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SPECIFICATION 

REFRIGERATING MACHINE OIL AND 

REFRIGERATOR EMPLOYING THE SAME 

TECHNICAL FIELD 

The present invention relates to a 

refrigerating machine oil comprised of a synthetic oil 

and a refrigerator employing the same. 

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 dissolves therein a mineral oil that has 

conventionally been employed as a refrigerating 

machine oi)., so that lubricatinq performance of a· 

compressor is significantly reduced. Therefore, it is 

proposed to employ a synthetic oil having a 
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compatibility with -the HFC refrigerant as a 

refrigerating machine oil. 

The HFC refrigerant has an intense polarity 

since it has a combination of a hydrogen atom and a 

fluorine atom. In contrast to th~s, contaminations 

(soiled things'> of deteriorated objects of cutting 

oil, rust preventive oil, hydraulic oil, wash oil, 

refrigerating machine oil and so on are nonpolar, 

while synthetic oil of an ether oil or the like has 

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

the synthetic oil has a compatibility with the .HFC 

refrigerant having a polarity and an affinity with 

nonpolar contaminations, therefore dissolving both of 

them. Then, in a compressor of the above 

15 refrigerator, the synthetic oil 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 liquid 

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 
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the affinity of the contaminations with the synthetic 

o~l, while the nonpolar contaminations are · not 

dissolved in the HFC refrigerant having an intense 

polarity. Therefore, when the synthetic oil is 

5 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, 

10 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 

expansion valve disables the control 

and the 

of the 

15 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 

20 machine oil, it causes a hydrolysis with wat"er and 

tends to generate a sludge. In a refrigerator 

~ploying a capillary as a decompresser of the 

refrigerant circuit, the capillary tends to develop 

more clogging as the capillary tube has a smaller 
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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 be 

5 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 number of processes as compared with the 

conventional cases. Furthermore, they employ an 

increased amount of detergent in the cqmponent 

cleaning stage and cause much ~nergy consumption, 

lS 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 oil 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 qas. Furthermore, it is sometimes the 

case where a two-layer separation may be caused 

25 depending on the temperature range and the ratio of 



the refrigerant to the refrigerat~nq 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 lon~ communicating pipe differently 

5 from the refriq~rator 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 oil, then the 

refrigerating machine oil discharged from the 

10 compressor is hard to return to the compressor since 

the viscosity of the refrigerating 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 shortage . of refrigerating 

machine oil in the compressor~ 

Furthermore, when a large amount of liquid 

refrigerant lies in the compressor at a low 

environmental temperature of the compressor or when a 

20 large amount of liquid 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 refriqerant rich layer having a 

·25 greater specific gravity stays in a lower portion of 
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the dome. Then, the refrigerant rich fluid whose 

viscosity has been significantly reduced is 

consequently sucked from the inlet port of an oil pwnp 

provided in the lowermost portion of the dome of the 

5 compressor. A bearing of the compressor is norm.ally 

designed on the supposition that the viscosity of the 

refrigerating machine oil is relatively high, 

according to which the size of the bearinq 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 ref riqerating machine oil which 

20 can easily remove a sludge generated in a refrigerant 

circuit without reviewing refriqerant system 

components nor processinq 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 oil which can 
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prevent a two-layer separation of oil and refrigerant 

into two layers inside a compressor and refrigerator 

employinq the same. 

In order to achieve the aforementioned 

5 objects, the · present invention provides a 

refrigerating machine oil obtained by mixing a first 

synthetic oil comprised of an alkylbenzene oil with a 

second synthetic oil other than the alkylbenzene oil. 

In regard to the refriqerating 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 so on 

20 dissolved into a refrigerant. Therefore, according to 

the above refriqeratinq 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 
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valve from being clogqed without reviewing the 

refrigerant system components nQr their processing 

steps. By employing a synthetic oil that is easy to 

dissolve into an HFC refrigerant in, for example, a 

5 · 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 em.ployed, 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 the sludqe 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 maintaininq 
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the lubricating perfomance 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 refriqerant 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 oil is 

10 provided by an ester oil. 

With this arrangement, for example, when an 

HFC refrigerant is employed, the ester oil is well 

dissolved in the HFC refriger.ant and circulates 

through the refrigerant circuit. 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 

alkylbenzene oil is transferred to the inside of the 

25 refrigerant circuit even in a state in which the 
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alkylbenzene oil is dissolved in the ester oil, so 

that the sludge can effectively be removed. 

Accordinq to the refrigerating machine oil 

of one embodiment, the second synthetic oil is 

5 comprised 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 refriqerant circuit. 

10 Accordingly, there is no such problem that the ether 

oil and the ester oil discharged together with the 

ref riqerant from the compressor are hard to return, so 

that the sludqe adhered to the inner surfaces of 

small-diameter portions of the capillary and the 

15 expansion valve can be exfoliated and 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 ether oil and the ester oil, and 

20 therefore, the alkylbenzene oil is transferred to the 

inside of the refrigerant circuit even in a state in 

which the alkylbenzene oil is dissolved in the ether 

oil and the ester oil, so that the sludge can 

effectively be removed. The ester oil· is hydrolyzed 

25 by water but deterioration by oxidation scarcely 
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occurs. On the contrary, the ether oil . is 

deteriorated by oxidation but scarcely hydrolyzed by 

water since it withstands water. Therefore, by 

settinq the ratio of the ether oil to the ester oil to 

5 1 : 1, there can be obtained a refriqeratinq machine 

oil of which the degree of deterioration by oxidation 

and the degree of hydrolysis by water are each reduced 

half. 

According to the refriqeratinq machine oil 

10 of one embodiment, the second synthetic oil is a 

fluorine oil. 

With this arranqement, for example, when an 

HFC refrigerant is employed, the fluorine oil is well 

dissolved in the HFC refrigerant and circulates 

15 through the refrigerant circuit. Accordingly, there 

is no 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 oil while maintaining 

the lubricating performance of the compressor. 

According to the refrigerating machine oil 

of one embodiment, .the second synthetic oil is a 

25 carbonate oil. 
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With this arrangement, for example, when an 

HFC refrigerant is employed, the carbonate oil is well 

dissolved in the HFC refrigerant and circulates 

through the refrigerant circuit. Accordingly, there 

5 is no such problem that the carbonate oil discharged 

together with the refrigerant from the compressor is 

hard to return, so that, while maintaining the 

lubricating perfonnance 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 alkylbenzene oil. 

According to the refriqeratinq machine oil 

of one embodiment, the r~tio of the alkylbenzene oil 

relative to the refrigerating machine oil is set to 1 

15 to 50 percent by weight. 

With this arrangement, the ratio of the 

alkylbenzene oil is preferably smaller for the 

synthetic oil discharged toqether with the refriqerant 

from the compressor to circulate through the 

20 refrigerant circuit and return to the compressor, 

whereas the ratio of the alkylbenzene oil is 

preferably greater for the removal of the sludge. 

Therefore, by making the ratio of the alkylbenzene oil 

as great as possible while maintaining the oil return 

25 of the synthetic oil according to the refrigerant 
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circuit, effective sludge removal is executed. When 

the ratio of the alkylbenzene oil relative to the 

refrigerating machine oil exceeds 50 percent by 

weight, the ratio of the alkylbenzene oil is 

5 consequently increased too much with respect to, for 

example, the HFC refrigerant in which the alkylbenzene 

oil does not dissolve, for which the refriqerating 

:machine oil discharged together with the refrigerant 

from the comp·ressor is hard to circulate the 

10 refrigerant circuit and return. When the ratio of the 

alkylbenzene oil relative to the refriqeratinq machine 

oil is not greater than 50 percent by weight, the 

synthetic oil discharged together with the refriqerant 

from the compressor circulates through the refrigerant 

15 circuit and surely returns. The removal of the sludg~ 

is insufficient when the ratio of the alkylbenzene oil 

:relative to th~ _refriqeratinq machine oil is smaller 

than 1 percent by weiqht, whereas the sludge removal 

effect is produced when the ratio is not smaller than 

20 l percent by weight. 

According to the refrigerating machine oil 

of one embodiment, the ratio of the alkylbenzene oil 

relative to the refrigerating machine oil is made not 

smaller than five percent by weiqht and the viscosity 
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of the refrigerating.machine oil is made not smaller 

than 2. S est a·t a temperature of 100°C. 

According to the experiments and study 

conducted by the present applicant, it was discovered 

5 that the sludge generated on the inner surf ace of the 

capillary due to the contaminations of cutting oil, 

rust preventive oil, hydraulic oil, wash oil and so on 

dissolved into the refriqerant (HFC refrigerant 

according to the experiment) was e.,C"foliated and surely 

10 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 the capillary was eliminated. It was also 

discovered that the. sludge generated on the inner 

15 surface of the capillary was not able to be removed 

when the ratio of the alkylbenzene oil relative to the 

refrigerating machine oil was smaller than five 

percent by weight. It was further discovered through 

an experiment that the ratio of metal contact becomes 

20 almost zero percent by makinq the viscosity of the 

refrigerating machine oil not smaller than 2.5 est, 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 

25 bearing and so on were not sufficiently secured when 
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the viscosity of the refrigerating machine oil was 

made smaller than 2.5 est. Therefore, by making the 

ratio of the alkylbenzene oil relative to the 

refrigerating machine oil not smaller than five 

S percent by weight and making the viscosity of the 

refrigerating machine oil not smaller than 2. 5 est, 

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 region of the operating range, so that the 

reliability of the compressor can be maintained. 

According to the refrigerating machine oil 

of one embodiment, the oil concentration of the 

refrigerant riC::h 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 o°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 bearinq and so on of the compressor 

were maintained appropriate and no problem has 

occurred when the oil concentration of the refriqerant 

25 rich layer of the layers that had separated into two 
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layers was not smaller than 2.5 percent by weiqht. It 

was also discovered that the oil films of the bearing 

and so on of the compressor were reduced and the 

bearing and so 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 oil are separated into two 

layers, the two-layer separation temperature of the 

HFC refrigerant and the base oil and the ratio of the 

alkylbenzene oil relative to the refrigerating machine 

oil are adjusted so that the oil concentration of the 

15 refrigerant rich layer becomes not smaller than 2. S 

percent by weight. Therefore, the oil films are 

maintained and the bearing and so on are not damaged, 

so that the reliability of the compressor can be 

maintained. When the second synthetic oil is the 

20 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 

temperature of the refrigerant and the mixed oil 

(alkylbenzene.oil and ether oil) can be reduced even 
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when an increased 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 refriqeratinq machine oil is made not 

smaller than five percent by weight and the two-layer 

separation temperature of the HFC refrigerant and the 

refrigerating machine oil is made not higher than 

lO°C. 

10 With this arranqement, when the ratio of the 

alkylbenzene oil relative to the refrigerating machine 

oil is not smaller than five percent by weiqh.t, the 

sludge generated on the inner surfaces of the 

capillary and the expansion valve due to the 

15 contaminations of cutting oil, rust preventive oil, 

hydraulic oil, wash oil and so on dissolved into the 

HFC re.frigerant is exfoliated and surely removed, so 

that the clogging of the capillary is eliminated. 

According to the results of an endurance test 

20 conducted by the present applicant, it was discovered 

that the refrigeratinq machine oil and the liquid 

refrigerant were uniformly dissolved in an operating 

state at a temperature of not lower than 10 °C by 

m.akinq the two-layer separation temperature of the HFC 

25 ref riqerant and the refrigerating machine oil not 
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higher than 10 °C even when the liquid refrigerant 

returned into the dome of the compressor. It was also 

discovered that the refrigerating machine oil and the 

liquid refrigerant were sometimes not uniformly 

5 dissolved when the two-layer separation temperature of 

the HFC refrigerant and the refrigerating machine oil 

exceeded the temperature of 10 °C • Therefore, by 

making the. ratio of the alkylbenzene oil relative to 

the refrigerating machine oil not smaller than five 

10 percent by weight and·makinq the two-layer separation 

temperature of the HFC 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. 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 the refriqerant and the mixed oil 

(alkylbenzene oil and ether oil) can be reduced even 

when an increased amount of alkylbenzene oil is 

incorporated. 
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The present· invention also provides a 

refrigerator employing one of the aforementioned 

refriqerating machine oils. 

According to the refriqerator constructed as 

5 above, the sludge adhered to the inner surf aces of the 

small-diameter portions of the capillary and the 

expansion valve is exfoliated and removed by the 

alkylbenzene oil, 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) refriqerant is 

employed. 

With this arrangement, the sludqe 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 sludqe is easily generated on, in 

particular, the inner surfaces of the small-diameter 

portions of the capillary and the expansion valve ~hen 

25 a synthetic oil having a compatibility with the HFC 
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refriqerant is employed as a refriqerating machine 

oil. 

According to the refrigerator of one 

embodiment, a capillary is 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 one 

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 oil is 

made not smaller than 2. 5 est at a temperature of 

lOO°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 makinq the viscosity of the refrigerating machine 

oil not smaller than 2. 5 est at a temperature of 

25 100°C, the cloqginq of the capillary and the expansion. 
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valve due to the sludqe can be prevented and the oil 

films of the bearing and so on are maintained normal 

throughout the entire region of the operatinq ranqe, 

so that the reliability of the high-pressure dome type 

5 compressor having a hiqh oil temperature can be 

maintained. It is to be noted that the high-pressure 

dome type compressor has a construction in which .the 

refrigerant flows to a discharge pipe via an inlet 

pipe, a compressinq portion and the container (hiqh-

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 oil concentration of the refrigerant 

15 rich layer when the refriqerating machine oil and the 

HFC refrigerant are separated into two layers at a 

temperature of O t . 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 layers that have 

25 separated into two layers is not smaller than 2. 5 
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percent by weiqht, causinq no problem in terms of the 

reliability. Therefore, in the case of the high­

pressure dome type compressor in which the two-layer 

separation of the HFC refriqerant and the 

5 refrigerating machine oil is a problem, the two-layer 

separation temperature of the HFC refrigerant and the 

base oil and the ratio of the alkylbenzene oil 

relative to the refrigerating machine oil are adjusted 

so that the oil concentration of the refrigerant rich 

10 layer becomes not smaller than 2.5 percent by weiqht 

even when the HFC refrigerant lies in the compressor 

in the operation stop state and the HFC refrigerant 

and the refrigerating machine oil are separated into 

two layers. Therefore, the oil 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 oil 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 oil and 

ether oil) can be reduced even when an increased 

amount of alkylbenzene oil is incorporated therein as 

compared with the ester oil. 
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According to the refrigerator of one 

embodiment, an HFC refrigerant and a low-pressure dome 

type compressor are employed, the ratio of the 

alkylbenzene oil relative to the refrigerating machine 

5 oil is made not smaller than five percent by weight 

and the two-layer separation temperature of the HFC 

refrigerant and the refriqerating machine oil is made 

not higher than lO°C. 

With this arrangement, according to the 

10 results of the aforementioned test and study, when the 

ratio of the alkylbenzene . oil relative to the 

refriqeratinq machine oil is not S1l\aller than five 

percent by weight, the sludqe generated on the inner 

surface of the capillary due to the contaminations of 

15 cutting oil, rust preventive oil, hydraulic oil, wash. 

oil and so on dissolved into the HFC refrigerant is 

exfoliated 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 

20 in which the two-layer separation of the HFC 

refrigerant and the refriqerating 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 

25 HFC refrigerant and the refrigerating machine oil not 
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higher than 10 °C, the refrigerating machine oil and 

the liquid refrigerant are uniformly dissolved in an 

operating state at a temperature of not lower than 

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

5 the HFC refrigera~t and the refrigerating machine oil 

not higher than lO°C 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 oil 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 10 t, a 

mixture 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 

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

20 pressure dome) of the compressor and a compressing 

portion and the refrigerating machine oil is reserved 

in a low-temt>erature low-pressure po_rtion inside the 

low-pressure dome. When the second synthetic oil is 

the ether oil, the ether oil can easily adjust the 

25 two-layer separation temperature of the HFC 
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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 when an increased amount of alkylbenzene 

5 oil is incorporated therein as compared with the ester 

oil. 

According to the refrigerator of one 

embodiment, an HCFC refrigerant is employed. 

With this arrangemen~, the sludge adhered to 

10 the inner surfaces of the small-diameter portions of 

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 

15 portions of the capillary and the expansion valve when 

a synthetic oil is empl~yed as a refriqeratinq machine 

oil. 

According to the refrigerator of one 

embodiment, an ·HCFC refrigerant is employed and a 

20 capillary is employed for its decompressor. 

With this arranqement, the refriqeratinq 

machine oil also has a compatibility with the HCFC 

refrigerant, and the sludqe adhered to the inner 

surface of the small-diameter portion of the capillary 

25 can be exfoliated and removed by the alkylbenzene oil 
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mixed in the refrigerating machine oil. Since the 

sludge adhered to the inner surface of the small­

diameter portion of the capillary is exfoliated and 

removed by the alkylbenzene oil, an inexpensive 

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

refrigerator can be reduced. The refrigerator filled 

with the above refriqerating machine oil can easily 

replace the HCFC refriqerant with the alternative 

refrigerant of the HFC refrigerant (so~called the 

10 retrofit can easily be achieved) without changing the 

refriqeratinq machine oil. 

According to the refrigerator of one 

embodiment, an HCFC refrigerant and a hiqh-pressure 

dome type compressor are employed, the ratio ·of the 

15 alkylbenzene oil relative to the refriqerating machine . 

oil is made not smaller than five percent by weight 

and the viscosity of the refrigerating machine oil is 

made not smaller than 2. S est at a temperature of 

lOO°C. 

20 With this arranqement, according to the 

results of the aforementioned test and study, by 

making the ratio of the alkylbenzene oil relative to 

the refrigerating machine oil not smaller than five 

percent by weiqht and making the viscosity of the 

25 refrigerating machine oil not smaller than 2.5 est at 
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a temperature of lOO°C, the cloqginq 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 reqion of 

5 the operating range, so that the reliability of the 

high-pressure dome type compressor having a high oil 

temperature can be maintained. The refriqerator 

filled with the above refriqeratinq machine oil can 

easily replace the HCFC refriqerant with the 

10 alternative refrigerant of the HFC refrigerant without 

changing the refrigerating machine oil. 

According to the refrigerator of one 

embodiment, 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 

refriqerant are separated into two layers at a 

temperature of O°C. 

With this arrangement, in the case where the 

HFC refrigerant and the refriqeratinq machine oil are 

20 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 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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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 

S separation temperature of the HCFC refrigerant and the 

base oil and the ratio of the alkylbenzene oil 

relative to the refrigerating machine oil are adjusted 

so that the oil concentration of the refrigerant rich 

layer becomes not smaller than 2.5 percent by weight 

10 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 

15 the reliability of the compressor can be maintained. 

The refrigerator filled with the above refrigeratinq 

machine oil can easily replace the HCFC refrigerant 

with the alternative refrigerant of the HFC 

refrigerant without changing the refrigerating machine 

20 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 oil, so that the two-layer separation 

temperature of the refrigerant and the mixed oil 

25 Calkylbenzene oil and ether oil} can be reduced even 
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when an increased amount of alkylbenzene oil is 

incorporated as compared with the ester oil. 

Accordinq to the refrigerator of one 

embodiment, ·an HCFC refriqerant 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 s_eparation temperature of the 

refrigeratinq machine oil and the HCFC refrigerant is 

10 made not hiqher than lO°C. 

With this arrangement, accordinq to the 

results of the aforementioned test and study, when the 

ratio of the alkylbenzene oil relative to the 

refrigeratinq machine oil. is not smaller than five 

15 percent by weight, the sludqe generated on the inner 

surface of the capillary due to the contaminations of 

cutting oil, rust preventive oil, hydraulic oil, wash 

oil and so on dissolved into the HCFC refrigerant is 

exf oliated .and surely removed, 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 occur, by making 

t,he two-layer separation temperature not higher than 

25 10 °C , the refrigerating machine· oil and the· liquid 
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refrigerant 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 

5 refrigerant and the refrigerating machine oil having 

an appropriate viscosity is sucked into the oil pump, 

so that the reliability of the low-pressure dome type 

compressor can be maintained. The refriqerator filled 

with the above refriqeratinq machine oil can easily 

10 replace. the HCFC refriqerant with the alternative 

refrigerant of the HFC refriqerant without changing 

the refriqeratinq machine oil. When the second 

synthetic oil is the ether oil, the ether oil can 

easily adjust the two-layer separation temperature of 

15 . the HFC refrigerant and the ether oil, so that the 

two-layer separation temperature of the refriqerant 

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

be reduced even when an increased amount of 

alkylbenzene oil is incorporated as compared with the 

20 ester oil. 

According to the refrigerator of one 

embodiment, there are employed a swinq type compressor 

comprisinq: a roller which is rotatably fitted on an 

eccentric section of a driving shaft; a blade ·which is 

25 integrally fixed to an outer peripheral surface of the 
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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 cylinder 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 swinq type compressor, the blade is 

10 fixed to the roller and the tip portion of the blade 

is quided by the reception qroove of the rotatable 

support member. Therefore, the surface of the blade 

comes in surf ace contact with the support member to 

achieve sealing, generating no boundary lubrication 

15 state. Therefore, even when the alternative fleon 

ref riqerant 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 compressor 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 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fiq. l is a circuit diagram of a 

refrigerator employing a refrigerating machine oil 

according to first and second embodiments of the 

5 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 

1 O separation of an HFC refrigerant R-4 07C 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 oil and a ratio of an 

15 alkylbenzene oil; 

Fig. 5 is a graph showing a ratio of metal 

contact relative to an oil viscosity; and 

Fig. 6 is a cross section view showing 

essential part of a swing type compressor provided for 

20 a refrigerator according ·to a third embodiment of the 

present invention. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

The following will describe in detail 

experiments and study concerninq refrigeratinq machine 

oil of the present invention as well as a refrigerator 

5 em.ploying the refrigerating machine oil 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 

10 refrigerating machine oil for a long term, clogging a 

capillary with a sludge generated on an inner surface 

of the capillary witn contaminations (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 immersing for a long 

term the plurality of samples clogged with the sludge 

generated on the inner surface into mixed oils 

obtained by incorporating an alkylbenzene 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 

sludge of each sample was observed. As a result, by 

incorporating the alkylbenzene oil into the base oils 

25 of the ether oil, ester oil and the fluorine oil, it 
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was discovered that there was the effect of 

exfoliating t~e sludge generated on the inner surfaces 

of refrigerant system components due to the 

contaminations (soiled objects)· of cutting oil, rust 

5 preventive oil, ·hydraulic o.il, wash oil and so on 

dissolved into the refrigerant. 

Furthermore, as a result of conducting the 

experiment of immersing for a ling term the samples 

into only the alkylbenzene oil, it was discovered that 

10 the alkylbenzene oil sinqly had the ef feet of 

exfoliating the sludqe, or the cause of the clogging 

of the capillary 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 a new · one differently from the case where the ether 

oil, ester oil or a mineral oil was used. However, if 

the alkylbenzene oil is employed as a refriqerating 

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 throuqh 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. 
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Accordingly, based on the results of the 

above experiment, the present applicant decided to 

concurrently employ an alkylbenzene oil and a 

synthetic oil (ether oil, ester oil, fluorine oil, 

5 carbonate oil and so on) having a compatibility with 

the HFC refrigerant. That is, · lubricat~nq performance 

of the compressor is maintained by making satisfactory 

oil return with the synthetic oil that is well 

dissolved in the RFC refrigerant and the sludge 

10 causing the clogging of the capillary is removed by 

incorporating the alkylbenzene oil into the synthetic 

oil. Thus, the aforementioned problems of the poor 

lubrication and the cloqginq 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 employing the above refrigerating machine 

oil, the refriqerator includinq a compressor l, a 

four-way valve 2 connected to the outlet side of the 

· compressor l, an outdoor heat exchanger 3 whose one 

end is connected to the four-way valve·2, a capillary 

25 4 which serves as an expandfng means whose one end is 
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connected to the other end of the outdoor heat 

exchanger 3, an indoor heat exchanger 5 whose one end 

is connected to the other end of the capillary 4 via a 

shutoff valve 11 and an accumulator 6 of which the one 

5 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 connected to the inlet 

side of the compressor 1. 

In the refrigerator constructed as above, an 

10 HFC refrigerant (R-l34a, 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 

oil and carbonate oil with an alkylbenzene oil is 

15 employed as a refrigerating machine oil. The rat~o of 

the alkylbenzene oil is set within a range of l to 50 

percent by weight relative to the whole refrigerating 

machine oil according to the refrigerant circuit and 

so on. 

20 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 

in the refrigerating machine oil, and therefore, the 

clogging of the capi~lary can be prevented without 

25 reviewing the refrigerant system components nor the 
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processing steps. Furthermore, the above arrangement 

can obviates the need for a refrigerant system 

component cleaning p~ocess for removing the cutting 

oil, rust preventive oil, th~ hydraulic oil and the 

5 like which cause the sludge, and therefore, the number 

of processes and cost can be reduced. 

When a synthetic oil (ether oil, ester oil, 

fluorine oil, carbonate oil or the like) incompatible 

with an HFC refrigerant is employed ·in a refrigerant 

10 circuit employing the HFC refrigerant, the synthetic 

oil is well dissolved in the HFC refriqerant to 

circulate through the refrigerant circuit. 

Accordingly, there is no such problem that the 

synthetic oil discharged from the compressor 1 is hard 

15 to return, so that the lubricating performance of the 

compressor 1 can be maintained. When the synthetic 

oil is employed, particularly a sludge tends to be 

qenerated. However, the sludge adhered to the inner 

surfaces of the small-diameter portions of the 

20 refrigerant system components such as the capillary 4 

can be exfoliated and removed by the alkylbenzene oil 

mixed in the refrigerating machine oil. Furthermore, 

the alkylbenzene oil is well dissolved in the ether 

oil and the ester oil, so that the alkylbenzene oil is 

25 transferred into the refrigerant circuit in a state in 
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which the alkylbenzene oil is dissolved in the ether 

oil and the ester oil, thereby allowing the sludge to 

be effectively removed. 

Furthermore, the sludge adhered to the inner 

5 surface of the small-diameter portion of the capillary 

4 is exfoliated and removed by the refrigerating 

machine oil obtained by mixing the alkylbenzene oil 

with another· synthetic oil. Accordingly, there is no 

concern about the clogging of the capillary, so that 

10 an inexpensive capillary can be e~ployed. 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 

15 out experiments on various conditions about the 

refrigerating machine oil scarcely causing capillary . 
cloqginq and causing no impairment of the reliability 

of the compres~or, and consequently discovered that a 

mixed oil obtained by mixing a first synthetic oil 
. 

20 comprised of an alkylbenzene oil into a second 

synthetic oil 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 
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refrigerator which employs the mixed oil as a 

refriqerating machine oil. 

Table 1 shows the results of immersion 

experiments and real machine endurance test conducted 

5 with synthetic oils of an ether oil and an ester oil 

employed as a base oil and with the ratio of the 

alkylbenzene oil changed. 

10 

Table 1: 

Ratio of alkylbenzene oil (wt%) 

0 3 5 10 30 

Immersion x x 0 0 0 
experiment I 

Immersion x x 0 0 0 
experiment 

n 
Real machine x - 0 - -

endurance 
test 

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. 

so 
0 

0 

0 
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Immersion Experiment I 

Base oil: Ether oil 

The capillary to the inner surf ace of which 

sludge is adhered is immersed at normal 

temperature for two weeks. 

0: The sludge is exfoliated. 

x: The sludge is not exfoliated. 

Immersjon Ex;perjment II 

Base oil: Ester oil 

The capillary to tne inner surface of which 

sludge is adhered is immersed at normal 

temperature for two weeks. 

O: The sludge is exfoliated. 

x: The sludge is not exfoliated. 

Real Machjne Enciurapce Test 

Test machine: Room air conditioner (1 hp) 

Refrigerant: R-407C 

Base oil: Ester oil 

The presence or absence of sludge is decided 

after an elapse of 4000 hours of operation. 

0: The capillary is not clogged. 

x: The capillary is cloqged. 

According to the above immersion experiments 

I and II, a clogged capillary piece through the real 

25 machine endurance test of an ester oil was immersed in 

t 

f 

I 
I 

~ 
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a mixed oil, and a change of sludge was visually 

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 

5 endurance test was executed by filling the real 

machine having a capillary with the mixed oil 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 was measured for the 

evaluation of the capillary clogging depending on the 

presence or absence of a reduction in flow rate. That 

is, it is determined that the sludge is adhered to the 

inner surface of the capillary when the nitrogen flow 

15 rate is reduced and no sludge is adhered to the inner 

surface of the capillary 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 ~urface of 

the capillary was able to be exfoliated and securely 

removed and the affinity of the refriqeratinq machine 

oil with the contamination was maintained, 

25 consequently depositing no contamination in the liquid 
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refriqerant when the rati~ _ of the alkylbenzene oil 

relative to the refrigerating machine oil comprised of 

the first synthetic oil 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 

weiqht. It is to be noted that the same result is 

also obtained when a mixed oil comprised of the eth.er 

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) havinq 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 Fiq. 2 

and Fiq. 3. A mixed oil of an alkylbenzene oil and a 

polyether A (ether 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 
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oil in the test of Fig. 3. The two-layer separation 

temperature of the HFC refrigerant R-407C and a single 

substance of the polyether A was set to about -20°C 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 -35°C in the case of Fig. 3. In 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 appear. 

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 HFC 

ref riqerant 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 °C , which is 

increased by about 30°C as compared with the polyether 

A. On the other hand, when about 21 percent by weight 

of alkylbenzene oil is incorporated in the case of 

Fiq. 3, the two-layer separation temperature chanqes 

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

l 
I 
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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 oil becomes lower, the 

two-layer separation temperature of the HE"C 

refrigerant and the mixed oil can be made lower 

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

10 separation temperature of the HFC refrigerant and the 

mixed oil, the refrigerating machine oil and the 

liquid refrigerant are uniformly incorporated in an 

operating state in which the 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 refrigerating machine 

oil and the refrigerant having an appropriate 

viscosity is sucked into an oil pump, so that the 

lubrication of the bearing and so on of the compressor 

20 can be maintained normal. Particularly in the low­

pressure dome type compressor havinq an oil 

temperature 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 
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separation temperature of the HFC refrigerant 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 refriqerant and the ether oil. Therefore, when 

intending to provi1de 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 alkylbeniene oil relative to 

15 the refrigerating machine oil was searched so as to 

satisfy the required conditions that: 

i) neither a capillary nor an expansion 

valve is cloqqed; and 

ii) the reliability of the compressor is not 

2 0 impaired · e'J'en 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 
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separation temperature T of the HFC refrigerant and 

the base oil and the axis of ordinates represents the 

ratio Y of the alkylbenzene oil. 

First, from Table l, the condition of the 

5 ratio Y of the alkylbenzene oil is: 

Y ~ 5 •••• [Condition l] 

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 than 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 10 t. It was 

also discovered that the re~iability of the compressor 

was not able to be sufficiently secured when the two­

layer separation temperature of the HFC refrigerant 

and the mixed oil exceeded 1 O °C • The two-layer 

2 O separation temperature is about 1 o °C in the case of 

the conventional combination of the HCFC refriqerant 

and the mineral oil (Suniso 4GS: tradename), and 

accordinq to this achievement, the two-layer 

separation temperature of lO°C of the HFC refrigerant 

25 and the mixed oil is the proper value. Accordingly, 
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the ratio of the alkylbenzene oil at the two-layer 

separation temperature of 10 t was obtained from the 

data shown in Fig. 2 and Fiq. 3, and the ratio was 

indicated by o marks in Fiq. 4. Therefore, as shown 

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

alkylbenzene oil relative to the two-layer separation 

temperature T of the HFC refriqerant and the base oil 

a.t which the two-layer separation temperature of the 

HFC refrigerant and the mixed oil becomes not higher 

10 than lO°C is~ 

Y ~ -0.67T - 3 •... [Condition 2] 

Furthermore, in the hiqh-pressure dome type 

compressor having a high oil temperature in the normal 

o·perating state, the two-layer separation scarcely 

15 occurs even when the ratio of the alkylbenzene oil is 

increased. However, in a stop state, the· oil 

temperature is reduced to the enviro?Unental 

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 refriqerant and the mixed 

oil 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 oil concentration of the 
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refrigerant rich layer of the layers that are 

separated into two layers was not smaller than 2. 5 

· percent by weiqht (at a temperature of O°C) ·. It was 

also discovered that the oil films of the bearing and 

5 so on of the compressor 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 O°C) • Accordinqly, the 

10 ratio of the alkylbenzene oil relative to the 

refrigerating machine oil when the oil content at the 

temperature of o °C was 2. 5 percent by weight was 

obtained from the data of Fiq. 2 and Fiq. 3, and the 

ratio was indicated by o marks in Fig. 4. Therefore, 

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

the alkylbenzene oil relative to the two-layer 

separation temperature T of the HFC refrigerant and 

the base oil is: 

20 

Y ~ -T + 15 .... [Condit~on 3) 

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 



-49-

coolinq and heatinq or cooling only or in the case 

where the compressor is provided with a two-layer 

separation preventinq function. 

Fiq. 5 shows the result of the test of 

5 examininq a relation of the ratio of metal contact 

~elative to the oil viscosity at an oil temperature of 

90 to llO°C durinq operation of the hiqh-pressure dome 

type compressor. As shown in Fiq. S, 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 

est, and this discovers that the oil films of the 

bearing and so on of the compressor are maintained. 

If the oil viscosity is smaller than 2 .5 est, the 

15 ratio of metal contact increases and the oil films of 

the bearing and so on of the compressor become thin, 

and this discovers that the bearing and so on are 

damaged to impair the reliability. Therefore, when 

the operatinq condition of a hiqh 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 est at an oil temperature of lOO°C. The condition 

25 of the ratio Y of the alkyl.benzene oil obtained on the 
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basis of a rule of mixture and the condition that the 

viscosity of the refriqeratinq machine oil is not 

smaller than 2.5 est and the viscosity is: 

Y ~ (loqlog(2.5+0.6)-logloqCU+0.6)) 

/{loglog(V+0.6)-loglog(U+0.6))xl00 

..•. [Condition 4] 

In the above [Condition 4], U represents the viscosity 

[est] of the base oil at a temperature.of lOOCC, while 

V represents. the viscosity {est] of the alkylbenzene 

10 oil at a temperature of 100 °C . The above rule of 

mixture prescribes the volume ratio, and therefore, it 

is to be calculated on the assumption that the 

concentrations of the base oil and the alkylbenzene 

oil are identical in converting it into the weight 

15 ratio. Therefore, when the densities of the base oil 

and the alkylbenzene oil differ from each 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 VG68 {viscosity 

20 is 68 [est] at a temperature of 40°C) and the grade of 

viscosity of the alkylbenzene oil is VGS (viscosity is 

8 (est) at a temperature of 40°C) . 

(Second Embodiment) 

The following will describe the case where a 

25 ref riqeratinq machine oil satisfying the 
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. aforementioned [Condition l] through [Condition 4] is 

employed in a refrigerator. 

In a refrigerator having the same 

construction as that of the refrigerator of the first 

5 eltlbodiment shown in Fiq. 1, an HFC refrigerant and a 

hiqh-pressure dome type compressor 1 are employed, and 

a refrigeratinq machine oil obtained by mixing the 

alkylbenzene oil of ratios satisfying the 

aforementioned [Condition l] and (Condition 4] 

10 (indicated i~ the regions A, B and c in Fig. 4) into a 

base oil (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, 

15 so that the reliability of the high-pressure dome type 

compressor 1 having a high oil temperature can be 

maintained. 

In the case where the compressor 1 is the 

hiqh..,.pressure dome type in which the two-layer 

20 separation is a problem, a refriqeratinq machine oil 

obtained by mixinq the alkylbenzene oil of ratios 

satisfying the [Condition 3] in addition to the 

(Condition l] and [Condition 41 (indicated in the 

regions A and B in Fig. 4) into a base oil (ether oil) 

25 is employed. In this case, the clogqinq of the 
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capillary 4 is prevented and the oil concentration of 

the refrigerant rich layer is made not smaller than 

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 l is the 

10 low-pressure dome type in which the two-layer 

15 

separation easily occurs, a· refrigerating machine oil 

obtained by mixing the alkylbenzene oil of ratios 

satisfying the [Condition l] and (Condition 2] 

(indicated in the region A in Fig. 4) into a base oil 

(ether oil) is employed. That is, by reducing the 

ratio of the alkylbenzene oil 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 hiqher than lO°C, the mixed oil and the 

20 liquid refriqe.rant are uniformly dissolved even when 

the l.iquid refriqerant returns to the inside of the 

dome of the compressor 1 in an operating state in 

which the oil temperature is not lower than lO°C, so 

that the mixture of the refrigerant and the mixed oil 

25 havinq an appropriate viscosity is sucked into the oil 

I 
; 

' ; 
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pump. Therefore, the reliability of the low-pressure 

dome type compressor 1 can be .maintained. 

In the aforementioned second e:mbodiment, the 

alkylbenzene oil 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 oil relative to the refrigerating machine 

oil can be increased, and the sludge adhered to the 

15 inner surfaces of the capillary and the expansion 

valve can be more effectively removed. It is to be 

noted that a ref:rigeratinq machine oil obtained by 

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

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

20 fluorine oil or a carbonate oil with the first 

synthetic oil of the alkylbenzene oil may be employed 

in the second embodiment. 
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(Third Embodiment) 

Fiq. 6 shows a 

provided for a refrigerator 

swing type compressor 

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 havinq a cylinder 

chamber 41 and a roller 7 arra~qed 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 shown) . 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 inteqrally formed a blade 8 that is 

projecting radially outwardly of the roller 7. on the 

other hand, a cylindrical retainer hole 42 is fonned 

in a portion between the inlet port 30a an~ the outlet 

port 30b of the cylinder 40. Then, a support member 

20 21 comprised _of two semicylindrical members 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 21a has 

25 one end communicated with the inside of the cylinder 
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I 

chamber 41, while a tip portion ea of ~he blade a is 

slidably inserted in this reception groove 2la t;-rhile 
I 
I 

being able to come in surface contact with it. lThis 

blade a divides the inside of the cylinder chamb~r 41 

S into a compression chamber 31 and an inhalJtion 
I 

10 

15 

20 

25 

i 
chamber 32. A plate-shaped valve 9 for opening\ and 

I 

qlosing the outlet port 30b is provided so as to\ fit 

on a valve seat surface 44 formed around the exi~ of 

the outlet port 30b. A backing plate 10 is stuci to 
I this valve 9. I 
I Then, the swing type compressor employs1HFC 
i 

R410A that is an substitute fleon refrigerant af a 

working fluid to be ·compressed inside the cyli~der 
I chamber 41. As a lubricating oil, an ether oil anq an 

. I alkylbenzene oil having a compatibility with the \HFC 

refrigerant are concurrently employed. This R410A! is 
I 
I 
I one mixed refrigerant of HFC32 and HFC125. : . 
I This refrigerator employs a capillary tµbe 

as a decompressing means. 
I 

! 
I 

I 
I 

In the refrigerator constructed as aboye, 
I 

I 
when the driving shaft is driven, the protrudinq rip 

portion Sa of the blade 8 integrated with the rollef 7 

moves inward and o·utward along the reception qroJve 
I 

2la of the support member 21, while the support me~er 
I 
I 

21 rotates simultaneously with the movement. That ~s, 
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the blade e consistently comparts the inside of ! the 
I 

cylinder chamber 41 into the compression chal!lber 31 

and the inhalation chamber 32 by advancing ;and 

retreatinq while swaying in accordance with 

revolution of the roller 7. 

According to this refrigerator, while 

I 

! 
:the 
I 
I 
I 

I 
I 
I 
I 

I 

\the 

roller 7 is revolved without rotating relative to the 

eccentric section 20, i.e., while it is made to swing 

(rock) about the blade a, the tip portion of the blade 
I 

10 8 does not move in line contact with the periphetal 
I 

surface of the roller 7, meaninq that the blade a and 
I 

the roller 7 do not relatively move differently f*om 
I 

the prior art . Therefore, no slide friction oc~rs 

due to the line contact between the blade 8 and t;he 
' ' 15 roller 7. Then, the surface of the blade 8 seals ~e 

20 

I 

support member 21 while being put in surface conta~t 
I 

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

lubricating state occurs. 
' Therefore, according to the refrigerat?r 
I em.ployinq the above swinq type compressor, the sludfe 

adhered to the inner surfaces of the small-diamet~r 
I 
' 

portions of the capillary and the expansion valve c~n 
I 

be exfoliated and removed by the alkylbenzene oil ev~n 

when an alternative fleon refrigerant that takes the 

25 environmental safety into consideration is employedj. 
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Furthermore, the blade 8 is made to slide in surface 

contact with the support member 21, and therefore, the 

deterioration of the lubricating oil can be preven~ed, 
I 
I 
I 

so that the seizure can be prevented. ! 
! 

In the first embodiment, the refriqerat~ng 

machine oil obtained by mixing the first synthetic 9il 

comprised of the alkylbenzene oil with the sec~nd 

synthetic oil comprised of the ether oil, ester otl, 

fluorine 

However, 

oil and the carbonate oil 

it is of course acceptable 

: 
is employetd. 

I 
to employ\ a 

refrigerating machine oil obtained by mixinq the fitst 

synthetic oil comprised of the alkylbenzene oil wi'th 

the second synthetic oil comprised of other than the 

ether oil, ester oil, fluorine oil and the carbonate 

15 oil. 

20 

In the first embodiment, the first synthetic 
' 

oil comprised of the alkylbenzene oil is incorporated 

into the second synthetic oil comprised of one of the 

ether oil, ester oil, fluorine oil and the carbonatje 
l oil. However, it is acceptable to incorporate thje 
I 

alkylbenzene oil into the mixed oil comprised of th~ 
' 

ether oil and the ester oil. In this case, the est~r 

oil is hydrolyzed by water but deterioration by 

oxidation scarcely occurs. On the contrary, the ether 

25 oil is deteriorated by oxidation but scarcelt 
I 
: 
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hydrolyzed by water since it wi'thstands 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 to a 

refrigerator employing. an HFC refrigerant. However, 

10 the refrigerant is not limited to the HFC refriqerant, 

and it may also be the HCFC re.frigerant or the like. 

In this case, the refriqeratinq machine oil of the 

present invention causes no trouble even if a 

refrigerating machine oil such as the mineral oil for 

15 HCFC 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 chanqinq 

2 0 the refrigerating machine oil by fillinq 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 
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to employ the refrigerating machine oil of the present 

invention in a rotary type compressor in which a vane 

and a rotor 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 oil of the present 

10 invention and refrigerator 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 heatinq inside a 

room. 
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WHAT IS CLAIMED IS: 

A refrigerating machine oil obtained by 

mixing a first synthetic oil comprised of an 

alkylbenzene oil with a second synthetic oil other 

5 than the alkylbenzene oil. 

10 

15 

2. A refrigerating machine oil as claimed in 

claim 1, wherein the second synthetic oil is an ether 

oil. 

3. A refrigerating machine oil as claimed in 

claim 1, wherein the second synthetic oil is an ester 

oil. 

4. A refrigerating machine oil as claimed in 

claim 1, wherein the second synthetic oil is comprised 

of an ether oil and an ester oil. 

5. A refriqeratinq machine oil as claimed in 

20 claim 1, wherein the second synthetic .oil is a 

fluorine oil. 

6. A refrigerating machine oil as claimed in 

claim 1, wherein the second synthetic oil is a 

25 carbonate oil. 

1111\11\ \1\11\ 111\11\1111\ 1111 
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7. A refrigerating machine oil as claimed "in 

claim 1, wherein a ratio of the alkylbenzene oil 

relative to the refriqerating machine oil is 1 to 50 

5 percent by weight. 

a. A refriqeratinq machine oil as claimed in 

claim 1, wherein a ratio of the a_lkylbenzene oil 

relative to the refriqeratinq machine oil is not 

10 smaller than five percent by weight and the 

refriqerating machine oil has a viscosity of not 

smaller than 2.5 est at a temperature of lOOCC. 

9. A refrigerating machine oil as claimed in 

15 claim 8, wherein a refrigerant rich layer has an oil 

concentration of not smaller than 2.5 percent by 

weight when the refrigerating machine oil and an HFC 

refrigerant are separated into two layers at a 

temperature of O°C. 

20 

10. A .tefriqeratinq 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 RFC refrigerant and the refrigerating 

111111111111111111111111111111 
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machine oil separate into two layers is not higher 

than 1ot. 

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 fl, 

wherein a capillary is employed as a decompressor. 

14. A refrigerator as claimed in claim 11, 

15 wherein an HFC refrigerant and a hiqh-pressure dome 

type compressor are 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 oil has a viscosity of not 

20 smaller than 2.5 est at a temperature of lOO°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 

111111111111111111111111111111 
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refrigerant are separated into two layers at a 

temperature of O°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 

oil 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 lO°C. 

17. A refrigerator as claimed in claim 11, 

wherein an HCFC (hydrochlorofluorocarbon) refrigerant 

15 is employed. 

20 

18. A refrigerator as claimed in claim 11, 

wherein an HCFC refrigerant is employed and a 

capillary is employed in as a decompressor. 

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 

111111111111111111111111111111 
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refrigerating machine oil has a viscosity of not 

smaller than 2.5 est at a temperature of lOOCC. 

20. A 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 o°C. 

10 

21. A 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 than five percent by weight and a 

20 

temperature at which the refrigerating machine oil and 

the HCFC refrigerant separate into two layers is not 

hiqher than lO°C. 

22. A refrigerator as claimed in claim 12, 

employinq a swing type compressor comprising: a roller 

(7) which is rotatably fitted on an eccentric section 

(20) of a driving shaft; a blade (8) which is 

integrally fixed to an outer peripheral surface of the 

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

111111111111111111111111111111 
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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 qroove (2la) that 

receives and guides a protruding side tip portion (8a) 

of the blade (8) . 
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