COOLI NG APPARATUS BACKGROUND COF THE | NVENTI ON 5 The present invention
relates to a cooling apparatus equipped with a refrigerant circuit which

i ncludes a conpressor capable of controlling a speed of rotation and uses
carbon di oxide as a refrigerant. In a tonventional cooling apparatus of
such a kind, 10 e.g., a showase installed at a store, a refrigerant
circuit is constituted by sequentially connecting a conpressor, a gas
cool er (condenser) and expansi on valve neans (capillary tube or the like)
whi ch constitute a condensi ngCYPLINQNYPBARBTGPor ator installed on a
showcase 15 main body side through a pipe in an annul ar shape. A
refrigerant gas conpressed by the conpressor to beconme high in tenperature
and pr essBREKGROUNB chEr gerl tovidergas cooler. Heat is radiated fromthe
refrigerant gas at the gas cooler, and then the refrigerant gas is
diredted by thENQOPEXPEMSI HAVIRAF V! mE2tREED bR R edCPbliherRRAPRF A or . The
ref ri ger agdy, SY30QT R €8 éh@éPri@é‘ﬁaﬁt‘?séizpéuf@%h{él?nlﬂ#r%fud%é‘réOund' ngs to
exhibit a cooling function, thereby cooling the chanber (space to be

cool ed) ofcmprecshoncesealie gof sestrdhphimesz PFaeentoPppbizhioownahdi d- Open
No. 11-257830)..25 For.the,conpressor,.a speed of rotation is normally
controlIe%ﬁ%%t%%%%P%.?%ﬁ%%?esqgé% 5%%f%9%f§%%3t speed by a control device.
That is, when pntenpervénif ohdl tdsoThagespapdtiHeoBhonerRse keaghes an
upper limt, the control device _starts (turns ON) the conpressor. Then,

t hel@ont r®1 9 devd celowerednt Rt alked pilec o3 Lo B at  oFe BYLgPEARBNpPr essor

W thin a gange; of ; preselc | ovess 1inds highesi, speeds,p n,outputs from
vari ous sensor% f%r detect?%g a.?%d%%?atureao$$tﬁ§n ?i?g?ge?ant. When t he
t enper at wrenpresher chanpes ofolde showdasesedr omsd texpaheivr Yahvd, the
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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
cooler. Heat is radiated from the refrigerant gas at the
gas cooler, 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



mai ntai ned in the chanber of the showcase. Incidentally, in order to solve
a problem of ozone 5 | ayer destruction, a proposal has recently been nade
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, a conpression ratio becones very high,

and a 10 Liempesad uisoof weacpaa@éPSf%#IS@ﬂé Eeé@&Pe{)été‘Egprﬁ%%ﬁ

refrigerant gas discharged into the refrigerant circult econe
Consequenttyzrnéed QBEHI f fAcubrdingbpt ak npredeesimided oodmpegretfdiei ency.

Efforts hac_ye 1Eheﬁefore Ehli:en na eeto %n%ov a cooling 15 efficiency at the
evapor at PP By F ST n a- 4P eBPBreT ot bt Ton SBFWERRS tonpressor to i ncrease an

amount of a refmdpes@rdllgj rinl et@sri ot He1vEf 4| GEFBIEM CHF Coikdne di SPOSI Ng
an internal heat exchanger to exchange heat between a refrigerant of a
hi gh® pr esSUrer sfefel et BoR ef 2 | BEPRPT2 bf N3 20 TORE by 3¢k enaggeto use

super cool i h geran I . pr u i | Lk
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Co ly.,. 25 of . the high side is npt determ nate due to an
outsi do i1 dh RS ot e Dela Tt bR oriS otSal e | SebT L Bitmedod

especi al INowdvdhe 4 1 dBmefeSEBEh | PG D6 Be bbidls Opd Y dei gh ) ad@nperature, and
there is a fear of danage to the device in the worst case. Thus, the

conp? essdreRRT OMRRMT ofE | OBOr pRer cbihte b | 2 ta tempehriers peR AR of
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OF THE | NpENTheONh iidie. pr@sesk quenviehyj obt has deehi onlie t@ cotaen the
f or egoi ngdéselcl[\en' C@éoﬂrz%)lg icfggcg_esi gned to provide a
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, 1f 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 ocutside 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.



cool i ng apparatus which can inprove a cooling efficiency 5 while preventing
an abnormal increase in pressure of- a high side. A first aspect of the
present invention is directed to a cooling apparatus conprising a
refrigerant circuit which uses carbom3dioxide as a refrigerant; a contro
device 10 which controls a speed of rotation of the conpressor between

predeterm ned | owest and highggkySpeedgr aReraTreR0l ed state sensor capable
of detecting a cool ed state—Uf——a—space—ro—be—cooggd by an evapor at or
i ncl uded in t Hehe refedeger amvantion thasesei made tonsebie delvé ce i ncreases

a 15 highgst speed of rofatjon qgf. the conpressor if a tenperature of the
cool ed sp’g%%e AR B %%Ogifje%ns’staeﬁ ee%‘i’f?e% $H¢ o[\)/fg‘%%‘:éc%nd aspect

of the preseNng nusfitdiud seidhidiecdad ifgrdhe aheyel Lol dagi appacat us, which
further conprises an 20 outside air_ tenperature sensor which detects an
out s? de LIRS RN ET viHerad P il R TRASAel RETHEERASRE @ Halghi ghest
speed of fpofation of the conpressor when the outside air tenperature
detected by the outside air tenperature sensor is high, and reduces the
hi ghest speed 25 ofstt disgten of ithwe moegeres sorvehteio:d hies odit seaesdi to
tenperature is |ow _Another object. of the present invention, is to inprove
L Cbol Ltk T AP S S BT TG | AT ch Lt

i ncrease usePresssue foaidd ¢ S dee ©f i G 1600l ] Y c3hAPPaduse A third
aspect of the present invention is directed to a cooling apparatus

conp? i si mpichegmiiorolfed cstl Af koMt of sgedewreisrt on of the
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of a space to cool ed by an ‘evaporator i udé in the refrigerant
circuit, aodmeked rstdiee contgat chpdlcie sef sdetecting a cooled state of
a space to be cooled by an evaporator included in the
refrigerant circuit, wherein the control device increases a
15 highest speed of rotation of the compressor if a
temperature of the cooled space detected by the cocled
state senscr is low.
A second aspect of the present invention is directed
to the above cooling apparatus, which further comprises an
20 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
outside alr temperature detected by the outside air
temperature sensor is high, and reduces the highest speed
25 of rotation of the compressor when the outside air
temperature is low.
Another object of the present invention is to improve
a cooling efficiency at an evaporator while preventing an
abnormal increase in pressure of a high side of a cooling
30 apparatus.
A third aspect of the present invention is directed to
a cooling apparatus comprising a control device which

controls a speed of rotation of the compressor; and a



target evaporation tenperature of the refrigerant at the 5 evaporator based
on a tenperature of the cooled space detected by the cooled state sensor,
and controls the speed of rotation of the conpressor so as to set an
evaporation tenperature of the refrigérant equal to the target

evaporation tenperature at the evaporator. 10 A fourth aspect of the

present 14¥endd ok d e dideesethagd 1 0o, AN0YELON NG BIPRLA! LEacuhoE €i 0 the

control device sets the target evaporation tenpéerature o ri gerant
at the ewppatorté rea ¢edd dry ofn bevagodgberinslyded t BmpEnat ure of the

| ed i s higher. based on the. 15 t t f th | ed
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device sets the target evaporation tenperature in a relation of 20 being
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th | i i i |
e _cool ebispacsy 8y aredlon &1 & Nahod eperalireanl-dfie £ool dospace

det ect ed state sensor, an rge in change there i ch
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of a low tenperature of the copol ed space. A sixth aspect of the present

i nvent i ont?nﬁ)ed?aﬁéﬁeeooﬁ o-1§ hrée’gﬁfoq}%r a‘bl?%‘tf‘ ppar B ustaXFFTh furt her
conpri sesewpoi Sdidler aife # LR A tIrenSesDiodi &0, detects an outside air
teg%gr ature, wherein the control device corrects the target 30 evaporation
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invention 1s rected t ove cool i ng appar erein e control
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temperature of the cooled space is higher based on the

15 temperature of the cooled space detected by the cooled
state sensor.

A fifth aspect of the present invention is directed to
the above cooling apparatus, wherein the control device
sets the target evaporation temperature in a relation of

20 being small in change thereof which accompanies a change in
the temperature of the cooled 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

25 of a low temperature of the cooled space.

A sixth aspect of the present invention is directed to
the above cooling apparatus, which further comprises an
outside air temperature sensor which detects an outside air
temperature, wherein the control device corrects the target

30 evaporation temperature to be high when the outside air
temperature detected by the outside air temperature sensor

is high.



5 cool ed state sensor based on the outside air tenperature. BRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 is a refrigerant circuit diagramof a
cooling apparatus according to the present invention; 10 FIG 2 is a view
showi ng changes in a speed of rotatioR of a conpressor, pressure of a high
side, a tenperature in the chanber of a refrigerator main body, and an
evaporation t eApeEaLHER QE?écEeBE'Eﬁéaﬁ£eben£h§n988£iaﬁ iépgéiékﬁédOf the
invention; 15 Fig. 3 is a flowhart show ng rotational speed control of
t he conpréssbhebgbaveonepdindesbparatushewbeokingthappanatrad dévihe
i nvention; LS.a,.view show n hanges in_a_speed o rotation of the
conpresso?og%géﬁéeggﬁrEXB?thgvﬁPagag%ag g?mpﬁﬁaFngt?ﬂELB? §Fdtting; FIG
5 is a vieWw shewhighatempataoiirbeb¥eene abo0UEAI 8pacal HeteBPeHabYr ehand a
highgst speed of rotation of the conpressor in the cooling apparatus of
the PnventPBhedFPERtE FENECT| RaFSHOMRNE G PRFaEfBnabEt WEBASEAtHFget 25
evaporation tenperature and a tenperature in the chanber at each outside
air tenperature in the cooling apparatus of the invention; and FIG 7 is a
vi ew showi ng a change BRIEENDEBEGRUPEION OFhEHEhBRBWINGS t he cooling
appar at us of tpﬁGinxention. fO.DETAI ED, DESCRI PTI ON. OF THE PREFERRED
EMBODI MENT  NeXTC -t he'Praf Y F eHIShBRYI FehtUoF FHha9pPBsRht 2i AO8ALREN will be
descri bedappadetas | avtbhdigfetencret prébenaceapapybng drawi ngs. A cooling
apparatus 110 of FIG 1 conprises a condensing unit 100 and a refrigerator
mai A0 body 105F hhi ch becenBsew eheverdnehangedyinTheseeeding apparatus 110
of the embotiinl be. aColnordsshPICaresSutoshal Ledigh gigborg. Thus, the
refrigerator nmain body 105

temperature in the chamber of a refrigerator main body, and

an evaporation temperature of a refrigerant in the cooling
apparatus of the invention:

15 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 is a view showing changes in a speed of
rotation of the compressor and pressure of the high side at

20 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

25 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.

30
DETAJLED DESCRIPTION OF THE PREFERRED EMBODIMENT

Next, the preferred embodiment of the present

invention will be described in detail with reference to the



is constituted of an adiabatic wall of a showcase. The condensing unit 100
conprises a conpressor 10, a gas cooler (condenser) 40, a capillary tube
58 etc., and is connected through a pipe to an evaporator 92 of a 10
refrigerator main body 105 (descri bed ﬁafer). The conpressor 10, the gas
cooler 40 and the capillary tube 58 constitute a predeterm ned refrigerant

circuit togebieinyWhe NatheiQyaporat 8o P2n Tﬁ'ﬁ%afastuﬁ 1edrégerppt gi scharge
tube 24 of the 15 conpressor 10 is connecte o an inlet of the gas cooler
40. Her e, Cempbtaefga t eonden ehidditneht 108 hand oaprefsbyenator smalmul ti st age

two sta C r I o a f I n a
it or mear ey PETTEL e Bie 1 A dn EOTRER B, SPnefo iy
refri ger amppaddniens ohpd essoth& OerllifodDn@nt Ses, ad. ¢l ecarskowtepent di sposed as

a driving, elenﬁgi in a sealed container (not shown), and first and second

rotary cohpt 2F Frettre 15t TR Jhie stabesye I e v by Redvel@2tric

element. {8 thest{ AN of 40T SALNCE PUNRLR] 2P depetgsade, 25 refrigerant
i ntroduction tube conpressed by the first rotary conpression el enent of

t he conpressorTh® condeisheargelt hk0? efomnpei ads 2 ocomerestst de0f roam t he
sealed container first and then, to introduce the refgigerant into, the
second ro %ér yc%%jr:r%rre TN 6T Bt n%é’ e~ Jg?r¥ h%u%% ééef‘ﬁ%é’r ante *°

i ntroductdemméebed 26h i Sugionanumisates amtévapotaténder ¢noy shown) of the
second rotary. conpression elenent. The other end of the refrigerant

i nt 1Bduct TORE1IERE2D TR drerini £t el $7 Blidd aka t o er metit@it e cool ing 7

circuit 35?15%15@0§§@9,i@, e 9gs CO9b £ 40 (gescthbed, b pi L), witd dde inside
of the sealed container. In e draw ng, a reference nuneral 22 denotes a
refriger amnsintrwdkict i predetberfored nte ddigeéngnt heircuit 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 dioxide (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 {(1st and 2nd stages)
driven by the electric element.
In the drawing, a reference numeral 20 denotes 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



5 refrigerant into a cylinder (not shown) of the first rotary conpression
el emrent of the conpressor 10. One end of the refrigerant introduction tube
22 is communicated with the cylinder %not shown) of the first rotary
conpression elenment. The other end of the refrigerant introduction 10 tube
22 is connected to one end of a strainer 56. The strainer 56 captures and
filters fofpt@{ OB €41 SpSHED BS +HMISESs OLoST PSaM i(&gs&f]iﬁe«ﬁeiétgff ant gas
circulated in the refrigerant circuit, and conprises an opening formed on
the othevithdthedensheecof tinel sedlédecorm@inghown) of a 15 roughly

coni cal shape iapféed fromthe QFePing%tomard on n% side thereof. The
openi ng of the $iler TENbiAt ed TRt 2Tt 2B % i%% SAIEEStD a

refriger anéf pigper8t conpecdedtion tige ofberiento®icihe sheai ner 56.
Additional ly, the refrigerant discharge tube 24 is a 20 refrigerant pipe
for @i schB®bFHgSE Rt r 80P goravt 1ededr B3 dsheynt nef sekontlF st akgtary
compressi Ofgt S0RILn 01 Lfign 035: o0l %@9 oddier 089, CORETAQ SPMPRLSES 2
refrigerant pipe and a heat exchangin FTh I sposed heat - exchangeably in
the 25 refefygegeminpi petrddectedmi gerani2 pipec@dmusi caved ni Cah ethe and
connected tp,an inlet side of the refrjgerant pipe of the, gas cool er 40.
An out si d%ygjrl?d?lént)%?gt?ﬁ%wg)en% rEhg fjsgsﬁilé‘b%%éﬂ QYR ERRPSF at ure sensor
in the gasienoher 4fhé Cotidet estd adr oS H6r 2 et SAPEL At Ho@ucdsn out si de air
30 tenperature sensor 74 is connected to a mcroconputer 80 (described

| at &¢) ast@reodt rbt eeineeted theoromrhsehge wnraineo. 5@ refh¢gerant pi pe
26 connec Nz OU i de fel t_.pi i copstitutes

t he gas d%o e%E%% Sﬁaééggut%gdﬂg %%fg% %r%%ﬁ§£ atogiﬁﬁ%%g%g OggThe

i nternal dingias exctiahgermnbdedent - xohémyesrant efdas getantil ofed hh ghhd

ressure side, fromthe, second rotary conpressi on el ement
P refklgerant C1rcuf£, ané cgﬁprl es 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.
Additionally, 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 cooler 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.



which is discharged fromthe gas cooler 40 with a refrigerant of a | ow
pressure side which is discharged from the evaporator 92 disposed in the
refrigerator nmain body 105. The refrigerant pipe 26 of the high pressure
side 10 passed through the internal he&at~exchanger 50 is passed through a
strainer 54 simlar to the above to reach the capillary tube 58 as an

expansi on meang. rEne; 88 0f 3ipEf 56985 RRLcPERC §4aRT o&@fe£e££&89§§t or  main
body 105 is detachably connected to the refrigerant 15 pipe 26 of the
condensi ngh@nref1dgebynt plpgevhbelki agnibiheteastbeonpast conlarahs.

Meanwhi | r I | onnected to the_.other end of the

strai ner %éggsdg%%%% b?@ﬁcg%ﬁg%%g%c?%a heX PP ETher dnt ﬁ?%el@EeBQag swage
| ocki ng jloéat ascleampectbOrhedt rerdisanyss | ar rédriferabover Wai khghs passed
through the internal heat exchanger 50 to be attached to the other end of
t he ’i' ef r i FETSTT i PeaD4l B t e r eFF PR r 5P bR L VreF HUBBE§S 1 anse lgment of r i ger ant

di schar go,k ube 24 ANGLUSRS @ i 56 Na8og0 25:5SIDET 3 U2 §eps0r 70 di sposed

to detect a tenperature of a .refrigerant gas discharge romt he
conpr essorefigigerrint ohigyhl pv gsses susei $ ohe 7@h Tcls pobs edi s chalegedt fporssur e

of the refrigeran as..Jhese conponents are.connected to.the
n cr oconpu %rg‘g%ﬁo%%gﬁeggeﬁ?%%‘?%t”biﬁge B HEHIBFatRe BapT I%%‘ihfl t ube 58
i ncl udes B05 ef riiger e r 1 gepetat plSe SEASOF e dh GRSt Surdet £gd a

tengerature of a refrigerant out of the capillary tube 58. This conponent
is aPso RRTRRA el P It e Rt emmbUiedt sexcirp@eer20 ohs tPessefet side of

the internal,hpal £x 550 0fi 108 {87 Eh gL e PLHE - 280n ath%et urn
tenperature sensor 78 is disposed to detect a tenperature of the
refri ger arapbutany tiiee vBipor dnrefamdion means.

Cne 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



5 the refrigerator main body 105. This return tenperature sensor 78 is

al so connected to the mcroconputer 80. A reference nuneral 40F denotes a
fan for venting the gas cooler 40 to air-cool it. A reference nuneral 92F
denotes a fan for circulating a chilt Heat-exchanged with 10 the evaporator
92 disposed in a duct (not shown) of the refrigerator main body 105

therein wHohdSnBuSPACEn [ 0 BertkoOP) &sh bnd Nen PYRPOI AL 05 s 9o A Tef erence
nuneral 65 denotes a current sensor for detecting an energizing current

of the elitieinakleahtexthamgerohpressone efoidSramntpabe ra®niag. The fan
40F and t r sensor 65 are nnected to the m croconputer 80 of the
condensiﬁ%gﬁﬁ#g %%Rfréﬁﬁ?%a??ﬁﬁ?%n¥§2¥§i l%%ﬁﬁ%ét%%q%%t%FEo trol device 90
(descri betehpdeijund dhechief réfer e tintrabie bodlyt HOSevales atdhe92 of

nicrgconputer 80 Is a contro] device for 20 controlling the condensing unit

100.° Si gridt® | 75651 9% GHr Shera-tif SeHAY g0 enpEr bt F et SERSRTIRTaERES hi gh
pressure sWdoh 792 ¢ thes QUtShilecald {&MRRL ARl fo S ed4gglhe refrigerant

t enperature sensor 76, the return tenperature sensor ., the current
sensor 65, a tEmefetence samseral i ihedehandera 2629 1f¢desent beg tiad er)

di din the refr) t in body 105, _and th trol ice 90
control MM S Thel ¢ e (THRrersh ot n Doyt H0Re dEBmEbt % o an i nput

of the rsi@EPUtRIn 8br BaSesLi i 1heSe ¢HPLL Shed b kb RA QeI Er 80
controls a speed of rotation of the conpressor 10 30 connected to an out put

by Hh i n/ett 3VaRMEATAM 7 rdtswRth, 10 cdrfieet ethele Lt plitthe the
m croconputar; at@mnaﬁp%%fﬁnyg%ﬁdgy&%% e ans 40F5pacd G0 Te control

device 90 of the refrigerator 57 nc enperature
sensor i rcdadied Hanigre Hvapbsposed®2 0 detocfetdrecd enpesmdUres in t he
chamber, @ lemperature gontrol digl, disposed to control, the
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 microcomputer 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 controls a speed of rotation of the compressor 10
30 connected to an output by an inverter substrate (not shown,

connected to the output to the microcomputer 80), and

controls running of the fan 40F.



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 condensi ng‘uﬂri%t 7100. 10 As the refrigerant of the
cool ing apparatus 110, the aforenentioned carbon dioxide (C02) which is a

natural refrigesafdnt SolSesyide cOMSoerid | porP{gdrd el hoesspi@ya gl obal
environnment, conmbustibility, toxicity etc. As 0|?J which is |ubricating
oi |, for BRanpreludss sthagtempesaohraissanson ner athei ¢hamby| Benzene oi |,

il ' | . ' d. Th
el i gor SRR b iHe | S ore T T B et tAn T SHTY Bl | as a whol e,

and a chard@ese ast@rspaset tol beia T odl Ssbsed constdhitied tifet he adi abatic
wal |, The duct is 20 partitioned fromthe chanber in the adiabatic wall.

The °evapofERoF2 G2 anth t e (P ard BiMahtRRY HhsRMReYe? . Stamethe
evapor at Glofigr EOMBE | 8@l de IBILdIUANNDIO G M0l s 8 rilEANsLL oY Shape, and

a fan (not shown) for heat- exchanging. Both ends of the I gerant pipe
94 are 25efeieehabl goronmbetigee ttan W2 F ef andesamds pipe@N 2BEE 28igiial he

densi ' 0 by, th I ' | O d i bed
bove.  Newtt Ol P e TR s St Sabitten O theT o0t ing

appar at uscdddemdiddeaniwvensig on constituted in the 30 foregoing manner with
reference to FIGS.. 2 to_ 7. FIG 2 is a view showi ng changes in a speed of

rot#¥ion of tHeS Eypreksyenant meskhe cofl ki Pprarafels tehpertt@re in the
chanber O%féf@mér%{&g@tﬁ L O SR & Dty 1050, )20 %PRY af o \1L, tenperature
of the refrigerant 1n the evaporator 92. B'G 50 s aflowchart show ng a
control opefatdeoraof iheised ciocompei@rrdfion of friendliness to a
global environment, combustibility, toxicity etc. As oil
which is lubricating oil, for example, existing oil such as
15 mineral oil, alkylbenzene o0il, ether o0il, 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
cooled 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) foxr 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
cocling apparatus 110 of the invention constituted in the
30 foregeoing 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



(1) Start of conpressor control 5 Wen a start switch (not shown) di sposed
inthe refrigerator main body 105 is turned ON or a power socket of the
refrigerator nmain body 105 is connected to a power outlet, power is
supplied to the mcroconputer 80 (steplST of FIG 3) to enter initial
setting in step S2. 10 In the initial setting, the inverter substrate is

initializegnbOrst@rt 8rPERET A8 - LpORafiPe; St and Q%a%@?at&fogé?”IFi@?
m croconputer 80 reads various functions or a constant froma ROMIn step
S3. In thé ieadi hjovebart hehoROWod soeprSB, cperatiomadf speed i nf or mati on

ot her thap. i.ghest~speed of rotation of the conpressor 10, and a
paranete?ﬂtgﬁgég$£%ggfa%%f) necessary for calculating a highest speed of

rotation (step(Bl3soirtl & Spmpresseadcon®Fber conpletion of the reading
fromthe ROMin step S3 of FIG 3, the microconputer 80 proceeds to step $4
to 20 read sefeR #nfbrRbtSBRtER {Ret dPlewal gélerReped atre8ensor 70, the

out si de aféf%f&@?é@éf‘rﬁa:?ﬁné&&%@%tP§ @ﬁigeégn L SIpeL AL YL g gensor 76,

£
the return tenperature sensor 78 or the ndra control signal of the
pressure &hitled 7efrighratovenszen body he0di ke. chiexectedeton &rpooaput er 80

25 enters _abpormality determnation of step,S5. In ste ,  the
nicroconp%?€$6%0 %%Y%?n%ﬁe%u?%f%?ggtoCip%fﬁh%ﬁo??ﬂpﬁﬁ%gséEe(§3f?cﬁl72, a
t enper at up£ BBGeClpdtbyentaehi SLOSHL , s@t €Migent abaeram| ity or the like.
Here, if an abnormality is discovered in each sensor or a current 30

val 48, or if the prestitelahi $ehtimai stioFFinyewteri ewloonpee ekS80 proceeds
to step SB1eik1oh datogéﬁgfﬁeén%ﬁﬁgréﬁi)(ﬁééﬁ’{ﬁ% §¥E£€yé€9tﬁ8 occurrence

of an abnormality), and stops r ng of t conpr essor at the - 12

time of iprsoguami nghe lmicdectmphyert @ pezdsuvarsows churr@tisenses an

abnor ral éQ&é@?ﬁ? Eo%hg ﬁ%ﬁsf#rgiég é?? highthe reading from the

ROM of step 83, 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

83 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 senscr 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 85, 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 S6 to light a
predetermined LED (lamp for notifying an occurrence of an

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



side. The swtch is turned OFF when pressure of the refrigerant passed
t hrough the refrigerant discharge tube 5 24 becones, e.g., 13.5 MPaG or
hi gher, and turned ON again when the pressure becones 9.5 MPaG or | ower.
Thus, upon notification of the abnornei? Yy occurrence in step S6, the
m croconputer 80 stands by for a predetermned tinme, and then returns to

step Sl tginepsaticdOrbfgisg or ereaihonesh oper ahtoBreButbesptpey hand, if
no abnormality is recognized in the tenperature detected %y each sensor,
t he curres@nges uan apnemeal | kecremse | ¢fthleeppessaneesaftthe7Righ ON in step

S5, the m co e roge p S/ to enter 15_defrosting
determ ng%%l)% (gfé)@%:r%%%gdﬁafer?g%ﬁé&eéﬁffw%en n%lé%ls?%r%eﬂfoglflet he evapor at or
92 is detesfirhgeratthepassed oclorpujlerti®® peocegdsah® 8iephSBgéotsbep the

running 8% t he conpressor 10, and repeats the operation fromstep S4 to
step®S9 unt iPECTRPT et o of 1f e WedF 0¥ i Mhoher detef nfweaed 20N adaikp S9. On

the ot heryh@ndsnd fpRos fead $OcAREL 051 5 thigac eyAPPEALer 92 is determined in

step S7, or if defrosting conpletionis determned In step S9, the
m croconput er Bous prereedsot bf stapl $100f otlzal zithatmat ot at domatk rspeed

holding 2 i e the conpressor 10, ) Rot ational. speed hol di ng control
of corrprelsrgo}f'tes? aér)%’ I—%e}}%,mﬁﬁo?%rfl%‘ﬁ%]ﬁaégs?)tééé‘agﬂo}?%i%ﬁjro? t he conpressor
10 neans preeingrihes@of ind) | end hehet Crocorpsit € SOeposdsta B8pspeed of

r ot éion | ower than a | owest speed of rotation for a predetermned tine at
thel?i me Ute RE0ESPRE HPRA | PSEHelO®i croconput er 80 sets a target speed of

rotation Wi thich &nd £indhd) Lo SRERELRR1 L O A e dditRdq obh Al ned T n
- cal culation of a highest rotational speed of step
the temperature detected by each sensor, the current value
or the like, and if the pressure switch 72 is ON in step
55, 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 S4
to step S9 until completion of the defrosting is determined
20 in step 89.

On the other hand, if no need to defrost the
evaporator 92 is determined in step S7, or if defrosting
completion is determined in step 89, 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 rotational 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



(described later) during normal running and a | owest speed of rotation
read beforehand in step S3 to run the conpressor 10. At the tine of
starting, however, the 5 microconputer 80 holds a speed of rotation |ower
than the |owest rotational speed for 13 predeterm ned tine before the

| owest rotational speed is reached to run the conpressor 10 (state of (1)

of FIG 2alfiofaeXHbe a ifidkiest oMesic 1 O4AL i dspeege&gagh srom 10 the
ROMin step S3 of FIG 3, the mcroconputer 80 holds a speed of rotation

(25 Hz actdpsiinidad lates nirbal emnt)ownuhl runnintewend tdhalowdss ofp88dHz for a
pr edet er m ne i o] the co essor, 10..Jhe above state will be
P e A ner P R R e i T

descri be Wi ef'erence to Olﬁzu?h%h?ﬁ croconputer 80

starts reonpresadr the. caprgssofind af Satkind chowsver) ovwest speed of
rotation without holding a speed of rotation |ower than the | owest

rot al i ondSREIRYren T dtretdF i nikPed Rt ¥ etent L ewem Eien coient i onal
case, pressw i i i ﬁ.ﬁﬁ@é : " tarting
as indicat ed&bgoa@ab%o%g%llzﬁsi%éeéj&(;f%%@rtz%/e%%ét er ed ?%lrg@%%ﬁ?%g%h%esi gn
pressure Ydvwert wmitatitdrstlambgr@ssuregagied heo devittes t¢dmppepsoonrl@ he |i ke

di sposed t.he refriger circuit my be exceeded in a worst case.
Assum ng {“'ﬂ:aattea { vveosfrgijedé)oT rotation is preset to 30 Hz or lower to

run the conpressaixaihld f thecHotBiwonal repeetonsl | YesEd-dh ofvod0 Hz
during running, there occurs a problemof a considerable increase in noise

or 18 brathh SatEEH 1o of ML Condr SR MAFOTIIRIRY F0 heldher
(25 1) TRt Char (e Toveet Forats anal Lpetd 1or B ahere mACH (i ne
bef ore t Heo/Imteat itdmal Ffeenf 0f0 thhe Lo gxisaie ldrmisaohesime -td 4run
the compressor 10.
The above state will be described in detail with
15 reference to FIG. 4. If the microcomputer 80 starts
running of 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 cof rotation is preset to 30 Hz or lower to run
the compressor 10, if the rotational speed is lowered below
30 Hz during running, there occurs a problem of a
considerable increase in noise or vibration generated from
the compressocr 10.
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



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 rundind, it is possible to suppress even
noi se or vibration fromthe conpressor 10. Further, the holding tine of the

rot ati onghrSieesrdnedeshedi Haspdsded Nex tenPer ahdiror | B4 hes ghagber of the
10 refrigerator main body 105 which is a tenperature of the space to be
cool ed bylrdbpdieddey 92 salidepimaoof THEE- i 4, Llackorepsgibbetbe enbodi nent,
if ate ' o er at ensor in the
chanbernﬁg}l&té%gg %%o%%%ﬁ%?%%ﬁ%%gi{sﬁgﬁlg%lé%]% %%P\A%réfh%ﬁ]g@b%? 15 the
m croconpett@s. 80 runs the conpressor 10 by holding its rotational speed at
25 for, ,sec,, and, then increases the rotational speed to the

. 0., 30
| onedt rot atei greigpatiysosHaye (Hhatke At i2yat ersed nsver dremer wor ds,
if the tempoesatsd end adhenghambern®f fheig GEF%%VQP;E%OEO MR P 205 HOLYe 05 1S

equal to/lower than +20C, a tenperature is In the evaporator, and

there ar ¢y ¢efvilgedtins. fommusthe evampresdoutl@etting a holding time so
| ong, an abnorgml.. increase in.the pressure of the high side can, be
prevented to s %1_? T tﬁge ho?ic}-iiln%gti?lrr%? fcc%lrllt?:li]ﬁcfff?/t,l ihice®FTT st 25

possi bl e decidedsbesed comorindl tembpatd oned Spegte camdriodr dasEge on hi ghest
and | owest rotational speeds within a  short tine, the chanber of the

ref 19 ger 2T HET A HoEyRAbs Pedn B diR P yle ol kP arRieroret fheis
possi bl e 4,0, £k e¥eNte ALFRNPNIR! e 304 EE £ASS) 'ﬂlw@?x?@fcwr Srd Hﬂ;, hi gh
side while suppressing a reduction in a cooling efficiency in the
refri ger aaerordind bodyhd (Suesdinuett asi possidieeratiBe in the
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). In 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 holding 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 cocled.

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.



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 conpressor 10 by holding its speed of rotation
at 25 Hz for 10 sec., 5 and then incrdases the speed of rotation to the

| owest rotational speed. If the tenperature in the chanber of the

refrigerator ngjn:ROdy:lp h§n81gffr$ﬁga@eﬁ%95%t€rétfﬁetﬁé c#&ﬁﬁ@?'e in the
refrigerant cycle and the pressure of the Igh side is easily Increased.

| n ot her d@telsted by hehd Ot topelragure neehsoB0igethe ashateseri Bediabove, the
holding tjine of the rotational speed is too short to prevent an abnor nal

i ncrease PHoERE HhaRrste Gof Gk HigHPcamRiteth #0 runp dhee fEMRy a3 hol di ng

time to 1Mo noldihs POSSLPLE!9r SULELYoRTEYE Ehergbngs BL I ner ease of

t he high pressure 15 Side, secure a stable running state. Therefore,
aftep theand athenfinbtecazoapressospeetieof ntcracdoputert®® Iemssit by hol ding

h ' | . d 25 f h det ined ti bef the | t
(ot at | onal SRR L PRSERed, Lant br bPBPT§e ChERGR § e SPHOTGI i THhe baced

on the teppe i cggarﬁpe f. ; ri oATRI_N Q5,
wher eby the %%\%#%?Pi%\%%ase ijélo?hleg B}r?le%%%eﬂg ﬁ\%\é ﬁle'gﬁa salt%?éc;l%sbe

ef f ect i valiystgr b einh eidhe anelf r efeadont | tycbadaperflos mpreeswie tdie ool i ng
apparatus_110 can be inprpved, 25 After the rotational speed holding tine
of the csrbjrﬁljl? LT 19 Tt chraF e Blsed %nOY%‘:ért‘é%%‘?‘athfetl?% t he

champer imoBdehg SIhOfi I Seds sesgeibethaboysovd hechdigsnepmput er 80
starts the conpressor 10 in step SII. Then, the running tine thus far is

conpar ed Wh ¢hetizo ¥tFalienal nepeed cls ated $hoBE efe JUOVeRt tare runni ng
L o el s Bla e SORRLS3P0L e e NS LTS a2 il o 1 e
m cr oconpuy exxiBdhdixte 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 S10, the process proceeds

to step S12. Here, the microcomputer 80 sets the



- 16 aforenmentioned starting tine Hz of 25 Hz equal to a target
rotational speed of the conpressor 10, and proceeds to step 520.
Subsequently, in step S20, the conpr essor 10 is run at a rotational speed
of 25 Hz by the inverter substrate as “described later. That is, upon a
start of the electric elenent of the conpressor 10 at the aforenentioned

rotati onahfsperdntfioneef stgetany tsmsugkedri psontheghblstor 8t 8k¥get
conpression _elenent of the conpressor 10 to be conpressed, and fhen 10
di schar geHCFAt 6°RReE SBEPEdCEoRRAi ReFPranecrel i gerdnpProgaseddi sehatged i nto

the seal egogont shBgLqRORELy, 108 LELL! 886 ANEne! DLRBALCLAPN BUPE 20, and goes

out of the conpresso to the i ntérnedrafé cooling circuit 35.
The i nt erakdaaretabbbnal spee@i®f355rﬁdihYeBhéeﬁmvéyten_ahbstiétﬁoablEg
systgm whil e si.n hrough the gas cooler 40. Accordingly, since the

B FERGY "ot

I
refrlgera%?sgu% ® the second rotary conpression element can be

cool ed, a tenpehatuie, i BEceasesEAP ber SUPPressedrin thenssal g8 +gant ai ner,
and conpression efficiency of the second rotary 20 conpression el enent can

be i nprovedPRBFEdYetl 2t the ppberenent boreppresat honahpeapaedr eai ncr ease gf
the refrj S S ng.: npr. iLon_.elenment to be
discharge%gg%%géfgt eigoﬁﬁgﬁgge#gfﬁeggﬁtgbggég#gF%E r%é%ﬁ%%%Sl%% pressure

i s suckedelement hef selte®ncdompt @s yoxc ohfpres she@ncomb esestd pf ahdetkeapr essor 10,

sub'&cted to conpression of the second stage to becone a refrigerant gas of
f c Is

hi gh® pr e3ETF R BAE al HF Yht- 2R npes b dr eon e schih et tht eERnt heas
refrigeragiséths gentdlben@dsd O ddecOrESifler BYrdPLscR0 LLFRi gdhgnt

refrigerant has been conpressed to proper supercritica press%re. The
refri ger altt¥e@duet semaryerl 29 r oad heoeefougerBintheli capregesoube0 2dof | ows

into the gas, 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 compressor 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,



cool er 40, radiates heat therein by the air cooling system - 17 and then
passes through the internal heat exchanger 50. Heat of the refrigerant is
renoved by the refrigerant of the |ow pressure side there to be further
cool ed. Because of the presence of théd”imternal heat exchanger 5 50, the
heat of the refrigerant discharged out of the gas cooler 40 to pass

through tdied i tHe&d N sheatriexehanoese Shhisrni empyed dychhegeefshgerant of
the | ow pressure side, and thus a supercooling degree of "the refrigerant

becones Healgerf tihea xofrsporn nigs apeuered Asy athestefrigédearoobfng 10

efficien f VQBF t n be i,oprpoved. The refrigerant gas of the
hi gh preg%hje?elésvlpce%?%oo J‘Feeg Q{)?/eg'tz%%%%t%? na %%&%&c‘ﬁ%% B 50 is passed

through the Secuss &F tloe reacdende sApihd alytétbel S8eaThexprigsgare of
the refrigerant is lowered in the capillary tube 58, and 15 then passed

throtigh tHe Siyd9dc i hdth%i FREFHIRT THovt) SERATISAWPYE o t Hee re2® i ger ant
pi pe 94 diodine: raf rd 9L O B iyh body 105 4 P R ber evapRLRLor 97. 1 dhe

refrigerant evaporates there, and sucks heat fromsurrounding alr to
exhi bit awovrehdy ot ieirideraby ebothaglehepchambee oid@) ahad

evapor at o R e HPTEY b it DERECSE IR GRFe e cvage
| ocking jKirged N9} Shaywedporemieg deunt ef rages anéspipe 2A6e ofodheng

condensing unit 100, and reaches 25 the internal heat exchanger 50. Heat is
remVed fHOMIIRACY & ithe HHARATAH Y HEdh RS ukPEe™RAt here, and the

refrigerant i %ﬁ%@ﬁﬁf&ef%@g@ﬁé&%%}?&%%ﬂ Wredlelfe LN L&L1Lgerant

evaporated by t evapor at or econe [ow™ 1 n tenperature, and
di schar gduy tther efirtiormmal notatt emptleirisgr 300 | s egesedtidieobyit tihea state of

Ibﬁ![ Q?ng Xsecdravgr{ehr 654! itq)Uirde'achHO’e,ﬁeveéapJI.ﬁal[ff{&}:glgrgé".t i?hé’aﬁfggséﬁé ough the

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
body 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 refrigerator main body 105.

Subsequently, 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 operation. 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 liguid.
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



heat exchanger 50 to be heat-exchanged with the refrigerant of the high
pressure side, and thus the refrigerant is - 18 heated. At a point of this
time, the refrigerant is secured for .a degree of superheat to beconme a gas
conpl etely. Accordingly, since the refid gerant out of the 5 evaporator 92
can be surely gasified, wthout disposing an accunulator or the |like on

the | ow pressstie si€lea pbint oPOSELH! €ihe, SHKhE! ¥e PFEYERINEI gyi d backing in
which a liquid refrigerant is sucked into the conpressor 10, and a problem
of damageSgFryendtEo¥he dewpresedrsupepyest gup doeorPeessyan. 10 Therefore,

it is posig{'> fe%glgr,rrpr ove reliability of the cooling apparatus 110.
I nci dent a . "the Tefrigerant heated by the internal heat exchanger 50

repeats a cyclkcobrdbengy passedet tiougbfridersht abnerob6the be sucked from
roduction tupe 22 into the first rotary, conpression

the refrigerant 15 i (

el em@nt o‘g"?ﬁ’\%r%tb%rgés%?n 19° ?%ﬁe%ﬁn‘?"f‘%}fb?dch‘&h@}éo‘ﬁ Bt gheStnepeRd of
rotati on fcuk@IPFESSOF PRsSeHiR Mt shdel & rptesPeratsge Wigp jime passes
fromthe start, and the running tinme 20 thus far reaches the holding tine

cal cul at éPspikleptsiustly pEvent nl saebd Sidckime m cvlbtonpat biq8dd

i ncreases . i ona, d. of the conpressor to_t he_ | owes
rotati onajfé%s]%%a%%f)%%% %gz])él(lé]?% elrg o( ei%&ﬁ?%s ?3.: ’en?ndt%epjﬁ?\,@%i%l&orrputer
80 proceeds damystepvdh Qb otisé eporiddessorSlCabgul aiei@ bbghesssspeed of

r ot éi on (MaxHz). This , highest rotational speed is calcul ated based on an
outi1 de HrTREMDRr atlur b5 dePREHRAE BYO t HEPERITR | Hel bdh it Ehperht bi®  sensor

74. That &@Qlirﬁi Abcs pconpui €6 80 | owers the highest 30 rotational speed of
the conpressor 10 if the outside air
Incidentally, the refrigerant 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 rotational 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



tenperature detected by the outside air tenperature sensor 74 is high, and
i ncreases the highest rotational speed thereof if the outside air
tenperature is low. The highest - 19 rotational speed is calculated within
a range of preset upper and |ower |7 ri% val ues (respectively 45 Hz and 30
Hz according to the enbodinent) as shown in FIG 5. This highest

rotationalospeesnsd spuesedsi Badchifneas fupgiionalaRgdehpes ybep the
outside air tenperature increases, and Increased in the same nmanner when

t he out si@ePer rand ehpeent bikltecabases (besphonhvehy A& H5. andl 3helHout si de
air tenpe ] I a e__of the refrigerant girculated in
e dhEng, £ P ThBERERAM] an bR L8 B £

the refrigéran econes hi easy a i ncrease
in the priessheet ofotdeidbngh speded ThusSowdyedeihi agliheahi ghestiospeed of
rotation low, it is possible o prevent the abnormal increase in the
pressur e BIEHE YREh SheecdtshiRmdiast BReT AT ere CHIERRA%ehera®dnd, if the

out si de aiﬁgﬂébé@@pfﬁaﬁﬂéeséﬁe|ﬁﬂhné9ewﬁ@ﬂp€ﬁ@t&ﬁ@i9éetgfrrefrigerant

circulated in the refrigerant circuit is low to make an abnornal i ncrease
di fficul ttéempeiet presdececases hes hilgbwn simeFIdhus, it is possible to set

the hi ghest d_of _rotation. high. 20 Ther ef i t ar get d of
rotation (descti bE PATSFI° betbres REFAFTo) ToubtInah TREPHFONET

rotationabf sipeetkfbygseint ngitbelhtghest €10t atépPpdespeedinc@ival ue in
mhi$h an abnornmal jncrease is difficult in the pressure of the high side,
it 19 posReEPeSE I ETR b? i GRISS Rl vRATY t HRNoTmabnbR 2T ackRaERe i n t he

vapor at 0 A TE the T GRaT chena of TP otarTbn T s et a1 ER Sls of
FIG 3 asspkstréberbidoven idme, nMitcrosgrpssnl80to prevent the

abnormal increase in the pressure of the high side as much

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

15 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 equal 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
513 of FIG. 3 as described above, the microcomputer 80

30 proceeds 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



30 proceeds to step S14 to calculate a target evaporation tenperature
Teva. The m croconputer 80 presets a target evaporation tenperature of the
refrigerant at the evaporator 92 bas on the tenperature in the chanber
of - 20 the refrigerator nmain body 1 detected by the tenperature sensor
in the chanber 91, and sets the target rotational speed within the range

of the highesteantgbonest moiatbeapl 105peeescoédtive @Mﬁ@ﬁ?@faﬂ-@réo t hat
an evaporation 5 tenperature of the refrigerant which has flown into the

evapor at 0¥ ®¥2°Eah” beh¢ hehaEp @Bt 2 by aped afeoh Eleped B¥ek erotahbedy running
the corrprgﬁégc? xgrﬁthirﬂef'hetf‘gn CéPngHQ“ﬂf%hggt Sgﬂng‘?&rr]é‘éa@eﬁ%€¥é‘f8ﬁﬁ' on

t enperature o e refrigerant at the evapor af or efation of
bei ng hi ghieeeds ¢hethenpanpateseor nl @ heo chiabesn | svipghetidmsed on the

tenpgrature in_ the cha r detected by the tenperature sensor. in the
chanber 9‘1‘?’“%%?%‘&5%%?%? {%gr%%?wye%b%}?a??%nﬁ%‘ﬁ‘be%%’f%r%hereva inthis
case i s &aipdestOHt 92 Nesh ePe Sife dorddatetSporitilyR Babdysreatcul ated by
two equations of Tya=TxxQO 35-8.5 and Tyc=TxxO0.2-6+z, a smaller nunerical

val ue is GRerely areaniey evaperEpienseenberature Teva. Incidentally, in

t he equati ons, d : ;@85 reql h r f.indexes
i ndi cati ng theT%-é(;%1 :Ec}r?ésfx?ﬁcgréf ,[a%]g %%an%%éf %H?%ﬁ S %&%%g%ée)tjt%n be
cool ed) detrepd ealt bye td thenpef al geeasensorthe éhepahanderodlinand z
den ¢es a val - 32). obt ai ned by

=T ts] i t t
Subfh oot | FAEERnEES et v GiRe e TG TS T U SRy ¢ he
outside aig HEMMEF abaded SENSOe Mengerdt e 6 ShANS Shanaes dddbe.dar get

evaporation tenperature Teva at +32C, +35C and +41C of the outside air
t enper at st RtReranDy I¢RsSUt B dehai charrper &t ur Cakenborid in this

case. AS(&PONﬁEi{EEEé% é%aﬁbf§@ﬂ%§ {éhperature Teva in this case is

carried cut in step S515.

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 cooled) 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 air temperature Tr
detected by the outside air temperature sensor 74.

25 FIG. 6 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 outside 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



the target evaporation tenperature Teva set by the above 30 equations after
a change in the 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 changedlim the tenperature in the chamber Tx
is large in a region of a low tenperature in the chanber Tx. That is, the

M croconpaitesr 89 ERIAGEL Sid hend aF erS’H@P@rﬁHiﬁHetEHQﬁ}Béfufﬁ fgva high if
e

the outside air 5 tenperature Tr detected by t outside air tenperature
sensor 74l@xgdi yh,a areldtorrefts idie temperatvnpoiat the chanperaTare Teva
based on the géde air erature i regi on of h_t enperature of

o
t he cool ed spggfté dejfsé'ct%%ée% cjf%%oq‘%%%'r:g?%r% EEnchr ﬁ’\e!t 2 %hanber 91.

Now, the d¥apetgeiorvieansataonrd eTees ailyle Tevehaheatsh@e oyt si de air
terrpgrature is +32C is described. When the tenperature in the chanber is
+7C Or hi gFRPSrAE W ot T it FRCt ARy iR et s idhea thakPPeFat wee onpani ed by

a relati vebyoston reguptiion odn Lberiarget,EvaRRTaL i R berpeIiure Teva.

When the 15 tenperature 1n the er ower a drop in the
t enper at utenperather e Hegrberbi sedcoonpani et bida siddeemperesgitctéoimia t he

target evaporation t rature Teva., That . is, the.refrigerant which flows
n the refTIHel Pt BiEd ( oM TAEEDI A | FE HON T TRAPRr ATUFELT ¢ he
chanmber sp@tehe Henffisatite | SeOSSi Dh eth® PHaMeat an, aboey;etnéncrease in
the pressure of the high side by setting the target evaporation

t enp@r at UFRF Tl £ TP DY HRPETI TN G Weemerle upet $ide hel Ehanber
25 becomme R AT S+ Codtt I THOT ar ol oty Pt dTBF Ao R ur e
ui okl y cosl ed ety H sl T Rl e d B AR s e T
t enper at urtee ichamber 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 evaporation
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 gquickly cooled. As a
result, it is possible to quickly lower the temperature in
the chamber of the refrigerator main body 105 in restarting

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

of articles housed therein at a proper value.



the chanber of the refrigerator main body 105 in restarting 30 or the |like
after defrosting, and to nmaintain a tenperature of articles housed therein
at a proper value. - 2 2 - After the target evaporation tenperature Teva is
cal cul ated by the aforenentioned equ‘at%QOn“, the mcroconputer 80 proceeds
to step S14 to conpare a current evaporation tenperature with the target

evaporati on 5 ALPPErehereadgue. ebhpbhet CURT €BhpE¥ARPREAI APt €APErature s
| ower than the target evaporation ?enperature %’eva, the rotational speed

of the cofpteskdtredobystidecpbasedenhicnep esastieh, thecurrent evaporation

t enper at i I t rget p tLon tenperature_ Teva, the
rotati onal 1o e sr Mo anead B8 S BHPLSI A8 EPRRC St ot EiS B
in step SI8apdhetioerocopposenr80wiieh ethe nesribe eaageretiohhe hi ghest and
| owest rofational speeds decided in step S13 and the rotational speed

i ncreasedt BT EASRES i he¥2ep TB1BhGroBYen seYRPRTaF1ORhESRBEREFBREI speed

i ncreased{ slecs@as eehan +15é ePadbt ObvaRdrafidh L PLApL R hABTB P, T bR i ghest
and |owest rotational speeds, the rotational speed is set as a target

rot at i onafosdplebena rhepreadpeeste compressprbylthe deéaveased snbsteate at

the targ otatio i n 0 S20 as described aboyve. t he
ot her haﬁéd% éif %%e@%t%@?ﬁ%ﬁi %‘Z%ﬁ‘gra%h%?egg%%?ﬁ%ﬁ?lé%s%ﬁ ?ﬁgg?ﬁp%% or S17
i s outsi dehd hear@egesvaboideldn ghesbe patutOWestay ot Bt i okt 5peLUS, the
m cré)corrput er 80 _proceeds to step, S19, makes adj ustnent 25 based on the

rot i i onatPeHeeRf i Hes SSBH HeeP Rt d F niReEPAS sl nr sy £b7 achie¥er an
opti mal rof ald nadigpeate Whibide Iﬁﬂg@%égng@ Qb+ L Ak Dl ghest Pg&q%éoe@fst

rotational speeds, sets the adj%s otational speed as a target

rot at i onaths geeghestamhnd uhswesie edeztionakl speeds oflethdedoipresspr 10 at

the 513 and the rotational speed increased/decreased in step
816 or S17.

15 Here, if the rotational speed increased/decreased in
step 516 oxr S17 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 S20 as described above.

On the other hand, if the rotational 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 rotational speed in step S20. Thereafter, the
process returns to step 54 to repeat subsequent steps.

Incidentally, when the start switch (not shown)

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



30 target rotational speed in step S20. Thereafter, the process returns to
step S4 to repeat subsequent steps. Incidentally, when the start sw tch
(not shown) disposed in the refrigerator main body 105 is cut off, or - 23
the power socket thereof is pulled out?®f~ the power plug, the energization
of the mcroconputer 80 is stopped (step S21 of FIG 3), and thus the

program i gnéi pbabeds6skep tHLeorSikShuPebrostingsCcentr ghwel gyagorator
Meanwhi | e, mhgn theschanber of ?helre ?igerator mai n bgdv 10§ ?Q'
suffici enthg eneredzabitowef the méapecanpneeirn80t he shapped t{stapset | ower

limit (+3 | device 90 of the refrigerat in_body 105 send
an OFF <1 okt SBTF 16" AL oo EBun Ca8 pEOTRETnt or broheiar (BbSEUbon

receptions2®f.the OFF signal, the mcroconputer 80 determ nes a start of
defrgsting in defrosting determ nation of step S7 of FIG 3, proceeds to
step®S8 to stop®t hEeFERRThyd of R hECL cORPPEBRBFAEDT and starts defrosting

(OFF cycle defynostiRgle, lpnoh tHE ENZROEALQF 2Re f@fgig%ﬁgtEEOHafﬁ t he

conpressor 10, when the tenperature 1 n the chanber e refrigerator
mai n bodybodp5l@eathesubfseienppercdéobed {a70pyet heheoneémpbraevireei®0 of
the refrigerator main body 105 sends_an ON signal to the 20 conpressor 10

of the nithocohpliber 80.2Updh teteptibalbf (+ifte .oNhg girtralhelevice
m cr oconpyiy e £ 80, det &F ;i DeS, COIMPhLT L 00y f1@§f£8§&% pg?;]ds'ﬁtgfgr?& gpd

proceeds to step S10 and” after to resu runni ng e conpressor 10 as
dest@i bedthabovmpress¢s) lForci the st opoobmpooter e380or Bese, réfephiton

COpT 050t L0 DSk E Sl IREYBL Lo 0 2, BT SdELeL L 000, L, Lhe
det er m nadf ofle PfosSt By Sin defrosting determination of step S7 of
FIG. 3, proceeds to step S8 to stop the running of the
compressor 10, and starts defrosting (OFF cycle defrosting)
15 of the evaporator 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 $9, and proceeds to step S10 and
after to resume running of the compressor 10 as described
above.

25 (6) Forcible stop of compressor

Here, if the compressor 10 has been continuously run

for a predetermined time, the microcomputer 80 determines a
start of defrosting in defrosting determination of step S$7
of FIG. 3, proceeds to step S8 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



of FIG 3, proceeds to step S8 to forcibly stop the running 30 of the
conpressor 10, and then starts defrosting of the evaporator 92.
Additionally, the continuous running tine of the conpressor 10 for
stopping the sane is changed based “ort% he tenperature in the chanber of
the m croconputer 105 - 24 detected by the tenperature sensor in the

chanber 9detédBtedby €RSCLehPEr At GFOCHENLSLT 1 80 BEL SHiME£081 I NUPYS runni ng
time of the conpressor 10 for stopping the same shorter as the tenperature

in the ch¥bercase} oble mEcpoeperitee $@asehsithe heeniinedes t ewpeiature in
the cha of t r i r Db 05 i o] . 0. +10C, there
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mai n bodytHé5tenmpesataceoini tige tloamber ehdbotowent, for exanple, if the

conpressor 10 js 10 continuously, run for_?O mn., while the tenperature in
t he °chanber i% SHYE bt 1 BRRTON i 151 S Pbstt bHes tbFPreRaRira ot em of
freezi ng @ladiher a5t i cheSrbppsedrifot NBathapber 18y {97 LhP) Ve .i%PPD' ng the

runni ng thereof. Wen the tenperature in the chanber of the refrigerator
mai n body+10%,r edches itshe Setarwperfddavitng (Of7 Qrt itdiesc it dle devdece 90 of
the refrigerator, main body . 105 sends an ON signal of the conpressor 10 to
the ni cr}g‘?: t LIGFREOF PR er L 8o r eEhites a¢¢FRHRYY of the

CONPT eSS0F o 1h@Serod et SVEONS- £2581 4 STEP 1120 SnofeflG B -1 N the other

hand, if the conpressor 10 has been run at a tenperature in the chanber
hi gh@r theentingpusivogin for 30 pnbuet ewim hedhé nesmpdven ndce otonphut er 80
stops the  rynning thereof. This is because if the conpressor 10 is 25

cont i nuoud? "rn Jf‘i)rJ’]ac_)c’lcor‘?(jT tARET f ridstlisn osSddrs it e VedFapor at or 92,
and the refdp Ok adt MCHi RASSESALT oMIN-1He hEYAPST AL AL 2 1eannof be

heat - exchanged w t h surroundi ng
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.qg., +10°C,
for a predetermined time, the microcomputer 80 stops the
running thereof. This is because if the compressor 10 is
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 chamber
of the refrigerator main body 105. Thus, for example, if

30 the compressor 10 is continuocusly 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



air, creating a fear of insufficient cooling of the chanber of the
refrigerator main body 105. Thus, for exanple, if 30 the conpressor 10 is
continuously run at a tenperature in the chanber of a range higher than
+10C to 20C or lower for 10 hours &r 4vore, or at a tenperature in the
chanmber - 25 higher than 20'C for 20 hours or nore, the m croconputer 80

det erm neg; @nstafh29f» r i j f i m i of p S7,
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of the evapoeatbnes H2starstep EBfrddbisngt mh edeftdbsbengescribed with

reference,to FI In_FIG 7,_a broken Iine indicates a change in a
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20' G det@2tdd $Yephe8tenperature sensor in the chanber 91 for 10 hours or

nore. A solid }y i g e ch e i.n tenmperature in_th h er when
t he running ofrh%%g ﬁ‘gg%%ﬁsplrg%g%? (i |]§lk% %p"f)le%lt%e%@%%?% E%ff%(gti g in the
case of TONFIGUOLS & umhblogn thieofnaicardéenpesiinge im 4he chanmber higher
than +10' C but equal to/lower than +20*C for 10 hours_or nore. As shown in

FIG 7, tHE"RYEPOVES of " 99N% arP HEP e fRR cehe 2onmgingref b¥je st oppi ng t he
; . \ | t
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in the chanber higher than + but equa ower t r 10
houi@ or ¢@3e.oConpatbuigns hruheinasthefeobtastoppimeerdtereommressor 10 to
execute defrosting, a heat exchanging 25 efficiency of the refrigerant in
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tenper at Wt edfed hoy CHMDEINSAL HE-d cacles el | the TS dt &5 POSS{Hl e

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 continuous 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 92 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
to improve a cooling 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



to inprove a cooling efficiency. Furthernore, as the tenperature in the
chanber of the 30 refrigerator main body 105 is | ower, the continuous
running tine of the conpressor 10 for, stopping the same is set shorter.
Thus, it is possible to prevent free‘zi%‘?g of the - 26 articles housed
t herein when the tenperature in the chanber is |low while inproving the

heat exchangidbesfibeseacynofeih hohsef thaetampetathbhe eNapRLatRimPLrafter
defrosting as described above. 5 (7) Control of increase in highest

rot at i onatS sheedvbile coapresiey Nextheat eneharapesaefifecienenecthanber of
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speed ( Mxké¢&grdbed habowonpressor 10. For exanple, when the tenperature in
t he _chanber og th(re refrj ge%at or nmain boﬂg, 105 is lowered to +20C, the

m crdconput er 80 s ?%H‘Fi/ PhctRakeeSE nE iyt Fotational speed ¢€.9., 4
Hz) to rufores sepPpressor 10 15 (state of (3) of FIG 2). That is, in
addition to the aforenentioned control of the highest rotational speed
based on the Jg%%delhithe chpreperarere whenthdechamnper avfirehein the chamber

of ther L ge . 05,4 S [ to +20C the m croconputer 80
i ncr easeg%%%%%%%%%%“?g?%?foﬁ%% %%gég%t%c?}ée%h%a%%%p%ﬁapﬁ]ée outside air
t enper at wsenget et echdychdsberit $1 des al ow ) etperal drecsemsosr g¢ as descri bed

above to 4 Hz to run the conpressor 10. Wien the tenperature in the chanber
of 1he rireigmEyet orhemiiohedy 10t opsl tspeedCdaxHowerf t1R5 pressure of

| over ed (ORATG e ne 5EF rPHEIER e R eBRer Forler iRttt PR A 1 £ Sthe
rotati onathamber of the refrigerator 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 ocutside 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 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 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.



speed is 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 Rgit side. - 27 Additionally, an
anount of a refrigerant circulated in the refrigerant circuit is increased

by increasing 488itDbSREST, ré’ﬁ?%ﬁ&@ﬁ% é@egﬁrefgygeré +appuaL19f -8
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refriger at@st rekchahedy 105h canr bei e001 gle@aihythdOcPspdesesi-bed above, the
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based on tPeredtesi e aribienparatvereyet @€t Baebyoehengue ST deianey
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t he conpressor 10 mhenathestenperatu¥%$§ﬁgéﬁgﬁlge%ﬁ%%%%€9%fO%hgﬁg
refri ger atef rigpe naodin 10k dereperait by 9heistehper hvweeedeasoshownt he
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t he chanber of the refrigerator main body 105 can be cooled early, it is
posdPbl e to i Nt RSChHERESrMapee ofhe Hel ehorempubppal At eRkandes Weeording to

i n body 10T Tavar et 5 a0t OF R e sl e
hi ghest owtsidenalr spaatetat drdizdé¢itectedtbe Coapsessbde 10ir
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.



However, the tenperature at which the m croconputer 80 increases the

hi ghest rotational speed, and the nunerical 30 value of the increased
rotational speed are not limted to the foregoing. They can be properly
changed depending on a size of the'bégirhg apparatus 110 and a purpose of
use. - 28 According to the enbodi nent, the m croconputer 80 changes the

hi ghest rotatigpebrapegdrof thbeckBsRiResO! dRe Rased-OMphPeropyput of the
tenperature sensor in the chanber 91 for directly detecting the
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costs. Addltlonalgz, the m croconput'er 80 may change the 15 hi ghest
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carried opefrbaseshontétheetenpes abnrehofotbeeriigdesthemsed in the 20
refr&gerator mai n bo? 105, whereby it is possible to inprove control
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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 continuous 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.



hours or nore, or at the tenperature in the chanber higher than +20C for
20 hours or nore. However, the continuous 30 running tine or the
tenperature is not limted to such. Proper changes can be nade dependi ng
on a purpose of use etc. - 29 Accordi’hg to the enmbodi ment, the continuous
running time is changed based on the detection of the tenperature sensor

in the chanberAgéoi,@ingi £6CLhY 885681 HAGY: | hend eapef AU Es | Putfienghanber of
the refrigerator main body 5 105. Not limted to this, %omever, t he

m cr oconpbi®@e 89 chaygedahyeed hencone i debest tomndhgthé neehpseateone e. g.
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accuracy.e?fpbtstber opr e, TacSecli H0cd S | ey enbDely memd | ¢ e ££00 18 _
apparatus 110 is the showase installed at the store. Not limted to this,
howdler, $PRS@BOLFPY EPhasapesheAt tdRITeR erRRoFP hegr beheiskbkasah the
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appar at uscleamipe sesn tihe candved todevédecavhpcddeontsol sodthe. speed of
rotation of th}gdditionally, the continuous running time may be

changed based on the output of the temperature sensor for

16 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 detaill, 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
increases the highest speed of rotation of the compressor

if the temperature of the cocoled space detected by the



conpressor between the predeterm ned | owest and hi ghest speeds, and the
cool ed state sensor which can detect the 30 cooled state of the space to be
cool ed by the evaporator included in the refrigerant circuit. The control
device increases the highest speed off% otation of the conpressor if the
tenperature of the cool ed space detected by the - 30 cooled state sensor

is low ThysiedtstscposShHbL 19 léﬂprOYﬁuépeiEO%i1985@1)?}9€8Cy of the
evaporator while preventing the abnormal Increase in the pressure of the
hi gh si deimpraheridiorecobimgecffitcspace ¢D beecovapdrayorhehideaporator is

cool ed e Pt sible to. inprove the performnce of _.the cooling
apparatugéé%ﬁ%%¢ﬁ+§g9$% %?%9?%@%n¥?%ﬁ?a§% %%d???o%r?%s?ﬁ% %EOQ%? t he
cool i ng appgisagldefurther conprises the outside air 10 tenperature sensor

whi ch detects the outside air tenperature. The control device reduces the
hi ghest speed TRFTEERER 1 of-BFe t He® compFeskorPanepotee byt shde air

tenper at uge; gt £ £0i DY hEQULSE O, al £ 15@@9&@1& 86§NSRbrobS Hhgh, and

i ncreases the highest speed of rotation o 15 conpressor when the
out si de aperfermeret W thke | owlithgsappatatespossible to effectively
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devi ce whileh €Ol 10k SapheraZfs Speeehof cohpti 8sofnéheueoipeesspr, and the
cool ed state sensor which can detect the cooled state of the space to be

cooll@d bytehRe R EpE? At DISPRCHNEEY detedes rebeigerahte @i¥cuit. The control
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evapor at or based on 25 the tenperature o e cool ed spate det by the
cool ed stateotsEnsor,clntheommmtsside epeedtloéd cotatdenadt the

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 evaporaticon 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



conpressor so as to set the evaporation tenperature of the refrigerant
equal to the target evaporation tenperature at the evaporator. Thus, for
exanpl e, based on the 30 tenperature of the cool ed space detected by the
cooled state sensor, the control dévidde sets the target evaporation
tenperature of the refrigerant in the evaporator in the relation of being

hi gher astéfiferat@de SLMPRE ALY LQf sphge CPO! ROgBPACEHhSrEhGNeE . s yhereby it
is possible to prevent the abnormal increase in the pressure of the high
si de. Theretdrlelethe poeatibnkite sperearntl t hecrenpe essotheapresshreset to an

optical spge | oprove the reliability and performance of the cooling
appar at us&EA%%%ﬂld%%g %O&fhe invention, the control device sets the target

evapor ati on t eTiper@fore, i the heotet bbndh obedb@i 6 tisevddbmphe §HaN0€ah her eof
whi ch acconpani es a change in the 10 tenperature of the cool ed space in the
regi®n ofP% heehilh 27 enplet G birePetdt Fie HooT e shig ereibi@et Bt py2iAe cool ed

state sensoffodfsthdéarge e CAGNDENS NEp Lt ch acconpanies a change in

the tenperature of the cooled space in the region of the | ow tenperature
of the cool ed Apeeedimhuse % iinvenpbssi btlee t conhpebvéethee costs ng
efficiency . in the low tenperature region of,the cooled space ile
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Furthernore, in addition to the above, according to the invention, the
cool? ng appEreEsirrehefne PRl edssheee butsheleregion epbetrle UrdRensor
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a change in the temperature of the cooled 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 outside 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
alr temperature. Thus, it is possible to achieve more

30 accurate rotational speed control.



is high, and corrects the target evaporation tenperature in the region of
the high tenperature of the cool ed space detected by the cooled state
sensor based on the outside air tenperature. Thus, it is possible to
achieve nore 30 accurate rotational -spged control. - 32 CLAIMS: 1. A
cool ing apparatus conprising: a refrigerant circuit which includes a
conpressog caggble of -controlling a speed of rotation, and uses carbon 5
di oxi de L rigerant; a control device which controls a speed of

rotation pf Aheo&DIRE ess04 rPeL e nPr £8eter M ned | owest and hi ghest
speeds; and a cool ed state sensor capable of detecting a cooled 10 state

of a space to be xeforigetAntarciavapor atforch ngieldedes i eapreg sy er ant
circuit, i e . devi ce | nereas i.ghe S f tation
of the co ‘gelgis%ré:fﬂ!fcér?&eér%ie} a‘?u‘%rl eg%é&gh(gfl %%% e#lgba%%d d';g%%t%dr l%{;/gt he
cool 8d staiexbémsas a4 Srédmigdbar?t; The cool i ng apparatus according to claim

1, further conprising an outside air tenperature sensor which detects an

outside air te"f‘rp%?l_é*f ®, IGETei W iFe comtrols RviResd _n?:# e%%%%t%% Pt ghest
speed 20 108 EQhEEL Q8 PThd NP £OTPFEISOL SR L NGy O Sikle R gnedenperature

detected by the outside air tenperature sensor is high, and reduces the
hi ghest s$reeeidaf amiati on of the conpressor when the outside air
tenperature is_| ow 2§ 3. i, ger ant

emmer ature 5L QER ShathoRfhinY ABBALHL e caRLLL g, el Lacer
rotagi on, s@dte USESa asp&ad bod bk oxdslbed &by | gere@fdporator 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.
15
2. The cooling apparatus according to claim 1, further
comprising an outside air temperature sensor which detects
an outside air temperature,
wherein the control device increases the highest speed
20 of rotation of the compressor when the outside air
temperature detected by the cutside air temperature sensor
is high, and reduces the highest speed of rotation of the

compressor when the ocutside 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 controls 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,



a control device which controls a speed of rotation of 30 the conpressor;
and a cool ed state sensor capable of detecting a cooled state of a space
to be cooled by an evaporator included in the refrigerant circuit, - 33
wherein the control device sets a target —evaporation tenperature of the
refrigerant at the evaporator based on a tenperature of the cool ed space

det ected by then£pl£dthst BERLFENSQEviBOdsERN L Ol Sribe é@@ﬁ&’rﬁﬁiéﬁt ation of
the 5 conpressor so as to set an evaporatl on terrperat ure of the

refriger apempepature ¢hetharyefreyaporttibnthenperpeaeontbasdd @vapor at or .
4. The cogl| atus, ,according to claim3,. 10 wherein th ontro

devi ce se?ésﬁé]%%g‘?lgfée?yei%/%%o?%ﬂ%% S?%?r%e?%?%??%@%’ h%h(? eff7getant at the
evapor at otate asefisbaf i #md ofober6Ys htlghespasd the terPperat e Bhet he cool ed
space is higher based on the tenperature of the cooled space detected by
t he %ool eTPER LR 25D ras 15° 5Sehan cavtP I epprar BRRe B ST/l 9 ¥°cl ai m 4,

wherein t i t e I enmel in a
rel ation %?f%g?%ggi%gfﬁﬁ%ﬁ %ﬁéﬁg%hgiégigfév%?ﬁ%ﬁ?éﬁ%ﬁ%%@%les éa%ﬁgﬁge in
t he t enpethlx wreapdratercool ed 20 space in a region of a high tenperature of
t he cool ed space detected by the cooled state sensor, and |arge in change
t hereof which acconpanies a change in the tenperature of the cool ed space

in aregion ofh@ ¢ iegresed theudladderd el €8 spane.325 6. The cooling
appar atus according to one of claims 3 to 5, further conprising an outside
ai r 1@ enper at urdensdrthenrent gel cdedice wriEsiHee dizrqehperaraeFation

temperature of the refrigerant at the evaporator in a
relation of being higher as the temperature of the cooled
space 1s 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 of a high temperature of the cooled space
detected by the cooled state sensor, and large in change
thereof which accompanies a chahge in the temperature of
the cooled space in a region of a low temperature of the
ceocoled 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 control device corrects the target

30 evaporation temperature to be high when the outside air

temperature detected by the outside air temperature sensor

is high.



wherein the control device corrects the target 30 evaporation tenperature
to be high when the outside air tenperature detected by the outside air
tenperature sensor is high. -- 3 4 - 7. The cooling apparatus according to
claim6, wherein the control device &brrects the tar get evaporation
tenperature in the region of the high tenperature of the cool ed space

detected Py thige CAbEhg SaShAtL SENSOEcPASRS 09 hgipUEsi de air

t enper at ur e.
wherein the control device corrects the target

evaporation temperature in the region of the high
temperature of the cooled space detected by the cooled

5 state sensor based on the outside air temperature.



