SPECI FI CATI ON
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The present i nvention rel at es to a refrigerati ng machi ne
oi | ~conprised of a synthetic oil : and a refrigerator enploying the
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ffuarocarbon) refrigerant has been mainly enpl oyed as a refrigerant
of a refrigerator. However, since the 15 HCFC refrigerant destroys

the ozone layer in the . atnosphere that surrounds the
earth, an HFC "~ (hydrofluorocarbon) refrigerant having a snal
ozone destruction factor is considered as a substitute for

t he HCFC r efwid @Rasit - The HFC refrigerant scarcely 20 ?i-, 3465
therein a m ner al oi | t hat has conventionar y een
enployed as a refrigerating machine oil, so that lubricating

performance of a ressor is significantly reduced. Therefore, it
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conpatibility with the HFC refrigerant as a refrigerating
machi ne oil . The HFC refrigerant has an intense polarity
since it has a conbination of a hydrogen atomand a 5 fluorine atom

In contrast to this, contam nations (soiled things) of deteriorated
obj ects of cutting oil, rust preventive oil, hydraulic oil, wash
oil, r oot i ng machine oil and so on are nonpol ar pcT/aP9sR3?9 Vi | €
synthetic oil of an ether oil or the like has 10 both a pol ar group and
a nonpol ar group. Therefore, the synthetic oil has a conpatibility
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through a refrigerant <circuit. When the HFC refrigerant
I s condensed in a condenser, the synthetic 20 oil, which has an
intense solubility to a Iliquid refrigerant, is dissolved in the
i quid refrigerant, as a consequence of which the synthetic oi
circul ates through the refrigerant circuit together with the

refrigerant wodsaeiBi s case, the affinity of the HFC 25 gefiphfiiheynt W th
the synthetic oil is stronger than

3 the affinity of the contam nations with the synthetic
oil, while the nonpol ar contam nations are not di ssolved in the HFC
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pol arity. Therefore, when the synthetic. oil s 5 dissolved

into t he liquid refrigerant, t he contam nations that have
been dissolved in the synthetic oil are separated fromthe
synthetic oil and deposited in the |liquid refrigerant. Then,
t he deposi ted contam nati ons, which have a high viscosity, 10
adhere to narwowihiqs d passages of a capillary and an PCITIPWAITIAN

val ve, and they are eventually deposited to cl og up passages.

The cl ogging of the capillary and the expansion valve disables
the control of - #iibg hiSex IFHT OSRAMAT ow- 8 Caas2FIREAR R

I ncrease in tenperature and a backward flow (return) of the fluid

to the “mmeﬁ@C#ﬁ%ﬁﬁ(ﬁwﬁyﬁﬁmﬁm%ﬁﬁﬁEOT\Eﬂﬂ#@%ﬁtyOf
the refrigerant circuit. Particularl when the ester oil is enployed
%therﬂﬂgﬂﬁbﬂmﬁwénmmmﬁ%§mﬁﬁﬁk¢mﬁ$@HEMNW&EH&H1Mﬂﬂ
and tends to generate a sludge. refrigerator
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enpl oying a capillary as a deconpressor of the refrigerant circuit,

the capillary tends to devel op nore clogging as the capillary tube
has a small er di aneter,
|l eading to a problemthat it becones |noperable as a refrigerator.

As a nmethod for preventing the cloggi ng of the capillary and
expansi on v t can be 5 considered to clean Qﬁmms '
conmponent s %887"2“15% rict standard, thoroughly cont rorc? e se?%i ng
and review conponents of a refrigerating system and the

processing steps so that inpurities do not enter
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during a manufacturing process and a setting process. 10 However, these

met hods require nuch time as well as an I ncreased nunber of processes
as conpared with the conventional cases. Furthernore, they
enpl.oy an i ncreased anount of detergent in the conponent

cl eani ng stage and cause nuch energy consunption, 15 conseﬂuentl

| eadi ng to0 a wogmR441zant cost increase. | n PERIPY

this, a refrigerator which can cope with the HFC refrigerant

enpl oying only the refrigerating machine oil of the al kyl benzene oil

t hat causes 74 238, RABIHAIN U0t BORUMILLIIG DFEHAUIF act ] cal
use. However, the al'kyl benzene oil IS | ncorrpatl ble with the
HFC refriger ant , MRS Eﬁﬁ#bwwﬁ‘t&&ﬂpﬁjivg& RS A Mo T iEERrei n

t he | refrlgerant gas. Furthermore, it is sorretlrres t he case
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the refrigerant to the refrigerating nmachine oil

Accordi ngly,

in a

separate type air conditioner, an I ndoor unit and an outdoor unit

are connected to each

ot her by way of a | ong conmunicating pipe

differently 5 fromthe refrigerator in which all the conponents are
integrated in a unit. Therefore, if the al kyl benzene oi |
I nconpati bl ' he HFC refrigerant is enployed AperiPsT .
refrigeratiﬁﬁ&bﬁﬂﬁ§hine oil, t hen t he refrigerg??ng m%g%hine
oi | di scharged from the 10 conpressor is hard to return to the
conpressor since the viscosity of the refrigerating machine oil in
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conditioner having a | ong communi cati ng pi pe has a

probl em that an

abnormality occurs due to a seizure 15 and abrasi on caused by a shortage

of refrigerating machine oil in the conpressor.

Furthernore, when a | arge amount of liquid refrigerant lies in the
conpressor at a |ow environmental tenperature of the conpressor or
when a 20 wagessrmnount of liquid refrigerant returns PCTIPI6H3792
conpressor during defrosting, the refrigerating machi ne oil and
the HFC refrigerant separate into two | ayers inside a dome of

the conpressor
having a 25
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-6- - t he done. Then, the refrigerant rich fluid whose

viscosity has been significantly reduced S consequently
sucked fromthe inlet port of an oil punp provi ded in the | owernost
portion of the donme of the 5 conpressor. A bearing of the conpressor
I's normal |y desi gned on the supposition that the viscosity of the
refrigerati mgpomuasi ne oil 1is relatively hi gh, PCTPQ@W'.ng to
whi ch the size of the bearing and a frictional nDtive' orcgﬂgt t he
bearing are considered. 10 Therefore, if the refrigerant rich
fluid whose viscosity Is significantly reduced is sucked, then a

t hi ckness of oi I‘ﬁﬁﬁ”-—&@ﬁ&&ﬂ% BIESRIF relf A Y ZB W Bocontact, and this
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DI.SCLOSURE OF THE | NVENTI ON Accordingly, it is an object of

t he present I nvention to provide a refrigerating machine oil which
20 can easily renove a sludge generated in a refrigerant circuit
wi-t hout revi ewi ng refrigerant system conmponent s nor processing
steps and is easy to return to a conpressor and refrigerator

enpl oyi ng t he w4415 Anot her obj ect of the presavepedoswant i on
is 25 to provide a refrigerating nachine oil which can

-7- prevent a two-|ayer separation of oil and refrigerant

'nto two fayers | n3tdeyd pUME St B AMRE L Hmmic i+ 57 L
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enpl oyi ng the sane. In order to achieve the aforenentioned
5 obj ect s, t he pr esent I nvention provi des a

refrigerating machine oil obtained by mxing a first synt heti c oi
conprised of an al kyl benzene oil with a second synthetic oil other
t han the al kyl benzene oil . In regard to the refrigerating
machi ne oi | wé&@maslavi ng t he above construction, the presercrapsios®ant

has conducted various experinents and study and di scovered that the
m xed oil obtained by m xing the first synthetic oil conprised of an
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t he: above refrigerating machine oil, the sludge adhered to the inner
surfaces of a capillary and an expansi on valve is exfoliated and

renoved by the

al kyl benzene oil. Therefore, the sludge can

25+ rtenoved to prevent the capillary and the expansion
- 8- val ve from being clogged w thout reviewng the

refrigerant sysweammdisponents nor their processing

enploying a synthetic oil that is easy to di ssolve into an HFC

refrigerant in,

refrigerant,
refrigerant

t he

for exanple, a 5 refrigerator enploying the HFC

SRR dhRrcssor circul ates thr ough a refriger ant

IOEIETEE, LHORREEZROERD . LEBBBRBIIH L
TTNFAR B RMOLBNEvt%ELET, HD. REBHOLEHL
100CIEENT2. SestPlEETAHILINE>T F+ES VU PRE
HORT v Ik BREEVERRICHILT 5 L5, TERBEOLHERT
HESOMBRERCHETNT, BRIBVEE F- LAROERBROER
BERBTED, £, LRSEMRHETHUARBIL, BARBES
MTa2 i, HCFCRABERBREOHF CRBKIEERLS
ZEMBRICTE S,
—EHEAICFARMRTE., LRRMBHE LEHCF CREEEN0
CILBENTZBARLLEORRY v FEOBBREE 2. Swt¥Pllic
T3,

S9F3E, LEERBATHCF CRARLABRBYEARLE
BE. CEAMLERRY » FBOMBREN2. SnRllEThhL E

WROBZTFOHRHIVEICRLN, BEEREEGTD, LEX-T.H

CF CREH & MMBMO MARHIE &7 5 KE K- AMOERRO
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13

st epBCTARP6/03792

be



ci.rcuit and returns to the conpressor. Accordingly, there is no such

probl em that the synthetic oil is 10 hard to return and causes a poor
| ubrication, so that the lubricating performance of the conpressor
can-be mai nt ai ned. : According to the refrigerating
machi ne oi | of one enbodi nent, the second synthetic oil is 15
provi ded by whoefsdigy oil. Wth this arrang g{,%l,oj
exanpl e, when an HFC refrigerant is enployed, the et%g? ol ?% wel |
di ssolved in the HFC refrigerant and circul ates t hrough the

refrigerant cirguit. _Accordingl such_probl em that

the ether oi & TocTAVdely< Vgﬁy%z‘%’gigé\?ﬁﬁ Lstﬁggeﬁrﬁg/ef%ﬁ(m om t he
Tt oot aces b MR FHBIBER RO R E 88 Bary and t he
crpanst on val ve CobhitH 8bh Mt c FURAIPLELY o 15 g perene o
LBOEMBERAT, LEBNRBICH UTLRT M+ X V¥ VR '
DHBEOSWBLULT, o, LERERKBE LEHCFCRER D=
RAREE.1 0 CRTIT 5,
IDLITEE, LRORBREEKOBRY S, BEAHIIHLTT
REVR U E R BOLENS S LA, HCFCRERIEY
2 L7 tBli, Sikobih, ERi S X UBBHEO IV H Ik -V 8 ViTk o
T+ U5 YONBRELERS » SEHMUTHREREL, $+E5
Y OEE DL UB, £, EIRHCF CREN S HMBMBO =B
P UPTOERE F~AROERIBOHES, TOZBAMERES 1 0°CLL
TRTBIEIZX-T, BN 0OCELLOBERKETIE, EERO F—
LARHRENR > TELRATH, BRRH EUBBIE—-ICERT 5,
Lic#to T, BEUBEEZRTIHH /HERBORSESEE Y TR
VRAZNBEOT, EE F-LROEGROBELERITES, 2k, £
ERERDEAFEALULRERI, SRBRBEXNTSHI XL, HCFC
REBBERBBBOHF CRRBICBERABZ I EFNBRICTE S, k.
IRE208RBHL~FARBOBS, T—FAHMIE. HF CRER
/I—-FLRBO_RARBEZEENEETIENTE, TXFMR
BICHENRT, TVEVR/EREBELVS(BELTH, ik /REeE
(FAFMyEV/RBEL-TFARBO_BAREEEEL TE 5.
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S&. JDu—-SOARI—#ItEEENS L&, LEu-508A0
OAFICEUT, YIVFROVY VY EEZERELRAZEICRET S
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- 0- the lubricating performance of the conpressor. The

[ S

t he

alkylbenzene oil inconpatible with the HFC refri gerant s well

di ssolved in the ether oil, and therefore, the - al kyl benzene oi
transferred to the inside of the 5. refrigerant circuit even in
state in which the al kyl benzene oil is dissolved in_t 0|I
o) t hat WOrf@2#t3dge can effectively be renoved. cq59§ﬁ$ﬁﬁ
According to the refrigerating machi ne oil of one enbodinent,
second synthetic oil is 10 provi ded by an ester oil

Wth this arrangenprt f#ortiganpley DERE®ICKFEINTED, LETV-FOD
EHAEBEES I AL TEAT 3EARIURE AT EXHREES
THRAL v VAEMBRERAWS, ,
 LEMRORRETR, LA YAERBIZSNT, 7L — F£D
~SEEEL. BEEENEHEORARTT L— FOARBERRTS
X3 Lidrs, TV-FORBRXBHEREEML T —VET > THR
BBREARE L1, Lihi>T, BERSHESRLARBT0VE
BEGELTH. FRTVENVRU ¥ URHIE Ty 5+ U5 U PKE
SORMBBONEIHELERS » VEMRLTRETE, Linb, EH
BOTV = FETMBCERNS ¢ TARE 2555, MRHOSILED
LTS, BEMHEEHLTE S,

B OB 58
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R6 1 ORBOE 3 EBEORMBIEL 521 ¥ 7 AERROE
BEFTIHERTH 5.

RBEEHT 21 BOREOBE
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HEC refrigerant is enployed, the ester oil is well di ssolved in the
HFC refrigerant and circul ates through the refrigerant circuit.
Accordingly, there 15 is no such problem that the ester oil

disschar ged together with the refrigerant fromthe conpressor is

hard to return, so that the sludge adhered to the I nner surfaces of
smal | - di anet ewo9pm®ts ons of the capillary or the expawsrwnim®mal ve
can be exfoliated and 20 renoved by the al kyl benzene oil while

mai nt ai ni ng the | ubricating performance of the conpressor. The

i s%olved in tnct CedBG LAY b SRS RAMEI Ensmabindn 1 i s

transterred 10 | NG Sk BnEARS w510 IRMRSL T AnihThizlf 2
IRAFAREB)EROZBRBERNEEE L. BEICE 1 LA DB,
#iEnih, RS & CEBREOI S Ih—L a Y(EENTE D+ +
ESVARRELAXS 9y PILE>TH+ESVERESE, TDF 2 F
SYEUKLT, Moy EEBLE, LT, REICRS v U
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FHER s BOLARABIZETNEYT. B4 TADRS » JORKE
EILEWE LS, ZORE. LEI—FARM, 227 VREE LT
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O ELERR LI,
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THBELET 5 ARM(T~F AR TXFVRE, 7 » ERBS LT
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-10-. al kyl benzene oil is dissolved in the ester oil, so

that the sludge can effectively be renoved. According to
the refrigerating machi ne oil of one enbodi nent, the second
synthetic oil is 5 conprised of an ether oil and an ester oil.

Wth this arrangenent, for exanple, when an HFC refrigerant is

enpl oyed, theweidie441di | and the ester oil are well di ggrww t he
HFC refri gerant and circulate through the refrigerant circuit.
10 Accordingly, there is no such problemthat the ether oil and

the ester oil diﬁwﬁfqub?ég;ﬁ%j%gwmltbﬁ;y;ﬁﬂéﬁﬁfm@mbﬁoo@the

conpressor are hard to re at the sludge adhered to the

18" e on V72 S ERT CRAMIEL RS SMMIL S, SRy a0 (he
B ERET A DOMRD ERIFICT S LHIC. ZOERMIITV
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al:kyl benzene oil while maintaining the |[ubricating performance of the

conpr essor. The al kyl benzene oi | I nconpatible with the HFC
refrigerant is well di ssolved in the ether oil and the ester oil,
anmd - 20 therefore, the al kyl benzene oil is transferred to the

inside of the refrigerant circuit even in a state in whi ch the

al kyl benzengygiohadsaes di ssol ved in the ether oi |l and ptheposaseer oOil,
so that the sludge can effectively be renoved. The ester oil is
hydrol yzed 25 by water but deterloratlon by oxi dation scarcely
occurs. On the contrary et he

RTE5, T, .EaBZv v mnaanamm # 1k HisE L D
WEERET IR HORBRBAORBRIENTEL LS ), IHED
2 PEERT S ENRTES,
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VHRENSHAE 1 DARMERELHETRELRAMN I hSOME
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deteriorated by oxidation but scarcely hydrolyzed by wat er since

It wthstands water. Therefore, by setting the ratio of the
ether oil to the ester oil to 5 1 : 1, there can be obtained a
refrigerating machine oi |l of which the degree of deterioration by
oxi dati on and the degree of hydrolysis by water are each reduced
hal f . WO 9724415According to the refrigerati ng nachi ne witgprosigdres Of
one enbodi ment, the second synthetic oil is a fluorine oil.
Wth this arrangenent, for exanple, when an HFC refrigerant is

enpl oyed, the fluor] Ll ] . . | SS ' he. HFC refri.ger ant

z£gchcmaum Eégﬁﬁ%ﬁ$2%%ﬁ#ﬁﬁ&gﬁ%ﬁgﬁ%g%Lﬁég%@%é t here

i's no such problem the, f ri el ther with

t he refrigePant fr%%?#é&&) gé%@ajéfﬁg‘%%?ﬁ‘&%ﬁ# that the
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20 - capillary and the expansion valve can be exfoliated and renoved

by the al kyl benzene oil while maintaining the lubricating performance
of the conpressor. According to the refrigerati ng machi ne
of | - of one enbodi nent, the second synthetic oil is a 25 car bonat e
oil . -12- Wth
t hi s arrangey®eingsaisor exanpl e, when an HFC refri ger apéyips srﬁ;ﬁﬁ oyed,
the carbonate oil is well di ssolved in the HFC refriﬁ%?ant and
circul ates through the refrigerant circuit. Accordingly, there 5
i's no such problemthat the carbonate oil. di scharged

P ' iﬂm:in-ﬁ?ﬂé%nh J

400 0RRERRICRS v ¥ DHREHIN
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X:ErESYMEES
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tegether with the refrigerant fromthe conpressor is hard to return
so that, while maintaining the | ubricating perfornmance of the
conpressor, the sludge adhered to the inner surfaces of
smal'l -di anmeter 10 portions of the capillary and the expansion val ve can
be exfoliated and renoved by the al kyl benzene oil

Accordi ng to WRIW2415| ger ati ng machi ne oil of one enmboREMPEQ37R2he
rati o of the al kyl benzene oil relative to the refrigerating machine
oil is set to 1 15 to 50 percent by weight. Wth this
arrangenent, theq¥§g¥ of the al kyl benzene oil is preferably smaller
for the ¢ oil discharged together with the refrlgerant

from the corrpresgyﬁ,— bc-trogmj@hr%@c ?ﬁ{ﬁn 4%%& #lé_g@r-ant

circuit and return conpressor, er eas

t he al kyl benzen \ b of the
sl udge Y ThéEr e%ﬁ?kﬁ?t %?ﬁ@ﬁe@aﬁgﬁﬁ% aﬂ;s F‘benzene@l
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as: great as possible while maintaining the oil return 25 of the
synthetic oil according to the refrigerant

- 13- circuit, effective sludge renoval is executed. Wen t he
ratio of the al kyl benzene oil relative to the refrigerating machi ne
oi | exceeds 50 percent by weight, the ratio of the alkylbenzene
oil is 5 wepapesently increased too nuch with respect tgyyy 792
exanple, the HFC refrigerant in which the al kyl benzene ol oes not

di ssol ve, for which the refrlgeratlng machi ne oi | dlscharged t oget her
with the refrigerant conpressor is, hard C|rculate
the 10 refri @@ﬂrﬁf%&ﬁeﬁﬁ"aﬁé Q‘Z@l"ﬁ’ﬁéovﬁa‘n\tﬁ& ﬂ‘arhﬁ&?ﬂ':ﬁ%
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akFkyl benzene oil relative to the refrigerating nmachi ne oil is not
greater than 50 percent by weight, the synthetic oil discharged
together with the refrigerant fromthe conpressor circul ates through
the refrigerant 15 circuit and surely returns. The renoval of the

sl udge Is insufficient when the ratio of the al kyl benzene oi
relative to t wosnm4Isgerati ng machine oil is smaller t#CIPYsg3TI2C e Nt
by wei ght, whereas the sludge renoval effect is produced when the
ratio is not smaller than 1 percent by weight.

fetto of the al ki e ﬁﬁ%@wﬁ*%mﬁ%ﬁmﬁe@%ﬁﬁi VIR 1 e
oil is made not @ﬁﬁﬁsﬁbﬁfﬁtﬁﬁpﬁi E%ﬁﬁﬁtl_,}?_},’ ﬁ&jﬁ Cﬁ?%;&-%l scosity
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-14-

than 2.5 cst at a tenperature of 100[err]C

of the refrigerating machine oil is nmade not smaller

According to

t he experinents and study conducted by the present applicant, it was
di scovered 5 that the sludge generated on the inner surface of the
capillary due to the contam nations of cutting oil, rust preventive
oi |, hydraulogwrgidis Wash oil and so on di ssol ved ipgtraypodidm2
refrigerant (HFC refrigerant according to the experinent) was
exfoliated and surely 10 renoved when the ratio of the

al kyl benzene oil re ve to the r | gerating machine oil is not
smal l er than five pé’r%en? bba(\%/\él ght. 'so thﬁ%wfgi cl oggi ng of the
capillary was ﬁ%hﬁ%nated It was al so di scovered that the sl udge
generated on t fher surface of the capillary was not able to be

r enoved
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refrigerating machine oil was smaller than five percent by weight. It

was further discovered through an experinent that the ratio of netal
contact becones 20 al nost zero percent by naking the viscosity of the
refri gerating machine oil not smaller than 2.5 cst, so that the oi
films of the bearing and so on were mai ntai ned. It was further

di scovered t WO 9T at i 0 of metal contact increases BREJRINEST8: |
films of the 25 beari ng and so on were not sufficiently secured when

the viscosity of the refrigerating machine oil was made smal | er than

2.5 cst. Therel of g6 RURNEMIIDRE S 8 [cstTH\07L DX Sk UsppBeng O |
TU—FNVG8UICICH I AKBES [cst] )DBETH 50
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réfrigerating machine oil not smaller than five 5 percent by wei ght and

maki ng the viscosity of the refrigerating machine oil not smaller
than 2.5 cst, the clogging of the capillary and the expansion val ve
by the sludge can be prevented and the oil filns of t he bearing and
so on are naintained normal throughout 10 the entire region of the
operating ravge724srs t hat the reliability of the conppefsinse be
mai nt ai ned. According to the refrigerating machi ne oi

of one enbodinent, the oil concentration of the refrigerant

et gerating MO EHREY 20k Do F2 L AREENARE S T LRI L
;??a'ngéﬁéﬁt Thn BALHR ALkl #%ﬁ@ﬁa‘@ﬁ%@/&% ¢ hat
e e oA LA A e ¥ e et
HERBETEILDTES,

2. LRFB2RBEBELEWT, TARMR VB RBRI-FAR

ik (BB ERkIC, 2—-F AR, HF CRRY/ 2 —F VRO
“EARBELBECHETEI0T, TRAFARBEICHRT, TLF
WRoE RieL OB RALTY. HF CRER/BAM(Z—FI
RHETNFNRVE VRO RAMBELE THIENTES,
LicttoT. LEBBEMICHT 37 A3 LA S RBOLBERE <

TE. F4 5 Y PRAROREIHE LIRS » VERICERETS
LENTEB, N, IER2KERECENT, B108RBELTO
TFMRERBIC, B2OE8BBE UTZXFVRH, =—F VR
 WETIRTFARBOOUIBREM. 7 v RRHB LUA—ERS PREE

BE LMHRMERLTS X0,

(% 3 KR _

B6i2C DRPOW IREHEEORHIBIBZ 5 X1 v YREBRER
LT3, |

SORA V/AERBIBERRER3 0 2WA 5, LICERENRS 013,

RBIC VU FE41%25D0Y 05408, ERYY VF/EL1ARA

B EiCEEIN 05T &EMA TS, LT, BEBHMERET)
ORLE2 0. ERo—35 T2BEEREECHS LTW3, —F. Lk

By Uy 400MBITR.CY) UyE4 11203 3RA03 0aki

O3 0bEMHRIAT B, £i, EIRD—5 TOABRICR, n-3

26



okl films of the bearing and so on of the conpressor wer e mai nt ai ned

appropriate and no probl em has occurred when the oil concentration of
the refrigerant 25 rich layer of the layers that had separated into two
| ayers was not smaller than 2.5 percent by weight. It was al so

di scovered that the oil filns of the bearing and so on of the
conpressor weMP¥Bdtleed and t he bearing and so on PGEEEATEhnged
when the oil 5 concentration of the refrigerant rich |layer of the

| ayers that had separated into two |ayers was small er than 2.5

e Somr st Aoy CAMET T L~ S AL TS oo 11
—7A ERBVY ¥4 00RAD3 Qa0 3 Obl OhMic, AR
HOBREHIL A 2PBRINTH S, £LT. CORBAL 2123, &
MEEABRD 2 DDLU BRI 2 2, 2 2 THRT 3 XHH2 1 2
EEEEICRS LT3, LREMAEREH 2 2 DBMAT 3 BEHIS
AB21atBRELTHS, SORAR2 1aid, —SH RS Y v yE4
1RCHEBELTED, CORAB2 1aic L7V — F8 DA S a At
BRBTECRDEELHASATOS, COTL~F8I3, LRYY Y
FYELIMZERZ3 1 LBARE3 2L ItRKET 3. &/, LiEHENO3
Ob:BMT ZRADOHK9H, LIEMHOZ 0bOMOBY ILHLEINT

CAHEEA 4 CEET 5L KERSh TS, SORKD ILEIBHE]
O2Rs D BHIh TS, - | |

LT, LBRA v 7AEMBIL, LRV Y v yE4 1ATERSNS
fERMAE LT, RE7 DB THEHFCROR410AEBALT
VW3, ¥, BMEHBELT, HF CRRBIEN L THEREET32—F
NEBET VEAMRVE RSB LTNS, COR410AR, HF
C32&HFC125L0BARED12TH3,

TR, CORBRE. REFRELTHF+ES Y —Fa-TEANTH
3,

IRBRORARIENT. BRREIBEBSh3 & 0-5 Tic—Hic
BT U~ FBORHAMBE a R4 2 1 OBAR2 12icid» T
HATEEEWKIC, XHE2 1 RT3, 22 0. LE7 V- F8I.
D=5 TORAEIE LS > THRLEHRSBSREBH TS itk -
T VY VFEL 1 ORBERICERE 3 1 EBRAZ 3 2 LRET 3,

CORBRICIAEL, D-5T%, BLB20IHLAKT B &1L

27



stop state and the HFC refrigerant and the 10 refrigerating
machine oil are separated into two | ayers, the two-1|ayer
separation tenperature of the HC refrigerant and the base oil and
t-he-ratio of the al kyl benzene oil relative to the refrigerating
machi ne oil are adjusted so that the oil concentration of the 15

refrigerantwgoehasigryer becones not smaller than 2.5 P %s79Y

wei ght . Therefore, the oil filns are mai nt ai ned and t he bearing
and so on are not damaged, so that the reliability of the conpressor
can be mai ntained.  \Wen the second synthetic oil is the 20 et her
oi |, the ether XER ¥ & - adP i FHe b\(ﬁ%q"l)‘-—ﬂ’éy@ BB i on
terrperature of the HFC refrl the ether oil, so that the

two- | ayer sepatatidf EEIS ¢ggrr§§ﬁ‘t%ﬁe7&f‘th§@ﬁﬁ"§k‘r%m73r@ﬂﬁﬁm xed oi
(al kyl benzene R#gﬁc{/%@&r %L)&%E e;,gduc#eéi aegcg__n7 7 EIEHBE L

Wi, LT, TL—F8Lu—35 T ORI L 2BBERIR
EUB, £UT, 7V—FBOERXFH2 1 CEEMLTY —%T
50T, RRABRBREHRELR,

LEd>T. ERRA Y 7RESBERLERMBI L0, Bingd
BEEEUARET O URBERELTH, ERT VFARE VERIC
E-T. ¥+ E5 ) PEBFOREBOATIHBLLRS » SEHRL
TRETE, Livd, ERROTU— F8AXHH2 1 cEEM 2T
BEEIHS, BBHOBLENLET S LHTE, HEHEEHLETS
ENTES, |

FES 1 REBE TR TUFARE RS 35 ] DA E.
L= F VRl =R T AR, 7 » RRME LU —H XA PRAOE2 D
AR & HEE FNABMIRBERCAY, TAELRYE VRIS
3B108%ME. T—~FNRH, TRFURE, 7 v KRS LT K
24 FRBOADE 2 OARM LA B TNARERBEALTLIND
HARTH . |

i, IRE1IXHEBETE, B20ARBELTI—FARB. T2
FIURH, 79 XRBE LA -KERS bRBONThO1DOETFN
RYEVRADSLEE 1 DARMERMULS, T—FIR#BEIRT
VNERBOBABIZTNENR I/ EVRATENLTH L. COBE. £
BRI, Kick DIkMRT 5. B X3 HLdEE I
(s Raticz—F AR, B H BT B2, Kick{kIRL
DT, T—FARBELRAFARBOLREMNZILL : 1&T5S

28



-17-. when an increased amount of al kyl benzene oil is

I ncorporated therein as conpared with the ester oil. :
According to the refrigerating machi ne oil of one enbodi nent, the
ratiro of the al kyl benzene oil 5 relative to the refrigerating machine
oil is made not smal l er than five percent by weight and the two-1ayer
separati on tewmeyudlse of the HFC refrigerant and the RGH/IPPY3TR: | ng
machi ne oil is nmade not higher than 10[err]C. 10 Wth
this arrangenent, when the ratio of the al kyl benzene oil relative to
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capidlary and the expansion valve due to the 15 cont am nati ons of

cutting oil, rust preventive oil, hydraulic oil, wash oil and so on
- dissolved into the HFC refrigerant is exfoliated and surely renoved,

SO - that the clogging of the capillary 1is elimnated.

According to the results of an endurance test 20 conducted by the

present applweewdassit was di scovered t hat the refri geceireegp7omchi ne

oil and the liquid refrigerant were uniformy dissolved in an

operati ng state at a tenperature of not |lower than 10[err] C by

maki ng the two-layer separation tenpegatur he HFC 25 refrigerant
and the refrigerating machine oil %#8%é
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ht gher than 10 [err] C even when the liquid refrigerant returned into

the done of the conpressor. It was al so di scovered that the
refrigerating machine oil and the liquid refrigerant were
sonetines not wuniformy 5 dissolved when the two-|ayer separation
tenperature of the HFC refrigerant and the refrlgeratln_i; machi ne oi |
exceeded the WO&MMISature of 10[err]C . Therefore, by TPISIRE ng
the ratio of the al kyl benzene oil relative to the refrigerating
machi ne oil not smaller than five 10 percent by wei ght and making the
two-| ayer separ atg on 1 iiD8R0 fhicebi vt DR G i U Tdeigant and
t he refrlgeratlng machl ne ol l not higher than 10 [err]C, a

mixture of the rof&lGRION OGN 5 REHE L Do ABEA¢1 0 0 BRDKp i at e

viscosity is sucked into an oIl punp, so hat the reliability of

the conpressor ?n Oﬁtuﬁfaaggﬁw&%mﬂﬁecond synthetic oil is

t he et her ol he ether oil can easily adjust the two-
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| ayer separation tenperature of the HFC refrigerant and the ether

oil, so that the two-layer separation 20 tenperature of the
refrigerant and the mxed oil (al kyl benzene oil and ether oil)
can ‘be reduced even when an increased anount of al kyl benzene oil is
I ncor por at ed. -19-

The presenWO%48Ation also provides a refri ger aPGCTARIGIPATRY i ng one
of the aforenentioned refrigerating machine oils.

- According to the refrigerator constructed as
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5- above, the sludge adhered to the inner surfaces of the

smal | -di aneter portions of the capillary and the expansi on valve is
exfoliated and renoved by the al kyl benzene oil, and therefore, the
capillary and the expansi on val ve can be prevented from bei ng

cl ogged. 10 hernore, the above arrangenent can obvi

need for a réWPP?@Pﬁﬁt system conponent cl eani ng procggiﬁ?%ﬁspﬁnnving
the cutting oil, rust preventive oil and the hydraulic oil that cause
t he sl udge, so that the nunber of processes and cost can be reduced.

15 AgEISK Ot F +¢Mﬁ&tﬁmamzaz%mmmwr RMBdi nent ,

an HFC (hydrofl uorocarbon) refrigerant is npl oyed.

Wth this arrang%ﬁlt?ﬁﬁd&d}m‘&#ﬂéw?o b"’J\ _timm&:_ﬁi'rﬁﬁcﬁs of
t he smal | - di anet er ggrtlons of the capillary and the expansion
valve can be C% M@A-ﬁﬁ&ﬁlﬁbﬂa M‘Fg@itfhe. &P & &6

although the sludge is easily generated on,
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parti.cul ar, the inner surfaces of the small-diameter portions of the
capillary and the expansi on val ve when 25 a synthetic oil having a

conpatibility with the HFC - 20-
refrigerant is enployed as a refrigerating nmachi ne oil.

According to the refrigerator of one ~enbodi nent, a cagyllary IS
enpl oyed as a W&3AM&ssor. 5 Wth this arrangJ

sl udge adhered to the inner surface of the small-dianeter portlon of
t he capillary is exfoliated and renoved by the

al kyl benzene oil. Therefore, an inexpensive capillary

Fig.1
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can be enployed, so that the cost of the refrigerator
According to the refrigerator of one
refrigerant and a hi gh-pressure
ahd ‘the ratio of the
machi ne 15 o]
the viscosity WPoVH&S ef ri gerating machine oil is
than 2.5 cst at a tenperature of 100[err] C.

al kyl benzene oi

to the results of the 20
maki ng the ratio of t he al kyl benzene oi
refrigerating machi ne oi

and maki ng the viscosity of the refrigerating machine
than 2.5 cst at a tenperature of 25 100[err] C,
capillary and the expansion

Fig.2

10
enbodi nent ,
donme type conpressor are enpl oyed
relative to the refrigerating
i's made not smaller than five percent by wei

madeP

af orenenti oned test and study,
relative to the

not smaller than five percent by wei ght
oi
t he cl ogging of the

14
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-21-. val ve due to the sludge can be prevented and the oi

films of the bearing and so on are nai ntai ned nornal t hr oughout t he
entire region of the operating range, so that the reliability of the
ht gh- pressure done type 5 conpressor having a high oil tenperature
can be maintained. It is to be noted that the high-pressure

dome type conmY@%¥d#15has a construction in which the PRI ¢
flows to a discharge pipe via an inlet pi pe, a conpressing portion
and the container (high- 10 pressure done) of the conpressor and the
refrigerating machine oil is reserved in a high-tenperature high-

pressure portion inside the high-pressure done.

Fig.3
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According to the refrigerator of one enbodi nment, the oi
concentration of the refrigerant 15 rich | ayer when the refrigerating

machi ne oil and the HFC refrigerant are separated into two | ayers at
a- - tenperature of O [err]Cis nmade not smaller than 2.5

percent by wei ght. Wth this arrangenent, in the case where
the 20 HFCwebtnges ant and the refrigerating nmachi ne oil BCEIPI6/03792
separated into two |ayers inside the conpressor, the oil filnms of the
bearing and so on of the conpressor are mai ntai ned appropriate when
the oil concentration of the refrigerant rich layer of the |ayers

that have 25 separated into two layers is not smaller than 2.5

Fig.4
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-22-- percent by weight, causing no problemin terns of the

reliability. Therefore, in the case of the high- pressure done
type conpressor in which the two-I|ayer separation of t he HFC
refrigerant and t he 5 refrigerating machine oil is a problem the

t wo- | ayer separation tenperature of the HFC refrigerant and the

base oil and tweerRaiso of the al kyl benzene oi |l rel at i periImedIIN
refrigerating machine oil are adjusted so that the oil concentration
of the refrigerant rich 10 | ayer becomes not smaller than 2.5 percent by
wei ght even when the HFC refrigerant lies in the conpressor

in the operation stop state and the HFC refrigerant and t he
refrigerating machine oil are separated into two | ayers. Therefore,
the oil filnms are maintained 15 to cause no damage of the bearing and so
on, so that the reliability of the conpressor can be naintai ned.

Fig.5
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When the second synthetic oil is the ether oil, the ether oil can

easily adjust the two-layer separation tenperature of the HFC
refrigerant and the ether oil, 20 so that the two-layer separation
tenperature of the refrigerant and the mxed oil (al kyl benzene oi
and ether oil) can be reduced even when an increased amount of
al kyl benzene owbormagacor porated therein as - conpar ed wpchpatdmsnst er
oil. - 23-

According to the refrigerator of one enbodi nent, an HFC
refrigerant and a | ow pressure done type conpressor are enployed the

rati o of the

6/6



al kyl benzene oil relative to the refrigerating machine 5 oil is made not
smal l er than five percent by weight and the two-1ayer separation
K enperature of the HFC refrigerant and the refrigerati ng machi ne oi
I s nmade not higher than 10[err]C. . Wth this
arrangement, according to the 10 results of the aforenentioned test
and study, when the ratio of the alkylbenzene oil relative to
t he refrigerating machine oil is not smaller than five per cent
by wei ght, the sludge generated on the-ilnner surface of the capillary
due to the contam nations of 15 cutting oil, rust preventive oil,
hydraulic oil, wash oil and so on dissolved into the HFC refrigerant
S exfoliated and surely renoved, so that the clogging of t he
capillary and the expansi on val ve SPECIFLRARZONd. In the case of the
| ow pressure donme type conpressor 20 in which the two-I|ayer
separation of the HFC refrigerant and the refrigerating machine
oil tends to

REFRIGERATING MACHINE OIL AND

REFRIGERATOR EMPLOYING THE SAME

5
TECHNICAL FIELD
The present invention relates to a
refrigerating machine oil comprised of a synthetic o0il
and a refrigerator employing the same.
10

BACKGROUND ART
Conventionally, an  HCFC (hydrochloro—
fluorocarbon) refrigerant has been mainly employed as
a refrigerant of a refrigerator. However, since the
15 | HCFC refrigerant destroys the ozone layer in the
atmosphere that surrounds the earth, an HFC
(hydrofluorocarbon) refrigerant having a small ozone
destruction factor is considered as a substitute for
the HCFC refrigerant. The HFC refrigerant scarcely
20 disgsolves therein a mineral oil that = has
conventionally been employeﬁ as a refrigerating
machine oil, so that lubricating performance of a
compressor is significantly réduced. Therefore, it is

proposed to employ a synthetic o0il having a



of
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occur, the ratio of the al kyl benzene oil nust be reduced as conpared
with the high-pressure done type. By nmaking the two-|ayer separation
tenperature of the 25 HFC refrigerant and the refrigerating machi ne oi
not - 24- hi gher than
10[err]C, the refrigerating machine oil and the liquid refrigerant
are uniformy dissolved in an operating state at a tenperature of

not | ower than 10[err] C by maki ng the two-| ayer separation

t enper at ure of 5 the HFC refrigerant angthe refrigerati ng machi ne oi
not higher than 10[err] C even when the liquid refrigerant returned

into the done of the conpressor. Therefore,

compatibility with .the HFC refrigerant as a
refrigerating machine oil.

The ch refrigerant has an intense polarity

since it has a combination of a hydrogen atom and a

5 fluorine atom. In contrast to this, contaminations

(soiled things) of deteriorated objects of cutting

oil, rust ﬁreventive 0il, hydraulic oil, wash oil,

refrigerating machine oil and so0 on are nonpelar,

while synthetic oil of an ether oil or the like has

10 both a polar group and a nonpolar group. Therefore,

the synthetic o0il has a compatibility with the HFC

réfrigerant having a polarity and an affinity with

nonpolar contaminations, therefore dissolwving both of

them. Then, in a compressor of the above

15 refrigerator, the synthetic 0il dissolving therein the

contaminations is discharged together with the

refrigerant from the.compressor and made to circulate

through a <refrigerant circuit. When the HFC

refrigerant is condensed in a condenser, the synthetic

20 oil, which has an intense solubility to a 1liquid

refrigerant, is dissolved in the liquid refrigerant,

as a consequence of which the synthetic oil circulates

through the refrigerant circuit together with the

refrigerant. In this case, the affinity of the HFC

25 refrigerant with the synthetic oil is stronger than



“by making the ratio of the al kyl benzene oil relative
refrigerating machine oil not smaller than five 10

to the
percent by wei ght and

“making the two-1layer separation tenperature of t he HFC
*refrigerant and t he refrigerating machine oil not higher than
10[err]C, a -~ mxture of the refrigerant and the m xed oil having an
appropriate viscosity is sucked into the oil punp, so 15 that the
reliability of the | ow pressure donme type conpressor can be
maintained. It is to be noted that t-heé — ow pressure done type
conpr essor has a construction in which the refrigerant flows to
a di scharge pipe via an inlet pipe, the container (low 20

pressure done) of the conpressor and a conpressing

portion and the

refrigerating machittee ciffirsityesef itk contaniihatibf¢- WatRetheU'synthetic
| ow- pressure portion inside the | ow- pressure donme. \Wen the second

synthetic oil is oil, t hEldertbel , nohpokaher contanimabems y adeushothe

25

t wo- | ayer

10

15

20

separation tenperature of t he HFC
dissolved in the HFC refrigerant having an intense

polarxity. Therefore, when the synthetic oil is
dissolved into the liquid refrigerant, the
contaminations that have been dissolved in the
synthetic oil are separated from the synthetic oil and
deposited in the liquid refrigerant.  Then, the
deposited contaminations, which have a high viscosity,
adhere to narrow fluid passages of a capillary and an
expansion valve, and they are eventually deposited to
clog up passages.

The clogging of the capillary and the
expansion valve disables the control of the
refrigerant flow and causes an abnormal increase in
temperature and a backward flow {(return) of the fluid
to the compressor, significantly impairing the
reliability of the refrigerant circuit. Particularly
when the ester oil is employed as the refrigerating
machine oil, it causes a hydrolysis with water and
tends to generate a sludge. In a refrigerator
employing a capillary as a decompressor of the
refrigerant circuit, the capillary tends to develop

more clogging as the capillary tube has a smaller



- 25- refrigerant and the ether oil, so that the two-I|ayer

_ Separation tenperature of the refrigerant and the m xed ol

(al kyl benzene oil and ether oil) can be reduced even when an

“increased anmount of al kyl benzene 5 oil is incorporated therein as
conpared with the ester oil. According to the
refrigerator of one enbodi nent, an HCFC refrigerant is enpl oyed.
Wth this arrangenent, the sludge adhered to 10 the i nner surfaces of
the smal | -di aneter portions of t he 4capillary and the expansion

val ve can Dbe

diameter, leading to a problem that it becomes
inoperable as a refrigerator.
As a method for preventing the clogging of
the capillary and expansion valve, it can Dbe
S considered to clean the components on a strict
standard,' thoroughly control the setting and review
components of a refrigerating system and the
processing steps so that impurities do not enter
during a manufacturing process and a setting process.
10 However, these methods require much time as well as an
increased nﬁmber of processes as compared with the
conventional cases. Furthermore, they employ an
increased amount of detergent in the component
cleaning stage and cause much energy consumption,
1S consequently leading to a significant cost increase.
In contrast to this, a refrigerator which
can cope with the HFC refrigerant employing only the
refrigerating machine 0il of the alkylbenzene oil that
causes less capillary clogging has been put into
20 practical use. However, the alkylbenzene oil, which
is incompatible with the HFC refrigerant, has a
property that it scarcely dissolves therein the
refrigerant gas. Furthermore, it is sometimes the
case where a two-layer separation may be caused

25 depending on the temperature range and the ratio of



-exfoliated and renoved by the al kyl benzene oi l al though the sludge

Is easily generated on, in particular, the inner surfaces of the
‘smal | -di aneter 15 portions of the capillary and the expansi on val ve when
a synthetic oil is enployed as a refrigerating machine oil.

According to the refrigerator of one enbodi nent, an HCFC
refrigerant is enployed and a 20. capillary is enployed for its
deconpressor. Wth this argangenent, the refrigerating
machine oil also has a conpatibility with the HCFC refrigerant, and

t he sl udge adhered to the inner surface of the small-dianmeter portion

of the capillary 2% can be exfoliated and renoved by the al kyl benzene

o | the refrigerant to the refrigerating machine oil.

Accordingly, in a separate type air conditioner, an

indoor unit and an outdoor unit are connected to each

other by way of a long communicating pipe differently

5 from the refrigerator in which all the components are

integrated in a unit. Therefore, if the alkylbenzene

oil incompatible with the HFC refrigerant is employed

as the refrigerating machine o0il, then the

refrigerating machine oil discharged from the

10 compressor is hard to return to the compressor since

the viscosity of the refrigeiating machine oil in the

refrigerant circuit is high. Therefore, an air

conditioner having a long communicating pipe has a

problem that an abnormality occurs due to a seizure

15 and abrasion caused by a shortége_of refrigerating
machine oil in the compressor. |

Furthermore, when a large amount of liquid

refrigerént lies in the compressor at a low

environmental temperature of the compressor or when a

20 large amount of 1liquid refrigerant returns to the

compressor during defrosting, the refrigerating

machine oil and the HFC refrigerant separate into two

layers inside a dome of the compressor, as a

consequence of which a refrigerant rich layer having a

25 greater specific gravity stays in a lower portion of



- 26- m xed in the refrigerating nmachine oil. Since the

sl udge adhered to the inner surface of the small - di aneter portion of
the capillary is exfoliated and renoved by the al kyl benzene oil, an

<« I nexpensive 5 capillary can be enployed, so that the cost of the
refrigerator can be reduced. The refrigerator filled wi th the above
refrigerating machine oil can easily repl ace the HCFC refri gerant
with the alternative . refrigerant of the HFC refrigerant (so-called
the 10 retrofit can easily be achieved)-v@thout changi ng t he
refrigerating machine oil. According to the refrigerator
of one enbodi nent, an HCFC refrigerant and a hi gh-pressure

- done type conpressor are enployed, the ratio of the 15 al kyl benzene oi
relative to the rethegaioxie.ng mhehi nethe refrigerant rich fluid whose

viscosity has been significantly  reduced is
consequently sucked from the inlet port of an oil pump
provided in the lowermost portion o¢f the dome of the

5 compressor. A bearing of the compressor is normally
designed on the supposition that the viscosity of the
refrigerating machine o0il is relatively high,
according to which the size of the bearing and a
frictional motive force at the bearing are considered.

10 Therefore, if the refrigerant rich fluid whose
viscosity is significantly reduced is sucked, then a
thickness of oil film is reduced to cause a metal
contact, and this leads to a problem that the bearing

is damaged and the reliability of the compressor is

15 significantly impaired.

DISCLOSURE OF THE INVENTION
Accordingly, it is an object of the present
invention to provide a refrigerating machine oil which
20 can easily remove a sludge generated in a refrigerant
‘ circuit without reviewing refrigerant system
components nor processing steps and is easy to return
to a compressor and refrigerator employing the same.
Another object of the present invention is

25 to provide a refrigerating machine o0il which can



oil is made not smaller than five percent by weight and the viscosity

of the refrigerating nmachine oil is made not smaller than 2.5 cst at
a tenperature of 100[err]C. 20 Wth this arrangenent,
according to the results of the aforenentioned test and study, by
maki ng the ratio of the al kyl benzene oil relative to t he
refrigerating nmachine oil not smaller than §ive percent by wei ght and
maki ng the viscosity of the 25 refrigerating machine oil not smaller
than 2.5 cst at -27-

prevent a two—l&yer separation of o0il and refrigerant
into two layers inside a compressor and refrigerator
employing the same.
In order to achieve the aforementioned
5 objects, the ' present invention provides a
refrigerating machine o0il obtained by mixing a first
synthetic o0il comprised of an alkylbenzene oil with a
second synthetic oil other than the alkylbenzene oil.
In regard to the refrigeréting machine oil
10 having the above construction, the present applicant
has conducted various experiments and study and
discovered that the mixed oil obtained by mixing the
first synthetic oil comprised of an alkylbenzene oil
and the second synthetic oil (ether oil, ester oil,
15 fluorine oil, carbonate oil or the like) other than
the alkylbenzene oil exfoliated sludge generated on
inner surfaces of refrigerant system components due
to the contaminations (soiled objects) of cutting oil,
rust preventive oil, hydraulic oil, wash oil and sb on
20 dissolved into a refrigerant. Therefore, according to
the above refrigerating machine oil, the sludge
adhered to the inner surfaces of a capillary and an
expansion valve is exfoliated and removed by the
alkylbenzene oil. Therefore, the sludge can be

25 removed to prevent the capillary and the expansion



a tenperature of 100[err]C, the clogging of the capillary and the

expansi on val ve by the sludge can surely be prevented and the oi
films of the bearing and so on are mai ntai ned normal throughout the
entire region of 5 the operating range, so that the reliability of the
hi gh- pressure done type conpressor having a high oil tenperature can
be maintai ned. The refrigerator filled with the above
refrigerating machine oil can “easily8 —replace the HCFC refrigerant
with the 10 alternative refrigerant of the HFC refrigerant w thout
changing the refrigerating nmachine oil. According to the
refrigerator of one enbodi nent, the oil concentration of the

refrigerant v%}{ré(:hrf% | ﬁ{:} b#%gﬁ?d%l% egggl‘{%oh agz%vieﬂﬁ'h Nty 15

wei ght when the r I ge ne ol ef ri gerant

oS TRt LG AN ek ponpond TR EnelrOlgtsdéasing
steps. By employing a synthetic oil that is easy to
dissolve into an HFC refrigerant in, for example, a
S . refrigerator employing the HFC refrigerant, the
synthetic oil discharged together with the refrigerant
from a compressor circulates through a refrigerant
circuit and returns to the compressor. Accordingly,
there is no such problem that the synthetic oil is
10 hard to return and causes a poor lubrication, so that
the lubricating performance of the compressor can be

maintained. '
According to the refrigerating machine oil
of one embodiment, the second synthetic oil is

15 provided by an ether oil.

With this arrangement, for example, when an
HFC refrigerant is employed, the ether oil is well
dissolved in the HFC refrigerant and circulates
through the refrigerant circuit. Accordingly, there
20 is no such problem that the ether oil discharged
together with the refrigerant from the compressor. is
hard to return, so that ﬁhe sludge adhered to the
inner surfaces of small-diameter portions of the
capillary and the expansion valve can be exfoliated

25 and removed by the alkylbenzene oil while maintaining



‘HFC refrigerant and the refrigerating machine oil are 20 separated into

two | ayers inside the conpressor, the oil filnms of the bearing and so
on of the conpressor are mai ntai ned appropriate when the oi
‘concentration of the refrigerant rich layer of the layers that have
separated into two layers is not smaller than 2.5 25 percent by wei ght,
causing no problemin terns of the reliability.
Therefore, in the case of the high- pressure done type conpressor in
whi ch the two-1ayer separation of <+~ HCFC refrigerant and

t he refrigerating machine oil is a problem the two-I|ayer 5

separation tenperature of the HCFC refrigerant and the

the lubricating performance of the compressor., The
alkylbenzene oil incompatible with the HFC refrigerant
is well dissolved in the ether oil, and therefore, the
alkylbenzene oil is transferred to the inside of the
5 refrigerant circuit even in a state in which the
alkylbenzene oil is dissolved in the ether oil, so

that the sludge can effectively be removed.
According to the refrigerating machine oil
' of one embodiment, the second synthetic o0il is

10 provided by an ester oil. -

.With this arrangement, for example, when an
HFC 'refrigerant is empioyed, the ester oil is well
dissolved in the HFC refrigerant and circulates
through the refrigerant éircuit. Accordingly, there
15 is no such problem that the ester oil discharged
together with the refrigerant from the compressor is_
hard to return, so that the sludge adhered to the
inner surfaces of small-diameter portions of the
capillary or the expansion valve can be exfoliated and
20 removed by the alkylbenzene oil while maintaining the
lubricating performance of the compressor. The
alkylbenzene oil incompatible with the HFC refrigerant
is well dissolved in the ester oil, and therefore, the
alkylbeﬁzene 0il is transferred to the inside of the

25 refrigerant circuit even in .a state in which the



base oil and the ratio of the al kyl benzene oil - relative to the

refrigerating machine oil are adjusted so that the oil concentration
of the refrigerant rich | ayer becomes not smaller than 2.5 percent by
wei ght 10 even when the HCFC refrigerant lies in the conpressor ~in
the operation stop state and the HCFC refrigerant and the
refrigerating machine oil are separated into two | ayers. Therefore,
the oil films are maintained to cause damage of the bearing and so
on, so that 15 the-reliability of the coOmnpressor can be naintai ned.

The refrigerator filled wi t.h the above refrigerating machi ne oil can

easily replace the HCFC refri gerant with the alternative

refrigerant of

t he HFC refrigerant w thout changing the

refrigerating machi Adky2benzene. oilheis t Abssebvedl dpntthe i ester iodlyheso
ether oil, the ether oi|l can easily adjust the two-I|ayer
separation tenper at hatofhenhslpgas rean ieffeshivahy baeremovedether oil,
SO that the t wo- | ayer sggaration

10

15

20

23

cording to the réfrigerating machine oil
of one embodiment, the second synthetic oil 1is
conmprised of an ether oil and an ester oil.
With this arrangement, for example, when an
HFC refrigerant is employed, the ether oil and the
ester oil are well dissolved in the -HFC refrigerant
and circulate through the refrigerant circuit.
Accordingly, there is no such problem that the ether
0il and the ester o0il discharged together with the
refrigerant from the compressor are hard to return, so
that the 'sludge adhered to the inner surfaces of
small-diameter portions of the capillary and the
expansion valve can be exfoliated and removed by the
alkylbenzene o0il while maintaining the Ilubricating
pexformance of the compressof. The alkylbenzene oil
incompatible with the HFC refrigerant 1is well
dissolved in the ether oil and the ester oil, and
therefore, the alkylbenzene o0il is transferred to the
inside of the refrigerant circuit even in a state in
which the alkylbenzene oil is dissolved in the ether
0il and the ester oii, so that tlHe sludge can
effectively be removed. The ester oil. is hydrolyzed

by water but deterioration by oxidation scarcely



tenperature of the refrigerant and the mxed oil 25 (al kyl benzene oi
and «ether oil) can be reduced even

- 29- when an increased amount of al kyl benzene oil is
i ncorporated as conpared with the ester oil. According to
the refrigerator of one enbodi ment, an HCFC refrigerant and a :
| ow pressure 5 done type conpressor are enployed, the ratio of the
al kyl benzene oil relative to the refrigerating nachine oil is made
not smaller than five percent by weight ~1ll—and the two-layer separation
t enperature of the refrigerating machine oil and the HCFC refrigerant
i's

occurs. On the contrary, the ether oil . is

deteriorated by oxidation but scarcely hydrolyzed by
water since it withstands water. Therefore, by
setting the ratio of the ether o0il to the ester oil to
5 1 : 1, there can be obtained a refrigerating machine
o1l of which the degree of deterioration by oxidation
and the degree of hydrolysis by water are each reduced
half.
According to the refrigerating machine oil
10 of one embodiment, the second synthetic o0il is a
fluorine oil.
With this arrangement, for example, when an
HFC refrigerant is employed, Ehe fluorine oil is well
dissolved in the BHFC refrigerant and circulates
15 through the refrigerant circuit. Accordingly, there
ié nce such problem that the fluorine oil discharged
together with the refrigerant from the compressor is
hard to return, so that the sludge adhered to the
inner surfaces of small-diameter portions of the
20 capillary and the expansion valve can be exfoliated
and removed by the alkylbenzene o0il while maintaining
the lubricating performance of the compressor.
Accorﬁing to the refrigerating machine oil
of one embodiment, .the second synthetic oil is a

25 carbonate oil.



10 made not hi gher than 10[err]C Wth this arrangenent,

according to the results of the aforenentioned test and study, when
.the ratio of the alkylbenzene oil relative to the
refrigerating machine oil, is not smaller than five 15 percent by

wei ght, the sludge generated on the inner surface of the capillary
due to the contam nati ons of cutting oil, rust preventive oil,
hydraulic oil, wash oil and so on_ghssol ved into the HCFC refrigerant
S exfoliated and surely renoved, so that the clogging of 20 . the
capillary is elimnated. |In the case of the | ow pressure done type
conpressor in which the two-I|ayer separation of t he HCFC

making. T the two | aydliERpbiH | S ARAAIEE o T ARG S ATg5 | 10
Lerr]1C  the refibk LAl MO-JRCH NGy BRY LRE ELqWihte 01l is well
dissolved in the HFC refrigerant and circulates
through the refrigerant circuit. Accordingly, there
5 is no such problem that the carbonate o0il discharged
together with the refrigerant from the compressor is
hard teo return, so that, while maintaining the
lubricating performance of the compressor, the sludge
adhered to the inner surfaces of small-diameter
10 portions of the capillary and the expansion valve can
be exfoliated and removed by the alkylbenéene oil.

Accofding to the refrigerating machine oil
of one embodiment, the ratio of the alkylbenzene oil
relative to the refrigerating machine oil is set to 1

15 to 50 percent by weighﬁ.

With this arrangement, the ratio of the
alkylbenzene o0il is preferably smaller for the
synthetic 0il discharged together with the refrigerant
from the compressor to c¢irculate through fhe

20 refrigerant circuit and return to the compressor,
whereas the ratio of the alkylbenzene oil is
preferably greater for the' removal of the sludge.
Therefqre, by making the ratio of the alkylbenzene oil
as great as possible while maintaining the oil return

25 of the synthetic o0il according to the refrigerant



. -30- refrigerant are uniformy dissolved in an operating

state at a tenperature not |ower than 10[err] C even when the liquid
refrigerant returns to the inside of the donme of the conpressor
Therefore, a mxture of the 5 refrigerant and the refrigerating nmachine
Qi I having an appropriate viscosity is sucked into the oil punp,

so that the reliability of the | ow pressurgsdone type conpr essor can
be mai ntained. The refrigerator filled with the above refrigerating
machine.oil can easily 10 replace the HCFC refrigerant wth the
alternative refrigerant of the HFC refrigerant wi t hout changi ng

Lhe gprrigerati i el M rediive ‘Willige' FendViioWs execufdd! "hén®'! 1S
the ratio of the alkylbenzene oil relative to the
féfrigerating machine oil exceeds S0 percent by _
weight, the ratio of the alkylbenzene o0il is

5 consequently increased too much with respect teo, for
example, the HFC refrigerant in which the alkylbenzene
0il does not dissolve, for which the refrigerating
machine oil discharged together with the refrigerant
from the compressor is hard to circulate the

10 refrigerant circuit and return. When the ratio of the
alkylbenzene oil relative to the refrigerating machine
0il is not greater than 50 percent by weight, the
synthetic 0il discharged together with the refrigerant
from the compressor circulates through the refrigerant
15 circuit and surely returns. The removal of the sludge
is insﬁfficient when the ratio of the alkylbenzene oil
relative to the refrigerating machine oil is smaller
than 1 percent by weight, whereas the sludge removal
effect is produced when the ratio is not smaller than

20 1 percent by weight.
According to the refrigerating machine oil
of one embodiment, the ratio of the alkylbenzene oil
relative to the refrigerating machihé cil is made not

smaller than five percent by weight and the viscosity



.easily adjust the two-layer separation tenperature of 15 the HFC

refrigerant and the ether oil, so that the
tenperature of the refrigerant

zand ethér oil) can
al kyl benzene oi

Accor di ng

to

t

two- | ayer separation
and the m xed oil (al kyl benzene oi
be reduced even when an increased anount

I's incorporated as conpared with the 20 eSter oil.

he

refrigerator of one 14—enbodinent, there are

enpl oyed a swi ng type conpressor conprising: a roller which is

rotatably fitted on an

bl ade-which is

-31-
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25

eccentric section of a driving shaft; a

of

integrally fixed to an outer peripheral surface of the

of the refrigerating machine oil is made not smaller
than 2.5 cst at a temperature bf 100°C.

According to the experiments and study
conducted by the present applicant, it was discovered
that the sludge generated on the inner surface of the
capillary due to the contaminations of cutting'oil,
rust preventive o0il, hydraulic oil, wash oil and so on
dissolved into the refrigerant (HFC refrigerant
éccording to the experimént) was exfoliated and surely
removed when the ratio of the alkylbenzene oil
relative to the refrigerating machine oil is not
smaller than five percent by weight, so that the
clogging of thé capillary was eliminated. It was also
discovered that the sludge generated on the inner
surface of the capillary was not able to be removed
when the ratio of the alkylbenzene oil relative to the
refrigerating machine o0il was smaller than five
pexrcent by weight. It was further discovered through
an experiment that the ratio of metal contact becomes
almost zero percent by making the viscosity of the
refrigerating machine oil not smaller than 2.5 cst, so
that the oil films of the bearing and so on were
maintained. It was further discovered that the ratio
of metal contact increases and the oil films of the

bearing and so on were not sufficiently secured when



“roller and extends outwardly of a radius of the 'roIIer, t her eby

separating a cylinder chanber inside a cylinder into a conpression
chanber and an inhal ation chanber; and a support nenber which is
‘rotatably 5 supported in the cylinder and in which is forned a
recepti on groove that receives and guides a protruding side tip
portion of the bl ade. According to the refrigerator
constructed as above, in the swing type conpressor, the blade is 10
fixed to the roller and the tip portion of the bl ade i's guided by the
reception groove of the rotatable support nenber. Therefore, the
surface of the blad . _comes in.surface contact with the suppqrt nenber
to achi eve seg}qleng‘fl‘_sgc@rf At i 9 %@eboﬁ?\%a’r%ﬁqﬂmgca??‘ nggoilgwasg,
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adhered to the ratio of the alkylbenzene oil relative to the
refrigerating machine o0il not smaller than five
5 percent by weight and making the viscosity of the
refrigerating machine o0il not smaller than 2.5 cst,
the clogging of the capillary and the expansion valve
by the sludge can be prevented and the oil films of
‘the bearing and so on are maintained normal throughout
10 the entire région of the operating range, so that the

rgliability of the compressor can be maintained.
According to the refrigerating machine oil
of one embodiment, the oil concentration of the
refrigerant rich layer is made not smaller than 2.5
15 percent.by weight when the refrigerating machine oil
and the HFC refrigerant are separated into two layers

at a temperature of 0°C.

With this arrangement, it was discovered
through an endurance test that, when the HFC
20 refrigerant and the refrigerating machine oil were
separated - into two layers inside the compressor, the
oil films of the bearing and so on of the compressor
were maintained appropriate and no problem has
occurred when the oil concentration of the refrigerant

25 rich layer of the layers that had separated into two



-inner surfaces of the small-dianeter portions of the capillary and
t he expansi on val ve can be.exfoliated 20 and renoved by the al kyl benzene

oi-l . Furthernore, the bl ade of the conpressor is nade to slide in

- surface contact with the support nenber, and therefore, the
deterioration of the lubricating oil can be prevented, so that the
Séi zure can be prevented. 25 —16— ' - 32-
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a circuit
diagram of a refrigerator enploying a refrigerating machine
oi | : -

layers was not smaller than 2.5 percent by weight. It

was also discovered that the oil films of the bearing

and so on of the compressor were reduced and the
bearing and S0 on were damaged when the oil

5 concentration of the refrigerant rich layer of the
- layers that had separated into two layers was smaller
than 2.5 percent by weight. Therefore, even when the

HFC refrigerant lies in the compressor in an operation

stop state and the HFC refrigerant and the

10 refrigerating machine o0il are separated into two
layers, the two-layer separation temperature of thé

HFC refrigerant and the base oil and the ratio of the
alkylbenzene 0il relative to the refrigerating machine

oil are adjusted so that the oil concentration of the

15 réfrigerant rich layer becomes not smaller than 2.5
percent by weight. Therefore, the oil films are
maintained and the bearing and so on are not damaged,

so that the reliability of the cdmpressor can be
maintained. When the second synthetic o0il is the

20 ether o0il, the ether oil can easily adjust the th-
layer separation temperature of the HFC refrigerant

and thé ether o0il, so that the two-layer separation
temperature of the refrigerant and the mixed oil

(alkylbenzene o0il and ether oil) can be reduced even



‘according to first and second enbodi nents of the 5 present invention;

Fig. 2 is a graph showng two-I|ayer separation of an HFC
refrigerant R-407C and a m xed oi | (al kyl benzene and pol yet her A);
Fig. 3 is a graph showing two-layer 10 separation of an HFC
refrigerant R-407C and a m xed oi | (al kyl benzene and pol yet her B)

Fig. 4 is a graph showing a rel ati on between a two-layer separation
tenperature of an HRC refrigerant and a base oil and a ratio of
an 15 al kyl benzene oil; '*46? 5 1is a graph showing a
rati o of netal contact relative to an oil viscosity; and

Fig. 6 is a cross section view show ng essential .part of a swng type

conpressor provided for 20 a refrigerator according to a third
enbodi ment of the when phesdncrea¥edti amount of alkylbenzene oil is

incorporated therein as compared with the ester oil.
According to the refrigerating machine oil
of one embodiment, the ratio of the alkylbenzene oil
S relative to the refrigerating machine oil is made not
smaller than five percent by weight and thé two-layer
separation temperature of the HFC refrigerant and the'
refrigerating machine oil is made not higher than
10C.

10 With this arrangement, when the ratio of the
alkylbenzene oil relative to tﬁe refrigerating machine
0il is not smaller than five percent by weight, the
slﬁdge generated on the inner suffaces of the
capillary and the expansion valve due to the

15 contaminations of cutting oil, rust preventive oil,
hydraulic o0il, wash o0il and so on dissolved into the
HFC refrigerant is exfoliated and surely removed, so
that the cloggiﬁg of the capillary is eliminated,
According to the results of an endurance test

20 conducted by the present applicant, it was diséovered
that the refrigerating machine o0il and the liquid
refrigerant were uniformly dissolved in an operating
st;ate at a temperature of not lower than 10°C by
making the two-layer separation temperature of the HFC

25 refrigerant and the refrigerating machine oil not



- 33- BEST MODE FOR CARRYI NG OUT THE | NVENTI ON The

followng wll describe in detail experinents and study
concerning refrigerating nachi ne oil of the present invention as
well as a refrigerator 5 enploying the refrigerating machine oi

on the enbodi mrents shown in the draw ngs. First,
the present applicant prepared for " experinments by operating a
refrigerator which enploys a synthetic oil (ester oil, for exanple)

as a 10 refrigerating machine oil for ajgong term clogging a
capillary with a sludge generated on an inner surface

higher than 10 °C even when the liquid refrigerant
returned into the dome of the compressor. It was also
discovered that the refrigerating machine o0il and the
liquid refrigerant were sometimes not uniformly

5 dissolved when the two-layer separation temperature of
the HFC refrigerant and the refrigerating machine 0il
exceeded the temperature of 10 C. Therefore, by
making the ratio of the alkylbenzene 0il relative to

the refrigerating machine o0il not smaller than five

10 percent by weight and -making the two-layer separation
temperature of the HEC refrigerant and the
refrigerating machine oil not higher than 10°C, a
mixture of the refrigerant'and the mixed oil having an
appropriate viscosity is sucked into an oil pump, so

15 that the reliability of the compressor can be
maintained. f When the second synthetic oil is the

ether oil, the ether oil can easily adjust the two-

layer separation temperature of the HFC refrigerant

and the ether oil, so that the two-layer separation

20 temperature of ﬁhe refrigerant and the mixed oil
(alkylbenzene o0il and ether o0il) can be reduced even

when an increased amount of alkylbenzene o0il is

incorporated.



e —

of the capillary with contam nations (soiled objects) of cutting
oil, rust preventive oil, hydraulic oil, wash oil and so on ‘
dissolved into a refrigerant and 15 . cutting the <capillary for the
preparation of a plurality of samples. Then, by imersing for a

| ong termthe plurality of sanples clogged wth the sl udge

generated on the inner surface into mxed oils obt ai ned by

i ncorporating an al kyl benzene oil which 20 serves as a first synthetic
oil into each of an ether oil, an ester oil and a fluorine oil which
serve as a second synthetic oil, the change in state of the

sl udge of each sanple was observed. As a &t t by I ncorporating the
al kyl benzene oil into the base oils 25 of the ether oil, ester oil and
the fluorine oil, it '

The present - invention also provides a
refrigerator employing one of the aforementioned
refrigerating machine oils.

According to the refrigerator constructed as

5 above, the sludge adhered to the inner surfaces of the
small-diameter portions of the capillary and the
expansion valve is exfoliated and removed by the
.alkylbenzene 0il, and therefore, the capillary and the
expansion valve can be prevented from being clogged.

10 Furthermore, the above arrangement can obviates the
need for a refrigerant system component cleaning
process for removing the cutting oil, rust preventive
oil and the hydraulic oil that cause the sludge, so
that the number of processes and cost can be reduced.

15 . According to the refrigerator of one
embodiment, an HFC (hydrofluorocarbon) refrigerant is
employed.

With this arrangement, the sludge adhered to
‘the inner surfaces of the small-diameter portions of

20 the <capillary and the expansion valve can be
exfoliated and removed by the alkylbenzene oil
although the sludge is easily generated on, in
particular, the inner surfaces of the small-diameter
portions of the capillary and the expansion valve when

25 a synthetic oil having a compatibility with the HEC



'i-34- was discovered that there was the effect of

exfoliating the sludge generated on the inner surfaces of
Jefrigerant system conponents due to t he cont am nati ons
(soil ed objects) of cutting oil, rust 5 preventive oil, hydraulic - oi
wash oil and so on di ssolved into the refrigerant.

Furthernore, as a result of conducting the experi nment of i mrersing
for aling termthe sanples into only the al kyl benzene oil, it was
di scovered that 10 the alkyl benzene -oRP—singly had the effect of
exfoliating the sludge, or the cause of the cl ogging of the
capillary and cl eaning the i nner surface of the ‘capillary. The
sanpl es of the above experinent had come to have a lustered inner

surface state sinréfrigerartd isa ampieyrl dbbf ef enlfy ibegatihg aefchimeer e
t he et her oil.

According to the refrigerator of one

embodiment, a capillary i& employed as a decompressor.
S With this arrangement, the sludge adhered to

the inner surface of the small-diameter portion of the

capillary is exfoliated and ©removed by the

alkylbenzene oil. Therefore, an inexpensive capillary

can be employed, so that the cost of the refrigerator
10 can be reduced.

According to the refrigerator of cne
embodiment, an HFC refrigerant and a high-pressure
dome type compressor are employed and the ratio of the
alkylbenzene oil relative to the refrigerating machine

15 oil is made not smaller than five percent by weight
and the viscosity of the refrigerating machine o0il is
made not smaller than 2.5 cst at a temperature of
100%C. |

According to the results  of the

20 aforementioned test and study, by making the ratio of
the alkylbenzene oil relative to the refrigerating
machine oil not smaller than five percent by weight
and making the viscosity of the refrigerating machine
oil not smaller than 2.5 cst at a temperature of

25 100°C, the clogging of the capillary and the expansion.




oil, ester oil or a mneral oil was used. However, if ' t he

al kyl benzene oil is enployed as a refrigerating - machine oil, then
t he al kyl benzene oil is inconpatible with the HFC refrigerant,

- and therefore, the 20 refrigerating machine oil discharged together
with the refrigerant fromthe conpressor does not return to the
conpressor w thout circulating through the refrigerant circuit in a
réfrigerator having a l-ong piping or a great difference of
el evation, and this leads to a - 25 reductzpn in reliability due to a poor
| ubricati on. - 35-

Accordingly, based on the results of the

valve due.to the sludge can be prevented and the oil
films of the bearing and so on are maintained normal
throughout the entire region of the operating range, .
so that the reliability of the high-pressufe dome type
5 compressor having a high o0il temperature can be
maintained. It is to be noted that the high-pressure
dome type compressor has a construction in which the
refrigerant fldws to a discharge pipe via an inlet
pipe, a compressing portion and the container (high-
10 pressure dome) of the compressor and the refrigerating
machine oil is reserved in a high-temperature high-
pressure portion inside the high-pressure dome.
According to the refrigerator of one
embodiment, the o0il concentration of the refrigerant
15 rich layer when the refrigerating machine oil and the
HFC refrigerant are separated into two layers at a
temperature of 0 C. is made not smaller than 2.5
percent by weight.
With this arrangement, in the case where the
20 HFC refrigerant and the refrigerating machine oil are
separated into two-layers inside the compressor, the
oil films of the bearing and so on of the compressor
are maintained appropriate'when the oil concentration
of the refrigerant rich layer of the 1ayeis that have

25 separated into two layers is not smaller than 2.5



- above experinment, the present applicant decided to concurrently
enploy an alkyl benzene oil and a synthetic oil (ether oi-

ester oil, fluorine oil, 5 carbonate oil and so on) having a

- conpatibility with the HFC refrigerant. That is, lubricating

per formance of the conpressor is maintained by naking satisfactory
oil return with the synthetic oil that is well di ssolved in the HFC
refrlgerant and the sludge 10 causing theg£logging of the capillary is
removed by i ncorporating the al kyl benzene oil into the synthetic
oil. Thus, the aforenentioned problens of the poor | ubrication and
the clogging of the capillary can be resol ved at once. 15 (First

Enbodi nent) The . foll owi ng w il descrlbe t he case where
t he above refrlgerEFFﬁ&“ﬁaPNlHEISPF'|5353%¢%y@% ProRifm in term§ (¢4ekhR or .

Flg. 1 is a C'r Eglllg§ag 6‘i']ﬂerefore, in the case of the high-
pressure dome type compressor in which the two-layer
separation of the HFC refrigerant and the

5 refrigerating machine oil is a problem, the two-layer
separation temperature of the HFC refrigerant and the
base o0il and 'the ratio of the alkylbenzene oil
relative to the refrigerating machine oil are adjusted
so that the o0il concentration of the refrigerant rich

10 léyer becomes not smaller than 2.5 percent by weight
even when the HFC refrigerant lies in the compressor
in the operation.stop state and the BFC refrigerant
and the refrigerating machine oil are separated into
two layers. Therefore, the o0il films are maintained
15 . to cause no damage of the bearing and so on, so that
the reliability of the compressor can be maintained.
When the second synthetic 0il is the ether oil, the
ether oil can easily adjust the two-layer separation
temperature of the HFC refrigerant and the ether oil,
20 so that the two-layer separation temperature of the
refrigerant and the mixed oil (alkylbenzene o0il and
ether oil) can be reduced even when an increased
amount of alkylbenzene o0il is incorporated therein as

compared with the ester oil.



20 refrigerator enploying the above refrigerati ng machi ne
refrigerator including a conpressaor. 1, a
to the outlet side of the

oi |
four-way val ve 2 connected .
conpressor 1, an outdoor heat exchanger 3

t he

. whose one end is connected to the four-way valve 2, a capillary 25
4 which serves as an expandi ng neans whose one end is .
- 36- connected to the other end of the outdoor heat
exchanger 3, an indoor heat exchanger 5 whose one end i s connected

to the other end of the capillary 4 via a

shut of f valve 11 and an

accunul ator 6 of which the one 5. end~43-eonnected to the other end of
exchanger 5 via a shutoff valve 12 and the four-way

t he i ndoor heat

10

15

20

25

According to the refrigerator of one
embodiment, an HFC refrigerant and a low-pressure dome
type compressor are employed, the ratio of the
allebenzene oil relative to the refrigerating machine
0il is made not smallér than five percent by weight
and the two-layer separation temperature of the HFC
refrigerant and the fefrigerating machine oil is made
not higher than 106%C.

With this arrangemeht, according to the
results of the aforementioned test and study, when the
ratio of the alkylbenzene .oil relative to the
refrigerating machine o0il is not smaller than five
percent by weight, the sludgé generated on the inner

‘surface of the capillary due to the contaminations of

cutting oil, rust preventive ¢il, hydraulic oil, wash

oil and so on dissolved into the HFC refrigerant is
exfoliafed and surely removed, so that the clogging of
the capillary and the expansion.valve is eliminated.
In the case of the low~-pressure dome type compressor
in which the two-layer separation ‘of the HFC
refrigerant and the refrigerating machine oil tends to
occur, the ratio of the alkylbenzene oil must be
reduced as compared with the high-pressure dome type.

By making the two-layer separation temperature of the

HEC refrigerant and the refrigerating machine o0il not



~valve 2 and the other end is connected to the inlet side of the

conpressor 1. In the refrigerator constructed as above, an
10 HFC refrigerant (R 134a, R-407, R-410, HFC 32/ 134a or the |ike)
"is enployed as a substitute refrigerant for the HCFC refrigerant,
while a m xed oil obtained by m xi ng any one of the ether oil, ester
oil, fluorine . oil and carbonate oil wth an al kyl benzene oil is 15
enpl oyed as a refrigerating machi ne oil.—2%ke ratio of t he
al kyl benzene oil is set within a range of 1 to 50 percent by wei ght
relative to the whole refrigerating machi ne oil according to the
refrigerant circuit and so on. - 20 The sl udge adhered to
the inner surfacgigfer thanthe Bnalthéilaé@ffgeﬁﬁitnqmn@éhim 68pi bhary 4 is
exfoliated and renoved by the al kyl benzene o1l m xed in the

refrigerating naghé neigaid gefrifer&i®rret Riformly COggbIgedf ifihan
capillary can be prevented w thout

operating state at a temperature of not lower than

10°C by making the two-layer separation temperature of

S the HFC refrigerant and the refrigerating machine oil

not higher than 10C even when the liquid refrigerant

returned into the dome of the compressor. Therefore,

by making the ratio of the alkylbenzene oil relative

to the refrigerating machine 0il not smaller than five

10 percent by weight and making the two-layer separation

- temperature of the HFC refrigerant and the

refrigerating machine oil not higher than 10T, a

nixture of the refrigerant and the mixed oil having an

appropriate viscosity is sucked into the oil pump, so

15 that the reliability of the low-pressure dome type

compressor can be maintained. It is to be noted that

the low-pressure dome type compressor has a

construction in which the refrigerant flows to a

diseharge pipe via an inlet pipe, the container (low-

20 pressure dome) of the compressor and a compressing

portion and the refrigerating machine eil_is reserved

in a low-temperature low-pressure portion inside the

low-pressure dome. When the second synthetic oil is

the ether o0il, the ether o0il can easily adjust the

25 two~layer separation  temperature of the HEC



25 reviewi ng the refrigerant system conponents nor the

processing steps. Furthernore, the above arrangenent

can obviates the need for a refrigerant system conmponent cl eani ng
process for renoving the cutting oil, rust preventive oil, the

-37-

hydraulic oil

nunber

synt heti c oi
the Iike) inconpatible with an HFCT

refrigerant

and the 5 | i ke which cause the sludge, and therefore,

of processes and cost can be reduced. When

10

10

15

20

25

(ether oil, ester oil, ) %$Iuorine oil, carbonate oi

Tigerant is enployed in a
circuit enploying the HFC refrigerant, the synthetic
refrigerant and the ether oil, so that the two-layer
separation temperature of the refrigerant and the
mixed o0il (alkylbenzene oil and ether oil) can be
reduced even when an increased amount of alkylbenzene
oil is incorporated therein as compared with the.ester
0il. '

According to the refrigerator of one
embodiment, an HCFC refrigerant is employed.

With this arrangement, the sludge adhered to
the inner surfaces of the small-diameter portions of
the <capillary and the expansion valve can Dbe
exfoliated and removed by the alkylbenzene o0il
although the sludge is easily generated om, in
partiéular, the inner surfaces of the small-diameter
portions of the capillary and the expansion valve when
a synthetic oil is émplqyed as a refrigerating machine
oil.

Accoxding to the <refrigerator of one
embodiment, an -Hcfc refrigerant is employed and a
capillary is employed for its decompressor.

With this arrangement, the refrigerating
machine oil also has a compatibility with the HCFC
refrigerant, and the sludge adhered to the inner
surface of the small-diameter portion of the capillary

can be exfoliated and removed by the alkylbenzene oil

t he
a
or



oil is well dissolved in the HFC refrigerant to circulate t hr ough

t he refrigerant circuit. = Accordingly, there is no such problem
that the synthetic oil discharged fromthe conpressor 1 is hard 15
to return, so that the lubricating perfornmance of the conpressor 1
can be maintained. Wen the synthetic oil is enployed, particularly
a sludge tends to be gener ated. However, the sludge adhered to the

i nner surfaces of the small-dianeter portions of the 20

refrigerant system conponents such as the2éapillary 4 can be
exfoliated and renoved by the al kyl benzene oi l m xed in the
refrigerating machi ne oil. Furthernore, the al kyl benzene oil is well
di ssolved in the ether oil and the ester oil, so that the

alkylbenzene ofl dikedin the"¥edrigerabify' Rechend! @812 Siddd!l tnen 2
sludge adhered to the inner surface of the small-
diameter portion of the capillary is exfoliated and

removed by the alkylbenzene oil, an inexpensive

S capillary can be employed, so that the cost of the

refrigerator can be reduced. The refrigerator filled

with the above refrigerating machine oil can easily

replace the HCFC refrigerant with Ehe alternative

refrigerant of the HFC refrigerant (so-called the

10 retrofit can easily be achieﬁed) without cﬁanging the
refrigerating machine oil.

Accoxding to the refrigerator of one
embodiment, an HCFC refrigerant and a high-pressure
dome type compressor are employed, the ratio of the

15 alkylbenzene oil relative to the refrigerating machine .
0oil is made not smaller than five percent by weight
and the viscosity of the refrigerating maéhine oil is
made not smaller than 2.5 cst at a temperature of
100°C.

20 ' With this arrangement, according ¢to the

| results of the aforementioned test and study, by
making the ratio of the alkylbenzene oil relative to
the refrigerating machine o0il not smaller than five
percent by weight and making the viscosity of the

25 refrigerating machine o0il not smaller than 2.5 cst at



- 38- whi ch the al kyl benzene oil is dissolved in the ether oi |

and the ester oil, thereby allowng the sludge to be effectively
renoved. “Furthernore, the sludge adhered to the inner 5
surface of the small-dianmeter portion of the capillary 4 1is
exfaliated and renoved by the refrigerating machi ne oil obtained by
m xi ng the al kyl benzene oil wi th another synthetic oil. Accordingly,
there is no concern about the clogging of the capillary, so that 10
an i nexpensive capillary can be enpl oyed. Therefore, the cost of
the refrigerator can be reduced. —2furthernore, by enploying the

above capillary, the reliability of the refrigerator can be inproved.

a temperature of 100°C, the clogging of the capillary
and the expansion valve by the sludge can surely be
prevented and the oil films of the bearing and so on
are maintained normal throughout the entire region of

5 the operating range, so that the reliability of the
high-pressure dome type compressor having a high cil
temperature c¢an be maintained. The refrigerator
filled with'tbe above refrigerating machine oil can
easily replace' the HCFC refrigerant with the

10 alternative refrigerant of the HFC refrigerant without
changing the refrigerating machine oil. .

According to the refrigerator of one
enbodiment, the oil concentration of the refrigerant
rich layer is made not smaller than 2.5 percent by

15 weight when the refrigerating machine oil and the HCFC
- refrigerant are separated intoc two iayers at a
temperature of 0C. |

With this arrangement, in the &ase where the
HEC refrigerant and the refrigerating machine oil are

20 separated into two layers inside the compressor, the
0il films of the bearing and so on of the compressor
are maintained appropriate when the oil concentration
of the refrigerant rich layer of the layers that have
separated into two layers is not smaller than 2.5

25 percent by weight, causing no problem in terms of the
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vari ous
causing capillary
reliability

- mxed oil
at kyl benzene
et her oil
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conditions about the

the present applicant carried 15 out experinments on
refrigerating machi ne oil scarcely

cl oggi ng and causing no inpairnment of the

of the conpressor, and consequently discovered that a

obtained by mxing a first synthetic oil 20 conprised of

oi |

into a second ' synthetlc oil conprised of an

or ester oil at an appropré8te ratio was able to sol ve
probl ens. The following will describe the detail of
above as wel |

10

15

20

25

as a second enbodi nent of the

reliability. Therefore, in the case of the high-
pressure dome type compressor in which the two-layer

separation of the HCFC refrigerant and the

refrigerating machine oil is a problem, the two~layer

separation temperature of the HCFC refrigerant and the
base o0il and 'the ratio of the alkylbenzene oil
relative to the refriéerating machine oil are adjusted
so that the o0il concentration of the refrigerant rich
layer becomes not smaller than 2.5 percent by weight
even when the HCFC refrigerant lies in the compressor
in the operation stop state and the HCFC refrigerant
and the refrigerating machine oil are.separated into
two layers. Therefore, the oil films are maintained
to cause no damage of the bearing and so on, so that
the reliability of the compressor can be maintained.
The refrigerator filled with the above refrigerating

machine oil can easily replace the HCFC refrigerant

‘with the alternative refrigerant of the HEC

refrigerant without changing the refrigerating machine
oil. When the second synthetic o0il is the ether oil,
the ether o0il <can easily adjust the two-layer
separation temperature of the HFC refrigerant and the
ether oil, so that the two—layer. separation
temperature of the refrigerant and the mixed oil

(alkylbenzene oil and ether oil) can be reduced even

an

t he
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refrigerator which enploys the mxed oil as a refrigerati ng machi ne

oil. Table 1 shows the results of inmmrersion

experinments and real machi ne endurance test conducted 5 wth synthetic

oils of an ether oil and an ester oil enpl oyed as a base oil and with

the ratio of the al kyl benzene oil changed. Tabl e 1:

Rati o of al kyl benzene oil (W% 0 3 5 10

30 50 | mrersion X X O O O O

experinment | | mrer si on X X -29.. O 0] O

O experi nment |1 Real machine x - O -
O endur ance test 10 In Table 1,

the test conditions and so on of the i mersion experinment |, the

urance test are as

i MTer si on experi and the real i ne, e
P ”Eﬂ&n an 1ncreasedh amount oP alkylbenzene o1l

fol | ows.
incorporated as compared with the ester oil.

According to the refrigerator of one

embodiment, "an HCFC refrigerant and a low-pressure
5 dome type compressor are employed, the ratio of the

alkylbenzene oil relative to the refrigerating machine

oil is made not smaller than five percent by weight

and the two-layer separation temperature of the

refrigerating machine o0il and the HCFC refrigerant is
10 made not higher than 10°C.

With 'this arrangement, according to the
results of the aforementioned test and study} when the
ratio of the alkylbenzene o0il relative to the
refrigerating machine oil. is énot smaller than five

15 percent by weight, the sludgé generated on the inner
surface of the capillary due to the contaminations of
cutting o0il, rust preventive o0il, hydraulic oil, wash
oil and so on dissolved into the HCFC refrigerant is
exfoliated and surely ;emoved, so that the clogging of

20 the capillary is eliminated. In the case of the low-
pressure dome type compressor in which the two-layer
separation of the HCFC refrigerant and the
refrigerating machine oil tends to occuf, by making
the two—layer separation temperature not hlgher than

25 10°C, the refrigerating machine o0il and the liquid



- 40- | mer si on Experinment | Base oil: Ether oi
The capillary to-the inner surface of which sludge is
adhered is inmersed at normal 5 tenperature for two weeks.

0: The sludge is exfoliated. x: The sludge is not

exfoli at ed.
oi | 10

| mer si on Experinent |1 Base oil
The capillary to the inner surface of which

sludge is adhered is inmersed at nornal

10

15

20

25
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r_efrigerant are uniformly dissolved in an operating
state at a temperature not lower than 10°C even when
the liquid refrigerant returns to the inside of the
dome of the compressor. Therefore, a mixture of the
refrigerant and the refrigerating.machine ¢il having
an appropriate viscosity is sucked into the oil pump,
so that the zreliability of the low-pressure dome type
compressor can be maintained. The refrigerator filled
with the above refrigerating machine oil can easily
replace the HCFC refrigerant with the alternative
refrigerant of the HFC refrigerant without changing
the refrigerating machine oil. When the second
synthetic oil is the ether oil, the ether oil can

easily adjust the two-layer separation temperature of

~the HFC refrigerant and the ether o0il, so that the

two-layer separation temperature of the refrigerant
and the mixed oil (alkylbenzene oil and ether oil) can
be reduced even when an increased amount of
alkylbenzené oil is incorporated as compared with the
ester oil.

Accordiﬁg to the = refrigerator of one
embodiment, there are employed a swiﬁg type compressor

comprising: a roller which is rotatably fitted on an

eccentric section of a driving shaft; a blade which is

integrally fixed to an outer peripheral surface of the

Est er

|
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tenperature for two weeks. - O The sludge is exfoliated.

X: The sludge is not exfoliated. 15 Real Machi ne Endurance Test

Test machi ne: Roomair conditioner (1 hp) Ref ri gerant:
R-407C Base oil: Ester oil The presence
or absence of sludge is decided 20 after an el apse of 4000
hours of operation. 0: The capillary is not clogged.

x: The capillary is cl ogged. According to the above

| mer si on experinments | and 11, a ckedged capi-llary piece through the

r eal 25 machi ne endurance test of an ester oil was imersed in

roller and extends outwardly of a radius of the
roller, thereby separating a cylinder chamber inside a
cylinder into a compression chamber and an inhalation
chamber; and a support member which is rotatably
5 supported in the c¢ylinder and in which is formed a
reception groove that receives and guides a protruding
side tip portion of the blade.
According to the refrigerator constructed as
above, in the swing type compressor, the blade is
10 fi#ed to the roller and the tip portion of the blade
is.guided by the reception groove of the rotatable
support member. Thereforé, the surface of the blade
comes in surface contact with the support member to
achieve sealing, generating. no boundary lubrication
15 state. Therefore, even when the alternative fleon
refrigerant is employed taking the environmental
safety into consideration, the sludge adhered to the
inner surfaces of the small-diameter portions of the
capillary and the expansion valve can be exfoliated
20 and removed by the alkylbenzene oil. Furthermore, the
blade of the compfessor is made to slide in surface
contact with the support member, and therefore, the
deterioration of the lubricating oil can be prevented,
so that the seizure can be prevented.

25



--41- a mxed oil, and a change of sludge was visually
observed to check whether or not the sludge adhered to the i nner
-surface of the capillary was exfoliated. _ According to the rea

-machi ne endurance test, the 5 endurance test was executed by

filling the

r eal

machi ne having a capillary with the m xed oi

and

“m xing a specified anount of contam nation. Then, nitrogen gas was

fl onwed under a specified pressure

capillary renoved every 10 specified tine, and the flow rate was

neasured for the

the presence or absence of a reduction in flow rate. That
it is detern ne@RIEF DEBCRIPTIOG OB THENQRAWINGSt he i nner surface of

the capillary when the nitrogen flow 15

adhered to the inner Fig. 1 is a circuit diagram of a

10

15

20

refrigerator employing a refrigerating machine. oil
according to first and second embodiments of the
present invention;

Fig. 2 is a graph showing two-layer
separation of an HFC refrigerant R-407C and a mixed
oil (alkylbenzene and polyether A);

Fig. 3 is a graph showing two-layer
separation of an HFC refrigerant R-407C and a mixed
oil (alkylbenzene and polyether B} ;

Fig. 4 is a graph showing a relation between
a two-layer separation temperature of an HFC
refrigerant and a base o0il and a fatio of an
alkylbenzene oil; |

Fig. 3 is a graph showing a ratio of metal
contact relative to an oil viscosity; and

Fig. 6 1is a cross section view showing
essential part of a swing type compressor provided for
a refrigerator according to a third embodiment of the

present invention.

—3P-+ference condition with the

eval uation of the capillary cloggi ng dependi ng on

i s,

rate is reduced and no sludge is



surface of the capillary when the nitrogen flow rate I's not reduced.
The results of the inmersion experinents | . and |Il" and the result of
t he real machi ne endurance 20 test well conforned to each other,

consequent |y

the capillary was able to be exfoliated and securely

di scovering that the sludge on the inner surface of

affinity of the refrigerating machine oi | wth t he

cont am nati on

was mai nt ai ned, 25 consequent |y depositing no
contam nation in the liquid -33— -42-

refrigerant when the ratio of the al kyl benzene oi

10

15

20

25

BEST MODE FOR CARRYING OUT THE INVENTION

The following will describe in detail
experiments and study concerning refrigerating machine
oil of the present invention as well as a refrigerator
employing the refrigeratin§ machine o0il on the
embodiments shown in the drawings.

First, the present applicant prepared for
experiments by operating a refrigerator which employs
a synthetic oil (ester oil, for example) as a
refrigerating machine oil for a long term, clogging a
capillary with a sludge generated on an inner surface
of the capillary with contaminations (soiled objects)
of cutting oii, rust preventive o0il, hydraulic oil,
wash oil and so on dissolved into a refrigerant and
cutting the capillary for the preparation of a
plurality of samples. Then, by immersing for a long
term the plurality of samples clogged with the sludge
generated on the inner surface into mixed oils
obtained by incorpbrating an alkylbenzene o0il which
serves as a first synthetic oil into each of an ether
oil, an ester oil and a fluorine oil which serve as a
second synthetic oil, the change in state of the
sludge of each sample was observed. As a result, by
incorporating the alkylbenzene oil into the base oils

of the ether o0il, ester o0il and the fluorine oil, it

renoved and the



‘relative to the refrigerating machine oil conprised of the first

synthetic oil of the al kyl benzene oil and - the second synthetic oi
-(ether oil or ester oil) 5 other than it was not snaller than five
percent by weight. It is to be noted that the sane result is

al so obtai ned when a m xed oil conprised of the ether oil and the
ester oil, the fluorine oil or the carbonate oil is enployed as the
second synthetic oil. 10 Furthernmore, in a mxed oi

obt ai ned by m xi ng an al kyl benzene ©orT~into a synthetic oil (ether

oil or ester oil) having a conpatibility with the HFC refrigerant, a
two- | ayer separation tenperature at - - which the HFC refrigerant and the

m xed oil are 15 separated into two layers is significantly influenced
by the ratio of t¥RSal BiSEevere@ othat there was tkayi mffedtentobn to
this point, the present . applicant carried out a test of the
characteristic of®xfoliating %SEB‘}E? generafiacd Profthehdnppe surfages ant

R-407C .
of refrigerant system components due to the

contaminations (soiled objects) of cutting oil, rust
5 preventive oil, hydraulic oil, wash o0il and so on
dissolved into the refrigerant.

Furthermore, as a result of conduéting the
experiment of immersing for a ling term the samples
into only the alkylbenzene oil, it was discovered that

10 the alkylbenzene oil singly had the effect of
exfoliating the sludge, or the cause of the clogging
of the éapillary and cleaning the inner surface of the
capillary. The samples of the above experiment had
come to have a lustered inner surface state similar to

15 .@ new one differently from the case where the ether
0il, ester oil or a mineral oil was used. However, if
the alkylbenzene oil is employed as a refrigerating
machine oil, then the alkylbenzene oil is incompatible
with the HFC refrigerant, and therefore, the

20 refrigerating machine oil.discharged together with the
refrigerant from the compressor does not return to the

- compressor without circulating through the refrigerant
circuit in a refrigerator having a long piping or a
great difference of elevation, and this leads to a

25 reduction in reliability due to a poor lubrication.



20 and the mxed oil. The results are shown in Fig. 2 and Fig. 3.
A m xed oil of an al kyl benzene oil and a. polyether A (ether oil)
was enployed as the . refrigerating machine oil in the test of Fig.
2,. while a mxed oil of an al kyl benzene oil and a pol yether B 25
(ether oil) was enployed as the refrigerating nmachi ne ' '

- 43- : oil inthe test of Fig. 3. The two-|ayer separation
tenperature of the HFC refrigerant R-407C and a single subst ance of

t he pol yether A was set” to about -20[err] C35 the case of Fig. 2,
while the two-1ayer separation 5 tenperature of the HFC refrigerant
R-407C and a

Accordingly, based on the results of the
above experiment, the present applicant decided to
concurrently employ an alkylbenzene oil and a
synthetic o0il ({ether oil, ester oil, £fluorine oil,

5 carbonate o0il and so on) having a compatibility with
the HFC refrigerant. That is, - lubricating performance
of the compressor is maintained by making satisfactory
oil return with the synthetic o0il that is well
dissolved in the HFC refrigerant and the sludge

10 causing the clogging of the capillary is removed by
incorporating the alkylbenzene o0il into the synthetic
oil. Thus, the aforementioned problems of the poor
lubrication and the clogging of the capillary can be
resolved at once.

15 (First Embodiment)

The following will describe the case where
the above refrigerating machine oil is employed in the
refrigerator.

Fig. 1 is a «circuit diagram of a

20 refrigerator empioying the above refrigerating machine
0il, the refrigerator including a compressor 1, a
four-way valve 2 connected to the outlet side of the

- compressor 1, an outdoor heat exchanger 3 whose one
end is connected to thé four-way valve 2, a capillary

25 4 which serves as an expanding means whose one end is



si ngl e- el enent
-35[err]Cinth
‘refrigerant R-4

substance of the polyether B was set to about

e case of Fig. 3. In Fig. 2 and Fig. 3, the HFC

07C and the single substance of the al kyl benzene oi

were separated into two |ayers 10 in any tenperature range, and the
_so-called |ower critical solution tenperature does not appear.

As the ratio of the al kyl benzene oil is I ncreased by incorporating
an increased anount of al kyl benzes3®—-i|l into the base oil of the
pol yether A 15 and B, the two-|ayer separation tenperature of the HFC
refrigerant and the m xed oi | ri ses nor e significantly.
For exanpl e, when about 11 percent by wei ght of al kyl benzene oil is

i ncorporated in
tenperature 20
which is

A. On the other
al kyl benzene oi

10

135

20

f enkd |
cbﬂﬁgﬁi‘é& te, thé Jirkr 2 thr re]o%"‘othéy%uﬁ&%f ?;1‘#%&01

anges om about -20 to about

exBBAERGELA3PYaALOHECSP RELT CeRShaTRRr B dibdd drfie & yet her

hand, “when about 21 percent by wei ght of
hsi BchRECLEAT € Sthe Nty @A odf the capillary 4 via a

shutoff valve 11 and an accumulator 6 of which the one
end is connected to the other end of the indoor heat
exchanger 5 via a shutoff valve 12 and the four-way
valve 2 and the other end is cohnected to the inlet
side of the coméressor 1.

In the refrigerator constructed as above, an
HFC refrigerant (R-134a, R-407, R-410, HFC-32/134a or
the like) is employed as a substitute refrigerant for
the HCFC refrigerant} while a mixed oil obtained by
mixing any one of the ether oil, ester oil, fluorine
0il and carbonate o0il with an alkylbenzene oil 1is
employed as a refrigerating machine oil. The ratio of
the alkylbenzene oil is set within a range of 1 to 50
percent by weight relative to the whole refrigerating
machine o©il according to the refrigerant circuit and
so on.

The sludge adhered to the inner surface of

the small-diameter portion of the capillary 4 is

'exfoliated and removed by the alkylbenzene oil mixed

25

in the refrigerating machine oil, and therefore, the

clogging of the capillary can be prevented without

reviewing the refrigerant system components nor the



-Fig. 3, the two-layer separation tenperature changes 25 f rom about
-35[err]C to about 10[err]C, neaning that the two-

| ayer separation tenperature becones totally lowin

‘the case where the ratio of the al kyl benzene oil is I dentical as

- 44-

conpared with the case of Fig. 2

the two-I|ayer

separation

oil can be nmade | ower
separation tenperature of the HFC refrigerant and the

t wo- | ayer

10

tenperature of t he HFC

10

15

20

25

5

As described above,

as

separation tenperature of the HFC refrigerant and the
singl e substanee of the base oil becones IqﬁggL_the t wo- | ayer

according to it. Then, by lowering the

processing steps. Furthermore, the above arrangement
can obviates the need for a refrigerant system
component  cleaning process for removing the cuttihg
oil, rust preventive oil, the hydraulic oil and the
like which cause the sludge, and therefore, the number
of processes and cost can be reduced.

When a synthetic oil (ether o0il, ester oil,
fluorine oil, carbonate 0il or the like) incompatible
with an HFC refrigerant is employed in a refrigerant
circuit employing the HFC refrigerant, the synthetic
oil is well dissolved in the HFC refrigerant to
circulate through .'the refrigerant circuit.
Accordingly, there is no such problem that the
synthetic oil discharged from the compressor 1 is hard
to return, so that the lubricating perform;nce of the
compressor 1 can be maintained. When the synthetic
oil ié employed, particularly a sludge tends to be
generated. However, the sludge adhered to the inner
surfaces of the small-diameter portions of the
refrigerant system components such as the capillary 4
can be exfoliated and removed by the alkylbenzene o0il
mixed in the refrigerating machine oil. Furthermore,
the alkylbenzene oil is well dissolved in the ether
0il and the ester oil, so that the alkylbenzene oil is

transferred into the refrigerant circuit in a state in

refrigerant and the m xed



- mxed oil, the refrigerating machi ne oil and t he

are uniformy incorporated in an operating state in which the oi

t enperature inside

-liquid 15
conpr essor,
refrigerant

punp, so that the

conpr essor

the conpressor has' risen even when the

refrigerant returns to the inside of the done of the
and a m xture of the refrigerating machine oil and
having an appropriate "~ viscosity is sucked into an

20

pressure done
| ower than that of the high-pressure done type, .the liquid

refrigerant

oil, and therefore,

t wo- | ayer

is to be directly m xed

10

15

20

| ubrication of the bearing and so on of the

can be mai ntai ned nornal . Particularly in the | ow
type conpressor.- having-38a. oil tenperature

a 25 refrigerating machine oil having a | ower
which the alkylbenzene o0il is dissolved in the ether

0il and the ester o0il, thereby allowing the sludge to
be effectively removed.

Furthermore, the sludge adhered to the inner
surface of the small-diaméter portion of the capillary
4 1is exfoliated and removed by the refrigerating
machine oil obtained by nixing the alkylbenzené oil
with another synthetic oil. Accordingly, there is no
concern about the qloggin§ of the capillary, so that
an inexpensive capillary can be employed. Therefore,
the cost of the refrigerator can be reduced.
Furthermore, by employing the above capillary, the
reliability of the refrigerator can be improved.

Furthermore, the present applicant carried
out experiments on various conditions about the
refrigerating machine o0il scarcely causing capillary
clogging and causing no lmpairment of the reliability
of the compressor, and consequently discovered that a
mixed oil obtained by mixing a first synthetic oil
comprised of an alkylbenzene oil into a second
syhthetic 0il comprised of an ether oil or ester oil
at an appropriate ratio was able to solve these
problems. The following will describe the detail of

the above as well as a second embodiment of the

liquid refrigerant:

t he
oi |

with the refrigerating machine



éeparation tenperature of the HFC refrigerant and the mxed oil is

needed. The ether oil has a feature that it can

adj ust the two-layer separation tenperature of the HFC 5 refrigerant
and the ether oil. Therefore, when intending to provide a
m xed oil having a | ow two- | ayer separation tenperature, it is
preferable to enpl oy as a base oil an ether oil capable of making
the two-| ayer separation tenperature |ower than that 10 of the ester
oi | . Fromthe results of -aB8renmentioned test and

study, the proper ratio of the al kyl benzene oil . for resol ving the

conventi onal problens was searched.

refrigerator which employs the mixed o0il as a
refrigerating machine oil.

Table 1 shows the results of immersion

experiments and real machine endurance test conducted

5 with synthetic 0ils of an ether oil and an ester oil

employed as a base o0il and with the ratio of the

alkylbenzene oil changed.

Table 1:

Ratio of alkylbenzene oil (wt%)
0 3 5 10 30 50
Immersion X X O o] o} o)
experiment I
Immersion X X O O O O
experiment
Ji
Real machine | x - O - - O
endurance
test

10

In Table 1, the test conditions and so on of
the immersion experiment I, the immersion experiment

II and the real machine endurance test are as follows.



That is, the ratio of the al kyl benzene oil relative to 15 t he

refrigerating machine oil was searched so as to satisfy the required

conditions that: i) neither a capillary nor an expansion
-valve is clogged; and ii) the reliability of the conpressor

is not 20 inmpaired even in a state in which the liquid

refrigerant returns to the conpressor or t he refrigerating
“machine oil conmes .to have a high t enper at ur e.

Fig. 4 shows the results of the search,—4@5 where the axis of abscissas

represents the two-1ayer - 46-

I . E . I

Base oil: Ether oil
The capillary to the inner surface of which
sludge is adhered is immersed at normal
S temperature for two weeks.
O: The sludge is exfoliated.
x: The sludge is not exfoliated.
Immersion Experiment II

Base o0il: Ester oil

e

10 The capillary to the inner surface of wﬁich
sludgé is adhered is immersed at normal
temperature for two weeks.

O: The sludge is exfoliated.
x: The sludge is not exfoliated.

15 Real_Machme_Ensiuname_I_es_\:

Test machine: Room air conditioner (1 hp) :

Refrigerant: R-407C
Base oil: Ester oil
The presence or absence of sludge is decided {

20 after an elapse of 4000 hours of operation. |
O: The capillary is not clogged.
x: The capillary is clogged.
According to the above immersién experiments

I and II, a clogged capillary piece through the real

25 machine endurance test of an ester oil was immersed in



separation tenperature T of the HFC refrigerant and the base oil and
the axis of ordinates represents the ratio Y .of the.al kyl benzene

ofl . First, fromTable 1, the condition of the 5 ratio
Y. of the al kyl benzene oil is: Y [err] 5 ....Condition
1] The two-| ayer separation easily occurs in t he

| ow- pressure done type conpressor, and therefore, it is required to
nake the ratio of the al kyl benzene 10 oil lower than in the

hi gh- pressure done type. As a resglt of carrying out an endurance
test of the conpressor, it was diS@vered that the reliability of
the conpressor was able to be secured when the two- | ayer separation
tenperature of the HFC refrigerant 15 and the mxed oil is not higher
than 10[err]C It was al so discovered that the reliability of the
conpr essor a wadxedt odBl e and ba stharngs eof| \sladger cdashan supdly wo-

observed to check whether or not the sludge adhered to
the inner surface of the capillary was exfoliated.
According to the real machine endurance test, the
S endurance test was executed by filling the real
machine having a capillary with the mixed o0il and
mixing a specified amount of contamination. Then,
nitrogen gas was flowed under a specified pressure
difference condition with the capillary removed every
10 specified time, and the flow rate waé measured for the
evaluation of the capillary clogging depending on the
presence or absence of a reduction in fléw rate. That
is, it is determined that the sludge is adhered to the
inner sufface of the capillary when the nitrogen flow
15 rate is reduced and no sludge is adhered to the imner
surface of the cépillary when the nitrogen flow rate

is not reduced.
The results of the immersion experiments I
and II and the result of the real machine endurance
20 test well conformed to each other, consequently
discovering that the sludge on the inner surface of
the capillary was able'to be exfoliated and securely
removed and the affinity of the refrigerating machine
oil with the contamination was maintained,

25 consequently depositing no contamination in the liquid



| 'ayer separation tenperature of the HFC refrigerant and the m xed

oil exceeded 10 [err]C . The two-layer 20 separation tenperature
is about 10[err]C in the case of t he conventional conbination of the
HCFC refri gerant and the mneral oil (Suniso 4GS:. tradenane), and
according to this achi evenent, the two-I|ayer separation

tenperature of 10[err]C of the HFC refrigerant 25 and the mxed oil is
the proper value. Accordingly,

-47- the ratio of the al kyl benzer@2ot1 at the two-I|ayer
separation tenperature of 10[err]C was obtained fromthe data shown
in Fig. 2 and Fig. 3, and the ratio was I ndi cated by o marks in Fig.

4. Therefore, as shown _
refrigerant when the ratio of the alkylbenzene oil

relative to the refrigerating machine oil comprised of
the first synthetic o0il of the alkylbenzene oil and
the second synthetic oil (ether oil or ester oil)
5 other than it was not smaller than five percent by
weight. It is to be noted that the same result is
also obtained when a mixed oil comprised of the ether
oil and the ester oil, the fluorine oil or the
carbonate oil is employed as the second synthetic oil.
10 Furthermore, in a mixed oil obtained by
mixing an alkylbenzene oil into a synthetic oil (ether
oil or ester oil) having a compatibility with the HFC
refrigerant, a two-layer separation temperature at
which the HFC refrigerant and the mixed oil are
15 separated into two layers is significantly influenced
by the ratio of the alkylbenzene oil.

‘Paying attention to this point, the present
applicant carried out a test of the characteristic of

the two-layer separation of the HFC refrigerant R-407C .
20 and the mixed oil. The results are shown in Fig. 2
and Fig., 3. A mixed oil of an alkylbenzene oil and a
" polyether A fethér oil) was employed as the
refrigerating machine oil in the test of Fig. 2, while
a mixed oil of an alkylbenzene oil and a polyether B

25 {ether oil) was employed as the refrigerating machine



»

5 in Fig. 4, the condition of the ratio Y of the

al kyl benzene oil relative to the two-layer separation tenperature T
of the HFC refrigerant and the base oil at which the two-1|ayer
separation tenperature of the HFC refrigerant and the m xed oi
beconmes not higher 10 than 10[err]C is: Y [err] -0.67T -
3 ....[Condition 2] Furthernore, in the high-pressure
done type conpressor having a highg3l tenperature in the norma
operating state, the two-layer separation scarcely 15 occurs even when
the ratio of the al kyl benzene oil is increased. However, in a
stop state, the oiI t enperat ure reduced to t he

causi ng So- cal | e®idhd T pteTE o B é??@éef %h%e%%ﬁt-l”%?s s'eE‘é%s%and"”e’
sopar ) on of S SEGALECEIBE e e Er ditlay, noaciE! pHCH! Binhe,
- was discovered trEHbéQ@Bce of the polyether A was set to about -20C in
the case of Fig. 2, while the two-layer separation
5 temperature of the HFC refrigerant R-407C and a
single-element substance of the polyether B was set to
about ~35C in the case of Fig. 3. 1In Fig. 2 and Fig.
3, the HFC refrigerant R-407C and the single substance
of the alkylbenzene oil were separated into two layers
10 in any temperature range, and the so-called lower
critical solution temperature does not appeér.

As the ratio of the alkylbenzene oil is
increased by incorporating an increased amount of.
alkylbenzene oil into the base oil of the polyether A

15 and B, the two-layer separation temperature of the HEC
refrigerant and the mixed oil rises more
significantly. For example, when about 11 percent by
weight of alkylbenzene.oil is incorporated'in the case
of Fig. 2, the two-layer separation temperature

20 changes- from about -20°C to about 10, which is
increased by about 30C as compared with the polyether
A. On the other hand, when about 21 percent by weight
of alkylbenzene o0il is incorporated in the case of
Fig. 3, the two-layer separation temperature changes

25 from about -35°C to about 10°C, meaning that the two-



“oil filnms of the bearing and so on of the conpressor wer e mai nt ai ned

and no problemoccurs in terns of the 25 reliability when the oi
.concentration of the : refrigerant rich |ayer of
the layers that are separated into two | ayers was not snaller
than 2.5 percent by weight (at a tenperature of O[err]C). It was

al so discovered that the oil filnms of the Q%aring and 5 so on of the
conpressor becane thin to cause damage of = " t he bearing and so on when
the oil concentration of the refrigerant rich |ayer of the |ayers
that are separated into two | ayers was snaller than 2.5 percent

layer separation temperature becomes totally low in

the case where the ratio of the alkylbenzene oil is
identical as compared with the case of Fig. 2.

As described above, as the two-layer

5 separation temperature of the HFC refrigerant and the

single substance of the base o0il becomes lower, the

two-~layer separation temperature of the HFC

refrigerant. and the mnmixed o¢il can be mnade lower

according to it. Then, by lowering the two-layer

10 separation temperature of the HFC refrigerant and the

mixed o0il, the refrigerating machine o0il and the

liquid refrigerant are uniformly incorporated in an

operating state in which thé oil temperature inside

the compressor has risen even when the liquid

15 refrigerant returns to the inside of the dome of the

compressor, and a mixture of the refriéerating-machine

oil and the refrigerant having an appropriate

viscosity is sucked into an oil pump, so that the

‘lubrication of the bearing aﬁd so on of the compressor

20 can be maintained normal. Particularly in the low-

pressure dome type compressor having an oil

temperatufe lower than that of the high-pressure dome

type, the liquid refrigerant is to be directly mixed

with the refrigerating machine oil, and therefore, a

25 refrigerating machine oil having a lower two-layer



- by weight (at a tenperature of O[err]C). Accordingly, the 10 ratio of
the al kyl benzene oil relative. to the refrigerating machi ne oi
when the oil content at the tenperature of 0 [err]C was 2.5 percent
by wei ght was obtained fromthe data of Fig. 2 and Fig. 3, and the
ratio was indicated by o marks in Fig. 4. Therefore, 15 as shown in Fig.
4, the condition of the ratio Y of t he al kyl benzene oil relative to
the two-| ayer: separation tenperature T of the HFC refrigerant and
the base oil is: ' Y [err] -T.+ 15 ....[Condition 3]
20 It is to be noted that the4dove [ Condi t.i on 3] isin
the case of the high-pressure done type in whi ch the two-I| ayer
separation beconmes a problem and this [Condition 3] is not required
to be satisfied in t he case where the anount of refrigerant is snal
25 al though t heseprtstion $emperabtiiky déstheeHFCorefoigerant and the

mixed oil is needed.

The ether oil has a feature that it can

adjust the two-layer separation temperature of the HFC
5 refrigerant and the ether oil. Therefore, when

intending to provﬂdé a mixed oil having a low two-

layer separation temperature, it is preferable to

employ as a base oil an ether oil capable of making

the two-layer separation temperature lower than that
10 of the ester oil.

From the results of aforementioned test and
study, the proper ratio of the alkylbenzene oil for
resolving the conventional problems was searched.
That is, the ratio of the alkylbenzene 0il relative to

15 the refrigerating machine o0il was searched so as to
satisfy the required conditions that:

i) neither a capillary nor an expansion
valve is clogged; and

ii) the reliability of the compressor is not

20 impaired ' even in a state in which the liquid
refrigerant returns to the compressor or the
refrigerating machine oil comes to have a high
temperature.

Fig. 4 shows the results of the search,

25 where the axis of abscissas represents the two-layer



- —

_-49- cooling and heating or cooling only or in the case
where the conpressor is provided with a two-I|ayer separation
preventing function. Fig. 5 shows the result of the test of
.5 examning a relation of the ratio of netal contact relative to
the oil viscosity at an oil tenperature of 90 to 110[err]C during
operation of the high-pressure done type conpressor. As shown in
Fig. 5, although there is a variation depending on the operating

conditions, 10 the ratio of netal contd®— becones approximately zero
percent when the oil viscosity is not smaller than 2.5

separation temperature T of the HFC refrigerant and
the base oil and the axis of ordinates represents the
rgtio Y of.the alkylbenzene oil.

First, from Table 1, the condition of the

5 ratio Y of the alkylbenzene oil is: |
| Y25 ..., [Condition 1]

The two-layer separation easily occurs in
the low-pressure dome type compressor, and therefore,
it is required to make the ratio of the alkylbenzene

10 oil lower fhan in the high-pressure dome type. As a
result of carrying out an endurance test of the
compressor, it was discovered that the reliability of
the compressor was able to be secured when the two-
layer separation temperature of the HFC refrigerant

15 and the mixed oil is not higher than 10C. It was
also discovered that the reliability of the compressor
was not able to be sufficiently secured when the two-
layer separation temperature of the HFC refrigerant
and the mixed o0il exceeded 10 C . The two-layer

20 separation temperature is about 10°C in the case of
the conventional combination of the HCFC refrigerant

~and the mineral oil (Suniso 4GS: tradename), and
according to this achievement, the two-layer
separation temperature of 10°C of the HFC refrigerant

25 and the mixed oil is the proper value. Accordingly,



- cst, and this discovers that the oil filnms of the bearing and so on

of the conpressor are naintai ned. If the oil viscosity is smaller
than 2.5 cst, the 15 ratio of nmetal contact increases and the oil filns
- of t he bearing and so on of the conpressor becone thin, and
this discovers that the bearing and so on are damaged to inpair the
reliability. Therefore, when the operating condition of a high
oil tenperature is 20 taken into cons+fération, the oil filns of the
beari ng are mai ntai ned normal throughout the entire region of
the operating range of the product when the viscosity of the
refrigerating machine oil is not smaller than 2.5 cst at an oi

tenperature of 1@REenalkEq -B‘F Eﬁéd'atlk?mbe3§ene051tlheaﬁ akhe %wi-1dRer
- al kyl benzene oil obtained on
separation temperature of 10°C was obtained from the
data shown in Fig, 2 and Fié. 3, and the ratio was
indicated by o marks in Fig. 4. Therefore, as shown
5 in Fig. 4, the condition of the fatio Y of the
alkylbenzene oil relative to the two-layer separation
temperature T of the HFC refrigerant and the base oil
at which the two-layer separation temperature of the
HFC refrigerant and the mixed oil becomes not higher
10 than 10°C is:
Y £ -0.67T ~ 3 ....[Condition 2]
Furthermore, in the high-pressure'dome type
compressor having a high oil temperature in the normal
operating state, the two-layer separation scarcely
15 occurs eveh when the ratie of the alkylbenzene oil is
increased. However, in a stop state, the oil
temperature is reduced to the environmental
temperature, and the refrigerant moves into the dome,
causing so-called the lie-up. In this state, the two-
20 layer separation of the HFC refrigerant and the mixed
oll occurs. As a result of carrying out an endurance
test supposing this lie-up, it was discovered that the
oil films of the bearing and so on of the compressor
were maintained and no problem occurs in terms of the

25 reliability when the o0il concentration of the



e ——————

- -50- basis of a rule of m xture and the conditfon t hat the

viscosity of the refrigerating machine oil is not smal l er than 2.5
cst and the viscosity is: Y [err]

- (l ogl og(2.5+0. 6) -1 ogl og( U+0. 6)) 5
/ (1 ogl og(V+0. 6) -1 ogl og( U+0. 6) ) x100

....[condition 4] In the above [Condition 4], U represents the

vi scosity [cst]. of the base oil at a tenperature of 100[err]C, while
V represents the viscosity [cst] of the «48w benzene 10 oil at a
tenperature of 100 [err]C. The above rul e of m xture prescribes the
volunme ratio, and therefore, it Is to be calculated on the assunption
that the concentrations of the base oil and the al kyl benzene

b o e b e FEPIGEENEEL E5ch! 18{0c VG Bl ere ot are
separated into two layers was not smaller than 2.5

" percent by weight (at a temperature of 0C). It was

also discovered that the oil films of the bearing and

5 so on of thé conmpressor became thin to cause damage of

the bearing and so on when the oil concentration of

the refrigerant rich layer of the layers that are

separated into two layers was smaller than 2.5 percent

by weight (at a temperature of 0%C). Acéordingly, the

10 ratioc of the alkylbenzene o0il relative to the
refrigerating machine oil when the oil content at the
temperature of 0°C was 2.5 percent by weight was
obtained from the data of Fig. 2 and Fig. 3, and the
ratio was indicated by o marks in Fig.'4. Therefore,

15 as shown in Fig. 4, the condition of the ratio Y of

| the alkylbenzene o0il relative to the two-layer
Separation temperature T of the HFC refrigerant and
the base oil is:
Y S ~-T+ 15 ....[Condition 3)

20 It is to be noted that the above [Condition
3] is in the case of the high-pressure dome type in
which the two-layer separation becomes a problem, and
this [Condition 3] is not required to be satisfied in
the case where the amount of refrigerant is small

25 although the machine is specially designed for both



-and the al kyl benzene oil differ fromeach other, they are to be

corrected. The boundary line of the [ Condition 4] shown in
Fig. 4 is in the case where the .- -+ .grade of viscosity of the base oil
is V&8 (viscosity 20 is 68 [cst] at a tenperature of 40[err]C) and the
grade of viscosity of the al kyl benzene oil is V& (viscosity is

8 [cst] at a tenperature of 40[err]C) .- (Second Enbodi nent) '
The following will describe the case where a 25 refrigerating

machi ne oi | sati sfying t he af orenenti oned
[Condition 1] through [Condition 4] is —49_

cooling and heating or cooling only or in the case
where the compressor is provided with a two-layer
sepai:ation preventing function.
Fig. 5 shows the result of the test of
5 examining a relation of the ratio of metal contact .
relative to the oil viscosity at an oil temperature of
30 to 110°C during operation of the high-pressure dome
type compressor. As shown in Fig. 5, although there
is a variation depending on the operating conditions,
10 the ratio of metal contact becomes approximately zero
percent when the oil viscosity is not smaller than 2.5
cst, and this discovers that the oil films of the
bearing and so on of the compressor are maintained.
I_f.the 0il wviscosity is smaller than 2.5 cst, the
15 ratio of metai.contact increases and the oil films of
the bearing and so on of the compressor become thin,
and this discovez:s that the bearing and so on are
damaged to impair the reliability. Therefore, when
the operating condition of a high oil temperature is
20 taken into consideration, the oil films of the bearing
are maintained normal throughout the entire region of
the operating range of the product when the viscosity
of the refrigerating machine oil is not smaller than
2.5 cst at an oil ‘temperature of 100C. The condition

25 of the ratio Y of the alkylbenzene oil obtained on the



enployed in a refrigerator. In a refrigerator havi ng

t he sane

enbodi ment shown in Fig. 1, an HFC refrigerant and a

construction as that of the refrigerator of the first

hi gh- pressure

5

done type conpressor 1 are enployed, and a refrigerating nmachi ne oi

obt ai ned by m xing the

t he aforenentioned. [Condition 1] and [Condition 4] 10
~(indicated in the regions A, B and Cin Fig0 4) into a base oi

(ether oil) is enployed. 1In this case, nO

capillary 4 and the oil filns _ of the bearing and so on are
mai nt ai ned nor nal t hroughout the entire region of the operating

range, 15

so that the reliability of the high-pressure done type

conmpressor 1 havilbgsss hhfhae ohhle enpeanirture carl the conditdiont &haedthe
In the case where the conpressor 1 is the hi gh- pressure done type in
whi ch the two-| ayeiscosity of the refrigerating machine oil is not

10

15

20

25

smaller than 2.5 c¢cst and the viscosity is:
Y < {loglog(2.5+0.6)-loglog (U+0.6))
/ (loglog (V+0.6) -loglog (U+0.6) ) x100
....[Condition 4]

In the above [Condition 4], U represents the viscosity
[cst] of the base oil at a temperature of 100C, while
V represents the viscosity {cst] of the alkylbenzene
oil at a temperature of 100°C. The above rule of
mixture prescribes the wvolume ratio, and therefore, it
is to be. calculated on the assumption that the
concentrations of the base o0il and the alkylbenzene
0il are identical in converting it into the weight
ratio. Therefore, when the densities of the base oil
and the alkylbenzene 0il differ from each other, they
are to be corrected. The boundary 1line of the
[Condition 4] shown in Fig. 4 is in the case where the
grade of viscosity of the base oil is VG68 (viscosity
is 68 [cst] at a temperature of 401:) and the grade of
viscosity of the alkylbenzene o0il is VG8 (viscosity is
8 {cst] at a temperature of 40C).
(Second Embodinent)

The following will describe the case where a

refrigerating machine oil satisfying the

cl oggi ng occurs in the

al kyl benzene oil of rati os sati sfying



-20

m xi ng the al kyl benzene oil of ratios
.addition to the

separation is a problem a refrigerating machi ne oi
' satisfying the [Condition 3]
[Condition 1] and [Condition 4] (indicated in the

obt ai ned by

in

‘regions Aand Bin Fig. 4) into a base oil (ether oil) 25 is enployed.

oi |

10

15

20

25

- aforementioned ([Condition 1] through {Condition 4] is

employed in a refrigerator.

In a refrigerator having the same
constructién as that of the refrigerator of the first
embodiment shown in Fig. 1, an HFC refrigerant and a
high-pressure dome type compressor 1 are employed, and
a refrigerating machine o0il obtained by mixing the
alkylbenzene o0il of  ratios  satisfying the
aforementioned [Condition 1) and [Condition 4]
(indicated in the regions A, B and C in Fig. 4) into a
base o0il (ether oil) is employed. In this case, no
clogging occurs in the capillary 4 and the oil films
of the bearing and so on are maintained normal
throughout the entire region of the operating range,
so that the reliability of the high-pressure dome type
compressor 1 having a high o0il temperature can be
mainta;ned.

In the case where the compressor 1 is the
high-pressure dome type in which the two-layer
separation is a problem, a refrigerating machine oil
obtained by mixing the alkylbenzene oil of ratios
satisfying the ([Condition 3] in addition to the
(Condition 1] and [Condition 4] (indicated in the
regions A and B in Fig. 4) into a base oil (ether oil)

is employed. In this case, the clogging of the

In this case, the <clogging of the

-52- capillary 4 is prevented and the oil concentration of

‘the refrigerant rich layer is nade not s | er than 2.5 percent by
wei ght even when the refrigerant is ~¥*Teparated into two layers in an
operation stop state 5 due to the lie-in or the |ike. Therefore, the

JRpp——



films are maintained to prevent the bearing and so on from bei ng
damaged, so that the reliability of the hi gh- pressure done type
corfipressor 1 can be i nproved. In the case where the
conpressor 1 is the 10 | ow- pressure donme type in which the

t wo- | ayer separation easily occurs, a refrigerating machi ne oi
obt ai ned by m xi ng the al kyl benzene oil of ratios satisfying the
[Condition 1] and [Condition 21. (indicated in the region Ain
Fig. 4) into a base oil 15 (ether 084) is enployed. That is, by
reduci ng the rati o of the al kyl benzene oil as conpared with the

hi gh- pressure done type to thereby nmake the two-I| ayer separati on
tenperature of the HFC refrigerant and the m xed oil not higher than

LG LB £ Pievien S0 BERRE LT
LE nper e iRh LR SRS ELe PR, U st i fer enanO1 e
' 2,5 percent by weight even when the refrigerant is
separated into two layers in an operation stop state
5 due to the lie~in or the like. Therefore, the oil
films are maintained to prevent the bearing and so.on
from being damaged, so that the reliability of the
high-pressure dome type compressor 1 can be improved.
In the case where the compressor 1 is the
10 . low-pressure dome type in which the two-layer
separation eaéily occurs, a refrigerating machine oil
obtained by mixing the alkylbenzene oil of ratios
satisfying the (Condition 1] and ([Condition 2]
(indicated in the region A in Fig. 4) into a base 0il
15 (ether oii) is employed. That is, by reducing the
ratio of the alkylbenzene o0il as compared with the
high-pressure dome type to thereby make the two-layer
separation temperature of the HFC refrigerant and the
mixed oil not higher than 10°C, the mixed oil and the
20 liquid refrigerant are uniformly dissolved even when
the liquid refrigerant returns to the inside of the
dome of the compressor 1 in an operating state in
which the oil temperature is not lower than 10C, so
that the mixture of the refrigerant and the mixed oil

25 having an appropriate viscosity is sucked into the oil



.that the mxture of the refrigerant and the mxed oil 25 havi ng an
appropriate viscosity is sucked into the oi

-53- punp. Therefore, the reliability of the | ow pressure

-donme type conpressor 1 can be maintai ned. : In the

af orenenti oned second enbodi nent, the al kyl benzene oil is well

di ssolved in the ether oil, 5 and the ether oil can easily adjust the
t wo- | ayer separation tenperature of the HFC refrigerant and the
ether oil. Therefore, = even when an incngﬁggq anmount of

al kyl benzene oil is incorporated in the ether oi

pump. Therefore, the reliability of the low-pressure
dome type compressor 1 can be maintained.

In the aforementioned second embodiment, the

alkylbenzene o0il is well dissolved in the ether oil,

5 and the ether ‘oil .can easily adjust the two-~layer

separation temperature of the HFC refrigerant and the
_ether oil. Therefore, even when an increased amount .

of alkylbenzene oil is incorporated in the ether oil

as compared with the ester oil or the like, the two-

10 layer separation temperature of the HFC refrigerant

and the mixed oil (ether oil and the alkylbenzene oil)

can be reduced. Therefore, the ratio of the

alkylbenzene o0il relative to the refrigerating machine

0il can be increased, and the sludge adhered to the

15 inner surfaces of the capillary and the expansion

'valve can be nore effectively removed. It is to be

noted that a refrigerating machine oil obtained by

mixing a second synthetic oil of an ester o0il, a mixed

oil comprised of an ether o0il and an ester oil, a

20 fluorine o0il or a carbonate 611 with the first

synthetic oil of.the alkylbenzene oil may be employed

in the second embodiment.



ds conpared with the ester oil or the like, the two- 10 | ayer separation

tenperature of the HFC refrigerant and the mxed oil (ether oil and

t he al kyl benzene oil) can be reduced. Therefore, the ratio

of .the al kyl benzene oil relative to the refrigerating nmachine

oil can be increased, and the sludge adhered to the 15 I nner surfaces

of the capillary and the expansion val ve can be nore effectively

removed. It is to be noted that a refrigerating machine oil obtai ned

by m xi ng a second synthetic oil of amwss&ster oil, a m xed oi |

conprised of an ether oil and an ester oil, a 20 fluorine oil or a -
- carbonate oil wth the first synthetic oil of the alkyl benzene

oil may be enpl oyed in the second enbodi nent .

(Third Embodiment)

Fig. €6 shows a éwing type compressor
provided for a refrigerator according to a third
embodiment of the present invention.

5 ‘This swing type compressor includes a
compressor element 30. The compressor element 30
includes a cylinder 40 internally having a cylinder
chamber 41 and a roller 7 arranged revolvably inside
the cylinder chamber 41. Then, the roller 7 is

10 -relatively rotatably fitted on an eccentric section 20
of a driving shaft (not shownf. On the other hand, an
inlet port 30a and an outlet port 30b opened at the
cylinder chamber 41 are formed at the wall of the
cylinder 40. On the outer peripheral surface of the

15 roller 7 is integrally formed a blade 8 that is
projecting radially outwardly of the roller 7. On the
other hand, a cylindrical retainer hole 42 is formed
in a portion'between the inlet port 30a and the outlet
port 30b of the cylinder 40. Then,.a support member

20 21 comprised_of two semicylindrical membefs 22 and 22
having a semicircular cross-section shape is rotatably
fitted in this retainer hole 42. Opposite flat
surfaces of the semicylindrical members 22 constitute
a reception groove 2la. This reception groove 2la has

25 one end communicated with the inside of the cylinder



-54- - (Third Enbodi ment) Fig. 6 shows a swing type

conpr essor

provided for a refrigerator according to a third

enbodi ment of the present invention. 5 - This swing !type
conpressor .includes a conpressor elenent 30. The conpriessor

el ement 30 I ncludes a cylinder 40 internally having a cyliinder
chanber 41 and a roller 7 arranged revplvably i nsi de the qylinder
charmrber 41. Then, the roller 7 is relatively rotatably |fitted on
an eccentric section 20 of a dr|V|ng S gft (not shown). On tihe ot her
hand, an inlet port 30a and an outl et™ 30b opened at the

cylinder chanber 41 are fornmed at the wall of the cylinder 40. On
the outer peripheral surface of the 15 roller 7 is integrally forned

a blade 8 that

10

15

20

25

S !
chamber 41, while a tip portion 8a of the blade 8 is
]

" slidably inserted in this reception groove 2la ?hile
being able to come in surface contact with it. iThis
blade 8 divides the inside of the cylinder chamb%r 41
into a compression chamber 31. and an inhal%tion
chamber 32. A plate-shaped valve 9 for épeningiand
closing the outlet port 30b is provided so as to%fit
on a valve seat surface 44 formed around the exit of
the outlet port 30b. A backing plate 10 is stucL to
this wvalve 9. i

THen, the swing type compressor employsiHFC
R410A that is an substitute fleon refrigerant a% a
working fluid to be compressed inside the cyliﬁder
chamber 41. As a lubricating oil, an ether oil anq an
alkylbenzene oil having a compatibility with the‘HFC
refrigerant are concurrently employed. This R410Aiis
one mixed refrigerant of HFC32 and HFC125.

This refrigerator employs a capillary tube

as a decompressing means.

i p

In the refrlgerator constructed as aboye,
when the driving shaft is driven, the protruding tlp
portion 8a of the blade 8 integrated with the rolle# 7

- moves inward and outward along the reception gro%ve
2la of the support member 21, while the support mem%er

|
21 rotates simultaneously with the movement. That i,
. ]
|
y
i



projecting radially outwardly of the roller 7. On the ot her hand, a

cylindrical retainer hole 42 is forned in a portion between the inlet
port 30a and the outl et port 30b of the cylinder 40. Then, ia support
menber 20 21 conprised of two semcylindrical nmenmbers 22 and 22

having a sem circul ar cross-section shape is rotatably fitted in
this retainer hole 42. Qpposite flat surfaces of the ;

semi cylindrical menbers 22 constitute a reception groove 21a. This
recepti on groove 2la has 25 one end comuni cated with the inside of the
cyl i nder —56— - 55- chanber

41, while a tip portion 8a of the blade 8 is |
3
the blade 8 consistently comparts the inside ofithe

cylinder chamber 41 into the compression chambef 31

and the inhalation chamber 32 by advancing %and

retreating while swaying in accordance with ithe
5 revolution of the roller 7.
According to this refrigerator, while ithe
roller 7 is revolved without rotating relative to ihe
eccentric section 20, i.e., while it is made to swing -
(rock) about the blade 8, the tip portiocn of.the bl?de
10 8 does not move in line contact with the periphe¥al
surface of the roller 7, meaning that the blade 8 énd
the roller 7 do not relatively move differently f%om
the prior ért. Therefore, no s;ide friction occ&rs
due to the line contact between the blade 8 and the
15 roller 7. Then, the surface of the blade 8 seals éhe
support member 21 while being put in surface conta%t

with the support member 21, and therefore, no bounda&y

lubricating state occurs. i
Therefore, according to the refrigeratér
20 employing the above swing type compressor, the slud%e
adhered to the inner surfaces of the small-diamet%r

portions of the capillary and the expansion valve cén

be exfoliated and removed by the alkylbenzene oil evén
when an alternative fleon refrigerant that takes the

25 environmental safety into consideration is employed.



‘'slidably inserted in this reception groove 2la while

and HFC125.
as a deconpressi

10

15

20

25
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deterioration of the lubricating oil can be prevanued,
so that the seizure can be prevented. i
In the first embodiment, the refrigeratgng
machine oil obtained by mixing the first synthetic éil
comprised of the alkylbenzene oii with the sec%nd
synthetic oil comprised of the ether oil, ester oil,
fluorine o0il and the carbonate oil is employéd.
However, it is of course acceptabie to employi a
refrigerating machine oil obtained by mixing the fiﬁst
synthetic o0il comprised of the alkylbenzene oil with
the second synthetic 0il comprised of other than tie-
ether oil, ester oil, fluorine oil and the carbona%e
oil. | ' i
In the first embodiment, the first synthetic
oil comprised of the alkylbenzene oil is incorporatéd
into the second synthetic o0il comprised of one of the
ether oil, ester o0il, fluorine oil and the carbonaqe
oil. However, it is acceptable to incorporate th%
alkylbenzene oil into the mixed o0il comprised of th?
ether oil and the ester oil. 1In this case, the este;

oil is hydrolyzed by water but deterioration b&

oxidation scarcely occurs. On the contrary, the ether

~0il is deteriorated by - oxidation but scarcel}

being able to

cone in surface contact with it. Thi s ~ blade 8 divides the inside
of the cylinder chanber 41 5 into a conpression chanber 31 and
an i'nhal ation chanber 32. A plate-shaped valve 9 for opening and
closing the outlet port 30b is provided so as to fit on a val ve seat
surface 44 fornmed around the exit of the outlet port 30b. A backing
plate 10 is stuck to "10 this valve 9. _g7__ Then, the swi ng
type conpressor enploys HFC R410A that is an substitute fleon
refrigerant as a working fluid to be conpressed inside the
cyl i nder chanber 41. As a lubricating oil, an ether oil and an 15
al kyl benzene oilfggghn a co atlgillty wi,th the HFC refrigerant are
concurrently enpt e em?s fde” 8 is mgde hoxet ids riyeFWHRACE HFC32



- ——

. 20 In the refrigerator constructed as above, when t he
driving shaft is driven, the protruding tip portion 8a of the bl ade
8integrated with the roller 7 noves i nward and outward al ong the

. reception grodve 21a of the support nenber 21, while the support
menber 25 21 rotates sinultaneously with the novenent. That is,

- 56- the bl ade 8 consistently co ts the inside of the
cylinder chanber 41 into the conpression chanber 31 and the
i nhal ati on chanber 32 by advancing and : retreating while

swaying in accordance wth the
hydrolyzed by water since it withstands water.
Therefore, by setting the ratio of the ether oil to
the ester oil to 1 : 1, a refrigerating machine oil of
which the degree of deterioration by oxidation and the
5 degree of hydrolysis by water.are each reduced half
can be obtained.

Furthermore, the first and second
embodiments have been described with reference fto a
refrigerator employing an HFC refrigerant. However,
10 the refrigerant is not limited to the HFC refrigerant,
and it may also be the HCFC refrigerant or the like.
In this case, the refrigerating machine oil of the
present Iinvention causes no trouble even 1if a
refrigerating machiné oil such as the mineral oil for
15 HCPC refrigerant enters. Furthermore, also by virtue
| of the compatibility with the HCFC refrigerant R-22 or
the like, the HCFC refrigerant of the refrigerator can
easily be replaced by the HFC refrigerant (so-called
the retrofit can be easily achieved) without changing
20 the refrigerating machine 0il by £filling the
refrigerator employing the HCFC refrigerant with the

refrigerating machine oil of the present invention;
In the third embodiment, the refrigerating
machine oil of the present invention is employed in

25 the swing type compressor. However, it is acceptable



5 revolution of the roller 7. According to this

refrigerator, while ithe roller 7 is revolved without rotating

telative to the eccentric section 20, i.e., while it is nmade to

SW ng . (rock) about the blade 8, the tip portion of the blade 10 8
_ does not nove in line contact with the peripheral surface of the

roller 7, nmeaning that the blade 8 and the roller 7 do not

relatively nove differently from ~3%e prior art. Therefore, no

slide friction occurs due to the line contact between the bl ade 8

and the 15 roller 7. Then, the surface of the blade 8 seals the

support nenber 21 while being put in surface contact with the

support nenber , t e b a ate
ol endl0y! EHRCEEFE1 g U (Rlohine ofl PAPTHETRERGRRET,
enpl oyi ng the ahaNArI¥hNgn! ¥PE LR eﬁercohase%&ﬁgfn which &dpgred to the

i nner surfaces of the small-dianetér porti1ons of the capillary and
the expansi on @ d'eaCaBtor are separated and the tip of the vane

comes -in contact with the outer peripheral surface of
5 the rotor or a scroll compressor in which gas is

compressed between two scrolls.

INDUSTRIAL APPLICABILITY
The refrigerating machine o0il of the present
10 invention and zrefrigerator employing the same- is
applied to a refrigerator for . freezing and
refrigerating foods and so on and to an air
conditioner for executing cooling and heating inside a

room.



" be exfoliated and renpoved by the al kyl benzene oil even when an
alternative fleon refrigerant that takes the 25 envi ronnent al safety
into consideration is enployed.

Fur t her nor e,

the blade 8 is nade to slide in surface

t he support nmenber 21, and therefore, the deterioration of the
l‘ubricating oil can be prevented, so that the seizure can be
prevent ed. 5 ' In the first egpedi nent, the refrigeratin
machi ne oil obtained by mxing the first synthetic oil conpris
the al kyl benzene o0il wth the second synthetic oil conpri
the ether oil, ester oil, fluorine oil and the carbonate
i's employed.  wmr 15 CLAIMED IS:

1. A refrigerating machine oil obtained by

10

15

20

25

mixing a first synthetic o0il comprised of an
alkylbenzene o0il with a second synthetic oil other

than the alkylbenzene oil.

2. A refrigerating machine oil as claimed in
claim 1, wherein thé second synthetic oil is an ether

oil.

3. A refrigerating machine oil as claimed in
claim 1, wherein the second synthetic o0il is an ester

oil.

4. A refrigerating machine o0il as claimed in
claim 1, wherein the second synthetic oil is comprised

of an ether oil and an ester oil.

S. A refrigerating machine oil as claimed in
claim 1, wherein the second synthetic .0il is a

fluorine oil.

6. A refrigerating machine o0il as claimed in
claim 1, wherein the second synthetic o0il is a

carbonate oil.

A0 A

-57-
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10 However, it is of ~course acceptable to enploy a

refrigerating machi ne oil obtained by mxing the first synthetic oi
comprised of the al kyl benzene oil wth t he second synthetic oi
conprised of other than the ether oil, ester oil, fluorine oil and

t he carbonate 15 oi k. In the first enbodinent, the first
synt hetic oil conprised of the al kyl benzene oil is incorporated

into the second synthetic oil conprised of one of the et her oil,
ester oil, fluorine oil and the carbonate 20 oil. However, it is
acceptable to incorporate the al kyl benzene oil into the m xed oi
conprised of the ether oil and the—ter oil. In this case, the ester.
oil is hydrolyzed by water but deterioration by oxi dation scarcely
occurs. On the contrary, the ether 25 oil is deteriorated by

oxi dation but scarcely

7. A refrigerating machine oil as claimed in
claim 1, wherein a ratio of the alkylbenzene oil
relative to the refrigerating machine oil is 1 to 50

5 percent by weight.

8. | A fefrigerating machine oil as claimed in
claim 1, wherein a ratio of the alkylbenzene oil
relative to the refrigerating machine oil is not
10 smaller than five percent by weight and the
refrigerating machine o0il has a viscosity of not

smaller than 2.5 cst at a temperature of 100TC.

9. A refrigerating machine oil as claimed in
15 claim 8, wherein a refrigerant rich layer has an oll
concentration of not smaller than 2.5 percent by
weight when the refrigerating machine oil and an HFC
refrigerant are separated inte two layers at a

temperature of 0,

20
10. A refrigerating machine oil as claimed in
claim 1, wherein a ratio of the alkylbenzene oil
relative to the refrigerating machine oil is not
smaller than five percent by weight and a temperature
25 at which an HFC refrigefant and the refrigerating

* [ L M S *



- -58- hydrol yzed by water since it w thstands water.

Therefore, by setting the ratio of the ether oil to the ester oil to
1: 1, arefrigerating machine oil of whi ch t he degree of

- deterioration by oxidation and the 5 degree of hydrolysis by water are
each reduced hal f " can be obtai ned. _ Furt her nore, t he
first and second enbodi nents have been described with reference
td a refrigerator enploying an HFC refrigerant. However, 10 t he
refrigerant is not limted to the HFC refLggerant, and it may al so be
the HCFC refrigerant or the like. In this case, the refrigerating
machi ne oil of the present invention causes no trouble even if a

-refrigerating nmachine oil such as the mneral oil for

machine oil separate into two layers is not higher

than 10%C.

11. A refrigerator employing the refrigerating
5 machine_oil claimed in claim 1,

12. A refrigerator as claimed in claim 11,

wherein an HFC (hydrofluorocarbon) refrigerant |is

employed.
10
13, A refrigerator as claimed in claim 11,
wherein a capillary is employed as a decompressor.
14. A refrigerator as claimed in claim 11,
15 wherein an HFC refrigerant and a high-pressure dome

type compressor arxe employed, a ratio of the
alkylbenzene oil relative to the refrigerating machine
oil is not smaller than five percent by weight and the
refrigerating machine o0il has a viscosity of not

20 smaller than 2.5 cst at a temperature of 100°C.

15. A refrigerator as claimed in claim 14,
wherein a refrigerant rich layer has an oil
concentration of not smaller than 2.5 percent by

25 weight when the refrigerating machine oil and the HFC

B




15 HCFC refrigerant enters. Furthernore, also by virtue of the

conpatibility with the HCFC refrigerant R 22 or the li ke, the HCFC
refrigerant of the refrigerator can easily be replaced by the HFC
refrigerant (so-called the retrofit can be easily achieved) w thout
changing 20 t he refrigerating machine oil by filling the
refrigerator enploying the HCFC refrigerant with the refrigerating
machi ne oil of the present invention. In the third

enbodi ment, the refrigerating nachinesgil of the present invention is

enployed in 25 the swing type conpressor.“ However, it is acceptable

refrigerant are separated into two layers at a

temperature of 0°C.

16. A refrigerator as claimed in. claim 11,
5 wherein an HFC refrigerant and a low-pressure dome
type compressor are employed, a ratio of the
alkylbenzene oil relative to the refrigerating machine
0il is not smaller than five percent by weight and a
temperature at which the HFC refrigerant and the
10 refrigerating machine oil separate into two layers is

not higher than 10C.

17. A refrigerator as claimed in claim 11,
wherein an HCFC (hydrochlorofluorocarbon) refrigerant

15 is employed.

18. A refrigerator as claimed in claim 11,
wherein an HCFC refrigerant is employed and a
capillary is emﬁloyed in as a decompressor.
20 |
19. A refrigerator as claimed in claim 11,
wherein an HCFC refrigerant and a high-pressure dome
type compressor are employed, a ratio of the
~alkylbenzene oil relative to the refrigerating machine

25 oil is not smaller than five percent by weight and the

* c L M 1] *




to enploy the refrigerating machine oil of the present I nvention in

a rotary type conpressor in which a vane and a rotor are separated
and the tip of the vane conmes in contact with the outer peripheral
surface of 5 the rotor or a scroll conpressor in which gas is
conpressed between two scrolls. | NDUSTRI AL APPLI CABI LI TY

The refrigerating machine oil of the present 10 I nvention and
refrigerator enploying the same is applied to a refrigerator
for freezing and refrigerating foggs and so on and to an
air conditioner for executing cooling and heating inside a

room :

refrigerating machine oil has a viscosity of not

smaller than 2.5 cst at a temperature of 100C.

20. R refrigerator as claimed in claim 19,

5 wherein a refrigerant <rich layer has an oil
concentration of not smaller than 2.5 percent by
weight when the refrigerating machine oil and the HCFC
refrigerant are separated into two layers at a
temperature of 0°C.

10
21. R refrigerator as claimed in claim 11,
wherein an HCFC refrigerant and a low-pressure dome
type compressor are employed, a ratio of the
alkylbenzene oil relative to the refrigerating machine

15 oil is not smaller thah five percent by weight and a
temperature at which the refrigerating machine oil and
the HCFC refrigerant separate into two layers is not

higher than 10°C.

20. 22. | A refrigerator as claimed in claim 12,
employing a swing type compressor cbmprising; a roller
(7) which is rotatably fitted on an eccentric section
(20) of a driving shaft; a blade (8) which is
intégrally fixed to an outer peripheral surface of the

25 roller (7) and extends outwardly of a radius of the

* c L M s * .




- 60- VWHAT IS CLAI MED | S: 1. A refrigerating machine

oil ., obtained by mxing a first synthetic oil conprised of

an al kyl benzene oil with a second synthetic oil other 5 t han t he
alkylbenzene oil. 2. A refrigerating machine oil as cl ai ned
I 'h . claim1l, wherein the second synthetic oil is an ether oil.
10 3. A refrigerating machine oil as clained in claim
1; wherein the second synthetic oil is an ester oil. 15 4,

A refrigerating machine oil as clained in claim1l, wherein the
second synthetic oil is conprised —65—

roller (7),.thereby separating a cylinder chamber (41)
inside a cylinder (40) into a compression chamber (31)
and an inhalation chamber (32); and a support member
(21) which is rotatably supported in the cylinder (40)
5 and in which is formed a reception groove (2la) that
receives and guides a protruding side tip portion. (8a)

of the blade (8).

A



-of an ether oil and an ester oil. 5 A refrigerating machi ne

oil as clained in 20 claim 1, wherein 'the second synthetic oil
. is a fluorine oil. - 6. A refrigerating machine oil as
“clainmed in claim1l, wherein the second synthetic oil is a 25

carbonate oil.

—B6—

ABSTRACT OF THE DISCLOSURE
There are provided a refrigerating machine
oil which can easily remove a sludge generated in a
refrigerant circuit and is easy to return to a
S compressor and a refrigerator employing the same. A
refrigerating machine oil obtained by mixing an
alkylbenzene oil and an ether oil is employed in a
refrigerant circuit. A sludge generated on an inner
surface of a small~diameter portion of a capillary (4)
10 is exfoliated and removed by the alkylbenzene oil
| while maintaining lubricating performance of a
compressor (1) with the ether o¢il that is well
dissolved in an HFC refrigerant, thereby preventing

capillary clogging.
15



7. A refrigerating machine oil as clained in claim1l1, wherein

a ratio of the al kyl benzene oil relative to the refrigerating
machine oil is 1 to 50 5 percent by wei ght. 8. A
refrigerating machine oil as clainmed in claim 1, wherein a ratio
of the al kyl benzene oil relative to the refrigerating machine
oil is not 10 smaller than five percent by weight and the
refrigerating machine oil has a viscosity of not smal ler than 2.5
cst at a tenperature of 100[err]C. - 9. A refrigerating
machine oil as clainmed in 15 claim8, wherein a refrigerant rich | ayer
has an oil concentration of - not smaller than 2.5 percent by

wei ght when the refrigerating nmachine oil and an HFC refrigerant are
separated into two |ayers at a tenperature of O[err]C

Fig.1




0 10. A reffigerating machine oil as clainmed in

claim 1,
wherein a ratio of the alkyl benzene oil relative t he
refrigerating nachine oil 1is not smal l er than five percent by
wei ght and a tenperature 25 at which an HFC refrigerant and the

refrigerating -62-
machi ne oil separate into two |ayers is not higher

than 10[err]C

11. A refrigerator enploying the refrigerating 5 machi ne oi

clainmed in claiml1.
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12. A refrigerator as clainmned in claim 11, wherein an HFC
(hydr of | uorocarbon) refrigerant is enpl oyed. 10 13. A
refrigerator as clained in claim 11, wherein a capillary is

enpl oyed as a deconpressor.. 14. A refrigerator as clained
in claim 11, 15 wherein an HFC refrigerant and a hi gh-pressure done

type conpressor are enployed, a ratio of the al kyl benzene oi
oil is not smaller than five

relative to the refrigerating machi ne

percent by wei ght and the refrigerating machine oil has a viscosity
of .not 20 smaller than 2.5 cst at a tenperature of 100[err]C

15. A refrigerator as clained in claim 14, wherein a

refrigerant rich | ayer has an oi
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concentration of not smaller than 2.5 percent by 25 weight when the
refrigerating machine oil and the HFC

- 63- refrigerant are separated into two |ayers at a

tenperature of (Jerr]C 16. A refrigerator as claimed in
claim 11, 5 wherein an HFC refrigerant and a | ow pressure done

type conpressor are enployed, a ratio of the al kyl benzene oil
relative to the refrigerating machi ne oil is not smaller than five

percent by weight and a

Fig.4
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ténperature at which the HFC refrigerant and the 10 refrigerating
machi ne oil separate into two |ayers is not hi gher than 10[err]C.
17. A refrigerator as clained in claim 11, wherei n an

HCFC (hydrochl or of | uorocarbon) refrigerant 15 i s enployed. 18.
A refrigerator as claimed in claim 11, wherei n an HCFC
refrigerant is enployed and a capillary is enployed in as a
deconpressor. 20 19. A refrigerator as clainmed in claim
11, wherein an HCFC refrigerant and a hi gh-pressure done type

al kyl benzene oi

conpressor are enployed, a ratio of the
is not smaller than five

relative to the refrigerating machine 25 oi
percent by wei ght and the

Fig.5
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- 64- refrigerating machine oil has a viscosity of not smal | er

than 2.5 cst at a tenperature of 100[err]C. 20. A
refrigerator as clained in claim 19, 5 wherein a refrigerant
rich layer has an oil concentration of not smaller than 2.5
percent by wei ght when the refrigerating nmachine oil and the HCFC
refrigerant are separated into two Jlayers at a t enper at ure of
Oferr]C. 10 - 21, A refrigerator as clained in claim 11,

wherein an HCFC refrigerant and a | ow pressure done
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(57) Abstract

The present invention provides a refrigerating machine oi} which permits ready removal of sludge generated in a refrigerant circuit
and is easy to return to a compressor, and a refrigerator using the oil. A refrigerating machine oil composed of a mixture of alkylbenzene
based oil and ether based oil is used in a refrigerant circuit whereby the ether based oil well soluble in 2 HFC based refrigerant maintains a
fubricating performance of a compressor (1) and the alkylbenzene based oil peels off and removes siudge generated on an inner surface of a
smalt diameter portion of & capillary tube (4) to prevent clogging of the capillary tube.




roller (7), thereby separating a cylinder chanber (41) I nside a

cylinder (40) into a conpression chanmber (31) and an inhal ation
chanber (32); and a support nenber (21) which is rotatably supported
imth P\JII Lnder J\/IﬂFj i i i i

t hat receiyes and guides a protruding side tip portion (8a) of
the Bl ad® {8)&#
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