S13 of
FIG 3 as described above, the m croconputer 80 30 proceeds to step Sl4 to
calculate a target evaporation tenperature Teva. The m croconputer 80
presets a target evaporation tenperajgre of the refrigerant at the
evaporator 92 based on the tenperature in the chanber of - 20 the
refrigerator main body 105 detected by the tenperature sensor in the
chamber Frtadignad: spaed tar getl cudedeidomalthispaedanoehiod PEesednge of the

hi ghest I r ti I S Qf essor, 10 _so.th an
evaporat?@ﬁxgp%gﬁ%éfﬁ%%}égo ttﬁéﬁﬁg rﬁ%g?%%?t%%%gﬁ %ésﬁflgﬁﬁ ﬁﬁtggthe
evapor at ercc@dddany he tthe tabgetimevaporat sbowherdperatur &. tTheseby runni ng

t he conp or 10. Then, the m crqconputer 8Q sets . a tar%et evapor ati on

res nmp :
t enper at (rOPEE T FO RS CNGdr SRSt 16hd C¥GEF6r afof $30PARTATUIGTABPALI on of

bei iy hi gheheas whae terPeralite LAt henphaabero $nbirgheesbaggd on the
tenperature in the chanber detected by the tenperature sensor in the

chamber 9ncreagised ani ¢he shmehaanacgewhevnapbeaviissidenpérature Teva in this
case is rri Qut Jin_step S15. 15 That i of. Tya and Tyc cal cul ated by
t wo equaF%ongbgur?yg§f§feﬁg§-@?55 ﬁHnT§ :¥§§Cl “6+z, a smaller nunerical
value is set ag ahkabgekiaeaporatetpetrefpecatyr aidByaa tknpedantiakly, in

t he equations, Tx denotes a tenperature in the chanber (one of indexes

i ndi cati R the &Gdrédespate Cdrcrdatne dRatrber TRArdAcranh shaciito be

coojed) delerk8dnbynt R HEERELAL ULE SERABLLLA ?H?g%?@gbﬁh_gﬂ and z

denotes a value (zZ=Tr (outside air tenperature obtalneg by
subt r act bmgs82réded) theoimigh eutlsi.deThiis, t bypertating The Heégbketed by the
outside alr Legperatute sensor (4. 25 FLG;p9.Shows changes, in the target
evapor at i d

abnormal increase in the pressure of the high side as much

as possible. On the other hand, if the outside air

16 temperature is low, the temperature of the refrigerant
circulated in the refrigerant circuit is low to make an
abnormal increase difficult in the pressure of the high
side. Thus, it is possible to set the highest speed of
rotation high.

20 Therefore, since a target speed of rotation (described
later) becomes egual to/lower than the highest rotational
speed, by setting the highest rotational speed to a value
in which an abnormal increase is difficult in the pressure
of the high side, it is possible to effectively prevent the

25 abnormal increase in the pressure of the high side.

(4) Target evaporation temperature control at
evaporator

After the highest speed of rotation is decided in step
S13 of FIG. 3 as described above, the microcomputer 80

30 proceedé to step S14 to calculate a target evaporation
temperature Teva. The microcomputer 80 presets a target
evaporation temperature of the refrigerant at the

evaporator 92 based on the temperature in the chamber of



tenperature Teva at +32C, +35C and +41C of the outside air tenperatures Tr
detected by the outside air tenperature sensor 74 in this case. As shown
in FIG 6, a change in the target evaporation tenperature Teva set by the
above 30 equations after a change in sfie_tenperature in the chanber is
small in a region of a high tenperature in the chanber Tx, and a change in
the target evaporation tenperature Teva 21 after a changed in the

t enper at (¢ iGFiHE s @RdiFematy Lody dPge dehestedgbantde AempRrestperature in

the chamign bt i nThafe Ichandble @'glﬁr;%ﬁﬁfﬁgkér +HQ E9rhect sokhe;hanget

evaporation tenperature Teva hi e outside arr 5 tenperature Tr
det ect ed speatcheridiitisi ddreairanigenpdr aher @ 1ghensornnds lbgehicgliptandoaadr ect s

t he target evaporation tenperature Teva, based on the outside air
Lenper at SRS & FBG GRTER S5 SREGH Ot SRpEPAtuRE BF3PRE3E06Red space det ect ed

by tshe t erpplatiti@cSOFs@he Relrhe gehanbeyn9tn Naw riBenl9ntarget evaporation
tenperature Teva when the outsidé air tenperature is +32C is descri bed.

Wien t he SVépper&cdr 82 gant ke &hanberges sveprerahiighetemacdpdprien t he
t enper at yge i.n Eﬂ%nﬁ?%”%%% E%mﬁggggggnh@q by a relatively slow reduction

in the target evaporati‘on tenperature Teva. Wen the 15 tenperature in the
chanmber is | oleent hahet®@rracdmppter 80heetenpecatyee emapbeachanber is

acconpani ed b sudden _reduction in the target evaporation, tenperature
Teva. Thﬁf%mpﬁé?%tlﬁs ng Fﬁsersﬁflaﬁ%ﬁtf PBmEg?neFﬁBOF@FPFgg?aﬁ{l gircuit is

unsipabl e rknathenhbghpbepBehabee L8 the ebaphBentatal €n 2HeThHSmbEL 1S
possible to prevent an abnornmal increase in the pressure of the high side

by setti g hhehear gesedvapoihei bampeeapuerat tnetfevahewbari detgchiegh. I n the
(1 ows. | nEVhE FoF FIBEFaREel PeaPr 26’ bhBorBe aFAnPe:  THOLCUDY SBRt i ng t he
target ew@pohattepget evaporation temperature Teva in this case is
carried out in step S15.
15 That is, of Tya and Tyc calculated by two equations of
Tya=Txx0.35-8.5 and Tyc=Txx0.2-6+z, a smaller numerical
value is set as a target evaporation temperature Teva.
Incidentally, in the equations, Tx denotes a temperature in .
the chamber (one of indexes indicating the cooled state of
20 the chamber which is a space to be cocled) detected by the
temperature sensor in the chamber 91, and z denotes a value
(z=Tr (outside air temperature) -32) obtained by
subtracting 32 (deg) from an outside alr temperature Tr
detected by the outside air femperature sensor 74.
25 FIG. & shows changes in the target evaporation
temperature Teva at +32°C, +35°C and +41°C of the outside
air temperatures Tr detected by the ocutside air temperature
sensor 74 in this case. As shown in FIG. 6, a change in
the target evaporation temperature Teva set by the above
30 equations after a change in the temperature in the chamber
is small in a region of a high temperature in the chamber

Tx, and a change in the target evaporation temperature Teva



tenperature Teva relatively |low, the chanber of the refrigerator main body
105 can be quickly cooled. As a result, it is possible to quickly |ower
the tenperature in the chanber of the refrigerator nain body 105 in
restarting 30 or the like after defrogfing, and to maintain a tenperature
of articles housed therein at a proper value. 22 After the target
evaporation tenperature Teva is cal cul ated by the aforenenti oned equati on,
the ni crdéeipd ehaguegr daedlls tenseaptsrs to thmpshenkesuflKens

evapor at ign JLeTRELALULE i Ly Lhe ol atdRhocUuRRLathon, 2 LeTReLal jre Teva. I
the curreéent evaporatl n tenperature | ower 't han e targe evaporatlon
tenperature T@hat tike thet aticenabmppeed 60 thereempr €bsokalgeits decreased

in step 516. If the current evagoration tenperature i.s higher than the

target ePIFEPALAITdRTt EFPEFALIIESTEEZ PhEM dfatPEnalteddspadd of the
CONY €SSRenb@ rag urRCheagedbh o3t B8R %%g-ou%§%de bR rSteRpalirul-ne

m croconputer 80 deternines the range of the highest and | owest rotational
speeds deenged i'd dsepig8ll3aandcvrheertsathenabrgptedvieporedded/ decreased in

Here, if the tatiﬁg§hes%eed increaged/decreased in
g

S1 517. 15
Step sietembepaturtorERarbased: BF ERETOR 3&; CEMECIAGREE! otat i onal

speeds, &h@ibﬁtafi@nﬁﬁgﬁpe@ﬂpraEakeaafathéaE@@Reﬂobﬁbbénabtéﬂﬁéd- The
conpressor 10 is run bg the inverter substrate at the target rotational
speed i nP¥t EpS 5EMBLD25YTBeSERFBEJIADENE. CRANPEE Slher NREHndLREf the

rcnﬁgiOn%Erég%egva%895€§§ﬁ?ggg§%?Q%ﬁge!@e§%egh§ﬁ6tﬂétEézsﬁaeogﬁ§ide the

range of the highest and rotational speeds, m cr oconput er 80

proceedsttmpetepu2ddismaBesc at usdsetbad. bagesh ofhd heeripd &4 t @@l 1 speed
i ncreased/ decreased in step S16 or S17 to achieve an optimal rotational
speed w thénchamber is +7°C or higher, a drop in the temperature in

the chamber is accompanied by a relatively slow reduction

in the target evaporation‘temperature Teva. When the

15 temperature in the chamber is lower than +7°C, a drop in
the temperature in the chamber is accompanied by a sudden
reduction in the target evaporation temperature Teva. That
is, the refrigerant which flows in the refrigerant circuit
is unstable in the high temperature in the chamber state.

20 Thus, it is possible to prevent an abnormal increase in the
pressure of the high side by setting the target evaporaticon
temperature Teva relatively high.

In the low temperature in the chamber state, the state
of the refrigerant which flows in the refrigerant circuit

25 becomes stable. Thus, by setting the target evaporation
temperature Teva relatively low, the chamber of the
refrigerator main body 105 can be guickly cooled. As a
result, it is possible to guickly lower the temperature in
the chamber of the refrigerator main bedy 105 in restarting

30 or the like after defrosting, and to maintain a temperature

of articles housed therein at a proper wvalue.



the range of the highest and | owest rotational speeds, sets the adjusted
rotati onal speed as a target rotational speed, and runs the electric

el enent of the conpressor 10 at the 30 target rotational speed in step 520.
Thereafter, the process returns to-step-S4 to repeat subsequent steps.
Incidentally, when the start switch (not shown) disposed in the
refrigerator main body 105 is cut off, or 23 the power socket thereof is
pul | ed out of AFETHEKE tIrgGE SFPBiRdrGIy FEN®Treft ke THVEr déonput er 80 i's

st opped (ShepR 1% f, El , t; t ragramd.s finished (step
S22). 5 (5) Deﬁrgéﬁ?ﬁbt@%%Fﬁgr%ﬁéagﬂgﬁﬁﬁa%?Pgﬁggﬁwﬂﬁﬁ%, when the chanber of

t he refr ngeratompurier Sifogy ob@edss taufsftiepi €l y oc aomgea rco al amerentie

tenperature_in_.the chanber to a s lLower. limt (+3C), .the control device

00 bf + he PRPIAGeIR: GETRETRH0sy 168 SORAS T OFETEPGAEOR 10 t he

CONG €SS Qlemp ra@ ulrRe Tver, 0CaFPHher B3QrHRORVEREeRLIoR tRhdeharGrk signal

the mcroconputer 80 determnes a start of defrosting in defrosting

det er ni ndtSi 3RWEE $hap Sheotarpet eyarpreddeds teorsrepuss {fevsetophehe

runni ng of or -1 a rts. defyosti E cycl frosting)

15 of th§°§%§§8P§?g%5§%§ thgpet%%m'#ogsof ﬁﬁeggoﬁggéggng1§% %ﬁ%ﬁ t he

t enper at Gilé.i nIfhehehaneenaf cvheorakiogetainpe ramutrebddy hitberr eaahes a set
the control device 90 of the refrigerator nain body 105

upper limt %+7C3,
sends anq%ﬁ PYAEE FE2PREAS6LoNFFEESELUES SEVENe ERPCFREaNPGREE 80. Upon

reqepti ogpabd beetON SbApekssbhe 18 §50¢aPRUEEEA8OndeEeETSAGS caapketion  of
defrosting in step S9, and proceeds to step S10 and after to resune
runni ng af chepPcEAPr esber migrasoupyteirtb€@ dabeveings tBp Fengiebbé stop of

conpressof highest and lowest rotational speeds decided in step
513 and the rotational speed increased/decreased in step
516 or S17.

15 Here, if the rotational speed increased/decreased in
step S16 or 817 is within the range of the highest and
lowest rotational speeds, the rotational speed is set as a
target rotational speed. The compressor 10 is run by the
inverter substrate at the target rotational speed in step

20 320 as described above.

On the other hand, if the rotaticnal speed
increased/decreased in step S16 or S17 is outside the range
of the highest and lowest rotational speeds, the
microcomputer 80 proceeds to step S19, makes adjustment

25 based on the rotational speed increased/decreased in step
516 or 517 to achieve an optimal rotational speed within
the range of the highest and lowest rotational speeds, sets
the adjusted rotational speed as a target rotational speed,
and runs the electric element of the compressor 10 at the

30 target rotatiocnal speed in step 520. Thereafter, the
process returns to step S4 to repeat subsequent steps.

Incidentally, when the start switch (not shown)

disposed in the refrigerator main body 105 is cut off, or



Here, if the conpressor 10 has been continuously run for a predeterm ned
time, the mcroconputer 80 determnes a start of defrosting in defrosting
determ nation of step S7 of- FIG 3, proceeds to step S8 to forcibly stop
the running 30 of the conpressor 10, afnd.then starts defrosting of the
evaporator 92. Additionally, the continuous running time of the conpressor
10 for stopping the sane is changed based on the tenperature in the
chanber d&he pewacrechgiutdere®s 24 rydtlect edthytt ket paperardiig,sensor in

t he cha r _ i it m.cr ter ts._the nti nuous
Funni g Eene s lRe TS aeSbe acrsrolPaTEIEO, e SEBrEHo i the
t enper at w2d iof EIE.cBanbend shuewehe prAgspeciiki ¢iheased i(stkpat if the
tenperature in the chanber of the refrigerator nmain body 105 is |ow, e.qg.

+10C, theréli's a fear of freezing of articles or the |ike housed in the

refrg gerator q@hnngqq%S%QQg E@H§Togcg@rg&ggorggoghe enbodi ment, for
exanple, if the conpressor 10 is 10 continuously run for 30 mn., while the

t enper at ur e i Neghehidkanbéen $heloGaobelronér fthiet resrpgsshbbe meiprevent a
problemaof fr ing of the.articles housed in the chanber by forcibly

St oppi ng CERY RRniAg SEHEACAF T Che R CPRETT EitpdPHEQr Shfn (EHEERAHESr BT the 15
refri ger aher oRRBRORY 103ckeaches LR sClsURPP! hdl Lond#dDact it control
device 90 of the refrigerator main body 105 sends an ON signal of the
conpress@f 2@ fbet mefrigeretompmbén BOAyTh(OS, sehdsnmaor 6€6NpuLBR18OLT esunes

. runni ng the compressor. 10 in,the previous_case_ (ste 20,89 of FIG
5y Toon s RRCotHEPHAREE AP £Re CBanH 6P mEH Rhs Hoen PaR T5EERtERRper at ur e
in the chanpee brghehghBan, tBedmictdBomput et 8opuederfifktped ttaetr the
‘m croconputer 80 stops the running thereof. This is because if the
conpressBf @ofresting in defrosting determination of step 57 of
FIG. 3, proceeds to step S8 to stop the running of the
compressor 10, and starts defrosting (OFF cycle defrosting)
- 15 of the evaporater 92.
After the stop of the compressor 10, when the

temperature in the chamber of the refrigerator main body
105 reaches a set upper limit (+7°C), the control device 90
of the refrigerator main body 105 sends an ON signal to the

20 compressor 10 of the microcomputer 80. Upon reception of
the ON signal, the microcomputer 80 determines completion
of defrosting in step 59, and proceeds to step 810 and
after to resume running of the compressor 10 as described
above.

25 (6) Forcible stop of compressor
Here, i1f the compressor 10 has been continuously run

for a predetermined time, the microcomputer 80 determines a
start of defrosting in defrosting determination of step $7
of FIG. 3, proceeds to step 88 to forcibly stop the running

30 of the compressor 10, and then starts defrosting of the
evaporator 92. Additionally, the continuous running time
of the compressor 10 for stopping the same is changed based

on the temperature in the chamber of the microcomputer 105



25 continuously run for a long time, frosting occurs in the evaporator 92,
and the refrigerant which passes through the evaporator 92 cannot be

heat - exchanged with surrounding air, creating a fear of insufficient
cooling of the chanber of the refriggfator main body 105. Thus, for
exanple, if 30 the conpressor 10 is continuously run at a tenperature in

t he chanber of a range hi gher than +10C to 20C or lower for 10 hours or
nore, or Satechashpust g*thﬂ & gpanfE UdRamsdEor A5 thieglsdampegn 920C fler 20 hours

or nore, ] CQRRULAT I.mone start rosting..i
defrostiﬁgﬂghg%%%%inat|gﬁlggggFggkgfv%gnée?grklelfgéggggoﬁ%ergﬁﬁﬁgﬁg of

t he conpridssorofl Gheo cexgmetss cdeflifogioimng tobptihg ehaperakoshort®2 bl step S8.
This state will be described wit é&jerenCﬁ to FIG 7. In FIG 7, a broken
line indidHt &SR & iR &b Ztur€ i?“Fhe chanber when the running

of the conpressPechFiics redlscht QRP@H 0 1eXequt @ cdebrasti-agihnthe 10 case
of continuous running thereof at a tenperature in the chanber higher than
+10C but cégiklen ¢ reffad gzgetoderedne oy fLAG tenpewat er@.sensor in the
chamber 91 fqr 1 hours or. nore_, A solid line indicates a change in a
tenperatdﬁ@ ?n Fﬁ@rﬁhéﬁb@rfﬁﬁﬁpofhgr?%ﬁhFﬂgOEfa?ﬁ%?i%sc%ﬁp?%%s%%kﬂo is
stopped 1uskerute (el hR3llig R okNRaGAS oddf 168011 BHAS hURBLAGAher eof at
a tenperature in the chanbér higher than +10C but equal to/lower "than +20C
for 10 Keutdeoempodémens,sifowncikample, 1f the evmpoeasor 92 ¢an be

det i odraQ Ry, LoCeLbly 5L onp) Ry Lhe compr ghgoc A0 cthe caeeiel

contl nuods runni ng ereof "at “th éﬁpg

+10C but cagukrt 9kl QuePctHam Q0L foF 1 d0,HOU151 OT e JOf fev&iptTRRr €d wi th the
casé of not stopping the conpressor 10 to execute defrosting, a heat

exchangi pgoblem of freezing of the articles housed in the chamber
by forcibly stopping the running thereof.
When the temperature in the chamber of the

15 refrigerator main body 105 reaches the set upper limit

(+7°C), the control device 90 of the refrigerator main body

105 sends an ON signal of the compressor 10 to the

microcomputer 80. Thus, the microcomputer 80 resumes

running of the compressor 10 as in the previous case (step
20 S9 of FIG. 3).

On the other hand, if the compressor 10 has been run

at a temperature in the chamber higher than, e.g., +10°C,
for a predetermined time, the microcomputer 80 stops the
running thereof. This i1s because if the compressor 10 is
25 continuously run for a long time, frosting occurs in the
evaporator 922, and the refrigerant which passes through the
evaporator 92 cannot be heat-exchanged with surrounding
air, creating a fear of insufficient cooling of the chamber
of the refrigerator main body 105. Thus, for example, if

30 the compressor 10 is continuously run at a temperature in

the chamber of a range higher than +10°C to 20°C or lower

for 10 hours or more, or at a temperature in the chamber



25 efficiency of the refrigerant in the evaporator 92 after the defrosting
can be inproved, and the target tenperature in the chanber can be reached
early. Thus, it is possible to inprove a cooling efficiency. Furthernore,
as the tenperature in the chanber of $4he. 30 refrigerator main body 105 is
| ower, the continuous running tinme of the conpressor 10 for stopping the
sane is set shorter. Thus, it is possible to prevent freezing of the 26
articlesfﬁ@ﬂsﬂdtmmaréwﬁCmﬁen Eheheenpeoatmmeejnth@emthambemputsrl@&/mhiIe

i mprovin he heat exchan eff|C| e refrigerant in the

t
evaporatgkiﬁfn&PﬁgradﬁfF O%g dgdrog %E |BQdd5%69§ L1B9(7) control of

i ncr ease det dHnd @t Jrobat 'sQ@?' sspee@ldOEorengzeeeebsN%b rithntiRg o
tenperature in the chanber the refrigerator nmain body 105 detected by

t he tenpéhdt GOEPressesr 1i0n tehexehasededtops ingwoft hbeneyepooaparer 80 10

|ncr aseg,t i,ghe rotational speed (MaxHz) of the conpressor 10. For
éé %ﬁ%gﬁ'gﬁ%%tgﬁperature in the chanber of the refrigerator main body

105 |s Iovverea“htle staae wtihe nsecﬁeeemnbteﬁr wB@hskkgbtkyceneoeases the
hi ghest rotatlonal eed (e.qg. to run the conpressor 10 15 (state
of (3) offPFF&G-2)s ?h F°F§n ﬁﬁnﬁdapﬁﬁﬁﬁtﬁé fhehanPsr éRedt i oned control of

the hi ghesinptabatianah $RECEnaRBSEdyABn! BRcOULAhIRqAbE LREPEralure, when
the tenperature in the chanmber of the refrlgerator mai n body 105 is

| ower ed cbop¥2OEort he mscnoéoapgpped890|aseeagesdeﬁeohtghgsnnzaheotat|onal

d degided d.on the outsid detected. by, the outsid
0 eperaturs. snsoruls SUhGLEE, PheneBolt fol R REItEoFontinG Bompr casor

10. Vhenchﬁﬁb%%”ﬁ?@ﬁEHrEhhﬂ RB@%@WMH“%q&EltﬁEVléﬁ%f'éH%ﬁ“é@(ﬁa'n body 105
drops to +20C or | ower,
- detected by the temperature senscr in the chamber 91 for 10

hours or more. A solid line indicates a change in a
temperature in the chamber when the running of the
15 compressor 10 is stopped to execute defrosting in the case

of continuocus running thereof at a temperature in the

chamber higher than +10°C but equal to/lower than +20°C for
10 hours or more.
As shown in FIG. 7, the evaporator 922 can be defrosted
- 20 by forcibly stopping the compressor 10 in the case of
continuous running thereof at the temperature in the
chamber higher than +10°C but equal to/lower than +20°C for
.10 hours or more. Compared with the case of not stopping
the compressor 10 to execute defrosting, a heat exchahging
25 efficiency of the refrigerant in the evaporator 92 after
the defrosting can be improved, and the target temperature
in the chamber can be reached early. Thus, it is possible
te improve a ccoling efficiency.
Furthermore, as the temperature in the chamber of the
30 refrigerator main body 105 is lower, the continuous running
time of the compressor 10 for stopping the same is set

shorter. Thus, it is possible to prevent freezing of the



25 pressure of the | ow side becones |ow. Accordingly, pressure of the high
side is also lowered to stabilize the refrigerant in the refrigerant
circuit. If the rotational speed is increased in this state, even when the
pressure of the high side slightly_ipgreases as showmn in (4) of FIG 2, 30
it is possible to prevent a problem of an abnormal increase which exceeds
desi gn pressure of the device, the pipe or the |like of the high side. - 27
Addi ti on@AH-C18s ArysRd dhexeiar Whgsr ke CerPgratede An the cbpPmbgesr ant

circuit iz i i ; i i Lot at I eed. Thus, an
anount o%%al?§¥?%gg%a?%prﬁgg?§2;@%ah%§5 %#%ﬂgghﬁh i%%gﬁgﬁgaagn%?he

evapor at ¢hed2eifs igeiraatedsedhieo cenablra tiorpPav efeetr dkftrbetdagl asg
efficieng% th%r of, As a result, an evaporation tenperature of the

refri ger §TCCEHPERe 289 Sorator 92 i's also | owered as shown in (5) of FIG

2, and the phqnbetogtrbneo$e&hh9@@§bo&nna&ghegﬁdxo%gﬁi@ﬁa1b§ ceal ¢ early.
10 As descri bed above, the m croconputer 80 changes the hlgﬁest rot ati onal

speed of “PRErE6§RPIressor 10 based on the outside air tenperature detected

by the outsid rt r.a nsor 74, .and_in S e hi ghest
rotational sgggg’tg%mﬁet tﬁg&ggr%r%;céggorml&}ﬁﬁhghaﬁ%g%t g?rpéggture in the 15
chanber etftrhgeretovirgenahobonyi nobodyt20bedebgctad bympbeattuieaperature

sensor in the chanber 95 %% | owered to a predeterm ned tenperature. Thus,
it is poSENBPE tB Fhpr 698™PeRe LodFi AGWef FI8i BAEYOEPTPHESEVEPor at or 92

whi - ' . [ [ h high 20
i d0” (D RERaoag Ee T ISR REL DE AP TRt s Ege ERRHE TPk th8ay 905 can be

cool ed eavhprektors1possiblkeekampMpl oWRenpentoteRpeeaehirbhencenki ng

apparatus 110. According to the enbodi nent, when the tenperature in
chamber of the Fefrigerator main body 105 is lowered to

+20°C, the microcomputer 80 slightly increases the highest
rotational speed (e.g., 4 Hz) to run the compressor 10

15 {state of (3) of FIG. 2). That is, in addition to the
aforementioned control of the highest rotational speed
based on the outside air temperature, when the temperature

in the chamber of the refrigerator main body 105 is lowered

to +20°C, the microcomputer 80 increases the highest

20 rotational speed decided based on the outside air
temperature detected by the outside air temperature sensor
74 as described above to 4 Hz to run the compressor 10.

When the temperature in the chamber of the

refrigerator main body 105 drops to +20°C or lower,

25 pressure of the low side becomes low. Accordingly,
pressure of the high side is alsc lowered to stabilize the
refrigerant in the refrigerant circuit. If the rotational
speed 1is increased in this state, even when the pressure of
the high side slightly increases as shown in (4) of FIG. 2,

30 it is possible to prevent a problem of an abnormal increase

‘which exceeds design pressure of the device, the pipe or

the like of the high side.




25 the chanber of the refrigerator main body 105 is lowered to +20C, the

m croconputer 80 increases the highest rotational speed to 4 Hz to run the
conpressor 10. However, the tenperature at which the m croconputer 80
increases the highest rotational speegdy; and the nunerical 30 value of the
i ncreased rotational speed are not limted to the foregoing. They can be

properly changed depending on a size of the cooling apparatus 110 and a
pur pose of usg¥*i§¥lQQﬁddnﬂiﬁglﬁﬁﬁqqﬂi @b gdinedinti g etrize tmcdrrse diahgde i r8 0
changes ighe t.at|. .. Spee f the r.essor. 10 sed on the

out put 015&} gten‘g;feer aat%t}r edl%e%%'!slci):r e‘%’nqtn%é:ea(%eéfn%g}r) 16 % %%tel y detecting
t he tenpériatherse: inotidte dnadhaideerd .of Thie,r efr isgenaitoo il rdFadyyek@nt Not
limted to .this, however, the m crocaonputer 80 may change the hi ghest

rot at i ondICAPESFIER IS dhprdLs G rre 154S80 ion the §varatratedt fd isf the
tenpger at Yne rSanser tfooren%%tl%cti'r@&otu%ﬁlenﬁ;eforﬂ Gl JIEMRL AR P f e out ] et
side of the 10 evaporator 92. I'n such a case, by using the tenperature
sensor ugderkeof .super lreate sdddr, eenc @viapoiragr onhé enplegr agituriche £ altel et of t he
evaporat%%TrEh%r%%_ era% re sensor .in ??e. chanber, can be renpved to reduce
product i 6 "¢3EEE 2 AT iFOTal P OrRE O dfods Er 0TS ERargethe 15

hi ghest et atsijord rIpred,oknkdhe heorPEeSSEr k0 thased ron gatateut puti nof the
tenperature sensor for detecting a_ tenperature of articles housed in the
refriger RPGY ddion CaPodp rOslethesgdh-a case, stricter control can be

carfg ed out hased . ikﬁg %%%H%ra%%%?mﬁkr%%%m§h%%%'%% haused ol gpihe 20
refri-gerator main body 105, whefeby it 1S posSible to 7inprove control
accur acyhigbestdiregattdonhé epbedi mEnthet bempiressoaniot eas8@ ohothiebl y st ops

D 2t B OB a0 100 e (B3 cn! LB, SRTLiUOUS Tunning
temperature sensor 74, and increases the highest rotational
speed to run the compressor 10 when the temperature in the

15 chamber of the refrigerator main body 105 detected by the
~temperature sensdr in the chamber 91 is lowered to a
predetermined temperature. Thus, it is possible to improve
the cooling efficiency of the evaporator 92 while
preventing an abnormal increase in the pressure of the high

20 side.

Further, since the chamber of the refrigerator main
body 105 can be cooled early, it is possible to improve
performance of the cooling apparatus 110.

According to the embodiment, when the temperature in

25 the chamber of the refrigerator main body 105 is lowered to

+20°C, the microcomputer 80 increases the highest

rotational speed to 4 Hz to run the compressor 10.

However, the temperature at which the microcomputer 80

increases the highest rotational speed, and the numerical
30 value of the increased rotational speed are not limited to

the foregoing. They can be properly changed depending on a

size of the cooling apparatus 110 and a purpose of use.



25 chanber of the refrigerator main body 105 set to +10C or |ower for 30
m nutes or nore, wthin the tenperature in the chanber range hi gher than
+10C to +20C or lower for 10 hours or nore, or at the tenperature in the
chanmber higher than +20C for 20 hoursgor nore. However, the continuous 30
running tinme or the tenperature is not limted to such. Proper changes can
be made depending on a purpose of use etc. - 29 According to the

enbodi ment , t FECTHINUGEs Theneiipditiens /i $henavigeecsapedesn 80he detecti on
oy ot Rl e 3AUYst BT HAATDALATh LA (Al Bekbredbactng | e
er o 5ody 5 :

tenperature i'n the cha the refrigerator main t limted
to this, deesslemn thee cuitgpuacorfpaher t&hperay uckargesblre i@onhienuous runni ng
ti me base e, output of the tenperature sensor for detecting

. e.g.,.th
the refri 3&5ﬁfsgeﬁﬁﬁ?§Pﬁﬁgt ¥ OR&SGEtrer tordESBPeEREULEyv 4Poltlfor 92, In

sucls a cagrmy: W R he rrerReLaby aald $ensonousedyber 134pecheat degree
control or the like at the outlet of the evaporator, the tenperature

sensor i Fhtiife heWaser che PFécrerovedtes B8duey phedget tbe boghsst
Addi ti onal | : C i_nuouys nni.ng ti hanged based_on the
?bt%tl%%%l %%%eﬁ QUS B NI refggég?écggse% ﬁg’tgﬁgéfaFﬂre of the

out put of the tenperature Sensor T0 ing 't
arti cl es olmtipsed oifn thige teeberirgeuatosemgon Hody dd@bctlingsugh a case, stricter
he carried out based on the tenperature of the articles housed

control ca :
in the ré?%?@8?§?8F MEMReBEdY 08T her BV Lot sidepsdstBre to i nprove

confor ol aGBPELRGY or202FUr thesppe, @gg@cdbpguggngh%h@nPeﬂFagakur&he cool i ng
. apparatus 110 is the showase installed at the Store. No limted to this,

however, Ssehecgovbedg fappanntubeat tlRgreenventiroh maytbe lskd as ahe
refrigerghel a8 AheMBLLE Y BRY! NInIREhlngy A0 8N 8hE£ORMT LhNeET -
chamber can be removed to reduce production costs.

Additionally, the microcomputer 80 may change the

15 highest rotational speed of the compressor 10 based on an
output of the temperature sensor for detecting a
temperature of articles housed in the refrigerator main
body 105. 1In such a case, stricter control can be carried

| out based on the temperature of the articles housed in the

20 refrigerator main body 105, whereby it is possible to
.improve control accuracy.

According to the embodiment, the microcomputer 80
forcibly stops the running of the compressor 10 in the case
of the continucus running thereof at the temperature in the

25 chamber of the refrigerator main body 105 set to +10°C or
lower for 30 minutes or more, within the temperature in the
chamber range higher than +10°C to +20°C or lower for 10
hours or more, or at the temperature in the chamber higher
than +20°C for 20 hours or more. However, the continuous

30 running time or the temperature is not limited to such.
Proper changes can be made depending on a purpose of use

etc.



25 As descri bed above in detail, according to the present invention, the
cool i ng apparatus conprises the control device which controls the speed of
rotation of the conpressor between the predeterm ned | owest and hi ghest
speeds, and the cool ed state sensor_which can detect the 30 cool ed state of
the space to be cooled by the evaporator included in the refrigerant
circuit. The control device increases the highest speed of rotation of the
conpressor i AR H@gpérattince cobodiacasol Elles pans laurest synbynghe 30

cool ed stal Eﬁ%%ﬁﬂe evg%d‘%gségh% th% d%tgg%i Blgﬁe%hg L&F%akg?eCOO|lng

efficiency o rator wh reventln I'ncrease in the
pressur e sengdre irhitgle sihdebes PheEe&oﬁere&tmyedbhecsﬂageth@ be cool ed by
the eva rator i S cqole% ear | ossible to i nprove the perfornmance
of the ¢ AMFar dfudheasls ieﬁgotfo Re TRAVAETEHOT ﬁlaéadbpfﬂan to the

- abowe, tﬂm% cowdtnqlaﬁ%@att%s thykt N8bweQBR! | 888 A BULA Fﬂ%eiu Bo 10
tenperature sensor which detects the outside air tenperature. The contro

devi ce r &ducebhanye hihghesntdpaeds ohinndtgt Loneobathd comppeesgser thihen t he
out si de aj e I ture dete ted by the qutsi.de air tepperature sensor is
- il TR kAt en e aRLeE BLnble PHLoHEERREnb TR

hi gh, an redases T5 conpressor when

t he OutSleéiralgferhﬁl‘ltpﬂ:l’ealblé&@tlu&d ow. thBusutlkt E3dROSSi Bhe to effectively
prevent the abnormal increase in the pressure of the high side. According
to the pFPESEREACAFerEi-onllt FECB0BI FR§S aPparaing EBRpEFEBRSTERELEONt I Ol

devigce VBoORLER! F0kNg up20nsheed gl LoLahEpn: OF 1 DRoCoIRLEgSOEyand the

cool ed state sensor an detect "'the cooled state of e space to be
cool ed b?uthetewépbhatewapncbuded thetbempefatgeeaaénsorrmnltheThe control
devi ce S%hgmhg% Egkggg %g% gt s) reduce production costs.
Additibnally, the continuous running time may be
changed based oh the output of the temperature sensor for

15 detecting the temperature of the articles housed in the
refrigerator main body 105. In such a case, stricter
control can be carried out based on the temperature of the
articles housed in the refrigerator main body 105, whereby
it is possible to improve control accuracy.

20 _ Furthermore, according to the embodiment, the cooling
apparatus 110 is the showcase installed at the store. Not
limited to this, however, the cooling apparatus of the
invention may be used as a refrigerator, an automatic
vending machine, or an air conditioner.

25 As described above in detail, according to the present
invention, the cooling apparatus comprises the control
device which controls the speed of rotation of the
compressor between the predetermined lowest and highest
speeds, and the cooled state sensor which can detect the

30 cooled state of the space to be cooled by the evaporator
included in the refrigerant circuit. The control device
inqreases the highest speed of rotation of the compressor

if the temperature of the cooled space detected by the



tenperature of the refrigerant at the evaporator based on 25 the
tenperature of the cool ed space detected by the cooled state sensor, and
controls the speed of rotation of the conpressor so as to set the
evaporation tenperature of the refLig?rant equal to the target evaporation
tenperature at the evaporator. Thus or exanple, based on the 30
tenperature of the cool ed space detected by the cooled state sensor, the
control d®Alasd sdiafe rﬁéel’tsaﬁ-ge"ts l@thofTéltuSon lttenwemwl(ﬁ tiche refrigerant

in the t rel .on of bel her as.the t enperature
of the cooﬁ 8‘%%&%% i€ N Hﬁg eﬁ%% ferety i 4 %bf%mﬁichb %ﬁ dfent t he
abnor mal pmworegased ntHaekpicessur G_ncﬁfeatshje ﬂﬂi ghesigdesslher efforge t he

rotational, ifeed of the conpressor can 5 be set to an optical speed to
i mprove t &4%bility and performance of the cooling apparatus.

Accqding Lo trblupegili Qinchecontole deviiee Rehsy e dar get evaporati or

tenperature in the relation of bein i n change thereof which
acconpanﬁm@p@n@W@ﬁgea rooied] @atrdryperidt uise pofs stilvd ec dol ddhpspaee tie t he

regi on of t r % raturﬁ .0f the cool ed space detected by the cool ed
state seksor, g% 9% i CandE %t REPESFi'ch acconpanies . a change in

the tenperat um@c@frdtlha@ ct@olt@@ sPaeRtibnt hen HeEien oaf tbhenhkowpheaperature
of the cool ed space. Thus, 15 it is p055|ble to i nprove the coollng
ef fi ci enc{e; ﬁotoﬂénlgoﬂppﬁé‘ﬁﬁéllsatfﬂlréhﬁégF@ﬁlpéf-t sefe thgobud sdplgcaiwhi | e

of 1011 VelihoePLeuel! Lig he, abugy MR Lpcr egsecli e pygosure of the high

side which easily occurs in tenperature "region thereof. 20
Furthernﬁempematadéltlmhetoohheoabdee;cacmeddc&g the hhehesvespkeed, the

cool i ng appar atus fur rlses the, outside air tenperature sensor
whi ch gegggfg%gﬁ18ﬂtg%dgkglpo pressor when tﬁe cutside ggr

temperature detected by the outside air temperature sensor
is high, and increases the highest speed of rotation of the
15 compressor when the outside air temperature is low. Thus,
it is possible to effectively prevent the abnormal increase
in the pressure of the high side.
According to the present invention, the cooling
apparatus comprises the control device which controls the
20 speed of rotation of the compressor, and the cooled state
sensor which can detect the cooled state of the space to be
cooled by the evaporator included in the refrigerant
circuit. The control device sets the target evaporation
temperature of the refrigerant at the evaporator based on
25 the temperature of the cooled space detected by the cooled
state sensor, and controls the speed of rotation of the
compressor so as to set the evaporation temperature of the
refrigerant equal to the target evaporation temperature at
the evaporator. Thus, for example, based on the
30 temperature of the cooled space detected by the cooled
state sensor, the control device sets the target
evaporation temperature of the refrigerant in the

evaporator in the relation of being higher as the



tenperature. The control device corrects the target evaporation
tenperature to be high when the outside air 25 tenperature detected by the
outside air tenperature sensor is high, and corrects the target
evaporation tenperature in the regiogjof the high tenperature of the
cool ed space detected by the cool ed state sensor based on the outside air
tenperature. Thus, it is possible to achieve nore 30 accurate rotational
speed coritReragpreCiof] Mbe £ooAssosbasg dppadates colsresivngt asrefri gerant
cir CU! t \MHS leéc lt%d?e%e%cﬁmr %S %.%r or%%&aqln% %Ta'seCQL?lt I;C(i')“llel %)I}%S%UEQEEd_ of
rotation, and uses carbon 5 dioxide as a refrigerant; a control “device
whi ch contfr dhe digpeeddef. rotati on of the conpressor between predeterm ned
eeds; and a .cool ed state sensor capable of detecting

| owest and hi ghest _ s
a cooled 10 g@§?€f5F%H §%§t§oﬁétﬁén€&oﬁgﬁeﬁyOgntéﬁaESWﬁFﬁﬁspﬁcpéﬂed in

the g ef r ingelsaft +¢j Lelicht 1WA8r iRl oCaRpRlcdeyikCe 1 n618a58S anlli ghest
speed of rotation of the conpressor if a tenperature of the” cool ed space
det ect ed Poy fommapse of $hat eoodnvgr appalrewus.15 2. The cool i ng appar at us

according to glaimy, further .conpri.sing,an outsid ir.tenperature sensor
whi ch detectsﬁcaﬁrgﬁp igg gﬁF %@ﬁ%@FéPHVeF%ﬁh598%ﬁ°§h3636ﬁF?§Ft§evice
i ncr easeshkheaktiyghestvappead i 020 tehpeetairen iaf thkereoapreaser wWaeAgt he
outside air  _tenperature detected by the outside air tenperature sensor is

hi gh, and™féduc®s “PREIRI GRESEOSpEbAChf AF6PEPRBASSS at RBaNgEnpRess6r when the
outsgi de akhipkeAREAl WEethe LBW1edOs3ach §R0LLRY ARRAKALYS tREMRE LRI NO:

temperature of the cooled space detected by the cooled
state sensor, and large in change therecf which accompanies
a change in the temperature of the coocled space in the
region of the low temperature of the cooled space. Thus,

15 it is possible to improve the cooling efficiency in the low
temperature region of the cooled space while effectively
preventing the abnormal increase in the pressure of the
high side which easily occurs in the high temperature
region thereof.

20 Furthermore, in addition to the above, according to
the invention, the cooling apparatus further comprises the
outside air temperature sensor which detects an outside air
temperature. The control device corrects the target
evaporation temperature to be high when the cutside air

25 temperature detected by the outside air temperature sensor
is high, and corrects the target evaporation temperature in
the region of the high temperature of the cooled space
detected by the cooled state sensor based on the outside
air temperature. Thus, it is possible to achieve more

30 accurate rotational speed control.



a refrigerant circuit which includes a conpressor capable of controlling a
speed of rotation, and uses a carbon dioxide refrigerant; a control device
whi ch controls a speed of rotation of 30 the conpressor; and a cool ed
state sensor capable of detecting a cgfled state of a space to be cool ed
by an evaporator included in the refrfgerant circuit, 33 wherein the
control device sets a target evaporation tenperature of the refrigerant at
t he evaparats:based on a tenperature of the cool ed space detected by the
cooled state sensor, and controls the speed of rotation of the 5

conpr essor sé &SAld e APRT réFaISo CAMPEH Stlésiier at ure of the refrigerant

equal to the tar ti r e.e 4. The
cool i ng appara?ug%ggg§%§gﬁg F3Q8P§?ﬁ§§?gﬁo§&§%P%%§ ?hégﬁg%g%gﬁrdevice sets
t he t ar getapeNcdpordt icom t ricdijeratuspeald bife roebkitigear, aphdatistlse cevadpar at or in

a relatign of bein%thi er _as the tenperature of the cooled space is
hi gifer bASEFLGR Eife %t EFper-dEirEtsf the cool ed space detected by the cool ed

state sensor. glacptrbie deRalkngnharparahisocagcar diegqdt 8rchaicm4onwierein the
control device sets the target evaporation tenperature in a relation of

bei ng smihie icenphgsgert keteeskn wiedetacodmpdnileveatchadgbioheshe
tenperatgg%e%%_tg%dcooled 20 space in a region of a high tenperature of the
cool ed spac det'ected by the cool ed state sensor, and |large in change
t her eof whi chaacootpaniseata ckasge icapbbeet efpeeatutengf a tbeledol ed space
in % region of a |low tenperature of the cooled space. 25 )
1 state of a space to be cocled by an evaporator included in
the refrigerant circuit,
wherein the contreol device increases a highest speed
of rotation of the compressor if a temperature of the
cooled space detected by the cooled state sensor is low.
15
. 2. The cooling apparatus according to c¢laim 1, further
comprising an outside air temperature sensor which detects
an outside air temperature,
wherein the ccontrol device increases the highest speed
20 of rotation of the compressor when the cutside air
temperature detected by the outside air temperature sensor
is high, and reduces the highest speed of rotation of the

compressor when the outside air temperature is low.

25 3. A cooling apparatus comprising:
a refrigerant circuit which includes a compressor
capable of controlling a speed of rotation, and uses a
carbon dioxide refrigerant;
a control device which ceontrols a speed of rotation of
30 the compressor; and
a cooled state sensor capable of detecting a cooled
state of a space to be cooled by an evaporator included in

the refrigerant circuit,



6. The cooling apparatus according to one of clains 3 to 5, further
conprising an outside air tenperature sensor which detects an outside air
tenperature, wherein the control device corrects the target 30 evaporation
tenperature to be high when the outsige air tenperature detected by the
outside air tenperature sensor is high. 34 7. The cooling apparatus
according to claim®6, wherein the control device corrects the target
evaporati on t elsEedruitds WQﬂﬁ¥Qhﬂ§aﬂiG@fsﬁﬁ§ ﬁl@ﬁrgﬁénﬁ§ﬁQDMﬁél@ﬁ t he

cool ed spa e en ased e outside air
tenperaturg&)g%%fﬁ%tﬁfb%R§A$ﬁg%'R%%?%& %&%ee§§98F83§ e a§e§o8plﬁg

appar at ugefipEdjatwhiech £ ctve icvarleve spaceokietgcebti biyenay W@blledpreventl ng an
abnor nmal |ncrease in pressure of _a high side. The cooling garatus (110)

conpri ses &S é@ﬂsgévaﬁpdclcpe&rpl\ﬁmt@ﬁ 868 ear boHadieR; aé f8e
ref 15 ger afmp r& sGOH rsQJI 28eVCR IR} e\ef*ab%a%%w %ﬁp@réreg%@ gl kgkation of

t he conpressor (10) between predeterm ned | owest and hi ghest speeds; and a
cool ed stratfeigereot wilel det ¢bes target! edapbabtion &empefrritgerattr main
body (10§¥ht%v%eo%%%led by an evaporator (92) included in the refrigerant
circuit e “CORCT 61 devi ce (90) increases a highest speed of rotation of
the conpressor (10) if a tenperature in the chanber of the refrigerator
mai n body (105) detected by the cooled state sensor is low. FIG 2

he cooling apparatus according to claim 3,

10 wherein the control device sets the target evaporation
temperature of the refrigerant at the evaporator in a
relation of being higher as the temperature of the cooled
space is higher based on the temperature of the cooled .
space detected by the cooled state sensor.

15 '

5. The cooling apparatus according to claim 4,

wherein the control device sets the target evaporation
temperature in a relation of being small in change thereof
which accompanies a change in the temperature of the cooled

20 space in a region cof a high temperature of the cocled space
detected by the cooled state sensor, and large in change
thereof which accompanies a chaﬁge in the temperature of
the cooled space in a region of a low temperature of the
cooled space.

25
6. The cooling apparatus according to one of claims 3 to
5, further comprising an outside air temperature sensor
which detects an outside air temperature,

wherein the contrcl device corrects the target

30 evaporation temperature to be high when the outside air

temperature detected by the outside air temperature sensor

is high.





