- 1 - SPECIFI.CATION TITLE OF THE | NVENTI ON COCLI NG APPARATUS AND METHOD
FOR SETTI NG REFRI GERANT SEALI NG AMOUNT FOR THE SAME 5 BACKGROUND OF THE

| NVENTI ON The present invention relqﬁqg_ﬁo 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 conventi onal
cool i ng apparatus of such a ki néPECAFJCATIOFhowcase installed at a store, a
refrigerant circuit is constituted by sequentially connecting a 15

conpr ess AR TLE QFs THE | IMVENIdMNenser) and di aphragmming neans (capillary
tube or the like) which constitute a condensin%aunit and an evapor at or

install ed on a sKERENG ARBARATOF, ANDH METHOR §1PRa SHTFENGn an annul ar shape.
A refrig&%%ﬁt as_conpressed bﬁ t he congressor to becone high 20 in

t enper at gs SEAEING AMOUNZ, 598 FHE ﬁé“&as cooler. Heat is radiated
fromthe refrigerant gas at the gas cooler, and then the refrigerant gas

i s di aphragnmed by the diaphragmm ng neans to be fed to the evaporator.

The refry vVapo e o nd absorbs heat fromits 25
surroundﬁmwr‘J Qb B EFh[ggﬂﬁnction, t hereby cooling the chanber

(space to be coolgd) et SROMAIEN Felatei®to a cooling

apparatus equipped with a refrigerant circuit in which a

compressor, 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 is constituted by sequentially connecting a

15 compressor, a gas cooler {condenser) and diaphragmming
means (capillary tube or the like) which constitute a
condensing unit and an evaporator 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 diaphragmmed by the
diaphragmming 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). 2 Recently, in order
with gl obal environnmental problens, there has been devel oped a
whi ch uses carbon di oxi de (gig)_as a natural refrigerant wthout

to deal
devi ce

usi ng conventi onal

flon even at a reffigerant cycle 5 of such a kind, and

uses a refrigerant cycle for running by setting a high pressure side to
tical pressure. In the case of using the carbon dioxide as the

refrigerant, howResentdysorpr exdean toadeglbwésheglobay high, and a

supercri

tenperature of the conpressor

itself and a 10 tenperature of a refrigerant

gas di scW@é‘&nwaﬂh@robéﬁmﬁgeFBﬁFechﬁﬁuPPeBe@%ﬁﬁlﬁP% acdeskeRiently, it
Is difficult to obtain desired_cooli efficiency. Thus, a sealing anount

of a ref F"’Péé’f“aﬁ?eﬁaé’aﬁ@@ﬁ déaﬁugf"e&lch s R paPLal gefrigey

so t hat

apparatu? QﬂuEeESﬁBQSHBEFQHFFS

outl et _and inl et gg; giaéﬁgg§$|%.9a$%§f gégéﬂgtﬂygf%

since an I'TDUI’]#_l of .a _refriqerant Sea

fre zing f FRE

ant circuit
cool i ng
ase,

ed i ,
oRckipdn 28 Pﬁﬁ?o@eﬁek%ﬂég@ﬁ‘p ﬁ%ﬁiﬁ? £ b Br P ot i on

in the 2 trigeran C|r |t at _t I ke, an
abnornalglngreggg a1 h Sﬁrgsguag %?ngﬁg Br%%gg %ng a fear of
damege to the de&hC%heE%aggl B! ¥s1hg the saésoﬂf ?yakgge agaphblary tube as
pressure reduci ng nmeans e sea i Nng anount rigerant is too

large asrdesegbPaAtabRYGeviheNa PEERSHESsion ratio becomes very high,
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and a temperature of the compressor itself and a
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
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
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
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



of the high side increases, pressure of a lowside is also increased to
rai se an evaporation tenperature of the 3 evaporator. Consequently, there
is a problemof inpossibility of reducing a tenperature of the cool ed
space to a desired low tenperature. SUVWARY OF THE | NVENTI ON Exanpl e
enbodi nents nmay i nprove cooling efficiency while preventing an abnor nal
increase in pressure of a high side in a cooling apparatus which uses
so-cal |l ed carbon dioxide as a refrigerant. Exanpl e enbodi ments may provide
a nmethod for setting a, refrigerant sealing anount, capable of inproving
cooling efficiency while preventing an abnormal increase in pressure |, of

a hi gh- SIe%Pef,»a@oﬁ.ocddn@gqa@Haif,t UhaMal 6B USBSoSPaf abd EhpsahiRPD: €} oXi de as
a refrigerant. In accordance with a first aspect of the present Invention,
t here i s pfovedediay coakinpgrappar afushe onprlicsl Bgaca td ef degerantl@ircuit in
whi ch a conpressor, a gas cooler, pressure reducing nmeans, an evaporator
and t he | tRBPa¥2tuonnected in an annul ar shape, and carbon dioxide is
sealed as a- refrigerant, wherein in a stable running state in which a
tenperature of a space to be cooled by the evaporator is cool, a tine

until a differe2ﬁ§$§§&m8§nnﬁyﬁm%hg§@gNinley tenperatures of the evaporator
~after a start o s wthin 1 degree is 5 mnutes or
nore to |ess .thapxafprd NeliRsdiments may improve cooling efficiency

while preventing an abnormal increase in pressure of a high

side in'.a cooling apparatus which‘ uses so-called carbon

dioxide as a refrigerant.

Example embodiments may provide a method for setting
a.-refrigerant  sealing amount, <capable of improving cooling
efficiency while preventing an abnormal increase in pressure
0f a high side of a cooling apparatus which uses so-called

carbon dioxide as a refrigerant.

In accordance - with a first aspect of the present
-invention, there is provided 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, wherein in a stable running state in which
a temperature of a space to be cocled by the evaporator is
cool, a time until a difference between outlet and inlet

 temperatures of -the ‘evaporator after a start of the
. compressor becomes within 1 . .degree is 5 minutes or more to

less than 20 minutes.



-3a- In accordance with a second aspect of the present invention, there is
provided a nethod for setting a refrigerant sealing amount in a cooling
apparatus conprising a refrigerant circuit in which a conpressor, a gas
cool er, pressure reduci ng neans, an evaporator and the |ike are connected
in an annul ar shape, and carbon dioxide is sealed as a refrigerant,
wherein in a stable running state in which a tenperature of a space to be
cool ed by the evaporator is cool, a 8&aling anount of the refrigerant is
set to such an anount that a difference between outlet and inlet
| tenperatures of the evaporator becones within 1 degree in tinme. of 5
| mnutes or nore to than |l ess than 20 mnutes after a start of .the
conpressor.. 4 |In exanple enbodi nents, the conpressor conprises a first
. conpressi ng el enermn aadbcadapcondichnpr essiong edsgreent ofivhticd poapsresses and
di scharges a refrigerant conpressed by the first conpressing elenment, the
pressure FBUBRFIRF nedA$rei s 18 c®PPVISRY tubemellirF t hEP®e aPetfinG her
di sposed an interquia e cooling circuit ich coals the refrigerant
Sepafnd o et

di schar ged “FFoRTIHE FPSt dofBrEtsi Yy 21 €ment’d AF4R 1P nfRlRAt t

exchanger ;whicgh;Bealn€Xehangas £, I fhikges a%mp!:?@é@dl% f4 oga L heogas: cool er
wth a refrigerant coming from the evaporator. BRI EF DESCRI PTI ON OF THE

. DRAW NGS pk&ssdré s radueinig geiant, CidrcUietragdobgt@am ahda the 1like are-

connected in an annular 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 sealing amount of the refrigerant is set to such an
amount that a difference between outlet and inlet
temperatures of the revaporator becomes within 1 degree in
time of 5 minutes or more to than less than 20 minutes after

a start of the compressor.




cool ing apparatus according to the present invention; FIG 2 is a view
showi ng changes in a speed of rotation for a conpressor, pressure of a
high side, a tenperature in the chanber of a refrigerator main body, and
an evaporation tenperature of a refrigerant in the cooling apparatus of
the invention; FIG 3 is a flowhart show ng rotational speed 5 control of
the conpressor by a control device of the cooling apparatus of the
invention; FIG 4 is a view showi ng changes in a speed of rotation for the
conpressor and pressure of the high sigfle 5 at the tinme 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 is a view showing a relation between a 10 target
evaporation tenperature and a tenperature in the chanber at each outside
air tenperature ifnt R&a6RAki NGbRARRRLRLYS tofe tdRRpLBYERET BBIpHldas B is a
vi ew show ng a change in the tenperature in the chanber in the cooling
appar at us fafst heompEedsivgntdlemenF| Gnds & ssecaride v ehows I8 nshadbasenin out | et
and inlet tegperatures of an evaporator of a_refrigerant and pressure of
aab g by

the high SM4E™ FOPRESEIOT i AG aPparattesor 3t hefT1awFehti GRPARTS

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 element, and an
internal heat exchanger which heat-exchanges a refrigerant
coming from the gas cooler with a refrigerant coming from

the evapcorator.

BRIEF DESCRIPTICN OF THE DRAWINGS

FIG. 1 is a refrigerant circuit diagram of a
cooling apparatus according to the present invention;

FIG: 2 1is 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
an evaporation temperature of a refrigerant in the coocling
apparatus of the invention;

FIG. 3 is a flowchart showing rotational speed



20 FIG 9 is a view showi ng changes in outlet and inlet tenperatures of an
evaporator of a refrigerant and pressure of a high side in the cooling
apparatus of a conventional cooling apparatus. 25 DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENT Next, the-pPeferred enbodi nent of the present
invention will be described in detail with reference to the 6 acconpanying
drawi ngs. A cooling apparatus 110 of FIG 1 conprises a condensing unit
100 and @ohtkblgetathe BBinPrebosy BPSa WBbEtrHECHEREca ePoties mai n body. The
cooling apparatus 110 of the enmbodinent is, e.g., a showase 5 installed
at a storeolIhgsappheatasrofethdoinvantidwgdy 105 is constituted of an

adi abatic wall of a showcase. The condensing unit 100 conprises a
conpressor 10, &IGas4casl arviewndbowiny dbBangesapnl| s aspeedbef 58 and t he

li ke, and is connected through a pipe to an evaporator 92 10 of a

refri ger apdatimannfpodyhe O8onpressobeand spregsuiheof cidmprivkglorside t he gas
cooler 40 and the capillary tube 58 <constitute a predetermned refrigerant
cirBuit 88gthpekimgj of sherbim@orator 92. That is, a refrigerant discharge
tube 24 of the 15 _conpressor 10 is connected to an inlet of the gas cool er
40. Here, accor8ifig Polfhe E#BYJFRENLINgt AcTebipieRshetWeeRsad nultistage
(two stages%_co ression t aﬁFrotary conpressor of an internal

i nt er medPaF8iffe %ﬁrEeTQ%Eg ePRd e’ RIIBRFL Resd RF XYAFLLRR For
refrlgergﬂéfcgggrggs £ef30£hé1%ooling 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 cooling 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



20 conprises an electric elenent disposed as a driving elenent in a sealed
contai ner (not shown), and first and second rotary conpressing el enents
(1st and 2nd stages) driven by the electric elenment. In the drawing, a
reference numeral 20 denotes a 25 refrrgerant introduction tube conpressed
by the first rotary conpressing elenent of the conpressor 10 to discharge
the refrigerant to the outside fromthe sealed 7 container first and then

to introduesmbhfiyifh b88WAREs] Nt cOHELSEC F&Ob @ Y1 00y 6sisd gL el ement .
One end of the refrigerant introduction tube 20 is communicated with a

cyl i nder compirisbewa) cohdéheifgcaenit I DO G ynd AP €881 drat ¢t it . The ot her
end of the refrigerant introduction tube 20 is conmunicated through an

i nt er redbatig L0bB| whiichChécomés 3o dospesanaim bdey gasToat®ylidly (descri bed
|later) wth the inside of the sealed container. In the drawing, a

r ef er encepparetas PPR0defiotke embddimerit i gey amigi nta ozhewaasme t ube for

i ntroducing the refrigerant into a cylinder (not shown) of the first
rotary éngpadisdngtetenboreof Thms cotipe essridéraie maih dfodhel 05
refrigerant introduction tube 22 is conmunicated with the cylinder (not
shown) oist@enstitutedtef yapoapiabatig Wsll| ehehtshowrasg her end of the
refrigerant introduction tube 22 is connected to one end of a strainer 56.
The strainer 56TREpEARASNEHAIf IRikr 300 (FRNBRLDT ot SOMRESSFAT Husts or

chips mxed in a refrjgerant s circulated in the
P a gas cooler (éhndens r) 40, a capillary tube 58 and the

like, and is connected through a pipe to an evaporator 92
10 of a refrigerator main body 105 (described later). The
compressor 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
i5 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 10
20 comprises an electric element disposed as a driving element
in a sealed container (not shown), and first and second
rotary compressing elements (1st and 2nd stages) driven by
the electric element.
| In the drawing, a reference numeral 20 denotes a
25 refrigerant introduction tube compressed by the first
rotary compressing element of the compressor 10 to

discharge the refrigerant to the outside from the sealed



refrigerant circuit, and conprises an opening fornmed on the 20 other end
side thereof and a filter (not shown) of a roughly conical shape tapered
fromthe opening toward one end side_thereof. The opening of the filer is
nounted in a state of being bonded™té a refrigerant pipe 28 connected to
the other end of the strainer 56. 25 Additionally, the refrigerant

di scharge tube 24 is a refrigerant pipe for discharging the refrigerant
conpr essednhninke Feeendanat ah¥nCeopPirssodgee! EnN@Ntet i gk -imgas cool er
40. The gas cooler 40 conprises a refrigerant pipe and a heat exchangi ng
fin di spahedskeandexohangeabhpressihg ectahenyer abme pepd. off hehe ef ri ger ant
pi pe 24 is conmmunicated 5 and connected to an inlet side of the refrigerant
pi pe of refirigesavbdolistrd@uciinonutsbee2@iisteopeunicaredonsdr &4 is

di sposed as a tenperature sensor in the gas cooler 40 to detect an outside
air tenpevainfer Thetoshewnd afrthechpernd uretaeyiseemmressindnnected to a
m croconputer 80 10 (described later) as a control device of the condensing
uni @ 100elpmeatei gEhanethepeend ebnhletBef rboerant it jREradytif t he
refrigerant pEBe whi ch constitutes the gas cooler 40 passes, through an

i nt er nal tHEAt 2Bx&FafigERushcatad threnshl an sipeermestate erobng

heat - exchanges a_refrigerant of a high ressure sjide fromthe second

rotary cﬁﬁﬁggégiﬁa ¢f afesed ﬁﬂiE%ei%g%i%@%%?5eﬁpff%ﬁﬁ?$&Péﬁi TFer 40 with

a with the inside of the sealed container.

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 thereof. The opening of the filer is mounted in a
state of being bonded to a refrigerant pipe 28 connected to
the other end of the strainer 56.

25 Additionally, the refrigerant discharge tube 24 is
a refrigerant pipe for discharging the refrigerant

compressed by the second rotary compressing element to the



refrigerant of a | ow 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 sinmlar8to the above to reach the capillary

tube 58 as di aphramm ng neans. One end of a refrigerant pipe 94 of the 25
refrigerator main body 105 is detachably connected to the refrigerant pipe
26 of thgagordensirngoynit 100 by a swage |ocking joint as connection

neans.

9 Meanwhile, the refrigerant pipe 28 connected to the other end of

the strainer 56 mThedghschabllgrcaoneompdites aheereigepentnpipe pend®4 by a
swage |l ocking joint as connection neans simlar to the above which is
passed 5at heatighxthanghtgr iih éapos«dhbegeredChangdabhy ttmwhdteto the
other end of the refrigerant pipe 94 of the refrigerator nmain body 105.
The refrirgéraigerdntchipge tThe Pdfihgévart pipei 2¢hbs geonmawpkeattad e sensor
70 disposed to detect a 10 tenperature of a refrigerant gas di scharged

f r ol t heaB8npepbBestedotoann inkefhspdesslirthewethnigorantmirel o det ect
pressure of the refrigerantgggs. These conponents are connected to the

m cr oconpli€egagocoqher 40y |

apetplde 25r ckrimReYatgre csemeen s/ 48k | | ary

tube 58 includes a refrigerant tenperature sensor 76 disposed to detect a
t enper at 81 8P8Fed 7812 LRPRPT2ERFP ngensor in the gas cooler 40 to

10

15

- 20

" 25

detect an outside air temperature. The outside air
temperature sensor 74 is connected to a microcomputer 80
(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 cooler 40
passes through an internal heat ekchanger 50. The internal
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
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 diaphramming means.
_A—_-\"_*——r_

One end of a refrigerant pipe 94 of the
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.



fromthe capillary tube 58. This conponent is also connected to the

m croconputer 80. Further, on the inlet side of the internal heat
exchanger 50 of the refrigerant 20 pipe 28, a return tenperature sensor 78
is disposed to detect a tenperature of the refrigerant comng fromthe
evaporator 92 of the refrigerator main body 105. This return tenperature
sensor 78 is also connected to the mcroconputer 80. 25 A reference
nuner al 40F denoMeenwhfide.f bheveafirhgerant pipe cod| epnectedat9-cool it. A
reference nuneral 92F denotes a fan for circulating a chill heat-exchanged
with 10 thpeoghapoendorf otheli spoatrer no& bcietarhakhipgonnsgctetk to
refrigerator main body 105 therein which is a space to be cooled by the
evapor at ShegyetpigerapbnetPeuttrlY B55WaRR ot ENG Ui IHE &%nsor for
detecting an energizing 5 current of the electric elenment of_ the conpressor

10 to CcHRPRBFLIORNTRRDS THENELIAT 467 the FMVedmish L R3i5%5 are
t t t i 80 of th i it 100,, whi | th
fanBosr Puttpuhctie i REoRel Heat Srordiodd STRads Mfachar tdf the
fri inb 05. 10 th ) t 80 i trol
o b8 o RbF PR e O GordE LS CEO R OO, 12 2 cont el
d|schargfe%§g$g£g{g£qmggﬁsg§%£qlo he hi gh pressure switch 72, ;ge ?E23|de

air t enpera e sensor refri ger ant t enper at ure sensor

return tenperat Uige SERERS gdBan i Sal HEngHEE CPtbS PE I ndPuads tEMPer at ure

sensor in the chanber
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 80.

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 sensor 78 is also connected to the
microcomputer 80.

25 A reference numeral 40F denctes a fan for venting
the gas cooler 40 to air-cool it. A reference numeral 92F

denotes a fan for circulating a chill heat-exchanged with



91 (described later) disposed in the refrigerator main body 105, and the
control device 90 as control neans of the refrigerator main body 105 are
connected to an input of the mcroconputer 80. Based on these inputs, the
m croconputer 20 80 controls a speedif “rotation for the conpressor 10
connected to an output by an inverter substrate (not shown, connected to
the output to the mcroconputer 80), and controls running of the fan 40F.

The cont thk dedp6€af8rob2t Aespessd ok ad cdud®i (ned doskyn JLGEF itid udes t he
tenperature sensor in the chanber 91 disposed to detect the tenperature in

t he chanfrefrigertaeopemalinrpodpnlio®l tikediiwipbsledid ;a cxpicen|td e - 11
tenperature in the chanber, a function disposed to stop the conpressor 10
and t he kbkéedBagethenevapseabvor p2s, A heefevencolnwessgale €D control s the
fan 92F, and sends an OV OFF signal through the signal line to the

m cr oconpaneteglaofusrent semsiensiony defectiDoy aw enprgiditiger ant of the
cooling apparatus 110, the aforenentioned carbon dioxide (CQ2) which is a
nat Bral chEFenfepfintheseleetria elemenferef i Phe ctompressny ndssfa o a gl obal
environment, conbustibility, toxicity and the like. 10 As oil which is

| Ubr i cat PRBEEST, TRBRLBS anpHhe €38 AQR R | the RRFEAN i FRASAT &3 ,2re

al kyl benzene oil, ether oil, ester oil or polyal kyl ene glycol, (PGA) is
used. HeFEINPRtefete obhe BickpcomRyted &P of r Gfi“g%ﬂ‘%ﬁﬂs’%}% W ed in the
conpr ess%o10W1f1:[](.)¢:£n @hesefrgrll C&Zﬁlazj.svecoorgnetchteed to a control device 90

xr

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

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



15 like (not shown). In a stable running state in which the tenperature in
the chanber of the refrigerator nain body 105 cooled by the evaporator 92
is cool, a refrigerant sealing anount of the cooling apparatus 110 is set
to such an anount that a tinme unti1 1d difference between outlet and 20
inlet tenperatures of the evaporator 92 after a start of the conpressor 10
becones within 1C (1 degree) is ina tine of 5 mnutes or nore to | ess

than 20 Wehe@tukB ihethbabh8mbEANI A0fShetfoh NAbEded Mo despperag ure in
the chanber is cool, normally, a difference 25 between the outlet and

i nl et teaphpabdses 0b &he eMBPRDIREOr Bdsé@SHecCthesd Youhehwied ekt the return
tenperature sensor 78 and the refrigerant tenperature sensor 76 is within

1C, 12 eandtaolelievgecant senlrolsatbenfamn S92Kl) usi@dsdmds uoh GNY ORFhount
that a tinme until the tenperature difference after the start of the

conpr esseigh8li threaghethe ssignalt iime ofo Sthenmikesconpwiozre 8b dfess t han 20
mnutes, to be sealed in 5 the refrigerant circuit. That is, after the

r ef bi ger §he tondensdngi wnihelOGonpressor 10 fromthe service val ve or not
(not shown) as described above, the conpressor 10 is actually started. A
time in which a 8sftheeneérbgenanh ofictbet reoling apparaltgstbhherat ures of
t he evaporator 92 respectively detected by the return tenperature sensor

78 and t kBerafergeeahioned noafhenr¢leehier (G&:)habdds i ehratrcals

neasur ed, gnd this time is adjusted. to be 5 'nt_es&)r_m)retolessthan
refrigerant is used in consideration o riendliness to a

global environment, combustibility, toxicity and the like.
10 As 0il which is lubricating oil, for example, existing oil
such as mineral o©il, alkylbenzene oil, ether o0il, 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  1like (not shown). In a stable running state in which the
temperature in the chamber of the refrigerator main body
105 cocled by the evaporator 92 is cool, a refrigerant
sealing amount of the cooling 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 rumning 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,



20 m nutes. 15 Now, changes in the output and inlet tenperatures of the
evaporator 92 and a state of pressure of the high side in this case wll
be described with reference to FIG 8. In FIG 8, a line Aindicates an
outlet tenperature of the evaporaF09292 detected by the return tenperature
sensor 20 78, a line Bindicates an inlet tenperature of the evaporator 92
detected by the refrigerant tenperature sensor 76, and a |ine C indicates
a changeand preeswfigepbntt beahigh amcent Abs sidjusted Ridc s@h tdre outl et and
inlet 25 tenperatures of the evaporator 92 are substantially equal to each
ot her befwmpunthéhataat thket et thnphestenpdiatdine iffdmnedaiiemressor 10
is started, the inlet tenperature of 13 the evaporator 92 is suddenly
reduced thegeharht efathdi ¢ompreeseos rbin ihereached ienpgerattime 9fh T his
case, cooling of the refrigerator main body 105 is acconpanied by a
gradual PéBUEEEOAT| MorRctouiees thape?@iiniligs ¢ Heo e Bl 6k 92, After
sufficient cooling of the chanber of the refrigerator nmain body 105, the
out Pet t ERpeFaftigesant gbreNbporator 92 approaches the inlet tenperature,
thereby setting a difference therebetween to be within 1C. Thus, if tinme

in which a diffefBAtelBet REERTt HR® TBEHLIPERNBntS| FP2teE etpelBfures of the
ot e ST TIREN ST MR ot ERE AT

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 sensor 76 becomes within 1°C is measured, and
this time is adjusted to be 5 minutes or ﬁore 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




of the high side never exceeds design tenperature of the device or the
like as indicated by the line Cof FIG 8. 15 If tinme in which a difference
between the outlet and inlet tenperatures of the evaporator 92 is within
1C is shorter than 5 minutes as im ti%e -conventional case, this case is a
state in which a refrigerant sealing anount in the refrigerant circuit is
| arger than an anmpbunt of a 20 refrigerant sealed in the cooling apparatus

110 of thae ep4pbtheBr 9heidr 8588661 Pf rédiecdd Obo Sqéteetstabmor mal |y
increased as indicated by a line C of FIG 9 to exceed the design

pressur edeffebendevEeomseheOobut het highpgreissts ¢ sitlethicresdd ng a fear of
damage to the device in a worst case. 25 Incidentally, in FIG 9, aline A
i ndi cat esoahingt bt théepperayearetof mdnen dvadwrHris aadcompBiiachdixat es an
inlet tenperature of the evaporator 92, and the line C indicates { 14 a
change i a ghadpagsvedecbionhénhtiyd sutket | fenperatyre | eff ythaibe 58 is used
as pressure reducing neans as descri bed above, an increase in the

pr eBsur eevfipohatargh2si daf terasebipaiert ¢yoking ef cthe ¢hampehofpressure
of the I ow side. Consequently, the evaporation tenperature of the

evapor at BhepeeSrigeraar meieabedy HHr obrerpwilehpbperatuse &t r educi ng
the tenperature in the chanber of the refrjgerator main bod 105 to a
desired FBY PEARRFAEAF 092 18PRFCAREHIHRS HARL T9MRETREYT e HTRIAI i ng

anount is set such, that tinme in which a differengc etween t he
settfﬁg a difference therebetween to bhe wiéi%% fM%.

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 FIG. 8.
15 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
the refrigerant circuit is larger than an amount of a
20 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 side,
creating a fear of damage to the device in a worst case.
25 Incidentally, in FIG. 9, a line A’ indicates an outlet
temperature of the evaporator, a line B' indicates an inlet

temperature of the evaporator 92, and the line C’' indicates



outlet and inlet tenperatures of the evaporator 92 is wthin 1C can be set
| onger than 20 minutes, this case is a state in which a refrigerant
sealing amount in the 15 refrigerant circuit is smaller than an anount of a
refrigerant sealed in the cooling appgdratus 110 of the invention. An
anount of a refrigerant evaporated by the evaporator 92 is too small to
sufficiently cool the chanber of the refrigerator main body 105, reducing

cooling 20cahhyel eACYnkl prEgLABCEEI EhENEYdn &adecially, if the carbon
dioxide refrigerant is used, a conpression ratio becones very high, and it
is difficult torgbtakncdpsinadyceabbngseisi esedcys (presgury efficiency)
because a tenperature of the conpressor 10 25 itself or a tenperature of a

refriger aaugafngdnéahsr geddesstObédecatb@fd | gt aiicredsaliin bgeonmes hi gh.
However, according to the invention, the time in 15 which the difference

bet ween phessutéecbfabteihigh sidepbs adceaspaiiddeevaportmgasd s Wit hin
1Cis set to 5 mnutes or nore to less than 20 mnutes after the start of

t he5conpkbsspresgurédhos, the lewpside bl eComsgquearenty antlse abnor mal i ncrease
in the pressure of the high side, and to suppress a reduction in cooling
ef fi ci enéyapsratiton akempeosstre af thwvevappai@r edirgeflorgh, it is
possible to inprove performance while enhancing reliability of the cooling
appar at usreabing oz pLghlem @Esinpreseihbbityi okirAwsinhietheef ri ger ant .

temperature in the chamber of the refrigerator main body
105 to a desired low temperature.

10 _ 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
a state in which a refrigerant sealing amount in the

15 refrigerant circuit is smaller than an amount of a
refrigerant sealed in the cooling apyaratus 110 of the
invention. An amount of a refrigerant evaporated by the
evaporator 92 is too small to sufficiently cocl the chamber
of the refrigerator main body 105, reducing cooling

20 efficiency (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
efficiency) because a temperature of the compressor 10

25 itself or a temperature of a refrigerant gas discharged
into the refrigerant circuit becomes high.

. However, according to the invention, the time in



Moreover, it is possible to easily set an optimal refrigerant sealing
anount by deciding the refrigerant sealing anount in the refrigerant
circuit as described above. 15 Meanwhile, the refrigerator nmain body 105
is constituted of an adiabatic wall & -a whole, and a chanber as a space
to be cooled is constituted in the adiabatic wall. The duct is partitioned
fromthe chanber in the adiabatic wall. The evaporator 92 and the fan 92F
are 20 awhaopethendihfetette Hdeweympciatant 3t conprirtles: t he refrigerant

pi pe 94 of a meandering shape, and a fan (not shown) for heat-exchangi ng.
Bot h endtemperhturesrofjetiamtevapgeaBsr 02 detvwaictiall yl°Consestedtbo5t he
refrigerant pipes 26, 28 of the condensing unit 100 by the swage | ocking
25 j oi ntmipateshonnjors teshedbhethab®e miNaxtes dedid pgiheos et dfe nade of
an operation of the cooling apparatus 110 of the invention constituted in
16 the thecgonphessemckO wi tThyef ekerice ReFHES to trever @n 2 s a view
showi ng changes_in a speed of rotation for the conpressor 10, pressure of
a hF‘gh s@%?rmﬂ%iﬁ%c%'%ﬁ'ﬁﬁﬂd! uEhe pesHiEre Ok ithe High Iﬁi'iqe-b(ﬁ!’sﬂ @5, and
evaporation 5 tenperature of the refrigerant in the evaporator 92. FIG 3
is a floHEPRFESSRWRNGtIghtiy copkind i tiansy as dMsdb@futer 80. (1)
‘Start of cqur ssor contro] \Wen a start switch (not shown) disposed in the
possible as shown in FIG. 8.
Therefore, it is possible to improve performance
while enhancing reliability of the cooling apparatus 110
.10 . 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 amcunt in the refrigerant circuit as described
above.
15 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 is partitioned from the chamber in the
adiabatic wall. The evaporator 92 and the fan 92F are
-20 -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
26, 28 of the condensing unit 100 by the sWage locking
25 - joint (not shown) as described above.

Next, description will be made of an operation of

the cooling apparatus 110 of the invention constituted in




10 refrigerator main body 105 is turned ON or a power socket of the
refrigerator main body 105 is connected to a power outlet, power is
supplied to the mcroconputer 80 (step Si of FIG 3) to enter initial
setting in step S2. In the initial séfting, the inverter substrate is 15
initialized to start a program Upon the start of the program the

m croconputer 80 reads various functions or a constant froma ROMin step

S3. I n theer fadeggihgonnhher WO ofeSéends8, td @EES omltspred HIH.or mat i on
ot her than a highest speed of rotation for the conpressor 10, and a 20

par anet e fdeacribedshaving cleaegsarin farspsdd wiatroigptaiothifighedthespeed of
rotation (step 513 of FIG 3) are read. After conpletion of the reading
from t hecR@renserepl S3pvésFieE Gf a Heigh siobonputsside8Cepmsomdarre o step 4
to read sensor information of the discharge tenperature 25 sensor 70, the
out si de afrthenpefnigeratengeriypodhel 05 efandyeavanonadigdy at ure sensor 76,
the return tenperature sensor 78 or the |ike, and a control signal of the
pre8sur etempesat gEd 9D thecrefmigeraniyrin Hhe sdapPEator (e  Mi&-oconput er
80 enters abnornality determ nation of step S5. In step S5, the

ni cr oconput-@ra sHl eeRaRt nekowing g sRP I loPeFatiIRe Heddifre switch 72, a
tenperature detected by each sensor, a current abnornmality or the I|ike.
Here, i fMEGCAPHBRPWEST (801 s discovered in each sensor or a current val ue,

or if the pFESSUff)S§4£§p ZE éghé%ggségm%ontrol
When a start switch {(not shown) disposed in the
10 ' refrigerator main body 105 is turned ON or a power socket
of the refrigerator main body 105 is connected to a power
6utlet, power is supplied to the microcomputer 80 (step S1
of FIG. 3) to enter initial setting in step S2.
In the initial setting, the inverter substrate is
- 15 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 S$3. In the reading from the
ROM of step S3, rotational speed information other than a
- highest speed of rotation for the compressor 10, and a
20 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 54
to read sensor information of the discharge temperature
25 sensor 70, the outside air temperature sensor 74, the
refrigerant temperature sensor 76, the return temperature

sensor 78 or the like, and a contrel signal of the pressure



m croconputer 80 proceeds to step S6 to light a 10 predeterm ned LED (I anp
for notifying an occurrence of an abnormality), and stops running of the
conpressor 10 at the time of its running. Incidentally, the pressure
switch 72 senses an abnormal increadd of the pressure of the high side.
The switch is turned OFF when pressure of the 15 refrigerant passed through
the refrigerant discharge tube 24 becones, e.g., 13.5 MPaG or higher, and

turned Obwagahn72WheRet gveressuse Hiee ommce 9. WNBAG e | ower. Thus, upon
notification of the abnormality occurrence in step S6, the m croconputer
80 st andmibyotompate?08pr enetes naiesrha ety adeltdineinateton nef tskegtep Si to
repeat the aforenentioned operation. On the other hand, if no abnormality
is recog8bzed in the tenperature detected by each sensor, the current
value or the like, and if the pressure switch 72 is ONin 25 step S5, the
m croconput er 80Iprstepd§5t otkeepiSrocomputer 3@edetrminesiet er m nati on
(described later). Here, if a need to defrost the evaporator 92 is

det &r mi nEBrning Q3/ONF cebcthd PEesBOCY rPtEEls Td. & demgeRialitieop t he
running of the_conpressor 10, and repeats the operation fromstep S4 to
step SO GRtEFtednpY ceach PNIGR. RIFYHSHy FrnaEtHhar the stidiP-so. 5 n
the other hand, if no need to defrost the evaporatqor 92 is determned in

step S7,HgFe; 1t Rrremmatbnhl Bt i BT YR LR RAFH FOYY & A he

I Cr r )
me Oconggéféngqvalue, or if the pressure switch 72 is OFF, the

microcomputer 80 proceeds to step S6 to light a

10 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
side. The switch is turned OFF when pressure of the

15 refrigerant passed through the refrigerant discharge tube
24 becomes, e.g., 13.5 MPaG or higher, and turned@ ON again
when the pressure becomes 9.5 MPaG or lower.

Thus, upon notification of the abnormality
occurrence in step 56, the microcomputer 80 stands by for a

20 pPredetermined time, and then returns to step S1 to repeat
the aforementioned operation.

Onn the other hand, if no abnormality is recognized
in the temperature detected by each sensor, the current
value or the like, and if the pressure switch 72 is ON in

25 step S5, the microcomputer 80 proceeds to step S7 to enter
defrosting determination (described later). Here, if a

- need to defrost the evaporator 92 is determined, the



proceeds to step S10 to calculate rotational speed holding tine of the

conpressor 10. 10 (2) Rotational speed hol ding control of conpressor

Here, the rotational speed hol ding of the conpressor 10 neans runni ng

t her eof

step S3

start

while the mcroconputer 80 H& ds a speed of rotation |ower than a
| owest speed of 15 rotation for a predetermined tinme at the tine of
starting. That is, the mcroconputer 80 sets a target speed of rotation
wi t hi n amianrgeomputichi gheptospedsl bd sve@tsdHnto (MogHzheohtmimiedy iaf
cal cul ation of a highest rotational speed of step S13 (described |ater)

duri ng nbheatompnasagr2D0ansnd repwsts speedpdratotat i orom edebtbéfdor ehand in

to run the conpressor 10. At the tinme of starting, however,

m cr oconpat ekeB0SAohdtih spuptebion cofit flom defestinm ig Hlelegmined

r ot ati onal

t he

speed for a predetermned tinme before the |owest rotational

speed i siRe@8EARASPeo run the 25 conpressor 10 (state of (1) of FIG 2). For
if the [owest rotational speed read. fromthe ROMin step S3 of

exanpl e,
FIG 3,

t he ni cr 8Bokpat efhgp band, 1K A BeRPeky WEFRFhariRfMh (25 Hz

according to the enbodinent) equal to/lower_ than 90%of 30 Hz for a
predet er AYARATEEHE 29 FRrdeHerbigs ek ot tam SThPTpth AERH MY | pe

described in detail with 5 reference t G,4. 1f the ni ter 80
starts POMIAGLE 1R ACtrmriied s 5 vt o e A0

. proceeds to step S10 to calculate rotational speed holding

10 .

time of the combressor 10.

{2) Rotational speed holding control of compressor

.start

15

20

25

Here, the rotational speed holding of the
compressor 10 means running thereof while the microcomputer
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
speed of step S13 (described later) during normal running
and a lowest speed of rotation read beforehand in step S3
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 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

from the ROM in step S3 of FIG. 3, the microcomputer 80



speed of rotation w thout holding a speed of rotation |ower than the

| owest rotational speed for a predetermned time different fromthe
conventional case, pressure of a high 10 side suddenly increases at the
time of starting as indicated by a BPoken line of FIG 4, and there is a
fear that design pressure (limt of withstand pressure) of the device,
the pipe or the like disposed in the refrigerant circuit nmay be exceeded

in a worBbldase. spesdnphgrétatien 1629 aesicapakichgfta ditef i on i s preset to
30 Hz or lower to run the conpressor 10, if the rotational speed is

| ower ed ewbodim&@t Hzequel ngo £ Lowemgthah et oot (B0s He dicebleem of a
considerable increase in noise or vibration generated from the conpressor
10. 20 Hevedetermined etine rioeonputie sompressdre 10onpressor 10 by hol di ng
the speed of rotation (25 Hz) |ower than the |owest rotational speed for a

predeterm ned tThe 2e9ve estake réihbl i bmadesgrilipdiin Het@inpreddor 10
reaches a predeterm ned rotational speed at the tinme of 25 starting as

i nd? cat EEESEENSRD| 1R Fide bf Al the miciaocompdan, 80 Fafktévent an abnor mal
rincrease in the pressure of the high side. ZQ _Adstion%!I , .since ;he
rot at i onBfPRIR@ PR CEMRIRSH oW B 1O dter i Furlri g L 9ESs possible to
PUPPY oS RNER P75 DAL AT SR A B st
in the C&Eﬁﬁ”%héﬁlgggﬁt rotational speed for a predetermined time
different from the conventional case, pressure of a high
10 side suddenly increases at the time of starting as
indicated by a broken line of FIG. 4, and there is a fear
that design pressure (limit of withstand pressure) of the
device, the pipe or the like disposed in the refrigerant
circuit may be exceeded in a worst case. Assuming that a
15 lowest speed of rotation is preset to 30 Hz or lower to run
the compressor 10, if the rotational speed is lowered below
30 Hz during running, there occurs a problem of a
considerable increase in noise or vibration generated from
the compressoxr 10.
20 However, if the microcomputer 80 runs the
compressor 10 by holding the speed of rotation (25 Hz)
.lower than the lowest rotational speed for a predetermined
time before the rotational speed of the compressor 10
reaches a predetermined rotational speed at the time of
25 starting as indicated by a solid line of FIG. 4, it is

possible to prevent an abnormal increase in the pressure of

-the high side.




refrigerator main body 105 which is a tenperature of the space to be

cool ed by evaporator 92 in step S10. That is, according to the enbodi nent,
if a tenperature in the chanber detected by the tenperature sensor in the
chanber 10 91 as a cool ed state serisd? is equal to/lower than +20C, the

m croconputer 80 runs the conpressor 10 by holding its rotational speed at
25 Hz for, e.g., 30 sec., and then increases the rotational speed to the

| owest rotationaladdipgenallde,Heintst 8he 8bthBlohalFfeed)nevdr ot her words,
if 15 the tenperature in the chanber of the refrigerator main body 105 is

equal todrowsr bbhew 3808z Auittnyerahniwgj sitois possiteleviapor ator, and
there are many refrigerants. Thus, even without setting a holding tinme so
| ong, ansappuessl evencnease on vikerptbesufconfthdecimppesiale Idan be

prevented 20 to shorten the holding tinme. Accordingly, since it is
possi bl e to tran¥fawthey, ndheaholdingi bime efethecoatabionphsereed hi ghest
and | owest rotational speeds within a short tine, the chanber of the

r ef Pi ger &fofegafipdbbagedosn the bemperakuye cbal the gmampeyr ghrideit s
‘possible to prevent an abnormal _increase in the pressure of the high side
‘whil e suppfedgprgton ainchedy 195 coishglerdi EpmpRYATH ] X (18 i ger at or

main 21 - body 105 as nuch as possible. On the other hand, .if the
tenper at SPBCENtPHRE CRAHBEr PRt RRYELER  t 1 1RnPEFR Y sefhdt ¥ the

- chamber 345t 8105 98 thd A edd® 11 O OCSHPE SHu ) i thd Ne
- chamber detected by the temperature sensor in the chamber
.10 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., énd-then
"increases the rotational speed to the lowest rotational
speed (30 Hz) (state of (2} in FIG. 3). In other words, if
15 the temperature in the chamber of the refrigerator main
body 105 is egqual to/lower than +20°C, a temperature is low
in the evaporator, and there are many refrigerants. Thus,
even without setting a holding time so long, an abnormal
increase in the pressure of the high side can be prevented
20 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 refrigerateor main body 105
can be quickly cooled.
25 Therefore, it is possible to prevent an abnormal
- increase in the pressure of the high side while suppressing

a reduction in cooling efficiency in the refrigerator main



5 conpressor 10 by holding its speed of rotation at 25 Hz for 10 sec., and
then increases the speed of rotation to the |owest rotational speed. If
the tenperature in the chanber of the refrigerator nmain body 105 is higher
than +20C, a state is unstable in'TH@-Féfrigerant cycle and the pressure
10 of the high side is easily increased. In other words, if the holding
tinme is 30 sec. as described above, the holding tinme of the rotational
speed i sbbdy 206r st mupheasnpoasibadnormal increase in the pressure of the
hi gh side. Thus, by extending the holding time to 10 m nutes, it is
possi bl e 15 to stmeltheppthent hthd, abfiothel temperaterefinhthdii gh pressure
side, and to secure a stable running state. Therefore, after the start of
t he conprbsmber dhtentedobynple ctemperaiizre tseyseb| i nghe ehamhest | onal
speed at 25 Hz for the predeterm ned tinme before the | owest 20 rotational
speed i s9ted8hbéghandthappe?f L c gy @iageconpt@m$d imweshi®ed on t he
tenperature in the chanber of the refrigerator main body 105, whereby the
abndr mal CPMBFESERT 1R PYehplding ttoisperd hphratakelen bl 2Hedqyel v
prevente and reliability and performance of the cooljng 25 aratus 110
can be iﬂﬁrﬁ?@dr ﬁ?@th?ﬂel?%¥%.?%ﬁaﬁh%p%%ﬁp%d?%i?EF?F%R&%%Ot conpr essor

L0 1 SRS ot PRERGD AEed SPEL AN bbb B £ BE bl P SIO
10 in stgp Bld- refPPPerd PSr MM Wody Fod W dAindS GRIPY AP Gh the
state is unstable in the refrigerant cycle and the pressure
10 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,
by extending the holding time to 10 minutes, it is possible
.15 to surely prevent the abnormal increase of the high
DPressure side, and to secure a stable running state.
Therefore, after the start of the compressor, the
microcomputer 80 runs it by holding the rotational speed at
25 Hz for the predetermined time before the lowest
20 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
prevented, and reliability and performance of the cooling
25 apparatus 110 can be improved.
After the rotational speed holding time of the

compressor 10 is calculated based on the ftemperature in the



holding time calculated in step 510. If the running tine 5 fromthe start
of the conpressor 10 is shorter than the holding tine calculated in step
510, the process proceeds to step 512. Here, the mcroconputer 80 sets the
af orenenti oned starting tinme Hz of -222Hz equal to a target rotationa

speed of the conpressor 10, and proceeds to step 10 520. Subsequently, in
step 520, the conpressor 10 is run at a rotational speed of 25 Hz by the

| nverter cAURBLEALR 8BepU8BETSPORIE A £as T ol fhed RYb e Stild Of the
el ectric el enent of t%e conpressor 10 at the aforenentioned rotational

speed, amjdPob6mphEraBh Eastekesk | Eémpidesdy IS0 Pidtiap GANPr essi g,
el ement of the conpressor 10 to be conpressed, and then discharged into

the seal eHefONtRENLERNTHE {Hhé | BIRIANtafats s e dmtthd he seal ed
container enters the refrigerant introduction tube 20, and goes out of the

conpr esspoldfngotiméd EaDyuidtedthe stéprswrl atef aom imgucing Wime35. The
I ntermedi ate cooling circuit 35 radiates heat by an air cooling system

whi be paBsomgthérstight tdf goes canpees«ddr 10Acorslionfier; tdarcetehe
refrigerant sucked into the second rotary conpressing el ement can be
cool ed, bol@sngetjpmee atalteulavedase shep HBlGuphegsarbdess troasedsed
contai ner, and conpression efficiency of the second rotary conpressing
el enent tansberi$b? ovdierabridvy aricrecompir @k Hafie the suppress a

tenperature increase of the refrigerant cquressed by the second rotary
conpr essdfgrementioned starting time Hz of 25 Hz equal to a target

rotational speed of the compressor 10, and proceeds to step
10 ‘520. Subsequently, in step $20, 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
the compressor 10 at the aforementioned rotational speed, a
15 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
introduction tube 20, and goes out of the compressor 10 to
20 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
second rotary compressing element can be cooled, a
25 temperature increase can be suppressed in the sealed
container, and compression efficiency of the second rotary

compressing element can be improved. Moreover, it is



el ement to be discharged. Then, the cooled refrigerant gas of internediate
5 pressure is sucked into the second rotary conpressing elenent of the
conpressor 10, subjected to conpression of the second stage to becone a
refrigerant gas of high pressure and3ahigh tenperature, and di scharged
through the refrigerant discharge tube 24 to the outside. By this tinme, 10
the refrigerant has been conpressed to proper supercritical pressure. The

refriger ppksgaledischbapgedssraméhgerdehré obicidash sehartge tube 24 fl ows
into the gas cooler 40, radiates heat therein by the air cooling system

and t henrefasgesathr coghréheed nber tisd decdn@ xohicace rcdibrddesaingpf the 15
refrigerant is renoved by the refrigerant of the low pressure side there
to be fueiewentobbebe @tsabzeged.the presence of the internal heat
exchanger 50, the heat of the refrigerant discharged out of the gas cooler
40 to pass throu@henhethat epndédheefrigeranhaggerobOinermeiaie by t he
refrigerant of the low pressure side, and thus a supercooling degree of

t he3 refPrgesare bacenekediger Hie Seeni@spofaiNECArIARSING a result,
the cooling efficiency of the evaporator 92 can be inproved. 25 The

refri ger%%gmﬁﬁg of the FPEPressul®. ssWeiedinrd &P IruRreSSHaY 9l heat
exchangey, 50 i s passed through the strainer 54 to reach the capillary tube
58. The 22° ‘Tb?‘é%’g‘ar%t%?et% MY FRETISRRY P9 PR M api 1 1 ary

pressure and a high temperature, and discharged through the
_refrigerant discharge tube 24 to the outside. By this time,

10 the refrigerant has been compressed to proper supercritical
pressure. The refrigerant gas discharged from the
refrigerant discharge tube 24 flows into the gas cooler 40,
radiates heat therein by the air cooling system, and then
passes through the internal heat exchanger 50. Heat of the

15 refrigerant is removed by the refrigerant of the low
pressure side there to be further 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

20 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.

25 The refrigerant gas of the high pressure side
cooled by the internal heat exchanger 50 is passed through

the strainer 54 to reach the capillary tube 58. The



tube 58, and then passed through the swage | ocking joint (not shown) to
flow fromthe refrigerant pipe 94 of the refrigerator main body 105 into
the evaporator 92. The 5 refrigerant evaporates there, and sucks heat from
surrounding air to exhibit a cooling2function, thereby cooling the chanber
of the refrigerator main body 105. Subsequently, the refrigerant flows out
of the evaporator 92, passes fromthe refrigerant pipe 94 through 10 the

swage | opkbBguir8i BE thAt r&RPVgeriRt el eloddifed I & rier@dyi N, 26 of the
condensing unit 100, and reaches the internal heat exchanger 50. Heat is

removed tuB® B¢ ah@f thef! pAtsed tREolgwhtid essade Bodleiddejdintand the
refrigerant is subjected to a heating operation. Here, the 15 refrigerant

evapor at ¢floby shben §vaporabwr £98m t thdecorei dewant rpiwaet ajfinthe and
di scharged therefromis not conpletely in a gas state but in a state of
bei ng m xefiriwéhatoti maid. bodipweeerintdethefevassrator s8passHek t hr ough t he
i nternal heat exchanger 50 to be heat-exchanged with the refrigerant 20 of
t heShi ghrefrigeranti eeapanatesushehe, raid i geckstheast fisamted. At a point of
this tinme, the refrigerant is secured for a degree of superheat to becone
a gas cowupreurfiyng Astor tid neklyibit it ecodbineffuneiion. cdmreb¥romthe 25
evaporator 92 can be surely gasified, wthout disposing an accunulator or
the |ikeconling thoy phamber c0f|the refyikgerpiey pain Pai etQp prevent |iquid
backing in which a |liquid 25 )
Subsequently, the refrigerant flows out of the
evaporator 92, passes from the refrigerant pipe 94 through
10 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
refrigerant is subjected to a heating operation. Here, the
15 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
heat exchanger 50 to be heat-exchanged with the refrigerant
20 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.
Accordingly, since the refrigerant coming from the
25 evaporator 92 can be surely gasified, without disposing an

accumulator or the like on the low pressure side, it is

possible to surely prevent liguid backing in which a liquid



refrigerant is sucked into the conpressor 10, and a problem of danmage
given to the conpressor 10 by liquid conpression. Therefore, it is
possible to inprove reliability of the cooling apparatus 110. 5
Incidentally, the refrigerant heated2By-the internal heat exchanger 50
repeats a cycle of being passed through the strainer 56 to be sucked from
the refrigerant introduction tube 22 into the first rotary conpressing

el enent péridgeLORPr £S5 SAHcKdl ik d InLYHnpestforc hangenid ahipglaesemspeed of
rotation for conpressor based on outside air tenperature Wen tinme passes

from t heoSt @amhag@ngtitdie ol Gompresddiud of ay Ndauids dompriesisdong ti me
calculated in step S10 of FIG 3 in step Sil, the m croconputer 80

I ncr easeBhdbefdree y aifati s ssifdad tof inperovepreddistni 1§yt eft kbel owest
rotational speed (30 Hz) (state of (2) in FIG 3). Then, the m croconputer
80 proceeoslingnppemtSld tl®.step S13 to cal cul ate a hi ghest speed of
rotation (MaxHz). This highest rotational speed is cal cul ated based on an
out®ide 20 air Imnepdentaily detheztrefmigerantohested Ay thenperature sensor
74. That is, the mcroconputer 80 |owers the highest rotational speed of

t he conpkeernall gt erchanasnd hirepaadigpar SVeHe @&t deld@ PRSSRE out si de
air tenperature sensor 25 74 is high, and increases the highest rotational
speed tHEFRgh jthe FErRINGTS 6t { eroq [thg refeigegradt

rotational speed is calculated within range of preset .
intréﬁuction tube f% into the first otary compressing

element of the compressor 10.
10 ' (3) Control of change in highest speed of rotation
- for compressor based on outside air temperature

When time passes from the start, and the running
time thus far reaches the holding time calculated in step
S$10 of FIG. 3 in step S11, the microcomputer 80 increases

15 the rotational speed of the compressor 10 to the lowest
rotational speed (30 Hz) (state of (2) in FIG. 3). Then,
the microcomputer 80 proceeds from step S10 to step 513 to
calculate a highest speed of rotation (MaxHz). This
highest rotational speed is calculated based on an outside

20 air temperature detected by the outside air temperature
sensor 74.

That is, the microcomputer 80 lowers the highest
rotational speed of the compressor 10 if the outside air
temperature detected by the outside air temperature sensor

25 74 is high, and increases the highest rotational speed
thereof if the outside air temperature is low. The highest

rotational speed is calculated within a range of preset



26 upper and lower |imt values (respectively 45 Hz and 30 Hz according
to the enbodinent) as shown in FIG 5. This highest rotational speed is

|l owered in a linear functional manner when the outside air tenperature

i ncreases, and 5 increased in the sa#® manner when the outside air
tenperature decreases as shown in FIG 5. If the outside air tenperature is
high, a tenperature of the refrigerant circulated in the refrigerant
circuit HEFERESndi PowdP TS AL RS Y HiidEilvely ig%CiRASMd B0t R pressure
of the high side. Thus, by setting the highest speed of rotation low, it

I S possidtCordDngr £y ethe tdibaDinEe) dNirAse in FIie [m.esqwis of the high
side as nuch as possible. On the other hand, if the outside air

t enper athiighe st | Dot atiend e gereaad uirse Jafwedredd in reeflhiingerafuunctiomadt ed in t he
refrigerant circuit is lowto nake an abnormal increase difficult in the
pr essur enainehevhén gthesidetsidrusain ttampogudging dnoreases;. handi ghest speed
of rotation high. Therefore, since a target speed of rotation 20 (descri bed
|at®r) bieoresseduin the | same mannen vden diesoutsdis iaddal speed, by
setting the highest rotational speed to a value in which an abnornal

i ncr easetemperd iy decreagaem ai &dnwe iof Rlfe Wi-gh side, it is possible to
effectively prevent the abnormal increase in the pressure 25 of the high

side. (4) Targetl®vEpRrattoife dhidertAnReraldHia ois 44igb. a

temperature of the refrigerant circulated in the

refrigerant circuit becomes high fto cause an easy abnormal

10 -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
outside air temperature is low, the temperature of the

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

Therefore, since a target speed of rotation

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

25 of the high side.

{4) Target evaporation temperature control at

evaporator




evaporator 27 After the highest speed of rotation is decided in step S13
of FIG 3 as described above, the m croconputer 80 proceeds to step S14 to
calculate a target evaporation tenperature Teva. The m croconputer 80
presets a target 5 evaporation tenpeldture of the refrigerant at the
evaporator 92 based on the tenperature in the chanber of the refrigerator
mai n body 105 detected by the tenperature sensor in the chanber 91, and

sets the target aetali efal hi§RESE ¥hédd Mot hEot@PD6n Ofs tdeciughest and
| owest rotational 10 speeds of the conpressor 10 so that an evaporation

t enper at ge@pof1shefreici ger agt daddcivbddsaddeyn thyd anidiocetaptemtser 92 can
be the target evaporation tenperature, thereby running the conpressor 10.
Then, thproteeasobtpustep89lsets Galaulete & Stawpporetapordtdmer ature of the
refrigerant at the evaporator 92 in a relation of being higher as the

t enper at tempenatiee chavder The hiimrcdasetbnB( Epregadnper dtangeli n t he
chanber detected by the tenperature sensor in the chanber 91. Cal cul ation
of Bhe teavaporabienapemperaturenpertherrefisigerant k% @dse is carried out
in step S15. That is, of Tya and Tyc cal cul ated by two equations of
Tya=Txx(®8aperatandd Tybagad @n-the tempemature Hunghe hamhgnuefis set as a

target evaporation tenperature 25 Teva._lIncidentally, in the equations, Tx
denot es Bhe refrigerator main bedy 105 detected by the temperature

sensor in the chamber 91, and sets the target rotational
" speed within the range of the highest and lowest rotational
io speeds of the compressor 10 so that an evaporation
temperature of the refrigerant which has flown into the
evaporator 92 can be the target evaporation temperature,
thereby running the compressor 10.
Then, the microcomputer 80 sets a target
15 evéporation 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
sensor in the chamber 91. Calculation of the target
20 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 smaller
numerical value is set as a target evaporation temperature

25 Teva. Incidentally, in the equations, Tx denotes a
temperature in the chamber (one of indexes indicating the

cooled state of the chamber which is a space to be cooled)



tenperature in the chanber (one of indexes indicating the cooled state of
the chanber which is a space to be cooled) 28 detected by the tenperature
sensor in the chanmber 91, and z { denotes a value (z=Tr (outside air
tenperature) -32) obtained by subtTt&®ting 32 (degrees) froman outside air
tenperature Tr detected by the outside air tenperature 5 sensor 74. FIG 6
shows changes in the target evaporation tenperature Teva at +32C, +35C and

+41C of hBeecewbkal g9 tﬁértéﬂgpﬁé&&#é eSedéoreteciiesl dhamde: qut Sif a r

tenperature sensor 74 in is case. As shown in FIG 6, a change in 10 the

target edapetaki anvhrape(ainre(devaidetaly tdmpalomare euEd) ons after a
change in the tenperature in the chanber 1is small in a region of a high

i nsi de t ebpaiatar by T¥ubthdching hBngededgrédie) tfaraetarevwaporiatd Gy enperat ure
Teva after a change in the tenperature in the chanber Tx is large in a 15
regi on otempkoatunsi Tz detpetad e ke dinedide,aihetenpsrmedonmut er 80
corrects the target evaporation tenperature Teva high if the outside air

t enper at aepsdr détected by the outside air tenperature sensor 74 is high,
and corrects the target evaporation 20 tenperature Teva based on the
outsi de air tenpEIGtupeshawa chaggen o bhﬁl@ﬁrg%ﬁqﬁWQﬂQﬁéi%ﬂnthe cool ed
space detected by the tenperature sensor in the chanber 91. Now, the

t ar get eVﬁ‘BB?E@'F‘éﬁet%?r%r at ur32Fovd MEnander B4iGi e Hig outside

air temperatures Tr detected by the outside air temperature
sensor 74 in this case. As shown in FIG. 6, a change in

10 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
change in the temperature in the chamber Tx is large in a

15 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
sensor 74 is high, and corrects the target evaporation

20 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
temperature is +32°C is described. When the temperature in

25 the chamber is +7°C or higher, a drop in the temperature in
the chamber is accompanied by a relatively slow reduction

~in the target evaporation temperature Teva. When the



tenperature is +32C i s described. Wien the tenperature in 25 the chanber is
+7C or higher, a drop in the tenperature in the chanber is acconpani ed by
a relatively slowreduction in the target evaporation tenperature Teva.
Wien the 29 tenperature in the cham8 -is |ower than +7C, a drop in the
tenperature in the chanber is acconpani ed by a sudden reduction in the
target evaporation tenperature Teva. That s, the refrigerant which flows

in the r%éﬁb&f&@ﬂ&:eckﬁceﬁ%lén&ﬁbé@%@bi&ﬂé@ t%ﬂ'ﬁa hi-gl,i Bsigdept gaperature

state. Thus, It 1s possible to prevent an abnormal increase in the

pressur ernaf tEAgebhflirei 88 Bie SEAIMBEY L1 dd@farPMaD ByAld Ghadeaper at ure
Teva relatively high. In the lowinside tenperature state, the state of 10

the refrig@adbionwhifhthé OvEridt tdeap@fdt U mpdrilide TeenMETHItADI €.
Thus, by setting the target evaporation tenperature Teva relatively |ow,

the chanbe| thethefrigéragerviiiéh Eldwdody tHH ey iyerpnicldiraadd ed. As a
result, it is possible to quickly lower the tenperature in 15 the chanber

of she reéragetabbe imi thddidigh (Onsiie esdmpdraigiredrsttdies | | Kihuef,t drt
defrosting, and to naintain a tenperature of articles housed therein at a
proper vasuposgibbe theptevemrt avagdmatnah irermperse uime they pressurs cul at ed
by the aforenenti oned equation, the 20 m croconputer 80 proceeds to step
S14 to cofpthe highrside bevsgioring othe cipjegel \@vwapdnatide t arget

evaporation tenperature Teva. If the current evaporation tenperature
temperature Teva relatively high.

In the low inside temperature state, the state of
10 the refrigerant which flows in the refrigerant circuit
becomes stable. Thus, by setting the target evaporation
temperature Teva relatively lbw, the chamber of the
refrigerator main body 105 can be quickly cooled. As a
result, it is possible to quickly lower the temperature in
15 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 value.
After the target evaporation temperature Teva is
calculated by the aforementioned equation, the
20 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
rotational speed of the compressor 10 is decreased in step
25 S1l6. If the current evaporation temperature is higher than
the target evaporation temperature Teva, the rotational

speed of the compressor 10 is increased in step S17. Next,



Is lower than the target evaporation tenperature Teva, the rotational
speed of the conpressor 10 is decreased in step 25 S16. |If the current
evaporation tenperature is higher than the target evaporation tenperature
Teva, the rotational speed of the-c8fpressor 10 is increased in step S17.
Next, 30 in step 518, the m croconputer 80 determ nes the range of the
hi ghest and | owest rotational speeds decided in step S13 and the

rotationagl, spepdsiBCr eAseH] dPSESR St B IEPtethdY e randdklox if the
rotational speed increased/ decreased in step S16 or S17 is within the

range of thBenhgRBest an@d1oh@¥ESto Lt BdnLN M pSdthe dfacidua riof aftfepnal speed is
set as a target rotational speed. The conpressor 10 is run by the

i nvert ergsgbah@atRe atotHtidRiDetpedd ainOnadssPhBbraassi®in Hred?0 as
descri bed above. On the other hand, if the rotational speed

i ncreasedidesreased in step 816 or S17 is outside the range of the highest
and | owest rotational speeds, the mcroconputer 80 proceeds to step 519,
makBs adj ust nent HébebasEdtbha tbkatiomal ospded pbrcreavedbdmeieimadased in
step S16 or S17 to achieve an optimal rotational speed within the range
of  t he highetep adt6 | oneSl7ribs awitmin Hpeathngs afs thedrigdjash &nd ot at i onal
speed as_a target rotational speed, and runs the electric elenent of the
conpr essbpvwast ko taeional spreds otthe grelie il isPeadpSARt Rferfkeaf ter,

~the process returns to step S4 to repeat subsequent, st%Ps.
. : target rotational speed. The compressor 10 is run by the

inverter substrate at the target rotational speed in step
10 520 as described above.
On the other hand, if the rotational speed
- increased/decreased in step S16 or S17 is outside the range
of the highest and lowest rotational speeds, the
microcomputer 80 proceeds to step S19, makes adjustment
15 based on the rotational speed increased/decreased in step
S16 or S17 to achieve an optimal rotational speed within
the range of the highest and lowest rotational speeds, sets
the adjusted rotational speed as a target rotational speed,
and runs the electric element of the compressor 10 at the
- 20 target rotational speed in step S20. Thereafter, the
pfocess returns to step S4 to repeat subsequent steps.
Incidentally, when the start switch (not showﬁ}
disposed in the refrigerator main body 105 is cut off, or
the power socket thereof is pulled out of the power plug,
25 the energization of the microcomputer 80 is stopped (step
521 of FIG. 3), and thus the program is finished (step 522).

(5) Defrosting control of evaporator



Incidentally, when the start switch (not shown) disposed in the
refrigerator main body 105 is cut off, or the power socket thereof is
pul |l ed out of the power plug, 25 the energization of the m croconputer 80
is stopped (step S21 of FIG 3), anrd3tthus the programis finished (step
S22). (5) Defrosting control of evaporator 31 Meanwhile, when the chanber
of the refrigerator main body 105 is sufficiently cooled to | ower the

temperature in tRR.chARRE! ReR 8RL LRWRbel St chd3fdsridieratantrol device
90 of the refri gergt or main Egﬁy 105 send% 5 an OFF si]énga?rof t he

conpr essphiAObbayt NG5 M &7 S6LEPHL &t BP. codD teCERd Ot the OFF signal,
the m croconputer 80 determnes a start of defrosting in defrosting

det er m ngempBratuss epn SKhef clihfbe s, tHrHCHALE LW St RIS (4B°Cyt Ophkhe
runni ng of the conpressor 10, and starts 10 defrosting (OFF cycle

def rost i eghtpb1t Aevenapoo abor . ref i gerd twr shain Modshd O gEmEsor 10,
when the tenperature in the chanber of the refrigerator nmain body 105
reahes ans@FFuppenali ofttie7€dmptéesaont® oto digve oel @b caxiputiesr r&df.r i ger at or
mai n body 105 sends an ON signal to the 15 conpressor 10 of the

m cr oconjiporrr&Geptipam of£ctipe | OFF ofigndk, Ghheimfegocanmitsicr8dtonput er 80
determ nes conpletion of defrosting in step S9, and proceeds to step S10
and af téeteomiresne $tant et odefresconpriss stpfugstinglescri bed above. 20

(6) Forcible stop of conpressor
: determination of step S7 of FIG. 3, proceeds to step S8 to

stop the running. of the compressor 10, and starts
.10 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
105 reaches a set upper limit (+7°C), the control device 90
of the refrigerator main body 105 sends an ON signal to the
15 compressor 10 of the microcomputer 80. Upon reception of
- the ON signal, the microcomputer 80 determines completion
of defrosting in step S9, and proceeds to step S10 and
after to resume running of the compressor 10 as described
above.
20 (6) Forcible stop of compressor
Here, if the compressor 10 has been continuously
run for a predetermined time, the microcomputer 80
determines a start of defrosting in defrosting
determination of step S7 of FIG. 3, proceeds to step 58 to
25 fbrcibly stop the running of the compressor 10, and then
starts defrosting of the evaporator 92. Additionally, the

continuous running time of the compressor 10 for stopping



Here, if the conpressor 10 has been continuously run for a predeterm ned
time, the mcroconputer 80 determnes a start of defrosting in defrosting
determ nation of step S7 of FIG 3, proceeds to step S8 to 25 forcibly stop
the running of the conpressor 10, an®2then starts defrosting of the
evaporator 92. Additionally, the continuous running tine of the conpressor
10 for stopping 32 the sane is changed based on the tenperature in the

charmber +gf %%ﬁeﬁgrﬁlﬁgﬁgé'&eﬁa%%é et B8l ebnetdQitE ME Al hab@RIOr 1N

t he chamber t ase, e mcroconmputer 80 sets the continuous

runni ng bENenaf mi BEoEOpEESS 01 09 Cad e BB APRIY tdih SR Weiioras t he

tenperature in the chanber is lower. A specific reasonis that if the

t enper at ghethd chifibeéhagber ol {hes reddd el i dmidbmitberl @9 isetow, e.g.,
+10C, there is a fear of freezing of articles or the I'ike 10 housed in the

refrigergher coRtinhosy 28 iddusim@CePrthdGongrddsenmmodioent, for
exanple, if the conpressor 10 is continuously run for 30 mnutes, while

t hest enpgtappirgi the t feme hshideter Sas-1€Ke oferipywturd iirs s sHambelro pr event
a problemof freezing of the articles housed inside by 15 forcibly

st oppi ngishkowemni ng t hereof. \Wien the tenperature in the chanber of the
refrigerator main body 105 reaches the set upper Ilimt (+7C), the control
devi ce 90 of theArspeciEiatveanen nipothat 106 epdeemperwigidt of the

conpressor 10 to the
© ~ 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

+10 - ‘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
the chamber is +10°C or lower, it is possible to prevent a
problem of freezing of the articles housed inside by

15 forcibly stopping the running thereof. |

When the temperature in the chamber of the

refrigerator main body 105 reaches the set upper limit
(+7°C), the control device 90 of the refrigerator main body
105 sends an ON signal of the compressor 10 to the

20 microcomputer 80. Thus, the microcomputer 80 resumes
running of the compressor 10 as in the previous case_(step
S9 of FIG. 3). |

On the other hand, if the compressor 10 has been

run at a temperature in the chamber higher than, e.g.,

25 +10°C, for a predetermined time, the microcomputer 80 stops
the running thereof. This is because if the compressor 10

is continuously run for a long time, frosting occurs in the




20 m croconputer 80. Thus, the m croconputer 80 resunes running of the
conpressor 10 as in the previous case (step S9 of FIG 3). On the other
hand, if the conpressor 10 has been run at a tenperature in the chanber

hi gher than, e.g., 25 +10C, for a pré&determned tine, the mcroconputer 80
stops the running thereof. This is because if the conpressor 10 is
continuously run for a long tine, frosting occurs in the 33 evaporator 92,

and the eehbbaatart ovhi ghapaaseseEPiguplnt Ngnidy MO e be
heat - exchanged with surrounding air, creating a fear of insufficient

cool i ng ekapbeatbanber c@hnot hBel Bé4t 96k ah O gd@i Wi 10 udffundinig ,aifor
exanple, if the 5 conpressor 10 is continuously run at a tenperature in the

chanber efeatiagoa begheoft basuff0El &0t 2060 Dindg VB rtHerchakbddowis or nore,
or at a tenperature in the chanber higher than 20C for 20 hours or nore,

t he m cr ahenpafeig8fatdet eaimhnesdy 5050t ThHugleffostexampie deifff ddte ng 10
determ nation of step S7, and forcibly stops the running of the conpressor
10 60 exeompredsbro3di hg ocbénthmueusphpretmrat 92 tempept 83 ifhithestate will
be described with reference to FIG 7. In FIG 7, a broken line indicates
a changechambet5of eaprangerkigher hthamahb@iC Wwee 0 Georubavey BOLt he
conpressor 10 is not stopped to execute defrosting in the case of

conti nuod8 hOBEFnGTtRereofontah & cheEperatere nin Hehe FhAMRIT MFRST t han

+10C but _equal to/lower than 20C .
than 20°C for 20 hours or more, the microcomputer 80

determines a start of defrosting in defrosting
-10  determination of step S7, and forcibly stops the running of
the compressor 10 to execute defrosting of the evaporator
92 in step 58.
This state will be described with reference to FIG.
7. In FIG. 7, a broken line indicates a change in a
15 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 é temperature in the
chamber higher than +10°C but equal to/lower than 20°C
detected by the temperature sensor in the chamber 91 for‘lo
20 hours or more. A so0lid 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
of continuous running thereof at a temperature in the
chamber higher than +10°C but equal to/lower than +20°C for
25 10 hours or more.
As shown in FIG. 7, the evaporator 92 can be

defrosted by forcibly stopping the compressor 10 in the



detected by the tenperature sensor in the chanber 91 for 10 20 hours or
nore. A solid line indicates a change in a tenperature in the chanber when
the running of the conpressor 10 is stopped to execute defrosting in the
case of continuous running thereof- &% a tenperature in the chanber higher
t han +10C but equal to/lower than +20C for 25 10 hours or nore. As shown
in FIG 7, the evaporator 92 can be defrosted by forcibly stopping the

conpr essehst0okEN chiie idfou§ 28EnRin § Oth&HREGE Sat UG NBehper£0ireatid he
tenperature in the chanber higher than +10C but equal to/lower than +20C

for 10 heuescBamBeiehi@hEPAEREN W-16°d hfitc agfia0f 1M owsdro fang +2I08C
conpressor 10 to execute defrosting, heat 5 exchanging efficiency of the
refriger&or 10 hbarevapomatrer Oampited wihthdehe osdsegofarotbe i mproved, and
the target tenperature in the chanber can be reached early. Thus, it is
possi bl estopplipgotbecoompngssdfi to eboyexécmtbecdatrestng 1 Hedienperature in
the chanber of 10 the refrigerator main body 105 is | ower, the continuous
rundi ng ekgbanfingeefbipiensyrof Otherrefnppengnt hin stine ¢vaparatamhort er.
Thus, it is possible to prevent freezing of the articles housed therein
when t he9Reaftent the defrostingapderbe sinprevied ) candpblsy i FiFdse heat
exchangi ng 15 efficiencghof the refrigerant in the evaporator 92 after

def r ost i h§mBeTratuEe; badthe ovhamber ¢amipe| refched (2L i n Hghestt

rotational . . . o
is possible to improve cooling efficiency.

Furthermore, as the temperature in the chamber of
10 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
the articles housed therein when the temperature in the
chamber is low while improving the heat exchanging
15 efficiency of the refrigerant in the evaporator 92 after
defrosting!as described above.
(7) Control of increase in highest rotational
speed of compressor
Next, if the temperature in the chamber of the
20 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
compressor 10. For example, when the temperature in the
chamber of the refrigerator main body 105 is lowered to
25 +20°C, the microcomputer 80 slightly increases the highest
rotational speed (e.g., 4 Hz) to run the compressor 10

(state of (3) of FIG. 2). That is, in addition to the




speed of conpressor Next, if the tenperature in the chanber of the 20
refrigerator main body 105 detected by the tenperature sensor in the
chanber 91 is low, the microconputer 80 increases the highest rotational
speed (MaxHz) of the conpressor 10. 3Por exanpl e, when the tenperature in
the chanber of the refrigerator main body 105 is |lowered to 25 +20C, the
m croconputer 80 slightly increases the highest rotational speed (e.g., 4

Hz) to rafotrBRefoiPhesSesntfol (St atite Hidhdstofrdddict)al Epeled S, in
addition to the 35 aforenentioned control of the highest rotational speed

based onbabkedoovihstite @itsidspeinattengpendinird havieanyidrenttiempenatuiee chanber
of the refrigerator main body 105 is lowered to +20C, the m croconputer 80
i ncr easesnt hize hélgdmalsdr Sof otleet | ekt i gamstth 10 enei ide bdshis dd Sori st Hovweredi de air
tenperature detected by the outside air tenperature sensor 74 as described
above totd +201G rive nisrocepputesr 800 ingkeaselethenpéghedte in the chamber
of the refrigerator main body 105 drops to +20C or_lower, 10 pressure of
t hed | ow E¢bet berdhespear dogidpdiibaged opridwes grudsgde [fd-Thi gh side is al so

|l owered to stabilize the refrigerant in the refrigerant circuit. If the

r ot at i onbfMPRFREH e detretad &y ithe Mutsida 1% FERHEET Y% S50ESSur e of

the high side slightly increases as_shown in Qﬁ% of FIG 2, 15 it is

possi bl e/ ¥ AHrRIFFLRED e & ARttt orRresidtcl %xceeds design

pressure of the ﬁﬁgﬂct etgghﬁgfgiége in the chamber of the

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

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

15 it is possible to prevent a problem of an abnormal increase
which exceeds design pressure of the device, the pipe or
the like of the high side.

Additionally, an amount of a refrigerant
circulated in the refrigerant circuit is increased by

20 increasing the highest rotational speed. Thus, an amount
of a refrigerant heat-exchanged with air circulated in the
evaporator 92 is increased to enable improvement of the
cooling efficiency thereof. As a result, an evaporation
temperature of the refrigerant in the evaporator 92 is also

25 lowered as shown in (5) of FIG. 2, and the chamber of the
refrigerator main body 105 can be cooled early.

Furthermore, according to the embodiment, the




the like of the high side. Additionally, an amount of a refrigerant
circulated in the refrigerant circuit is increased by 20 increasing the

hi ghest rotational speed. Thus, an anmount of a refrigerant heat-exchanged
with air circulated in the evaporaté® 92 is increased to enable

| mprovenent of the cooling efficiency thereof. As a result, an evaporation
tenperature of the refrigerant in the evaporator 92 is also 25 | owered as

shown i ncb8)ifk EFﬁargtuémﬂlﬁ hes chadbsiowdadd eindtef1iegeral ahgmai n body 105
can be cooled early. Furthernore, according to the enbodi nent, the 36

cool i ng sppaeat uNot 1Dimstédets EwLasenowistat ) ethatcddieing tapparatus | i mted
to this, however, the cooling apparatus of the invention.may be used as a
ref ri ger afotheafinvant bomtmay Vies dised nec ha ness fiaoiigearatair, eondi tioner. 5 As
descri bed above in detail, according to the cooling apparatus of the
present antemétbo, vemdiig macthine ;y womiany statenditudnErt he tenperature of
the space to be cooled by the evaporator is cool, the tinme in which the
di fberence bet weda dkecvibédtaberde | ihedetakberagenreding thethi® evapor at or
is within 1 degree is set to 5 mnutes or nore to |less than 20 m nutes
after theoeling appaketes gk ctwrpresenl invenkigbssinithe stiHl&ent a
reduction in coolin efficiency as nuch as possible while preventing an

abnor mal TupRERggkate imahichsthe tampeieatingh of ddersrace tihPSf 15,

starting.
qcooled by the evaporator is cool, the time in which the

difference between the outlet and inlet temperatures of the
10 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
efficiency as much as possible while preventing an abnormal
increase in the pressure of the high side at the time of
15 starting.
Therefore, it is possible to improve reliability
and performance of the cooling apparatus.-
According to the method for setting the
refrigerant sealing amount in the cooling apparatus of the
20 - 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
an amount in which the difference between the outlet and
inlet temperatures of the evaporator is within 1 degree in
25 a time of 5 minutes or more to less than 20 minutes after
the start of the compressor. Thus, by sealing the amount

of a refrigerant decided by the setting method in the



Therefore, it is possible to inprove reliability and performance of the
cool i ng apparatus. According to the nethod for setting the refrigerant

seal ing amobunt in the cooling apparatus of the 20 present invention, in
the stable running state in which the% enperature of the space to be cool ed
by the evaporator is cool, the sealing anount of a refrigerant is set
based on an anount in which the difference between the outlet and inlet

tenper at WegSiQbrbh® 43Rl 8F tReWebBiing £8p508t404H, 2btaidine of 5 ninutes
or nore to less than 20 mnutes after the start of the conpressor. Thus,

by seal i ppsishelandvnpredent aeketgetash gdectdelihy ébhpisbéidygagret hod in
the 37 refrigerant circuit of the cooling apparatus, it is possible to
prevent @muchdust pogsibleoghing ptéieheNny as abnchmas jpowssedse ivi | e
preventing an abnormal increase in the pressure of the high side of the
cool i ng &peapzbssure ofethbohéghi sids pbHsthel ecodbimasapyasatusmn opti mal
refrigerant sealing anobunt for the cooling apparatus. Especially, the
invéntion is eff8tierefonieen ithésppessibder tduennglyeant as eptipall ary
tube. Furthernore, according to the present invention, 10 the conpressor
conpri segefifdgeirant sempiogsamguntcfient thadcondingcapPPREdWP? essi ng el enent

whi ch conpresses_and discharges_the refrigerant conpressed by the first
conpressi ng el enEsPeciadlynt Ehpednyertien| ifgeéfeetive) ¥reqi E}dsed to cool

t he refrigerant di scharged fromthe first
pressure reducing means is a capillary tube.

Furthermore, according to the present invention,
- 10 - the compressor comprises the first compressing element and
the second compressing element which compresses and
-discharges the refrigerant compressed by the first
compressing element. The intermediate cooling circuit is
disposed to cool the refrigerant discharged from the first
15 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.
'Thus, since the refrigerant sucked into the second
compressing element can be cooled by the intermediate
20 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
is possible to suppress a temperature increase of the
refrigerant compressed and discharged by the second
25 compressing element.
Additionally, because of the presence of the

internal heat exchanger, heat of the refrigerant discharged



15 conpressing el enent, and the internal heat exchanger is disposed to
heat - exchange the refrigerant comng fromthe gas cooler with the
refrigerant coming fromthe evaporator. Thus, since the refrigerant sucked
into the second conpressing el ement 3Bar be cool ed by the internediate 20
cooling circuit, it is possible to suppress a tenperature increase in the
conpressor and to inprove conpression efficiency of the second conpressing
el enent . foe@¥er gakt cob3eP08REpEsEOd SLPBSEGE Bhé EIPEERRAL erdAicr ease of
the refrigerant conpressed and di scharged by the second 25 conpressing

el enent . eAdtlahigeraliky abbeeBudebpf thberpresgacendfof hghe i Idwer nal heat
exchanger, heat of the refrigerant discharged 38 fromthe gas cool er and
passed t presghrehsidat er Thlisheaincexa hsupgercosl wing oldgcedyofl Heha ef ri ger ant
of the low pressure side. Thus, since a supercooling degree of the

refri ger zpfrigeravteaseiinbyeasedrbesporoiregspomding anoust 5 josisi bl e to

i mprove cooling efficiency of the evaporator. - - ---- -- ---- - ------ -

- - - 5-- 39posyitpte| BoCLmpreEre | Spoling ebblchenappef atle ewrperatiany: a
refrigerant circuit in which a conpressor, a gas cooler, pressure reducing
means, an evaporator and the like 5 are connected in an annul ar shape, and
carbon dioxide is sealed as a refrigerant,




wherein in a stable running state in which a tenperature of a space to be
cool ed by the evaporator is cool, atinme until a difference between outl et
and inlet 10 tenperatures of the evaporator after a start of the

conpressor becones within 1 degree - $$% mnutes or nore to |ess than 20
mnutes. 2. A nethod for setting a refrigerant sealing 15 anount in a

cool ing apparatus conprising a refrigerant circuit in which a conpressor,
a gas co@uam TRresaymep feduci ng nmeans, an evaporator and the like are
connected in an annul ar shape, and carbon dioxide is sealed as a
refrigerant, 20 wher ai BobNiAgShppheatuntogpsigiggin which a tenperature
of a space to be cooled by the evaporator is cool, a sealing anount of the
refrigerant is setrefirsyeband casoudt ihavhackiifesmpcesdet weengamit | et and
inlet tenperatures of the evaporator becones within 1 degree'in a 25 tine
of 5 m noteler; ppesstoethedudciasg mdams 20am exdpsratedt eandy Heartikef t he
conpressor. 40 --------- ---- 3. The cooling apparatus or the nethod
accbdr di ngret copheched on an awmuban: shdpe compt esmyore ahjpsiighs % fir st
conpressing elenment and a second conpressing el ement which conpresses 5
and di scharged asrafrefpigexrarbnpressed by the first conpressing el enent,

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 outlet and inlet

_10. temperatures of the evaporator 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

i5 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.



the pressure reducing neans is a capillary tube, and there are further
di sposed an internediate cooling circuit which cools the refrigerant

di scharged from 10 the first conpressing elenment, and an internal heat
exchanger whi ch heat-exchanges a reflerant comng from the gas cool er
with a refrigerant comng fromthe evaporator.

3. The cooling apparatus or the method according
to claim 1 or 2, wherein:

the compressor comprises a first compressing
element and a second compressing element which compresses

5 ~ 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

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.




