1 SPECI FI CATION TI TLE OF THE | NVENTI ON COOLI NG APPARATUS AND METHOD FOR
SETTI NG REFRI GERANT SEALI NG AMOUNT FOR THE SAME 5 BACKGROUND COF THE

| NVENTI ON The present invention relates to a cooling apparatus equi pped
with a refrigerant circuit in which a* conpressor, a gas cooler, pressure
reduci ng neans, an 10 evaporator and the |like are connected in an annul ar
shape, and carbon dioxide is sealed as a refrigerant. In a conventional
cool i ng apparatus of such a ki S®ECERJCATACMhowcase installed at a store, a
refrigerant «circuit is constituted by sequentially connecting a 15

conpr ess@lTld &ds TEhoITVENTdRlenser) and expansion valve neans (capillary
tube or the like) which constitute a condensin%ﬁunit and an evapor at or

installed on a sHOWEd ARRARAOEY ANMETRBUR R FHTFENG an annul ar shape.
A refrigerant gas conpressed by the conpressor to becone high 20 in
{enper at BES T BRGS SO TRG HOUNT SO (6% h%as  cool or. Heat is radiated
fromthe refrigerant gas at the gas cooler, and then the refrigerant gas
is directed by the expansion valve neans to be fed to the evaporator. The

refriger%ﬁk: %@Rﬂﬁ@%ﬁsTh%e&%VE%%%c%bsorb$ heat fromits 25 surroundings to
exhi bi t a—ﬁg§¥rﬁg~+uﬁefreﬁrﬂ%hefeby*cool|ng t he chanber (space to be
cool ed) of the Sqﬁﬂgﬁﬁ%§éﬁﬂ}rnﬁgﬁ%ion relates to a cooling
apparatus equipped with a refrigerant circuit in which a
compressox, a gas cooler, pressure reducing means, an
10 evaporator and the like are connected in an annular shape,
and carbon dioxide is sealed as a refrigerant.
In a conventional cooling apparatus of such a
kind, e.g., a showcase installed at a store, a refrigerant
circuit i1s constituted by sequentially connecting a
15 compressor, a gas cooler (condenser) and expansion valve
means (capillary tube or the like} which constitute a
condensing unit and an evaporater installed on a showcase
main body side through a pipe in an annular shape. A
refrigerant gas compressed by the compressor to become high
20 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
expansion valve means to be fed to the evaporator. The
refrigerant evaporates there, and absorbs heat from its
25 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).



Japanese Patent Application Laid-Open No. 11-257830). Recently, in order to
deal with global environnental problens, there has been devel oped a device
whi ch uses carbon dioxide (C02) as a natural refrigerant w thout using
conventional flon even at a refrigerarft cycle 5 of such a kind, and uses a
refrigerant cycle for running by setting a high pressure side to
supercritical pressure. In the case of using the carbon dioxide as the
refrigerant, howRergntalwonp essian ratdealbecotesyMdral hi gh, and a
tenperature of the conpressor itself and a 10 tenperature of a refrigerant
gas di sclayrwyeringrg: alheratdfanisgertdmrecihasuibedre clame depgd aColesdqeent |y, it
is difficult to obtain desired coolin? efficiency. Thus, a sealing anount
of a ref MigefaMtSHfasIRMm HPusted @) bassaanaduralt Ketrégergafant circuit

so that 15 outlet and inlet tenperatures of the evaporator of the cooling
appar at ué”é%’ﬁ?‘ﬁieébsrf‘éi%&ﬁ’ﬂvaﬁﬂ%ﬂﬂ&& %ﬁ%ﬂ AN Pt erat Higenant GYS ase,

i f fri t led int fri t is | ,
Frocsi ng B Ayl BT A st e e rerining S Lat i on
in the 2 I t ~Ci j t 1. j f t.i t i ke,

Ialr)]nor reral %le;\tglg{ggar g{(}c%h??rlcehgé&%ssét#ge (t%o”%ﬁl e'hlfctg rtsl:%g, %rrcer ez']tr'{érigea ?gar of

damage to the devigeEspagi ald Yusidl ks GBS JISlNtid LaRiHd ary tube as

pressure reduci ng neans, 1f the sealing amount of a 25 refrigerant is too

l'arge as ,dgseriddieth abaisyewien DIRPHEsi¥n e i Pethde ingheases,
pressure of a low side is also
high, and a temperature of the compressor itself and a
10 temperature of a refrigerant gas discharged into the
refrigerant circuit become high. Consequently, it is
difficult to obtain desired cooling efficiency.
Thus, a sealing amount of a refrigerant has been
adjusted to be sealed in the refrigerant circuit so that
15 outlet and inlet temperatures of the evaporator of the
cooling apparatus can become substantially equal early.
That is, in this case, since an amount of a refrigerant
sealed in the refrigerant is large, freezing efficiency can
be improved. However, under an unstable situation in the
20 refrigerant circuit at the time of starting or the like, an
abnormal increase occurs in pressure of the high side,
creating a fear of damage to the device.
Especially, in the case of using a capillary tube
as pressure reducing means, if the sealing amount of a
25 refrigerant is too large as described above, when pressure
of the high side increases, pressure of a low side is also

increased to raise an evaporation temperature of the



increased to raise an evaporation tenperature of the 3 evaporator.
Consequently, there is a problemof inpossibility of reducing a
tenperature of the cooled space to a desired |ow tenperature. 5 SUMVARY OF
THE | NVENTI ON. The present invention as been rmade to sol ve the f or egoi ng
techni cal problens, and an object of the inventionis to inprove cooling
efficiency while preventing an abnormal increase in pressure of a high
side in @&vEpwudlamg dpacatusitihi,chihesss isoecadcdd egardfon di oxi de as a
refrigerant. Another object of the present invention is to_ provide a

met hod f GmPRASiig I effr inpeiugning daltionpesirdinne, ofcddablcocded mpeee ng
cooling efficiency while preventing an 15 abnormal increase in pressure of
a hi gh sit@® desidsst ilRy SHRaRtuESshi ch uses so-cal l ed carbon dioxide as
a refrigerant. That is, a first aspect of the present invention is
directed to a coollng apparatus characterized in that, 20 in a stable

runni ng stahk ure of a space to be cooled by an
evag%rat ﬂf] 2 ‘a difference between outlet and inlet

t enper at ures of trﬂg ﬁ@&{@tﬂgvggﬂna}l %a}gée fma?d rsﬁtﬁltggg COomnmes

within 1 degree is m nutes or nore t ess han A second
aspect ofrdhe;Prfs et iy iemdl £ e td?;;%dfer&fo%hfeor setting a

refrigerant seal i'ng
invention is to improve cooling efficiency while preventing

an abnormal increase in pressure of a high side in a
10 cooling apparatus which uses so—called carbon dioxide as a
refrigerant.

Another object of the present invention is to
provide a method for setting a refrigerant sealing amount,
capable of improving cooling efficiency while preventing an

15 abnormal increase in pressure of a high side of a coocling
apparatus which uses so-called carbon dioxide as a
refrigerant.

That 1s, a first aspect of the present invention
is directed to a cooling apparatus characterized in that,

20 in a stable running state in which a temperature of a space
to be cooled by an evaporator is cool, a time until a
difference between outlet and inlet temperatures of the
evaporator after a start of a compressor becomes within 1
degree is 5 minutes or more to less than 20 minutes.

25 A second aspect of the present invention is
directed to a method for setting a refrigerant sealing

amount in a cooling apparatus characterized in that, in a



anount in a cooling apparatus characterized in that, in a 4 stable running
state in which a tenperature of a space to be cooled by the evaporator is
cool, a sealing amount of the refrigerant is set to such an anmount that a
di fference between outlet and inlet tenperatures of the evaporator 5
becomes within 1 degree in a tine of 5 mnutes or nore to than |ess than
20 mnutes after a start of the conpressor. A third aspect of the present
inventi orstiadldi reutrachg Gitaiee abowdiicdold rigprgppeartatnes odf arethaet Wherein  t he
conpressor conprises a first conpressing elenment and a 10 second

conpr essifify admshtowileh eEmpresses iEndadilsclfasged iaa emaugdr aft
conpressed by the first conpressing elenent, the pressure reduci ng neans
i s a capithaarspiiiferaiifd et @ Susl ermaWodddtar idddanedicon e
cooling circuit which caorgfjns_ the refrigerant discharged fromthe first

r
conpr essitg- e & dTEE S SR Heas é&?cﬁgﬁg&"&\mr@ﬁ%eat

exchanges a refrigerant .comng from.the gas ler with a refrigerant
conhg T RS ECaara oo i LR DR e P TR SRl S 209 G 1 i s
a refriggnap GdLyl %ﬁgrﬂﬂféesa af%cl% I NG apnaral l{%ea%%?r{gﬂle d0 the -
present invention, 2 1'S a view show ng changes 1 n a speed of rotation

for a conpressor,p pgmr;sﬁgc@@fggléi}gj@es&t teRetdH ed n the chanber of
a refrigerator main body, and 25 an evaporation tenperature of a
refriger afitrddtdda £ adld borPRYA YTy Apddia VI ibhod wherein
the compressor comprises a first compressing element and a
10 second compressing element which compresses and discharges
a refrigerant compressed by the first compressing element,
the pressure reducing means is a capillary tube, and there
are further disposed an intermediate cooling circuit which
cools the refrigerant discharged from the first compressing
15 element, and an internal heat exchanger which heat-

exchanges a refrigerant coming from the gas cooler with a

refrigerant coming from the evaporator.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG. 1 is a refrigerant circuit diagram of a
cooling apparatus according to the present invention;
FIG. 2 is a view showing changes in a speed of
rotation for a compressor, pressure of a high side, a
temperature in the chamber of a refrigerator main body, and
25 an evaporation temperature of a refrigerant in the cooling
apparatus of the invention;

Fig. 3 is a flowchart showing rotational speed



Fig. 3is a flowhart showi ng rotational speed control of the conpressor by
a control device of the <cooling apparatus of the invention; FIG 4 is a

vi ew showi ng changes in a speed of rofth:ti on for the conpressor and
pressure of the high side 5 at the Tifre of starting; FIG 5 is a view
showing a relation between an outside air tenperature and a hi ghest speed
of rotation for the conpressor in the cooling apparatus of the invention;
FIG 6 i sawew shovhageanpetstonrboba weent ol ketiargeif edapor ati on
tenperature and a tenperature in the chanber at each outside air

t enper at WP IMNG RPRIOI IR ohppw atugenfiemhe invention; FIG 7 is a view
showi ng a change in the tenperature in the chanber in the cooling

apparat us of the Fi8:ihvEhtdohier Toging ehangsd shovk ntPeediies i n out | et
and inlet tenperatures of an evaporator of a refrigerant and pressure of
the high %%aetr?‘?ﬁt codt i HY" U ROPEFP IRt i P PFFI G 9 s
a view shaw changes.in outlet and inlet tenperatures of an evaporator
of a§ref ra?Cgetrr}gentt%lnﬁd Ofpr%tsas{ﬁlen%’f a high side in the cooling apparatus of a

conventi onal COO'ﬂ"ﬁéa@pf%aéuéie‘gﬁ%Wﬁﬁ(kEQ ]?g‘f A BTHEN. ¢&, THE, PREFERRED

EMBCDI MENT ~ Next , _preferred enbodi ment o present Tnvention will be
descri bedyits det alir Wddhd £ QIANCEHd % I8 hest speed of rotation for

the compressor in the cooling apparatus of the invention;:
FIG. 6 is a view showing a relation between a
10 target evaporation temperature and a temperature in the
chamber at each outside air temperature in the cooling
apparatus of the invention:

FIG. 7 is a view showing a change in the

temperature in the chamber in the cooling apparatus of the
15 invention;

FIG. 8 is a view showing changes in outlet and
inlet temperatures of an evaporator of a refrigerant and
pressure of the high side in the ccoling apparatus of the
invention; and

20 FIG. 9 is a view showing changes in outlet and
inlet temperatures of an evaporator of a refrigerant and
pressure of a high side in the cooling apparatus of a

conventional cooling apparatus.

25 DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT

Next, the preferred embodiment of the present

invention will be described in detail with reference to the



acconpanyi ng drawi ngs. A cooling apparatus 110 of FIG 1 conprises a
condensing unit 100 and a refrigerator main body 105 whi ch becones a
cool er mai n body. The cooling appara%ys 110 of the enbodinent is, e.g., a
showcase 5 installed at a store. Thus,” the refrigerator nmain body 105 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 and t lecdripesyiayd drawigrysect €d ddwloiugh appg@e U0 ldn efagtiiat dr 92 10 of
a refrigerator main body 105 (described later). The conpressor 10, the gas
cool er AGoamYitses capidndansinshersd ldhstrid vt et prasdetteymimadar r ef ri ger ant
circuit together wth the evaporator  92. That is, a refrigerant discharge
t ube 24 &PDhd I FHESHRaESHESI @ i aied kaslvan iTHeetcwilitke gas cool er
the conpressor 10 is a nultistage

40. Here, di to th nbodi nent ,

(two St aGEBPIcHTS ol GHF e SRS Eorighe st off BHIMHASal

i nt di.at t whi bon .di oxi.d

ot 1 gor AR EAHEE B A R T T e e Aoy F%hosed as

a drivi ng g %Jo%mttd R aalnecii;1 s j.ner a(rlotofstgo —l first and second
§fs ( §ﬁ' 4¥%§i¥ %

rotary conpressing elenen an st'ages) riven by the electric

el ement. In the GRAMAhadhd {IENENCE TUHTRLGhp 20 AeNOtEsnd-o 2 &fd, | ger ant

i ntroduction tube conpressed by the first rotary conpressing el enent of

tS 2§| ggrrpraes;sﬁ@ cHb1ter Horehaaa- )t e 1 f rdgananir a e sutsida g om the
like, and is connected through a pipe to an evaporator 92
10 of a refrigerator main body 105 (described later). The
compresser 10, the gas cooler 40 and the capillary tube 58
constitute a predetermined refrigerant circuit 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 compressing elements (lst 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 compressing element of the compressor 10 to

discharge the refrigerant to the outside from the sealed



7 container first and then to introduce the refrigerant into the second
rotary conpressing elenment. One end of the refrigerant introduction tube
20 is comunicated with a cylinder t shown) of the second rotary
conpressing 5 elenent. The ot her end'nf ‘the refrigerant introduction tube
20 is comuni cated through an intermediate cooling circuit 35 disposed in
the gas cooler 40 (described later) wth the inside of the seal ed

cont ai nercoritipitrteyr driawithggnda tefrertencientimorbrad 122 denfotieermntlOintesf ri ger ant
i ntroduction tube for introducing the refrigerant into a cylinder (not
shown) ofththedqandt ndaay cRamsresging enaent dng rdonpridssor 10. One
end of the refrigerant introduction tube 22 is conmunicated with the

cylinder5¥%ﬁﬁ1%ﬂﬁiﬂﬁ BT RATE h gt WQH%N%Pc&ﬁnﬁQﬂﬂH%ﬁf%E?Qﬂ%ﬂﬁﬂna The ot her

end of the ref e nt r qduc ube 22 is connected to one end of a

S her S L i e T o %9{&? 9t BN H] ect s such as

dusts or m X refrl er |rculated |n t refrlgerant
§ eC_L%érPC t. elqi er encg for ma th_le azH: OJtrh cpu

circuit, onprlses an op enlng e t her eof
332n?n;' o Tons” enrerdiad ?%%W%ﬁ%“o&‘éﬂnﬁeﬁ-g@%‘ﬁ%ﬁ@e@eﬁ f5 mount ed
in a staligQfi oG hgnded; tig %H@Lgageé@dﬂepm G SOMNRL edhd )y the
ot her end of the strainer 56. 25 Additionally, the refrigerant dlscharge
tube 24 I8t def Hirgaranto PP fda H S atH g4 he refrigerant
In the drawing, a reference numeral 22 denotes a
10 refrigerant introduction tube for introducing the
refrigerant into a cylinder (not shown) of the first rotary
compressing element of the compressor 10. One end of the
refrigerant introduction tube 22 is communicated with the
cylinder (not shown) of the first rotary compressing
15 element. The other end of the refrigerant introduction
tube 22 is connected to one end of a strainer 56. The
strainer 56 captures and filters foreign objects such as
dusts or chips mixed in a refrigerant gas circulated in the
refrigerant circuit, and comprises an opening formed on the
20 other end side thereof and a filter (not shown) of a
roughly conical shape tapered from the opening toward one
end side therecf. 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.
25 Additionally, the refrigerant discharge tube 24 is
a refrigerant pipe for discharging the refrigerant

compressed by the second rotary compressing element to the



conpressed by the second rotary conpressing el enent to the gas cool er 40.
The gas cool er 40 conprises a refrigerant pipe and a heat exchanging fin
di sposed heat - exchangeably in the refyigerant pipe. The refrigerant pipe
24 is comuni cated 5 and connected to"an inlet side of the refrigerant pipe
of the gas cooler 40. An outside air tenperature sensor 74 is disposed as
a tenperature sensor in the gas cooler 40 to detect an outside air
t enper at was Chitelsoutdl.de air tenperature sensor 74 is connected to a
m croconputer 80 10 (described later) as a control device of the condensing
unit 100. A refrilg® &S pigeles Lomnered arditiraideoing ant
refrigerant pipe which constitutes the QFS cool er 40 _passes through an

I

i nt er nal hé4e tediriiigeri ™o f it disnosadaihepf wehausf#ge i s dhe

heat - exchanges a refri.gerant_ of a hi.gh ressure side fromthe second

oty et i TR S SR R o HETHR R 40 wi t h
fri f | i i is discharged fr.om the

ovannr at S orled APl SIS dIBle I S Atas IR o

el riger ale e &0 e NG RISSAIY &8 G d il the Jnt er nal

heat exchanger 50 i's passed rough a straine simlar to the above to
reach theyi Sanidd ey 4 Uef A% 2XRAEAN IEANR &P A @ ref ri gerant

pi pe 94 of the 25 refrigerator nmain body 105 is detachably connected to the
refri ger aptditpean@udfsiidie Gondeipdittitid. 1Ghdw o Swrge i r

temperature sensor 74 is connected to a microcomputer 80

10 (described later) as a control device of the condensing
unit 100.

A refrigerant pipe 26 connected to an outlet side

of the refrigerant pipe which constitutes the gas coocler 40
passes through an internal heat exchanger 50. The internal

15 heat exchanger 50 heat-exchanges a refrigerant of a high
pressure side from the second rotary compressing element
which is discharged from the gas cooler 40 with a
refrigerant of a low pressure side which is discharged from
the evaporator 92 disposed in the refrigerator main body

20 105. The refrigerant pipe 26 of the high pressure side
passed through the internal heat exchanger 50 is passed
through a strainer 54 similar to the above to reach the
capillary tube 58 as expansion means.

Cne end of a refrigerant pipe 94 of the

25 refrigerator main body 105 is detachably connected to the

refrigerant pipe 26 of the condensing unit 100 by a swage

locking joint as connection means.



| ocki ng joint as connection nmeans. Meanwhile, the refrigerant pipe 28
connected to
the refrigerant pipe 94 by a swage Io%ying joint as connection nmeans
simlar to the above which is passed 5 through the internal heat exchange
50 to be attached to the other end of the refrigerant pipe 94 of the
refrigerator

di schar ge tenper Meanisigisortli®) i fspasednito matee @8 aont®Edat@mrperat ure of a

the other end of the strainer 56 is detachably connected to

mai n body 105. The refrigerant discharge tube 24 includes a

refrigerant gas discharged fromthe conpressor 10, and a high pressure
swit ch 7Zhfi sp¥dwed ansl gt dédre priesdmes 60 tilse dedachgérlancopas Ctifede

are_connected to the m croconputer 80. The refrigerant pipe 26

conponent s
connecti

A& F e I8F A RIRE 4 e BSEHE JAEEAT diinde@@nt tenperature

r

sensor 76 dispased to detect, .a tﬁgpirature Ofﬁ%ﬁ frigerant comng from
n

the capi IFAFFTUEE 5820 Hoifo
nic%pco teqlqp. Fur.t her é¥1%g1

exchanger
is dispo
evapor at or

92

+hS 2SS CedAE e

'é%c o bé attached Qo

t _side.of the internal eat
ﬁ%ﬂ% ﬁ%@an m%@%@r§qguwntmmmatﬂesmwor7

s8R hAelad k%?&ﬂ%x‘%&ﬁé%&pﬁ?ﬁﬂ %&r il comng fromthe

of the refrigerator his return tenperature

sensor 78d 15 i3S ANRRGEEG IR, tifg. m croconputer 80. 25 A reference
nuneral 40F denotes a fan for 'venting the gas cooler 40 to air-cool it.

reference nuneralti?Frefrigerant discharge tube 24 includes a

discharge temperature sensor 70 disposed to detect a

10 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 B80.

The refrigerant pipe 26 connecting to the

15 capillary tube 58 includes a refrigerant temperature sensor

76 disposed to detect a temperature of a refrigerant coming

from the capillary tube 58. This component is also

connected to the microcomputer 80. Further, on the inlet

side of the internal heat exchanger 50 of the refrigerant

20 pipe 28, a return temperature sensor 78 is disposed to

detect a temperature of the refrigerant coming from the

evaporator 92 of the refrigerator main body 105. This

return temperature senscor 78 is also connected to the

microcomputer 80.

25

A reference numeral 40F denotes a fan for venting

the gas cocoler 40 to air-cecol 1t. A reference numeral 92F

denctes a fan for circulating a chill heat-exchanged with

8
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denotes a fan for circulating a chill heat-exchanged with the evaporator 92
di sposed in a duct (not shown) of the refrigerator main body 105 therein
which is a space to be cooled by the Srvaporator 92. A reference nuneral 65
denotes a current sensor for detecting“an energizing 5 current of the
electric elenment of the conpressor 10 to control running. The fan 40F and
the current sensor 65 are connected to the m croconputer 80 of the
condensi nfraumapokGl,oniid ditdpesfeath 192k idsictormedtt ethowa )a ofomfreol devi ce 90
(described |ater) of the refrigerator main body 105. 10 Here, the

mcr ocorrmﬁfé?lmats?raﬂ@dm hsid yd el & hfegie 1nc oitlicd! Hisng ﬁ@@c@oﬁ@eﬂ?ﬁ ng unit
100. Signal |nes fromthe di scharge tenperature sensor t he high

pr essur e Sfkh Y723 ecf?é’aélﬁréitd% & t@nﬁ@rfﬁtr@P@es@#%Fa'M Sthe refrigerant
terrperatge sensor the return tenperatuyre sensor 78, 15 the current

sensor r‘a?tteesnﬁercéﬁfreéltséﬁé’ﬁoﬁ TheetRaies 281 SPgESiARgd | at er)

di sposed 1 the ref rhgerator, m g K wand e contr gl geyi ce 90 as
contrtol . rreans O r| gerator min 1 re connecte to an I nput

f th t t 20 80
of the t%%gg%‘?{l&%g“ C%)%Sefe N 4KeSd TR %Ufrbr@?ltmscé'h%%% Qe

control s a spe he conpr essor connectéd to an out put

by an i Nyl sy atk @ﬂ@rcﬁ%ﬁter‘:@@n%@ %%et %otntal%n%litnﬁuhle the

m croconputer 80), and controls running of the fan 40F. The control device
90 of the gl RitdaratiGle MM 2F Bedeckiedke wdes e thepelatiwee oensor in

the chanber 91 disposed to detect the tenperature in the chanber, a
(described later) of the refrigerator main body 105.

10 Here, the microcomputer 80 is a control device for
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,

15 the current sensor 65, a temperature sensor in the chamber
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

20 80 controls a speed of rotaticon for the compressor 10
connected to an output by an inverter substrate (not shown,
connected to the cutput to the microcomputer 80), and
controls running of the fan 40F.

The control device 90 of the refrigerator main

25 body 105 includes the temperature sensor in the chamber 91

disposed to detect the temperature in the chamber, a

temperature control dial disposed to control the



tenperature control dial disposed to control the - 11 tenperature in the
chanber, a function disposed to stop the conpressor 10 and the |ike. Based
on these outputs, the control device 90 controls the fan 92F, and sends an
ON OFF signal through the signal ITneto the m croconputer 80 of 5 the
condensing unit 100. As the refrigerant of the cooling apparatus 110, the
af orenenti oned carbon di oxide (C02) which is a natural refrigerant is used
in consi dematam@twgfe fim didl idhesd e a fgingtidlonemiisposmentte csawpushicbi ity,
toxicity and the like. 10 As oil which is lubricating oil, for exanple,

exi sti ng smPresFsy df) mnsertdle dillke .al IBaAsSsehoendheisle, owttpaitsei theest er oi |

or pol yal kyl ene gl ycol (PGA) is used. Here, in the cooling apparatus 110, a
refri ger &MAEHE SENIEE (9P 1398 tedsr éd%orfaro FFomaads 8efdse 2paPVO5E the 15

i ke (not .shown). In stabl e running state in which the te rature in the
chanber ogﬁqrﬁgnrté’ﬁq@% %“ﬁ‘qb&d%e f@s%@owrﬁf@ﬁgtﬁgﬁ@ré’ﬁor 92 is

cool5, a rt%fer |c%%rc{ant . sez%llnlincg @punt of the cooling apparatus 110 is set to

sucH an anodit THE " (e unti’l a difference between outlet and 20 inl et
tenperatures of Eﬂ??\g%%%e%@féfrtl’% %’.{cﬁjrlting{ SG Gapragsor 10
becones wthin 1[err (1 degree) isina tine FEAHUtes or ‘nore to
l'ess thar D JAdrdRst ildhdd1@ SRR QiTHAMANY &, 7T fhi Bn WL Ch ﬁﬁﬁuréfﬁperature
in the chanber is cool, normally, a difference 25 between the outlet and
inlet tenpamalgdrentofid MRV aAROIAideration of friendliness to a
global environment, combustibility, toxicity and the like.
10 As o0il which is lubricating oil, for example, existing oil
such as mineral oil, alkylbenzene oil, ether oil, ester oil
or polyalkylene glycol (PGA} is used.
Here, in the cooling apparatus 110, a refrigerant
is sealed in the compressor 10 from.a service valve or the
15 like {(not shown). In a stable running state in which the
temperature in the chamber of the refrigerator main body
105 cooled by the evaporator 92 is cool, a refrigerant
sealing amcunt of the cocling apparatus 110 is set to such
an amount that a time until a difference between outlet and
20 inlet temperatures of the evaporator 92 after a start of
the compressor 10 becomes within 1°C (1 degree) is in a
time of 5 minutes or more to less than 20 minutes.
In the stable running state in which the
temperature in the chamber is cool, normally, a difference
25 between the outlet and inlet temperatures of the evaporator

92 respectively detected by the return temperature sensor

78 and the refrigerant temperature sensor 76 is within 1°C,



92 respectively detected by the return tenperature sensor 78 and the
refrigerant tenperature sensor 76 is within 1'C, - 12 and a refrigerant
sealing amobunt is adjusted to such an_,_anmount that a time until the
tenperature difference after the statf of the conpressor 10 is reached is
inatime of 5 mnutes or nore to less than 20 mnutes, to be sealed in 5
the refrigerant circuit. That is, after the refrigerant is sealed in the
conpressamdl® fredmitdes agdr \Heed ived \eencomindts (Engtussleavto asichdescri bed
above, the conpressor 10 is actually started. A tinme in which a difference
bet ween tdi@usit [tdratard bigleeturtd 1t diyse tempess tofret W fdeaeocst eftex
respectively detected by the return tenperature sensor 78 and the

refriger &t Steffercdt de Wsﬁ@rbé@oﬁés rpackies isedm @ itdmee&fuded, and
this tinme,s ad usted to be 5 tes or nore to Ies than_ 20 ,m nutes. 15
Now, chaﬂHé%l fﬁé“EHFbJF’&ﬁﬁ%lﬂ f%%ﬁ@f%?ﬁ?bs ofSt F&3dFSpdrat or 92 and
a s%gte qf ure of the hi side in this case mAII be descrlbed W th
referencel% tgsge ﬁ qﬁﬁg ,"a line Aindicates an outlet tenperature

of the evaporatof, 32 de .. by é'&eef tﬁﬁﬁ@%ersaet S]%na__q{eZO 78, a

line B indicates an in enpera ure evapora cted by the
refriger aifnd, Ry aty %ro?@'ﬁféf s%@nvf%!?ed v%l'den%rcdoﬁ;d'(%‘lte%h%w%ha%%e in

pressure of ~ the high side. As shown in FIG 8, the outlet and inlet
described above, the compressor 10 is actually started. A

time in which a difference between the outlet and inlet

10 temperatures of the evaporator 92 respectively detected by
the return temperature sensor 78 and the refrigerant
temperature senscr 76 becomes within 1°C is measured, and
this time is adjusted to be 5 minutes or more to less than
20 minutes.

15 Now, changes in the output and inlet temperatures
of the evaporator 92 and a state of pressure of the high
side in this case will be described with reference to FIG.
8. In FIG. 8, a line A indicates an outlet temperature of
the evaporator 92 detected by the return temperature sensor

20 78, a line B indicates an inlet temperature of the
evaporator 92 detected by the refrigerant temperature
sensor 76, and a line C indicates a change in pressure of
the high side.

As shown in FIG. 8, the outlet and inlet

25 temperatures of the evaporator 92 are substantially equal

to each other before the start of the compressor 10. Then,

when the compressor 10 is started, the inlet temperature of



25 tenperatures of the evaporator 92 are substantially equal to each other

before the start of the conpressor 10. Then, when the conpressor 10 is

started, the inlet tenperature of the gvaporator 92 is suddenly reduced to

generate a difference fromthe outTetl tenperature. In this case, cooling

of the refrigerator main body 105 is acconpanied by a gradual reduction in

the outlet tenperature of the 5 evaporator 92. After sufficient cooling of

t he chanbdre afvapdms treef r9yydrsaatsorddeai iy bedinck@b td eneutitet at enperat ure of

t he evaporator 92 approaches the inlet tenperature, thereby setting a

di f f er encl ffiearasisns ttheheudiliati Fer@erpiuge.i f Ini frdriisn oplsiech a

di fference hetween the 10 outlet and inlet tenperatures of the evaporator

92 is wMHNMCL W@ 1ed B 9AnRRAEs TR mtcdin d Wi diFi RCEemPREndECe Y after
the

the start in st ab) e .runni,ng state, pressure of tgﬁﬁrigh si de never
[

t he
exceeds dedTGirt D ofT (HE PRFIGE FERRFATRE £f cated by the

line. C of _15 FI 8..4F tj in i.ch a difference ween the outlet and
inle ter?ﬁfgrpgtrl?%e()sr 091‘2| 't hrg% eved:posrugEoerlﬁltl $1 %'tlﬁjign © Cectrﬁes < &r % han 5

m nut es aﬁlé nd QMU in%rl%l ’10t5hi $he & lie§: %e?atp%tr ti q:eV\,%ifCh a
I tn f h n e

refrigerant sealinmg anoun e réfrigerant circurt i argér than an

amount ofyia Jvefdd 8 ANt S el Bl ddhdh e 1Al g %ﬁg{eqia%;%l,ot%ferﬁ%gs

i nvention. The pressure of the high side is abnor l'y Increase

i ndi cat et ithd NG Fedferfd Gt ded Xl dhedesitgn npnessure of the
device set on the high pressure

Thus, if time in which a difference between the
10 outlet and inlet temperatures of the evaporator 92 is
within 1°C is set to 5 minutes or more to within 20
minutes, after the start in the stable running state, the
pressure of the high side never exceeds design temperature
of the device or the like as indicated by the line C of
15 FIG. 8.

If time in which a difference between the outlet
and inlet temperatures of the evaporator 92 is within 1°C
is shorter than 5 minutes as in the conventional case, this
case is a state in which a refrigerant sealing amount in

20 the refrigerant circuit is larger than an amount of a
refrigerant sealed in the cooling apparatus 110 of the
invention. The pressure of the high side is abnormally
increased as indicated by a line C’ of FIG. 9 to exceed the
design pressure of the device set on the high pressure

25 side, creating a fear of damage to the device in a worst
case. Incidentally, in FIG. 9, a line A’ indicates an

outlet temperature of the evaporator, a line B’ indicates



25 side, creating a fear of damage to the device in a worst case.
Incidentally, in FIG 9, aline A indicates an outlet tenperature of the
evaporator, a line B indicates - 14 n inlet tenperature of the
evaporator 92, and the line C indrcé?e§ a change in the pressure of the
high side. If the capillary tube 58 is used as pressure reducing neans as
descri bed above, an increase in the 5 pressure of the high side is
acconpanidad inlen Yempeamdeiia off Hhereasmmemtafr t9% laow dibde liGensdquent |y,
~the evaporation tenperature of the evaporator becomes high, creating a
probl em ofNGIRFIRS B Ighanas imeddd myasmire erfpdie Jriwh pidee chamber of the
refrigerator main body 10 105 to a desired |low tenperature. On the other
hand, if a refrigerame <R hipanduie 3% Serussftis RECISHE i n which a

di fference hetween the out|et and jnlet tenperatures of, the evaporator 92
T e Al o s Hath PR o it ddicRemas s RS 18 st at o

in I ch ésegxﬁeqegﬁq{heiﬁﬁyhn%éq{éoU:‘Lnst A{‘cim&a%n&{?e I’]oi %rnar}_tn %:!eracslil—:-i t:Lni S

smalT er t*han an anoun ri geran I Mt K& cooling appar at us

110 of  Nohe Iowentdan oAt Oladt TSI AG A oY angrat ed By the

evaporator 92 is too small to sufficientl) he' er 20 of the
refri ger adyipdr i 0 Berkha th B E NG HOAJ b r £ HeReie s THiggZi Ng

efficiency). Especially, if the carbon dioxide refrigerant is 'used, a
conpr essidedtaiti PeIEeN Y iigthsidid ity ic¥ reducing the
temperature in the chamber of the refrigerator main body
10 105 to a desired low temperature.

On the other hand, if a refrigerant sealing amount
is set such that time in which a difference between the
outlet and inlet temperatures of the evaporator 92 is
within 1°C can be set longer than 20 minutes, this case is

15 a state in which a refrigerant sealing amount in the
refrigerant circuit is smaller than an amount of a
refrigerant sealed in the cooling apparatus 110 of the
invention. An amount of a refrigerant evaporated by the
evaporator 92 is too small to sufficiently cool the chamber

20 of the refrigerator main body 105, reducing cooling
efficiéncy (freezing efficiency).

Especially, if the carbon dioxide refrigerant is
used, a compression ratio becomes very high, and it is
difficult to obtain desired cooling efficiency {(freezing

25 efficiency) because a temperature of the compressor 10
itself or a temperature of a refrigerant gas discharged

into the refrigerant circuit becomes high.



difficult to obtain desired cooling efficiency (freezing 25 efficiency)
because a tenperature of the conpressor 10 itself or a tenperature of a
refrigerant gas discharged into the ﬁsf[igerant circuit becones high. - 15
However, according to the invention, e time in which the difference
between the outlet and inlet tenperatures of the evaporator 92 is within
1Cis set to 5 mnutes or nore to less than 20 mnutes after the start of
5 the conpressor HoveTaus, a¢cordiposisd btlee t Dnpemvern, athe abime nek i ncr ease
in the pressure of the high side, and to suppress a reduction in cooling
ef fi ci encyPB&P ntledh GsLLPeRRTDIReIECThdie idHHe: ad THevatfore, it is
possible to inprove performance 10 while enhancing reliability of the
cool i ng a%?f&?%?%%uﬁ% Ohni % SIRRCTHC T atbor didkide ks dRe Seéf tPger ant .
Moreover, it is possible to easily set,an optinmal _refrigerant sealing
amount by HEETE 1" UREE T Y7 | et artr e i MG LT TS (HE e g étant

circuit e i oV anwhile, the refrigerator min body 105 is
cons%i tu'?lzhdéj o?&ﬁaépg%%%aﬁb vva}?&’aglvg lv%cﬁoe%.'sj'ag;ll atcg ar?%;reernt as' a space to
be cool edy S, SRNst Ln | abad.| I tad S titioned
fromt hed%ﬂﬁllg%ber i%ﬁﬁ\%%%ma%%ﬁﬁ o Wa‘1\llce dr&ﬁeﬂheev-ali{&?rlgt%rdégz agira\%l ﬂtcﬁe fan

92F are gﬁﬁﬁg@ggjgrkééu%gggg.iﬂ?gbém@HgNégfycfg%éyngyiﬁﬁghtgga refrigerant
pi pe 94 of a nmeandering shape, and a fan (not
possible as shown in FIG. 8.
Therefore, it is possible to improve performance
10 while enhancing reliability of the cooling apparatus 110
which uses the carbon dioxide as the refrigerant.

Moreover, it is possible to easily set an optimal
refrigerant sealing amount by deciding the refrigerant
sealing amount in the refrigerant circuit as described

15 above.

Meanwhile, 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 1s partitioned from the chamber in the

20 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 detachably connected to the refrigerant pipes

25 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



shown) for heat-exchanging. Both ends of the refrigerant pipe 94 are

det achably connected to the refrigerant pipes 25 26, 28 of the condensing
unit 100 by the swage | ocking joint ﬁgog shown) as descri bed above. Next,
description will be nade of an operation of - 16 the cooling apparatus 110
of the invention constituted in the foregoing manner with reference to -
FIGS. 2to 7. FIG 2 is a view show ng changes in a speed of rotation for
the conprtessmwollifiy prrassaternflld kifghhs deyvenisiode coeygiertattede in5 of t he
refrigerator main body 105, and evaporation tenperature of the refrigerant
in the evdforf@imsogng magne3 Wigthy fafememae tohdWiGsy & dont/r.ol EdFerati on of
the mcroconmputer 80. (1) Start of conpressor_ control 10 Wien a start
switch (rfotiSsHoWde"HiSpUEet idhanees éf § gaeabringotrasddr 63 ithet urned ON
or a power_ socket f the refrigerator main . body 105 js connected to a
pover o et 47 ERAATHY To 3 R R Croeomitearoas TBEss SSE° of FI G

3) to ent nitj setting in.st 2. In the initial setting, the
i nve5(r)t er Ogjt;dsl}%r a%egﬂﬁlgee%arﬁ i a7 d(%] s]t ar't aél%regga ecfr%atl?]ﬁéln the start of

the programe 16, /1 OGULE 80 I S_'anacrﬂﬁglé% NGNS 0T grgconstant

froma I'nstep S3. In the reading fromt of 'step 'S3, rotati onal
speed i nfprimaty o QIR hane 0 Hiaheslo 1SRRG i Jrolat ikgfe for the

conpressor 10, and a paraneter (described | ater) necessary for cal cul ating
a microcomputer 80.
(1) Start of compressor control

10 When a start switch (not shown) disposed in the
refrigerator main body 1053 is turned ON or a power socket
of the refrigerator main body 105 is connected to a power
outlet, power is supplied to the microcomputer 80 (step S1
of FIG. 3) to enter initial setting in step 3$2.

15 In the initial setting, the inverter substrate is
initialized to start a program. Upon the start of the
program, the microcomputer 80 reads various functions or a
constant from a ROM in step S3. 1In the reading from the
ROM of step S3, rotational speed information other than a

20 highest speed of rotation for 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 S3 of FIG. 3, the microcomputer 80 proceeds to step 5S4

25 to read sensor information of the discharge temperature
sensor 70, the outside air temperature sensor 74, the

refrigerant temperature sensor 76, the return temperature



hi ghest speed of rotation (step S13 of FIG 3) are read. After conpletion
of the reading fromthe ROMin step S3 of FIG 3, the m croconputer 80
proceeds to step S4 25 to read sen§0£7igfornation of the discharge
tenperature sensor 70, the outside air 'tenperature sensor 74, the
refrigerant tenperature sensor 76, the return tenperature - 17 sensor 78
or the like, and a control signal of the pressure switch 72, the inverter
or the |isleaisodexit8 drhahemildrkecormmu er RO temtlerssi galgrioofaltiney pdetssmurienat | on
of step S5.. 5 In step SS, the mcroconputer 80 determ nes turning ON OFF
of the pﬁ@§§&ﬁe?ﬁmtﬁﬂ¢'EPvﬁiﬁﬁﬁm%ﬁéﬂUﬁéJﬂﬁbteék@d-b%h@ach sensor, a
current abnornmality or the like. Here, if an abnormality is dlscovered in
each sen§6ﬁﬁﬂCQ¥Pqﬁﬁﬁwﬁﬂ pHYE QHHQHm%Hk¥%MQ%ﬁﬁﬁm%Q§ﬁlP@h°¢2SF§PCFF t he
10 m crocQnputer 80 proceeds to step S6 to light a predeterm ned LED (Il anp

for notifyi'ng an occurrence of an abnornality), and stops running of the
conpressor 10 at t| of |ts runnin | ncigden II . the pressure
rT%ch 72 senses an a nggﬁhl |né?%%ﬁﬁ§%#b %%iéggé%%?e of the hi gh 15 si de.

The SWt GRS o éﬁﬁQm@FFfMﬁﬁ% %Eﬁ?%ﬁf%‘gwféB% 7@?fr3Q%&%%&& Ragged through

the refrigerant” di scharge t econes hi gher, and

turned ONAQRItRg WILRIDIE JURSHIUN & RGBS %&d\%‘ﬁ%@ﬂr |09LW‘i‘:'he Thyg,, upon
notification of the abnormality 20 occurrence in step 86 the ni croconput er

80 standsidne,farf an abnormality is discovered in each sensor or a
current value, or if the pressure switch 72 is OFF, the
10 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
time of its running. Incidentally, the pressure switch 72
senses an abnormal increase of the pressure of the high
15 side. The switch is turned OFF when pressure of the
refrigerant passed through the refrigerant discharge tube
24 becomes, e.g., 13.5 MPaG or higher, and turned ON again
when the pressure becomes 5.5 MPaG or lower.
Thus, upon notification of the abnormality
20 occurrence in step 56, the microcomputer 80 stands by for a
predetermined time, and then returns to step S1 to repeat
the aforementioned operation.
On the other hand, if no abnormality is recognized
in the temperature detected by each sensoxr, the current
25 value or the like, and if the pressure switch 72 is ON in
step S5, the microcomputer 80 proceeds to step S7 to enter

defrosting determination (described later). Here, if a



predeterm ned tine, and then returns to step S1 to repeat the

af orenenti oned operation. On the other hand, if no abnormality is

recogni zed in the tenperature detectig by each sensor, the current 25
value or the like, and if the pressureswitch 72 is ONin step S5, the
m croconputer 80 proceeds to step S7 to enter defrosting determ nation
(described later). Here, if a - 18 need to defrost the evaporator 92 is
det er m neged ke deifgrosdorig ervag® pEricoeeds ito dsttepnShady sthep t he running
of the conpressor 10, and repeats the operation fromstep S4 to step S9
until comgicaicompsrt etrh 8 O efrasmsrddey tios sdetierSh rfed s®H fhst apin®d.ng0eft he
other hand, if no need to defrost the evaporator 92 is determned in step
S7, or i fChFefOFRNSTF O dihl b aReadat el B Lat e Frog sttige S4

m croconput er_ 80 roceeds to step S10.tq cal cul ate rotational speed

o1 a1 ng ERD Siete S5 A e SRRSO O (D MSEHIGAS S36 S ST cont r ol
of GONpressqy,. St &, Here, the rotational speed holding of the conpressor
10 rfeans “runni lln:’g t'Her eof while the mcroconputer 15 80 hol ds a speed of

rotation | ower ttbarp 8hd %ﬁ%‘tﬁérl g,paq_?ﬂeoiff rfc?tr?éécP”cJ Q%%@rcggtedcq,}eer mned tinme at

the tine of starting. ) m croconputer 80 sets a target speed of
rotati on Mgyt 308§ Ofga dVnhest i$PesdPlis 7, 0tAat 11Gn Vi), obt ai ned in

cal cul ation"of a highest rotational
completion is determined in step 59, the microcomputer 80
proceeds to step S10 to calculate rotational speed holding
10 time of the compressor 10.
(2) Rotational speed holding control of compressor
start
Here, the rotational speed holding of the
compressor 10 means running thereof while the microcomputer
15 80 holds a 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 calculation of a highest rotational
20 speed of step S13 (described later) during normal running
and a lowest speed of rotation read beforehand in step 83
to run the compressor 10. At the time of starting,
however, the microcomputer 80 holds a speed of rotation
lower than the lowest rotational speed for a predetermined
25 time before the lowest rotational speed is reached to run

the compressor 10 (state of (1) of FIG. 2).

For example, if the lowest rotational speed read



20 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 tine of starting, however, the m croconputer 80 holds a speed of
rotation |ower than the |owest rotational speed for a predeterm ned 25
time before the |l owest rotational speed is reached to run the conpressor
10 (state of (1) of FIG 2). For exanple, if the |lowest rotational speed
read - 1%roiw dinet ROMRAM istest &3 8F dTIGRI G, 3 he e ariccrcogoriput &0 80 hol ds a
speed of rotation (25 Hz according to the enbodinment) equal to/lower than
90% of 3droHAS &r spegst efett@tmtiem (2P Rz aagendiecdwpridssor 10. 5 The
above state will be described in detail with reference to FIG 4. If the
ni cr ocomSIPeigendy am@al ndileyest thee Fpcdss& HEO TRX 30 Hz which is a
| owest speed  of r.otadti aQn wi .t hout hol di ngﬁ%s eed of rotation |ower than

the | owest SFETETIREY Spded Horr up &t SP% ity 10 different fromthe

conventi onal cas ressure .of. a hi.gh, side suddenly i reases..at the tine
of \sét arting as ierr%l(ﬁocaa T bsytaatebrwolklgln lTef ne or eép J}A/P A;encf“talhe"?]et s a fear

that deshardresaui® G by of 4 Lhal and. preasynal: ofy the device, the pipe

or the like disposed in the refrigeran cuirt may exceeded in a
wor st casenrASHUYENG Hhdlord r QMRS (SREEB Of A QAN d & AlRRGL to 30 Hz or

| ower to run the conpressor 10, if the rotational speed is | owered bel ow
30 Hz dursiR@d WiNirdda tiikeY & iG@HS W 1R &MsPeedl of rotation lower
than the lowest rotational speed for a predetermined time
10 different from the conventional case, pressure of a high
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
15 circuit may be exceeded in a worst case. Assuming that a
lowest speed of rotation is preset to 30 Hz or lower to run
the compressor 10, i1if the rotational speed is lowered below
30 Hz during running, there occurs a problem of a
considerable increase in noise or vibration generated from
20 the compressor 10.

However, i1f 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

25 -~ reaches a predetermined rotational speed at the time of

starting as indicated by a solid line of FIG. 4, it is

possible to prevent an abnormal increase in the pressure of



consi derabl e increase in noise or vibration generated from 20 the
conpressor 10. However, if the m croconputer 80 runs the conpressor 10 by
hol di ng the speed of rotation (25 Hz) .. |lower than the | owest rotational
speed for a predetermned tine bef or €%t e rotati onal speed of the
conpressor 10 25 - reaches a predeterm ned rotational speed at the tinme of
starting as indicated by a solid line of FIG 4, it is possible to prevent
an abnor ridie imiggleasiedd n t he pressure of - 20 the high side. Additionally,
since the rotational speed never drops below 30 Hz during running, it is
possible to supph@dktermlhni seinge i ar¢ont oo t teeednpressor 10. 5
Further, the halding tine of the rotatjonal speed is decided based on the
t enper at (8% RNLE g B THE M Gerkh ofS RETEHUMY BD5 which is a
tenperature of the space to be cqol ed by evaporator 92 in step S10. That
s, accotiTg 1 THE AHBH MmEnt 1725 Phreia 1% SIS ST cHmber
deyedbthtf ﬁ%gmﬁﬁﬁgﬁégé%%%@@%lg%éfaf%%%iQMe

sensor is equal to omer’ﬁ , e nicroconputer ru e
Corpr st AR ORI W 10l S A o e 20,555,
(30 Hz) (sd@tgydadd) ddidfedyd)iod Rifldieri YO Qemddratil® tEPGIAt ure in
the chanber of the refrigerator nmain body 105 is equal to/lower than
+20' C, a deimerdd Wee dfoldWby evaporator 92 in step S10. That is,
according to the embodiment, if a temperature in the
10 chamber detected by the temperature sensor in the chamber
91 as a cooled state sensor is equal to/lower than +20°C,
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
15 speed (30 Hz) (state of (2) in FIG. 3}. 1In other words, if
the temperature in the chamber of the refrigerator main
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
20 increase in the pressure of the high side can be prevented
to shorten the holding time. Accordingly, since it is
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
25 can be quickly cooled.
Therefore, it is possible to prevent an abnormal

increase in the pressure of the high side while suppressing



in the evaporator, and there are many refrigerants. Thus, even w thout
setting a holding tine so |long, an abnornmal 20 increase in the pressure of
the high side can be prevented to shgiten the hol ding time. Accordingly,
since it is possible to transfer to rmal rotational speed control based
on highest and | owest rotational speeds wthin a short time, the chanber
of the refrigerator main body 105 25 can be quickly cooled. Therefore, it
i s possi i eaduqirieveritn acdbimg relfidircrease ithe he friessuwte ofnatime hi gh
side while suppressing - 21 a reduction in cooling efficiency in the

refri ger &Y dlon asHerEN @5 PPsfidas possible. On the other hand, if the
tenperature in the chanber detected by the tenperature sensor in the
chanber 5 91 is % gt FHET B0t tife T tCEBRIR I B0t Ui t he conpressor

10 by holding its eed of raqotation at 25 Hz for 10 sec¢., and then

i ncr easescq}aﬁrgjesrpéj@}%&%%‘gtbéfti {F T 2 e SEY R atiMoriae s%@@ﬁ?erl f the

te rat y-e .in.t. r o~the refrigerator. maipg,body 1 i s higher
thgﬁ$+20gﬁ'§'16n2§§¥£q¥§§hﬁé a Fe%Fﬁ PﬁggP%PFPEEan?OC§E¥§ gﬁa the pressure

ofthe Nilaysicle,dss A5} WAIREASES ool WY S ol e he polng 11 e

is 30 sec. as descri bove, _ ~tine of the rotational speed is
t00 short;g GeRI.EVeIHd aherARRIRIERsdNEHRASS I (1 RAGISYE +f e hi gh

side. Thus, 15 by extending the holding time to 10 mnutes, it 1s possible
to surel yi gweementotidte calnorgiled .NCrEasR Of fpR it@ire in the chamber
of the refrigerator main body 105 is higher than +20°C, a
10 state is unstable in the refrigerant cycle and the pressure
of the high side is easily increased. In other words, if
the holding time is 30 sec. as described above, the holding
time of the rotational speed is too short to prevent an
abnormal increase in the pressure of the high side. Thus,
15 by extending the holding time to 10 minutes, it is possible
to surely prevent the abnormal increase of the high
pressure 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
20 25 Hz for the predetermined time before the lowest
rotational speed is reached, and properly changes the
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
25 prevented, and reliability and performance of the cooling

apparatus 110 can be improved.

After the rotational speed holding time of the



pressure side, and to secure a stable running state. Therefore, after the
start of the conpressor, the mcroconputer 80 runs it by holding the
rotational speed at 20 25 Hz for the grgdeternined time before the | owest
rotational speed is reached, and prop% |y changes the holding tinme based
on the tenperature in the chanber of the refrigerator main body 105,

wher eby the abnormal increase in the pressure of the high side can be

ef f ect i velopr2® smoav it d¢, caddulelticabblaiseyd and ther frempered vk time tdeol i ng
apparatus 110 can be inproved. After the rotational speed holding tine of
the - 22chedpsressorstep 590l dli&-ed BasE@seR ibRe ebvyeratlice in the
chanber in step S10 of FIG. 3 as descri bed above, the nlcroconputer 80
starts tﬁ@%&ﬁ%”@é&ﬁr £§ st a§tt§p t&F| COMPEER SOThd Oy diniShGPt St -t hus far is

conpared holdln cal Iated in step Sl Lt the running
tine <ﬁﬂqphet§1 H?H%?j¥% g%P@?s 165 §OURGEES ¥ %ﬁh e holding tine

cal il at 41 1 B3l QoG REOCASS RLOCERES LG ShEP F1R, gyl he
0 the g & 5% equal

m croconputer OI’ enent’i O startin

to a targetnlQy otsactaxce:n%'f %@%e% 9{?&@%&0% %%S%glol_—%era%aw qggeds to step

S20. Subsequently, In step e conpressor IS run a rotational

speed of 123 diz o) itlae danventa@le s ubstisiale sa9), @%%C@r%%@ssarp%cem%t i's, upon
a start of the electric elenent of 15 the conpressor 10 at
af or enentticore@p atiat.i ondrespee@d mdcrocomputer 80 sets the
aforementioned starting time Hz of 25 Hz equal to a target
10 rotational speed of the compressor 10, and proceeds to step
S520. Subsequently, in step S20, the compressor 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 element of
15 the compressor 10 at the aforementioned rotational speed, a
refrigerant is sucked into the first rotary compressing
element of the compressor 10 to be compressed, and then
discharged into the sealed container. The refrigerant gas
discharged into the sealed container enters the refrigerant
20 introduction tube 20, and goes out of the compressor 10 to
flow into the intermediate cooling circuit 35. The
intermediate cooling circuit 35 radiates heat by an air
cooling system while passing through the gas cooler 40.
Accordingly, since the refrigerant sucked into the
25 second rotary compressing element can be cooled, a
temperature increase can be suppressed in the sealed

container, and compression efficiency of the second rotary



refriger

the refr

ant is sucked into the first rotary conpressing elenent of the
conpressor 10 to be conpressed, and then discharged into the seal ed
contai ner. The refrigerant gas dischggged into the seal ed contai ner

i gerant 20 introduction tube

to flowinto the internediate cooling circuit 35. The internediate
circuit 35 radiates heat by an air cooling system while passing
t hr ough tdvenpyaess lowl erl ed@ntAceer diengimprosiedce tMoeeoekrri,getants sucked into
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rg to the outside.” By time,

enters

“and goes out of the conpressor 10

conpressi ng el enent can be inproved.

ant conpressed hy the second rotary conpressing elenent to be
3 éﬁfifhéﬁééhﬁﬁ? frigerant gas of intermediate pressure is

10,

tgeer ant gas

10

ANl RECR HOBRARSIAL IO 10, 0RGHJ SURES ¢ LiohihrcREGSHULE The
ant gas discharged”™ fromthe refri'gerant di scharge tube 24 fl ows

into the 1gas setRAl®s e fadiri@meheatr dfiarRiranky ghle o hig@ol i ng system

pressure and a high temperature, and discharged through the

- refrigerant discharge tube 24 to the outside. By this

time, the refrigerant has been compressed to proper
supercritical pressure. The refrigerant gas discharged
from the refrigerant discharge tube 24 flows into the gas
cocoler 40, radiates heat therein by the air cooling system,
and then passes through the internal heat exchanger 50.
Heat of the refrigerant is removed by the refrigerant of
the low pressure side there to be futther cooled.

Because of the presence of the internal heat
exchanger 50, the heat of the refrigerant discharged out of
the gas cooler 40 to pass through the internal heat
exchanger 50 is removed by the refrigerant of the low
pressure side, and thus a supercooling degree of the
refrigerant becomes larger by a corresponding amount. As a
result, the cooling efficiency of the evaporator 92 can be
improved.

The refrigerant gas of the high pressure side

cooled by the internal heat exchanger 50 is passed through



15 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 ? esence of the internal heat
exchanger 50, the heat of the refrigerant discharged out of 20 the gas
cooler 40 to pass through the internal heat exchanger 50 is renoved by the
refrigerant of the low pressure side, and thus a supercooling degree of
the ref rihgersdmaimegorids Yaampacibihe capiddpavditmgpea®bunt Thas a resul t,

t he cooling efficien&glof t he evaporator. 92 can be 25 inproved. The

ref ri ger &CSFAL PR HO it Prassamte 1§ dovegss da Biret Febiddéryal heat
exchanger_ 50 i s passed.through - 2 the strainer 54 to reach the capillary
t ube 58.tﬁh? e &} FDER AR Sk é?ﬁﬁtdh?I?W%%égqa%q¥k3€&ﬁﬁllary t ube
58, and then passed thr h the s e lqcking joint. (ngt sh to flow
fromthe (rné)fncr is’gle?rwa1r1 t tﬁ)l gg%é‘h %fon{ \FL:C,Z’%‘S rre%]&r’lig %ralgt%opllggi %%bé%y%\ﬁ%% into the
evapor at qfy (2.5, 18 o &f i'rg%ro%% 0%?!533 (3 @3l %%gyor%'%%rs%‘é‘is heat from

surrounding airt to exhibit a I'ng function, théreby ~cooling the chanber

of the refdi gejatol WidbdIadk sl e raibsequenthy Hdie el gerant flows out
of the 10 evaporator 92, passes fromthe refrigerant pipe 94 through the

swage | oGKirm@uRiiMy ot tshewmidia ent@oitihgy mefotioer arhericpe 26 of the
condensing unit 100, and reaches the internal heat exchanger 50. Heat is
renoved fgoamitdie the chamber of the refrigerator main body 105.
Subsequently, the refrigerant flows out of the
10 evaporator 92, passes from the refrigerant pipe 24 through
the swage locking joint (not shown) to enter the
refrigerant pipe 26 of the condensing unit 100, and reaches
the internal heat exchanger 50. Heat is removed from the
refrigerant of the high pressure side there, and the
15 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
in a gas state but in a state of being mixed with a liquid.
However, the refrigerant is passed through the internal
20 heat exchanger 50 to be heat-exchanged with the refrigerant
of the high pressure side, and thus the refrigerant is
heated. At a point of this time, the refrigerant is
secured for a degree of superheat to become a gas
completely.
25 Accordingly, since the refrigerant coming from the
evaporator 92 can be surely gasified, without disposing an

accumulator or the 1ike on the low pressure side, it is



refrigerant of the high pressure side there, and the 15 refrigerant is
subjected to a heating operation. Here, the refrigerant evaporated by the
evaporator 92 to becone low in tenpeggture, and di scharged therefromis
not conpletely in a gas state but in“a state of being mxed with a |iquid.
However, the refrigerant is passed through the internal 20 heat exchanger
50 to be heat-exchanged with the refrigerant of the high pressure side,
and t hus pgdss itdfer itgersante liys preevatad. 1 iAfuial paiokingf imhiwhitthme, ltikgeid
refrigerant is secured for a degree of superheat to beconme a gas

conpl et elnefrAgexasdr disnguckes nega Hdva efomipyesanr déni Rgdf Boiproivd em
evaporator_ 92 can be surely gasified, w thout disposing an accunulator or
the |ike Xn IAR2IOWIPIEs S &0 Fempresser 185 bypdssitide COFPSEESILPIpr event
liquid backing in which a liquid refrigerant is sucked into {he conpressor
10, and & R oft danie gittén % Q¥ﬁnﬁ§i%§§*1f6yb?flﬁ d.

co essi on.,. Therefare, itli possible to inprove reliability of the 5
cool™ ng é%ﬁﬁﬁéﬁhé?ﬁﬁ£5%W%n&éﬁta||y, the refrigerant heated by the

ot heat XGRS LRSS & AELs . W Eaa, (ol e
the 1St il G S YPMRMNes e AWLESHRAl0 pabdlegont r ol
of change 1 n highest speed of rotatio for conpressor based on outside air
tenperat Wough the strainer 56 to be sucked from the refrigerant
introduction tube 22 into the first rotary compressing
10 element of the compressor 10.
(3) Control of change in highest speed of rotation
for compressor based on cutside air temperature
When time passes from the start, and the running
time thus far reaches the holding time calculated in step
15 S10 of FIG. 3 in step S$11, the microcomputer 80 increases
the rotational speed of the compresscr 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
calculate a highest speed of rotation (MaxHz)}. This
20 highest rotational speed is calculated based on an outside
air temperature detected by the outside air temperature
senscor 74.
That 1is, the microcomputer 80 lowers the highest
rotational speed of the compressor 10 if the outside air
25 temperature detected by the outside air temperature sensor

74 is high, and increases the highest rotational speed

thereof 1f the outside air temperature is low. The highest



When tinme passes fromthe start, and the running tinme thus far reaches the
holding tinme calculated in step 15 S10 of FIG 3 in step Sl11, the

m croconputer 80 increases the rotatigpal speed of the conpressor 10 to the
| owest rotational speed (30 Hz) (stafé of (2) in FIG 3). Then, the

m croconputer 80 proceeds fromstep S10 to step S13 to calculate a highest
speed of rotation (MaxHz). This 20 hi ghest rotational speed is cal cul ated
based on ratadutagiade spaiad tienmperlatuded edetvddthed By ramgeovifs ipde saitr
tenperature sensor 74. That is, the mcroconputer 80 |owers the highest

rot at i onalPPFeedbflawes ddpite y8diuer) iHespestdiedivdd 2aitiz apgl 8&npér at ur e
detected by the outside air tenperature sensor 74 is high, and increases

the hi ghSCHSRT FRalthspsFPOXMETEdf a5 RO drsiEdE -aivr t ERdérature is

| ow. The highest - 26 . rotational .speed is cal cul ated within a range of
b eset | SRS i A A I AR b TeSE v el 5 P83 TG C 36
aceay di ng. .t 0, Lhe, enbodiment), as. shown 10 ELG. 8 TS, Jighest, rotati onal
spe€d is a'owereSJm a |near1%§néklon§FEe§ manner entheé Sltside air

L emper at Ui J NEILASES AN arld 5168880 iR SR STRANGS, when the out si de

air tenperature decreases as shown in the outside air
t enper at WebhdeT HGR R ol alur® Rfn tihe sef risgerant circulated in the 10

refrigerant circuit becones high to cause an easy abnornmal increase in the
pressure of the hightsd dutshis .ailly temperature is high, a
temperature of the refrigerant circulated in the

10 refrigerant circuit becomes high to cause an easy abnormal
increase in the pressure of the high side. Thus, by
setting the highest speed of rotation low, it is possible
to prevent the abnormal increase in the pressure of the
high side as much as possible. On the other hand, if the

15 outside air 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
cf 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

25 effectively prevent the abnormal increase in the pressure

of the high side.

{(4) Target evaporation temperature control at



setting the highest speed of rotation low, it is possible to prevent the
abnormal increase in the pressure of the high side as much as possible. On
the other hand, if the 15 outside aLrZ?egperature is low, the tenperature
of the refrigerant circulated in the“refrigerant circuit is lowto nake
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 sspaErragfor otation (described |ater) becones equal to/lower than
the highest rotational speed, by setting the highest rotational speed to
a val ue in whi ch AFabridital i ghriteamesd of frqtatxon nis tdrcistabsiite of the
high side, it |s possible to 25 effectlvely prevent the abnormal increase

in the prsets‘?ﬁrrse1 AL & h|3ghass| cripedr g kb?étere\}%‘r?oﬁ‘&tqurat%

control at_ - ggap rat After th |ghe§t S ed of rotatron i s decided
in step %oﬁ‘ec}f‘t Ooecd'?l &88 proceeds to
step, S14 q:gH| tar t t t re T va he

m crocorrpguet r preseqfsa a tg%rge evap qgtteﬁ:onEE gr%r:pr@%’ra ure of e-ﬁ[’

refrigeranf, &l 4%, QUARY ﬁ%gct edtt rt q{{p%rtate.lllr e in the chamber

of the refrigerator marn bo y 105 e tenperature sensor in

the chambgfslha iy Setihddie danaRt diRliAdle 1191 Hredninidn dfhe range of

t he hi ghest "and | owest rotati onal
the refrigerator main body 105 detected by the temperature

sensor in the chamber 91, and sets the target rotational

10 speed within the range of the highest and lowest rotational
speeds of the compressor 10 so that an evaporation
temperature of the refrigerant which has f£lown into the
evaporator 92 can be the target evaporation temperature,
thereby running the compressor 10.

15 Then, the microcomputer 80 sets a target
evaporation temperature of the refrigerant at the
evaporator 92 in a relation of being higher as the
temperature in the chamber is higher based on the
temperature in the chamber detected by the temperature

20 sensor in the chamber 91. Calculation of the target
evaporation temperature Teva in this case is carried out in
step S15.

That is, of Tya and Tyc calculated by two
equations of Tya=Txx0.35-8.5 and Tyc=Txx0.2-6+z, a smallex

25 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



speeds of the conpressor 10 so that an evaporation tenperature of the
refrigerant which has flown into the evaporator 92 can be the target
evaporation tenperature, thereby rl_mjél'gng t he conpressor 10. 15 Then, the
m croconputer 80 sets a target evapofation tenperature of the refrigerant
at the wevaporator 92 in a relation of being higher as the tenperature in
the chanber is higher based on the tenperature in the chanber detected by
t he t enperctiad dxtsemsiorthien ahiranlsiraniercto s @alspacst iton bef coled etdar get
evaporation tenperature Teva in this case is carried out in step S15. That
is, of Tyelanrter e dihaultamReaat i seapeat ilendher chpabpix @135-48d5 zand
Tyc=Txx0O. 2-6+z, a smaller 25 nunerical value is set as a_target

evapor at % afae TEE T | Uutdmeaaly, Gorneretdd®dt iodd, Tx denotes a
tenperature in t chanber (aone qf, i hdexes indicating the .-, 28, cool ed
State of QR IRIRY SHHRIORE cifaciety are o dtarpT qtairisd S ¢ he

te r at ) i C .91, and.z . denates a value (z=Tr (outside
air enplejc:ea pue%scq’i-’rfz;%ggﬁtaﬁ%%géo t%) itu ?’e‘iléctsilr% ?er( %eeén ees ufrgeom an outsi de

air 5 tenpgaturg Tr detected by the outside air tenperature sensor 74.
FIG 6 shows changes in the target evaporation tenperature Teva at +32C

+35C and +41C of e, oMtSidlRs Gdnd PR AlHK 6% Helalpgiad did he outsi de
alr tenperature

temperature Teva at +32°C, +35°C and +41°C of the outside
alr temperatures Tr detected by the outside air temperature

10 sensor 74 in this case. As shown in FIG. 6, a change in
the target evaporation temperature Teva set by the above
equations after a change in the temperature in the chamber
is small in a region of a high inside temperature Tx, and a
change in the target evaporation temperature Teva after a

15 change in the temperature in the chamber Tx is large in a
region of a low inside temperature Tx. |

That is, the microcomputer 80 corrects the target

evaporation temperature Teva high if the outside air
temperature Tr detected by the outside air temperature

20 sensor 74 is high, and corrects the target evaporation
temperature Teva based on the outside air temperature in a
region of a high temperature of the cooled space detected
by the temperature sensor in the chamber 91. Now, the
target evaporation temperature Teva when the outside air

25 temperature is +32°C is described. When the temperature in
the chamber is +7°C or higher, a drop in the temperature in

the chamber is accompanied by a relatively slow reduction



10 sensor 74 in this case. As shown in FIG 6, a change in the target
evaporation tenperature Teva set by the above equations after a change in
the tenperature in the chanber is §n?gl _in aregion of a high inside
tenperature Tx, and a change in the rget evaporation tenperature Teva
after a 15 change in the tenperature in the chanber Tx is large in a
region of a lowinside tenperature Tx. That is, the m croconputer 80

corr ect s irhetheartgatge tevaparentd it drparetaing eTélewehi gfithien tthe out si de air
tenperature Tr detected by the outside air tenperature 20 sensor 74 is

hi gh, and-<¥reeEREe Hen tidryathamgioria ilowen dlisey atlife F¥edacBaid®d on the
outside air terlw_[Perature in a ion of a high tenperature of the cool ed

re
space det'dt& & RRF AT S erfprlift (TP RS oS iIaF IR BH&HEY 1 SUBIRD t he
target evaporation tenperature Teva when .the outside air _ 25 tenperature is
1320 i s dRSHITHET Mharl'G He Hp SRITE hP" (HEREHAIEE (16977C aPdh gher ,
drop.in the t re J the ¢h er_i.s co i.ed by .a r.el at.i.vely sl ow
redgf)cti onlrg'-' 2—8—[@ ?lﬁlea#%ege %faa{r}lgtetvj}élvcg]pgfr@%wso nt %qnjr?e ;Egetafnurrl %Fé%l 81.: - Wnén the

tenperat ure dﬁbéa[}?lecﬁarﬂb&{de i}ﬁékp"&ﬁ{ds idane %raaclﬂcreo%éaﬁce.t hefgTpgrature in

t he chanber 1s acconpani ed by a sudden reduction in the target evaporation

tenperat ure pghavapiato isvedihad efdd Aefant: sl d 13oWs Hen Ftﬂaa%élﬁfer I ger ant
circuit is unstable in'the high inside tenperature state. Thus, It is

possi bl e 40 fHeeh ai EbdNey Nl d i ease ddrddie dvgsswtaorof the high side
by setting the target evaporation
temperature Teva relatively high.

10 In the low inside temperature state, the state of
the refrigerant which flows in the refrigerant circuit
becomes stable. Thus, by setting the target evaporation
temperature Teva relatively low, the chamber of the
refrigerator main body 105 can be quickly cooled. As a

15 result, it is possible to quickly lower the temperature in
the chamber of the refrigerator main body 105 in restarting
or the like after defrosting, and to maintain a temperature
of articles housed therein at a proper wvalue.

After the target evaporation temperature Teva is

20 calculated by the aforementioned equation, the
microcomputer 80 proceeds to step S14 to compare a current
evaporation temperature with the target evaporation
temperature Teva. If the current evaporation temperature
is lower than the target evaporation temperature Teva, the

25 rotational speed of the compressor 10 is decreased in step
Sle. If the current evaporation temperature is higher than

the target evaporation temperature Teva, the rotational



tenperature Teva relatively high. 10 In the low inside tenperature state,
the state of the refrigerant which flows in the refrigerant circuit
becones stable. Thus, by setting the é?r get evaporation tenperature Teva
relatively I ow, the chanber of the réfrigerator nmain body 105 can be

qui ckly cooled. As a 15 result, it is possible to quickly |ower the
tenperature in the chanber of the refrigerator main body 105 in restarting
or the |ideest tar tde remmnapsand @ o seinmgased tianpdres WlE - ofNeawtti cl es
housed therein at a proper value. After the target evaporation tenperature
Teva is Y0 TR ul dred iy Mifer gt i Hhele it enh thehgangec fconput er
80 proceeds to step S14 to conpare a current evaporatjon tenperature with
the targét eeb‘&d%}%% GPd st at it e HRRE L 15P9 ARTERY evapdieRt i on

t enper at i.s, l.qwer_than the target .evaporat] t enper at.ure . Teva, the 25
rotat i ongl%s Y tg}e ﬁwoetacolr%}egsss&?% Ji%c%eacsreedafs) st ﬁe:??ss ‘gpm STEP 1§ the
cur reent td temperature is higher than the target evaporation

1N nmp . g g p .
tenp5:rat l?rigéo%%ag, the rotational - 30 speed of the conpressor 10 is

noreased in stemeld, Neihe 1dkststhlSpddie MCIOLAUBMEL Bl dlet ef i nes

the range of the highest and [owest rotational speeds In step S13
and the riof aliegnal1spgedincarLasad{deanfasaethdd ot ahd niHheyt 9hé Here, if

the rotational speed increased/ decreased in step S16 or S17 is within the
range of idwedd ghesitiaithl speeds, the rotational speed is set as a
target rotational speed. The compressor 10 is run by the
10 inverter substrate at the target rotational speed in step
520 as described above.

On the other hand, 1f the rotational speed
increased/decreased in step S16 or S17 is outside the range
of the highest and lowest rotational speeds, the

15 microcomputer 80 proceeds to step S19, makes adjustment
based on the rotational speed increased/decreased in step
816 or 817 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,

20 and runs the electric element of the compressor 10 at the
target rotational speed in step S20. 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

25 the power socket thereof is pulled out of the power plug,
the energization of the microcomputer 80 is stopped {(step

521 of FIG. 3), and thus the program is finished (step



| owest rotational speeds, the rotational speed is set as a target
rotational speed. The conpressor 10 is run by the 10 inverter substrate at
the target rotational speed in step_ Eiowas descri bed above. On the other
hand, if the rotational speed increased/ decreased in step S16 or S17 is
outside the range of the highest and | owest rotational speeds, the 15

m croconputer 80 proceeds to step S19, nmkes adjustnent based on the
rotati on®229peed i ncreased/ decreased in step S16 or S17 to achi eve an
optinmal rotational_ speed within the range of the highest and | onest
rotational speeds(>)sdiafrasiengjemiteePy Ahte@RAraissed as a target
rotational speed, 20 and runs the electric element of the conpressor 10 at
the target rotat'{SHHHl ’gﬁeed"srferp sty dbeph e diterreiHge st ess ret urns

(ot shollyi™ FoCHades it Tl IPEr T Dava SN Doy *F0s A% cut off, or 25
t he power, er.eof_.i s I t of ri.pl:ug,, the, en i zation
of tSEe mtg?ng%ig%u er lgb tihse SC{P%[I)I%):% ?C;ét eap Seg%og%vﬁllé%% ,(+a3n§) t hgfs]gt he

o 001 A ISR 8 6 2kncS2er e Rl QRHING.EENY) cghcgvapor ator

Meanwhi | e, when the chamber of the refrigerator main bo S
suf fi ci enfn YWrEFOQ)iQhal10 JFOWRIe o dsyRenal Wee tHe hi1@ rRMPRI 0 5@ Set

lower Iimt (+3C), the control device 90 of the refrigerator main body 105
sends Upon reception of the OFF signal, the microcomputer 80
determines a start of defrosting in defrosting
10 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) of the evaporator 92.
After the stop of the compressor 10, when the
temperature in the chamber of the refrigerator main body
15 105 reaches a set upper limit (+7°C), the control device 890
of the refrigerator main body 105 sends an ON signal to the
compressor 10 of the microcomputer 80. Upon reception of
the ON signal, the microcomputer 80 determines completion
of defrosting in step SS9, and proceeds to step S10 and
20 after to resume running of the compressor 10 as described
above.
(6) Forcible stop of compressor
Here, if the compressor 10 has been continuously
run for a predetermined time, the microcomputer 80
25 determines a start of defrosting in defrosting
determination of step S7 of FIG. 3, proceeds to step S8 to

forcibly stop the running of the compressor 10, and then



an OFF signal of the conpressor 10 to the m croconputer 80. Upon reception
of the OFF signal, the mcroconputer 80 determnes a start of defrosting
in defrosting 10 determ nati on of 5299232 of FIG 3, proceeds to step S8 to
stop the running of the conpressor 10y“and starts defrosting (OFF cycle
defrosting) of the evaporator 92. After the stop of the conpressor 10, when
the tenperature in the chanber of the refrigerator main body 15 105
reaches &taditsupigdrdsitiing E£7Ohe tehersomtas] Hovi dalddl iomalie r éfhs ger at or
mai n body 105 sends an ON signal to the conpressor 10 of the m croconputer
80. Upon SOBEEHUICHS sunnifmg ONmS qalthe KemArES it OB tedRdmd nes
conpletio

n of defrosting in step S9, and proceeds to step S10 and 20 after
to resumeFuig 6t %@Wé@%@%% fRIRGLATeE e dBode (@BPTESICI bl e
stop of ¢ ressar _Here, if t conmpressor .10 has .been cqnti nuousl run
for a pr&det@mMEd AT e '1%50 r‘{%&%&‘{ep 3¢ tc?é[{pt,?ﬁﬁ%r‘r‘erse A of
def rost i ih defr i determ.nat i of .step .S7 0 I 3.aPr.oceeds to
st e§088 P”gl t;llloer %hb ytesr?%& t hel%r lr?rll’lrrll?sngc:%o St ﬁzqecgnr%%rreosgsog!r:pu%fr e?r?g Ster(icesn - 32

starts defoidnig Rfoush & BVARY alile W AdiddnRaldoby tite £ 0Nt i nuous

running tinme of the conpressor 10 for stopping the sane is changed based

on the teiRANY eH sbht e f dhe vongaeamd an k0 defeglsad by the

tenperature sensor 5 in the chanber 91. In this case, the m croconputer 80
sets is lower.

A specific reason is that if the temperature in
10 the chamber of the refrigerator main body 105 is low, e.g.,
+10°C, there is a fear of freezing of articles or the like
housed in the refrigerator main body 105. Thus, according
to the embodiment, for example, if the compressor 10 is
continuously run for 30 minutes, while the temperature in
15 the chamber is +10°C cor lower, it is possible to prevent a
problem of freezing of the articles housed inside by
forcibly stopping the running thereof.
When the temperature in the chambeﬁ of the
refrigerator main body 105 reaches the set upper limit
20 (+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
59 of FIG. 3).
25 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 continuous running time of the conpressor 10 for stopping the sane
shorter as the tenperature in the chanber 1is |lower. A specific reason is
that if the tenperature in 10 the ch er of the refrigerator main body 105
is low, e.g., +10C there is a fear freezing of articles or the like
housed in the refrigerator main body 105. Thus, according to the

enbodi nent, for exanple, if the conpressor 10 is continuously run for 30
m nut es, bW [rennied éegeatfur e Thii s15 st e celraeberf ithe+r t@@paeslsowerl0 it is
possible to prevent a_problemof freezing of the articles housed inside by
f orci bl y 1§t 69pitagucwe lyuaminnd orhér dong WHaR /t Heosdiper foaugs dnt kbiechanber
of the refrigerator _main body 105 reaches the set upper limt _ 20 (+70),
the cont FYRPESAELCE 96 - ofNCh& e fEifFdI8iem it Bodp SSEGS theryghatbeN si gnal

of the conpressqr 1Q.to the i ctoconputer 80., Thus, the m croconputer 80
Pesumes CPORGEA B! P& Lot £5s BPEF0 SR IEHe el i LR Ast op 89 of

FIG: 3). 2 t .ot her nd, A4f th onpressor .10 ha en ,rup at a
tenﬁbratSﬁg’F%IF%El%ﬁg%bgr%ﬁigﬁ;%nfﬁggﬁcggﬁl,Cofﬁ&ag %r%aepfgﬁgFg?hined

tine, th%fmt%og‘r%'f%tg%&a%rsh%% bo%? 1l0e T 4aRig fto'}eﬁe%%fmpflghi §¢ S because

if the conpress is continuously runfor al'ong tine, "frdsting occurs

in the QWAPUAMes2Sr and itshehefinhgerant A Gh RAsEaDARNEh jthe
evaporat or 92 cannot be heat-exchanged wi'th surroundi ng

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

10 higher than 20°C for 20 hours or more, the microcomputer 80
determines a start of defrosting in defrosting
determination of step 37, and forcibly stops the running of
the compressor 10 to execute defrosting of the evaporator
92 in step S8.

15 This state will be described with reference to
FIG. 7. In FIG. 7, a broken line indicates a change in a
temperature in the chamber when the running of the
compressor 10 is not stopped to execute defrosting in the
case of continuous running thereof at a temperature in the

20 chamber higher than +10°C but egual to/lower than 20°C
detected by the temperature sensor 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
compressor 10 is stopped to execute defrosting in the case

25 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.



5 air, creating a fear of insufficient cooling of the chanber of the
refrigerator main body 105. Thus, for exanple, if the conpressor 10 is
continuously run at a tenperature in %hg chanber of a range hi gher than
+100C to 200C or lower for 10 hours © nore, or at a tenperature in the
chanber 10 higher than 20[err]C for 20 hours or nore, the m croconputer 80
determ nes a start of defrosting in defrosting determ nation of step S7,
and forcibly stops tdhewunm ff®f 7.t Hhaapmmessdrorl(®2 caxdsut e def rosti ng
of the evaporator 92 in step S8. is This state will be described with

ref erencéafgostied by, floycijdy proprinskdhe compregiseat 9 drchdege in a
tenperature in the chanber when the running of the conpressor 10 is not

st opped (&S EEutEET RS AR ghdheggsd 6 &o%t iHSTBEL 3 Ad t hereof at
t i t he. 20._ch hi t +10' C t t o/ th

¢ LSS e 0, chanher ' gher Lbenc g € put couel Lol Lgver hen

more; A sol gTO' f{h%%fsn%'rc%[oq:% 2 %gz?rm&g&"édngﬁt tenperatyred n the chanber when

t he runni'ng COnpr essor st'opped t0 "execut € dé%?bsting in the

case 25 %fto‘b%%{g“%‘?}lés dd le%t%g | §ieqh, %txe%utzt%, ror%“c%lig'] 26, charber

hi gher than C but equa ower than + hours or nore. - 34

As shown dtrfalfging JAT8 QARG 0k hR2 &at iR ragef nested R FnGiddy
stoppi ng the conpressor 10 in the case of "continuous runni ng thereof at
the tenperatdfted Rhe defrosting can be improved, and the target
temperature in the chamber can be reached early. Thus, it
10 is possible to improve cooling efficiency.

Furthermore, as the temperature in the chamber of
the 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

15 the articles housed therein when the temperature in the
chamber is low while improving the heat exchanging
efficiency of the refrigerant in the evaporator 92 after
defrosting as described above.

(7) Control of increase in highest rotational

20 speed of compressor

Next, if the temperature in the chamber of the
refrigerator main body 105 detected by the temperature
sensor in the chamber 91 is low, the microcomputer 80
increases the highest rotational speed (MaxHz) of the

25 compressor 10. For example, when the temperature in the
chamber of the refrigerator main body 105 is lowered to

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



t he chanber higher than +10C but equal to/lower than +20C 5 for 10 hours or
nore. Conpared with the case of not stopping the conpressor 10 to execute
defrosting, heat exchanging effi cigngﬁ of the refrigerant in the
evaporator 92 after the defrosting c be i nmproved, and the target
tenperature in the chanber can be reached early. Thus, it 10 is possible to
i nprove cooling efficiency. Furthernore, as the tenperature in the chanber
of the nefidtgerstlorspesich (sody- 105 Hz [toweryn tihe compinessds 1Ounning tinme
of the conpressor 10 for stoppi ng the sane is set shorter. Thus, it is
possi bl e t5Fqfreeviint (Fr &z ifiF -0f2)15 (Ihataritsi.clid@s adelisdont fer &he when t he
tenperature in the chanber is |ow while inproving the heat exchangi ng

ef fi ci en@Ff Ve faarsd gandied ok ﬁélee\?&ﬂé‘teéttorr"@? APPer s@erosting as

descri be bove crease i n highest rot tional . 20 speed of

corrpr essg?a (t@et H’é{]ct éTfJL?eradtliJr «?“lpr‘?rtaﬁélr@ha MOLEANYGEr at or
bodyl det b e te rat! nso cha is |ow,

the m crocoon%u qﬁrﬁ%/fr Tél{'}iises etr%ei(% tec’é':t %‘(r?’lo%atblot():1 afl%gz’pete%d@ erﬁz]% of the

25 compr essa . At fiagBLenpien ghelhegggé@gggﬁe'ngﬂsstchaﬁber of the

refrigerator mai N S5 1is owere e m croconputer 80

slightly diGieaRs e dd Mesilded FasdLR itgralo3rsed 6§.9., 4 Hz) to run
the conpressor 10 (state of (3) of FIG 2). That is, in addition to the

temperature detected by the ocutside air temperature senscr
74 as described above to 4 Hz to run the compressor 10.

10 When the temperature in the chamber of the
refrigerator main body 105 drops to +20°C or lower,
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

15 speed is increased in this state, even when the pressure of
the high side slightly increases as shown in (4) of FIG. 2,
it 1s 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.

20 Additionally, an amount of a refrigerant
circulated in the refrigerant circuit is increased by
increasing the highest rotational speed. Thus, an amount
of a refrigerant heat-exchanged with air circulated in the
evaporator 92 1is increased to enable improvement of the

25 cooling efficiency thereof. As a result, an evaporation
temperature of the refrigerant in the evaporator 92 is also

lowered as shown in (5} of FIG. 2, and the chamber of the



af orenenti oned control of the highest rotational speed based on the
outside air tenperature, when the tenperature 5 in the chanber of the
refrigerator nmain body 105 is | owered, to +20C, the m croconputer 80
i ncreases the highest rotational speeé deci ded based on the outside air
tenperature detected by the outside air tenperature sensor 74 as described
above to 4 Hz to run the conpressor 10. 10 Wien the tenperature in the
chanber gfefitigenadfoy geriat dodvail®Soodr 15 cdodssl ©8r+30C or | over,
pressure of the |ow side becones |ow Accordingly, pressure of the hi gh
side is al so | onerEtF i =A% 13 RHET 1T itded aMoqdimend r &he ger ant
circuit. If the rotational ]t]jr’ speed |s increased in_this state, even when
e

t he presscl?toehé’fg RS GR TNT 1S i ISP AITESEadES Tad 180 flt lhre( 4) of FI G
2, t bl bl f whi
exceledsI %&5.03? pﬁgssurlénleﬁfe({] & &E\ﬁo %Otw%é’e%lnp %?rcr‘g%r}élrlgft?%%%%aﬂ:ﬁél hi gh
Si d d%jcyhté (?Lr}l%lényf.qu'ln IT% lﬂ)%t U(b%eé arSefar II%%r%%tera rCUl %t ed in the

refrl gerant Circuit I ncreased i'ncredasi ng "t he i ghest rot ati onal

speed. Thugordft i il nfdifidd 99anh fmt coxenanged i th air circulated

in the evaporator 92 is mcreased to enabl e |rrproverrent ‘of the 25 cooling

efficiency thereqfs diss@inasyldpod 8YARAALT 0 cdAMAY erf the
refrigerant in the evaporator 92 is al so |'ower ed as shown in (5) of FIG

2, ?nd t i cdhanpepefrddies of83G&hd ¢ivdsgenatioroiiivnody, b2 eaalke cool ed
ey running state in which the temperature of the space to be
10 cooled by the evaporator is cool, the time in which the
difference between the outlet and inlet temperatures of the
evaporator is within 1 degree is set to 5 minutes or more
to less than 20 minutes after the start of the compressor.
Thus, it is possible to prevent a reduction in cooling
15 efficiency as much as possible while preventing an abnormal
increase in the pressure of the high side at the time of
starting.
Therefore, it is possible to improve reliability
and performance of the cooling apparatus.
20 According to the method for setting the
refrigerant sealing amount in the cooling apparatus of the
present invention, in the stable running state in which the
temperature of the space to be cooled by the evaporator is
cool, the sealing amount of a refrigerant is set based on
25 an amount in which the difference between the outlet and
inlet temperatures of the evaporator is within 1 degree in

a time of 5 minutes or more to less than 20 minutes after



Furthernore, according to the enbodi nent, the cooling apparatus 110 is the
showcase installed at the store. Not limted to this, however, the cooling
apparatus 5 of the invention nmay be %eg as a refrigerator, an automatic
vendi ng machine, or an air conditionef. As described above in detail,
according to the cooling apparatus of the present invention, in the stale
running state in which the tenperature of the space to be 10 cool ed by the
evapor at 6§ $tEgd1 o fara igannnesgech thhers,divhf seeddadhébhgeamoting out | et
and inlet tenperatures of the evaporator is within 1 degree is set to 5

mi nutes & forefnigarend Wegi s Andthes sstitdna metdes dhofthene conpressor.
Thus, it is possible to preve reduct,ion in cooling.15 efficiency as
mich as ﬂ:(?sfsrlpltﬁeera\ﬂﬁ 33 Uel&erﬁq{ ﬁg‘ear?oé’gﬁé’lgnﬁ‘lppairﬁéﬂj@aséti 15 he pressure of
t he hi gh sij t the tine of tarting. Therefare, it.d.s.possible to

i npr ove rpﬁsldsgl?l S5 péfr?afeﬁlgcr fao?rr‘regffl‘lccé:lon t'e CSor ¥y 6551 arat'Gs. 20 According

10 e MeReH ORI IS o TAIdYIHIAY 3 AIATOURL A kNG nC00! | N

appar at e  present Inventi e stable running state in which

the tenMaiAlR Oird E ACEH I b8 ROYRAHRY dha 18YARYAL AL HsS ool the

sealing amount of a refrigerant” is set based on 25 an anount in which the
di fference betweemdheromt | et ang pddd@i1d epIatiunesaf drhe@vaparator is

within 1 degree in a tine of 5 mnutes or nore to |l ess than 20 m nutes
after - FEfrigerant sealing amount for the cooling apparatus.

Especially, the invention is effective when the

10 pressure reducing means is a capillary tube.

Furthermore, according to the present invention,
the compressor comprises the first compressing element and
the second compressing element which compresses and
discharges the refrigerant compressed by the first

15 compressing element. The intermediate cooling circuit is
disposed to cool the refrigerant discharged from the first
compressing element, and the internal heat exchanger‘is
disposed to heat-exchange the refrigerant coming from the
gas cooler with the refrigerant coming from the evaporator.

20 Thus, since the refrigerant sucked into the second
compressing element can be cooled by the intermediate
cooling circuit, it is possible to suppress a temperature
increase in the compressor and to improve compression
efficiency of the second compressing element. Moreover, it

25 is possible to suppress a temperature increase of the
refrigerant compressed and discharged by the second

compressing element.



the start of the conpressor. Thus, by sealing the amount of a refrigerant
deci ded by the setting nethod in the refrigerant circuit of the cooling
apparatus, it is possible to prevent . a reduction in cooling efficiency as
5 nmuch as possible while preventing an abnormal increase in the pressure
of the high side of the cooling apparatus. Therefore, it is possible to
easily set an optinmal refrigerant sealing anmount for the cooling apparatus.
Especi al |y, the iAdgtiamlly effamtusse athdhe meeskngs exfsdhe reduci ng means
is a capillary tube. Furthernore, according to the present invention, the
conpr essoM G deett Kedhangieoohsitds Sitndhe it apr@nt: e ssdasingd

conpr essi el ement whi ch conpresses and. di scharges the refrigerant
conpr esseﬂ%ﬁy tﬁﬁ‘?e B ﬁoog?rc&?ﬁir é’sa‘ssisr‘?ig;l et - Hire & Redi cool i ng
circuit is .dispased to cool the refri ant di sch d fromthe first
conpr essiRG Bl Erent> é_’{r% % eedlt r%yertﬁ.‘aGI I%?&tlggf@ﬁ n 3;%?? I§"sposed to
heat- exc e J: ig t ! fr r. W he
refﬁ?ger nt %%ﬁ?héﬁg%%nmﬁ%@ﬂzv§§g¥§?§r?%§%£%$Q%§¥ﬁ§ %%gggﬁegkzgp%berant

sucked i MG iRR SEEONE GRS MY & STBMe GRM NG L AR DY 1the s
internediate “cooling circuit, it i's possiblée to suppress a tenperature

i ncrease goy ik € P H@PTHveaRD d1Q gV ieHIY FSide Rhlcgiaerey of the
second conpressing el enent. Mreover, it 25 i$ possible to suppress a
tenperature increase of the refrigerant conpressed and di scharged by the
second conpressing el enent.



38 Additionally, because of the presence of the internal heat exchanger,
heat of the refrigerant discharged fromthe gas cool er and passed through
the internal heat exchanger is absor gd_by the refrigerant of the low 5
pressure side. Thus, since a supercooling degree of the refrigerant is

i ncreased by a corresponding anount, it is possible to inprove cooling
efficiency of the evaporator. - 39 WHAT IS CLAIMED IS: 1. A cooling
appar at uS'Hahpk SIHREMED (I j gerant circuit in which a conpressor, a gas
cool er, pressure redUC|ng neans, an evaporator, and the like 5 are
connected in an a%nut%.c%%%kﬁg ARRA T B E ARG 9 5 sealed as a

refrigerant, wherein in a bl e, runn‘i stat in which a qgerature of a
space to be cool €8 b %%e%% SO st a?t‘f??&’liﬁﬁslqr’a i9¥%r ence
bet ween out|et. andrelsnsluerte rg%er a[teugnessr t%ﬁ? v.apor.ator, fhteerl g start of
the conpr essor’ becones e ree i & s Or nDre 1"8ss than

0 g nutese ?coxﬁlé@ééli)dtrf odrn d, G AN 63 [0 st agpunt in a
coollng apparatus conprising a re r|ger nt" circuit ich a conpressor, a
gas cool efga UESSUIL rdB8dUd g tTEANS, an evapor at or and the i ke are
connected in an annul ar shape, ‘and carbon dioxide is sealed as a
refrigerant, wherein in a stable running state in which a

temperature of a space to be cooled by the evaporator is

cool, a time until a difference between cutlet and inlet
10 temperatures of the evaporater after a start of the

compressor becomes within 1 degree is 5 minutes or more to

less than 20 minutes.

2. A method for setting a refrigerant sealing

15 amount in a cooling apparatus comprising a refrigerant
circuit in which a compressor, a gas cooler, pressure
reducing means, an evaporator and the like are connected in
an annular shape, and carbon dioxide is sealed as a
refrigerant,

20 wherein in a stable running state in which a
temperature of a space to be cooled by the evaporator is
cool, a sealing amount of the refrigerant is set to such an
amount that a difference between outlet and inlet
temperatures of the evaporator becomes within 1 degree in a

25 time of 5 minutes or more to than less than 20 minutes

after a start of the compressor.



20 wherein in a stable running state in which a tenperature of a space to
be cool ed by the evaporator is cool, a sealing anount of the refrigerant
is set to such an anount that a diff pence bet ween outl et and inlet
tenperatures of the evaporator becones within 1 degree in a 25 tinme of 5
mnutes or nore to than |l ess than 20 mnutes after a start of the
conpressor. - 40 _3. The cooling apparatus or the nethod according to
claim!| or 2, whe?dei nthe LY cRRRATTMHros deha Mexd argresisihg
el enent and %_second conpressing el ement which conpresses 5 and di scharges
a refriger@rft é§%éﬁlﬁ%§4ﬁ9 irst conpressing elenment, the pressure
reduci ng neans is apillary tube, —and there are further, di sposed an
SRR IO AP EORTS 1 Het Tt BT HiSchar ged f rom

ac
i nternedi ate cooiflf‘ehg

10 the f'éfém&%parne SA. ns%(_,eér%ec[re(;[}jgﬂp&n$sriorr]ﬁ I%ri:]e rerh | Wr}l%_ th ceoén%:{]%n%.eers whi ch

heat - exchanges a tefrigerant comng € gas cool'er w refrigerant
comdg from tdesciBMARY & Hefrigerant compressed by the first

compressing element,
the pressure reducing means is a caplllary tube,
and there are further disposed an intermediate
cocling circuit which cools the refrigerant discharged from
10 the first compressing element, and an internal heat
exchanger which heat-exchanges a refrigerant coming from
the gas cooler with a refrigerant coming from the

evaporator.



