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REFRIGERANT CIRCULATING SYSTEM

BACKGROUND OF THE INVENTION

This invention relates to a refrigerant circulating
system which uses a refrigerant which essentially contains.
hydrofluorocarbon or third generation refrigerants.

An example of a conventional refrigerant circulating
system is as shown in Fig. 14.

As indicated by the publication "Tribologist)" Vol.
35, No. 9 (1990) pp. 621 to 626, in forming a refrigerating
machine using an HFCl34a refrigerant containing
hydrofluorocarbon, PAG (polyether) or ester refrigerating
machine oil is employed, because the solubility of the
refrigerant and the refrigerating machine oil is one of the
important factors determining the performance of the
refrigerant circulating system. The conventional
refrigerant circulating system shown in Fig. 14 is a
refrigerating machine using an HFC134a refrigerant. In Fig.
14, reference numeral 1 designates a compressor for
compressing a refrigerant gas; 2, a condenser fqr"condensing
a high pressure refrigerant gas discharged from the N
compressor 1l; 3, e throttle mechanism; 4, an evaporator; 5, a
4-way valve haviné a function of reversing the direction of
flow of the refrigerant; 8, an.accumulator adapted to adjust

the quantity of refrigerant; and 6, a refrigerating machine



hydr of | uorocarbon or third generation refrigerants. An exanpl e of
a conventional refrigerant circulating systemis as shown in Fig. 14.
As i ndi cated by tQﬁipublication "Tribologist)" Vol. 35, No. 9 (1990) pp.

621 to 626, in asjcempleplagedr at i ng  machi ne usi ng an HFC134a
refrigerant cont , “ uor ocar bon, PAG (polyether) or ester
refrigerating [ npl oyed, because the solubility of the

refrigerant and the refrigerating machine oil is one of the inportant
factors determ ning the performance of the .

'0il kept in the compressor 1 to lubricate the slide parts of
the compressor 1 and to seal the compressing chamber thereof,
the oil being PAG 6a or ester refrigerating machine oil 6b.

The behavior of the oil in the system will be |
described. The refrigerant compressed by the compressor 1 is
supplied into the condenser 2. A larger part of the |
lubricant 6a or 6b used for lubricating the compressor and
sealing the compressing chamber returns to the bottom of the
compressor; however, the lubricant 6a or 6b which corresponds
to about 0.5 to 3.0% of the refrigerant by weight is
discharged together with the refrigerant from the compressor.
The oil 6a or 6b thus discharged is soluble with the
refrigerant. Therefore, it flows smoothly through the
condenser 2, the capillary tube 3, and the evaporator 4 into
the accumulator 8, where it is dissolved in the excess of
liquid refrigerant 7a, thus returning through an oil
returning hole 82 into the compressor 1. Hence, the
lubricant 6 is kept in the compressor 1 at all times, thus
performing the lubrication satisfactorily.

Another example of the conventional refrigerant
circulating system is as shown in Fig. 15. .
Heretofore, as disclosed by Japanese Patent

Unexamined Publication (Kokai) Hei-5-17789/(1992), a
refrigerant circulating system employing a refrigerant
mixture containing an inflammable refrigerant HFC32 uses a

refrigerating machine o0il such as ester refrigerating machine



"refrigerant circulating system The conventional refrigerant circulating
systemshown in Fig 14 i-s a refrigerating machi ne using an HFCl34a
refrigerant. In F| ref erence nuneral 1 designates a conpressor for

conpr essi RS c‘lgas 2, a condenser for condensing a high
pressure r dlscharged fromthe conpressor 1; 3, a throttle
mechani sm 5, a 4-way valve having a function of

reversing the_dlrectlon of "flow of the refrigerant; 8, an accumnul ator
adapted to adjust the quantity of refrigerant; and 6, a refrigerating
machi ne 0il high in solubility. Fig. 15 shows an air conditioner

using a refrigerant mixture of HFC32, HFC125 and HFCl34a. 1In
Fig. 15, reference numeral 1 designates a compressor for
compressing the refrigerant gas; 2, a condenser for
condensing a high pressure refrigerant discharged from the
compressor l1; 3, a throttling mechanism; 4, an evaporatorf_s,'
a 4-way valve for reversing the flow of refrigerant; 8, an
accumulator having a function of adjusting the quantity of
refrigerant; and 6, a refrigerating machine oil used for
lubricating the slide parts of the compressor 1 and sealing a
compression chamber. More specifically, the refrigerating
machine oil is an ester refrigerating machine oil 6a.

The refrigerant sucked into the compressor 1, after
cooling an electric motor 12 in a closed container 11, is
compressed by a compressing mechanism 13, and discharged
through the 4-way valve 5 into the condenser 2. In this
operation, the refrigerating machine oil 6 pooled in the
bottom of the closed container 11 is exposed to the
atmosphere of the refrigerant sucked into the compressor, and
a large quantity of refrigerant is dissolved into the
refrigerating machine oil 6, because the latter 6.is high in
solubility. ;

The conventional HFCl34a refrigerant circulating |
system is designed as described above. The PAG (polyether)

6a has a volume resistivity of 107 to 10'° Qcm, and a

saturated water content of about 25000 ppM; whereas the ester



2 oLl kept in the conpressor 1 to lubricate the slide parts of the
conpressor 1 and to seal the conpressing chanber thereof, the oil being
PAG 6a or es epald.ng machine oil 6b. The behavi or of the

L

refrigerating machine oil is superior in characteristic to

the PAG, haﬁing a volume resistivity of 102 to 10! Qcm, and
a saturated water content of about 1500 ppM. However, those
oils are much inferior in electrical insulation and |
hygroscopicity to a CFC1l2 refrigerating machine oil which is
10'% Qcm in volume resistivity and about 300 ppM in saturafgd
water content.

Hydrofluorocarbons (HFC) are promising refrigerants
that could replace CFCl12 and HCFC22 which are on the list of
materials that need be used less or totally disused in view
of the environmental problems they have caused.
Hydrofluorocarbons generally are more polar than CFCl12 and
HCFC22 and refrigerating oils that are highly soluble with
such hydrofluorocarbons are also generally high in polarity.
Hence, those oils which are soluble with hydrofluorocarbons
tend to absorb moisture having high polarity. As a result,
moisture will be carried over into the refrigerant
circulation system and there is high likelihood for
deterioratian not only in electrical insulation but also in
hydrolyzable materials such as refrigerating ester oils and
those organic materials which are used in the compressor. If
the deteriorated materials accumulate in the throttle ;
mechanism, the performance of the refrigerant circulation-
system can potentially drop.

Hence, in assembling the refrigerant circulating

system, it is necessary to shorten the period of time as much



descri hed. The refrigerant conpressed by the conpressor 1 is supplied into
t he condenser 2. A larger part of the Ilubricant 6a or 6b used for
| ubricating tW@méb ®§$@ﬂ¢ﬂmﬁd seal ing the conpressing chanber returns to
t he bottom of t ; however, the lubricant 6a or 6b which

' 3. 0% of the refrigerant by weight is
di schar ged toget W e refrlgerant fromthe conpressor. The oil 6a

corresponds to
or 6b thus dlscharged |s soluble with the refrigerant. Therefore, it flows

snoothly through the condenser 2, the capillary tube 3, and the evaporator
4 into as possible for which the system is left open in the air.

That is, the production of the refrigerant circulating system
suffers from a number of problems in handling the components.
Furthermore, the system involves the following problems: .If
a large quantity of water content enters the system, the
formation of sludge is accelerated, or the water content ié
freezed to close the throttle mechanism, thus impeding the
cooling operation.

In addition, the conventional HFCl34a refrigerant
circulating system is disadvantageous in the following
points: In servicing the system for instance by repairing or
replacing the components of the sysfem, because of the high
hygroscopicity of the refrigerating machine oil the water
content of air is adsorbed on the refrigerating machine oil,
so that the capillary tube or the expansion valve of the
throttle mechanism is liable to be closed being freezed. 1In
addition, the water content accelerates the hydrolysis of the
ester oil, thus forming sludge. Furthermore, the water
content accelerates the hydrolysis of polyethylene
terephthalate employed as the insulating material of the
motor, thus forming sludge. 1In order to eliminate the above-
described difficulties accompanying the manufacéure of the;
refrigerant circulating system or the service on it, it ié
necessary to more sufficiently remove the water content from
the refrigerating machine oil and from the refrigerant

cycling system than in the system using a CFC12 refrigerant.



t he accunul ator 8, ‘where it is_dissolved in the excess.of liquid

refrigerant 7a,_thus returning through an oil returning hole 82 into the
conpressor 1. cet HagdBeen| Replagedant 6 i s kept in the conpressor 1 at al
times, thus per ﬁ“ ' brication satisfactorilly. Anot her
exanple of the c iHfrigerant circulating systemis as shown in
Fig. 15. Heretofore, as disclosed by Japanese Patent Unexam ned

Publication (Kokai) Hei-5-17789/(1992), a refrigerant circulating system

enpl oyl ng aiéegééfﬁiég? it is necessary to provide a drier in the '
refrigerant cycling system so as to complement the water
content.

If a refrigerant is used together with a highly
soluble refrigerating oil, the amount of the refrigerant that
is dissolved in the refrigerating oil will increase rapidiy
as the temperature of the oil or the refrigerant in contact
with it approaches the saturation point of the latter at the
pressure of the atmosphere in which the refrigerating oil is
placed. Since the refrigerating oil is diluted with a less
viscous refrigerant, the above phenomenon will cause an
extreme drop in the viscosity of the liquid being supplied to
the sliding part and its lubrication characteristics will
deteriorate to potentially cause seizure and other problems.

In the case where the bottom of the compressor to
contain a highly soluble refrigerating oil is located on the
high-pressure side, the solubility of the refrigerant will
increase in the high-pressure atmosphere in the compressor
where the areal pressure at the sliding part increases to
require better lubrication characteristics and, hence, the
viscosity of the liquid being supplied to the sliding part

will drop and its lubrication characteristics will )
deteriorate to potentially cause seizure and other probleﬁs.
Therefore, in the case under consideration (i.e., the bottom
of the compressor to contain a highly soluble refrigerating

oil is located on the high-pressure side), it has been common



m xture containing an inflanmmable refrigerant HFC32 uses a refrigerating
machi ne oil such as ester rerigerating machine

3  oil high Tk shed BRIHebd Benlaceki 9. 15 shows an air condi t ioner using a
refrigerant m HFC125 and HFCl34a. In Fig. 15, reference
numeral 1 desi "ﬁl F

ssor for
practice to use a viscous refrigerating oil in view of its

dissolution under high pressure but this presents a problem
in a low-pressure atmosphere. That is, the liquid to be
supplied to the sliding part becomes extremely viscous dué'to
small dissolution of the refrigerant and the mechanical loss
caused by shear stress in the oil at the slide bearing or ihe'
like increases in its ratio to work of compression, leading

to a lower efficiency.

Speaking also of the case of using a highly soluble
refrigerating oil, the part of the oil which leaks out of the
oil seal portion towards the suction side of the compression
space contains a large amount of refrigerant, which will be
expanded and compressed again in the compression cycle,
causing loss and subsequent decrease in efficiency.

In the case where, in the conventional refrigerant
circulating system, a refrigerant mixture containing at least
an inflammable refrigerant is employed; more specifically, a
refrigerant mixture containing an inflammable refrigerant
HFC32 and nonflammable refrigerants HFC125 and HFCl134a, is
employed, large quantities of the refrigerants of the
refrigerant mixture are dissolved in the refrigerating

«

machine oil, because the latter is high in solubility. In;
this case, the quantities of the refrigerants dissolved iﬂ
the refrigerating machine oil depend on the polarities of

them. Fig. 16 indicates the solubilities of HFC32, HFC125

and HFCl134a with respect to ester refrigerating machine oil.



conpressing the refrigerant gas; 2, a condenser for " condensing a high
pressure refrigerant di scharged—fromthe conpressor 1;-3, a throttling

mechani sm 4, anmvsngr}ggggeiliﬁdhcf 4-way val ve for reversing the flow of

refrigerant; 8, a ﬁaving a function of adjusting the quantity
of refrigerant; ﬂgm - rmerati ng machine oil used for lubricating
the slide parts of r 1 and sealing a conpression chamber.
More specifically, the refrigerating machine oil is an ester refrigerating
machi ne of k@A refrigerantENAFCIRS YGHAHEIUUCSd 1A I, O EESOT L.

after
polarity are dissolved in the refrigerating machine oil more

than the refrigerant HFC32 relatively high in polarity. Aas a
result, the mixing ratio of the refrigerant mixture in the-
refrigerant circulating cycle which is not dissolved in the
refrigerating machine oil yet, may change into a mixing ratio -
with which it is inflammable, because the rate of the '
refrigerant HFC32 which is inflammable when isolated is
increased with respect to the mixing ratio which it had
before put in the refrigerant circulating cycle and was
detected nonflammable. Hence, if the refrigerant mixture is
discharged into the air by accident, and an igniting source
is present near it, then it is ignited, and it may cause a
fire.

A conventional refrigerant circulating system using a
refrigerant mixture containing a plurality of refrigerants at
least one of which is inflammable, employs an inflammable
refrigerating machine oil. Hence, the system suffers from
the following problem: When, because of some failure, the
refrigerant mixture and the refrigerating machine oil are
discharged in the form of mist into the air, and there is an
igniting source near them, they may be ignited; rﬁat is, a-
fire may be started. y

The term "inflammable refrigerant" as used herein is
intended to mean the.refrigerant which, upon touching an

igniting source, is ignited if its temperature is in a



cooling an eleectric noter 12 in.a.closed container 11, i.s conpressed by a
conpressi ng nmechani sm 13, and di scharged through the 4-may valve 5 into

t he condenser 2. “‘P qh %H@Beeﬁtﬂpmedon the refrigerating machine oil 6 pooled
in the bottonlof talner 11 is exposed to the atnosphere of
the refrigerant s conpressor and a large quantity of
refrigerant is dlssolve |nto refrigerating machine oil 6, because the
latter 6 is high in solub|I|ty. The conventional HFCl34a

refrigeran i rcul atin . . . . . .
€ gera t C %%g¥ é%perature range, and its mixing ratio with air is

a predetermined value. Examples of the inflammable
refrigerant are, for instance, HFC32 (R32), HFCl43a (R143a),
HFC152a (R152a), propane (R290), butane (R600), pentane, and
ammonia (R717). On the other hand, the term "nonflammable
refrigerant" as used herein is intended to mean the
refrigerant which is never ignited by an igniting source
irrespective of its mixing ratio with air if its temperature
is in a practical temperature range. In the above-described
definitions, the practical temperature range is from -40°C to:
+100°C.

SUMMARY OF THE INVENTION

Accordingly, an object of this invention is to solve
the above-described problems accompanying a conventional
refrigerant circulating system. More specifically, an object
of the invention is to provide a refrigerant circulating
system which is high both in electrical insulation and in
moisture resistance, and which is high in reliability with
the manufacture of the system and the service on it
controlled to the conventional level.

Another object of the invention is to eliminate the
above-described difficulty. More specifically,‘the object;of
the invention is to provide a refrigerant circulating system
high in safety which is so designed that, even when the

refrigerant is discharged into the air by accident and there



systemis designed as described above. The PAG (polyether) 6a has a vol urme
resistivity of 10[err] to 10[err] [err]cn1 and a saturated water content
about 25000 pibstS Repleced st 4

of
refrigerating nac perlor in characteristic to the PAG having
a vol une resistiv ito 10[err] [err]cm and

is an igniting source near it, it is never ignited; that 1is,
no fire is started thereby.

The invention also provides a refrigerant circulating
system that will not allow the refrigerant or oil to be
stagnant in any unsuitable areas in the.system.

When using a hydrofluorocarbon-based refrigerant such .
as HFCl34a or a refrigerant that is based on fluoroamine,.
fluoroether, fluoropropane, fluoroethane, fluorosilane or
fluorosulfur, the refrigerant circulating system of the
invention employs a refrigerating oil that has such a
solubility that the weight factor of its dissolution in a
liguid refrigerant is 0;5 to 7% under the condensing pressure
and temperature conditions.

The refrigerant to be used in the invention is a
mixture of refrigerants including an inflammable one.

The refrigerating oil to be used in the invention has
a smaller specific gravity than said liquid refrigerant.

The refrigerating oil to be used in the invention is
based .on at least one member of the group consisting of
alkylbenzenes, poly-a-olefins, paraffinic oils, naphthenic
oils, polyphenylethers, polyphenylthioethers, and chlorinated
paraffins. .

The refrigerant to be used in the invention is a
mixture of non-azeotropic refrigeraﬁts.

The refrigerating oil to be used in the present

invention is such that, at least in the range of ambient

- 10 -



a saturated water content, of about 1500 ppM However, those oils are nmuch
inferior in electrical insulation and hygroscopicity te a CFC12
refrigerating machifesiiidayBlesRepisted 10[€rr] Qmin volunme resistivity and

about 300 ppMin sat content. Hydr of | uor ocar bons
’:IH[IH HHMElljthat could replace CFC12 and HCFC22 which
need be used less or totally disused in

(HFC) are prom sing
view of the environnental problens they have caused. Hydrofl uorocarbons

are on the |ist of
general |y apgnpREStRPLE s6PLREdE 8PUthe refrigerant circulating

system, it assumes a smaller value of specific gravity than

that of the liquid refrigerant as measured at the same
temperature under the corresponding saturated vapor pressure,
and the refrigerant is a non-azeotropic mixed refrigerant.

The accumulator as a part of the refrigerant
circulating system of the invention has a lead-out pipe that
leads the refrigerant out of the accumulator and which.has a
plurality of holes that are different in height as measured
from the bottom of the accumulator.

The system of the invention is provided with a
backflow preventing mechanism either between the evaporator
and said compressor, or between a four-way valve in the
system and a pipe connected to the suction side of the
compressor, or between said accumulator and said pipe
connected to the suction side of the compressor.

The refrigerating oil to be used in the invention has
a greater specific gravity than the liquid refrigerant.

The specific gravity of the refrigerating oil t§ be
used in the invention is such that, in the temperature range
of -20°C to +60°C, it assumes a greater value than the
specific gravity of the liquid refrigerant as measured at the

4
same temperature under the corresponding saturated vapor
pressure.

The refrigerating oil to be used in the invention is

based on a chlorofluorocarbon polymer (CIFC) or a perfluoro-

- 11 -



HCFC22 *and refrigerating oils that are highly soluble with such

hydr of | uor ocar bons are'also generally high in polarity:s Hence, those oils
whi ch are solubler h hydrofluorocarbons tend to absorb noi sture having
hi gh pol arity. As s euﬂhmmsaure will be carried over into the
refrigerant C|rcu and there is high likelihood for
deterioration not |caI I nsul ation but also in hydrol yzable
mat eri al s such as refrlgeratlng ester oils and those organic materials

which are B??ﬁohnpbﬁ§m89n?%E§SBE a! berERGo90hE kARG tHREEdAls accunul ate
in the throttle
modified silicone or a chlorinated aromatic compound.

The refrigerant to be used in the invention is a

~mixture of refrigerants at least one of which is inflammable.

In the invention, the bottom of the compressor to
contain the refrigerating oil or said separate tank is
located on the high-pressure side of said compressor or said
refrigerant circulating system.

In the invention, means for separating the
refrigerating oil having a greater specific gravity than the
gaseous refrigerant is incorporated in said compressor so
that the weight factor of the presence of the refrigerating
oil being discharged from said compressor as part of the
high-pressure gaseous refrigerant is no higher than the
weight factor of dissolution of the refrigefating oil in the
liquid refrigerant under the condensing pressure and
temperature conditions.

In the invention, an oil separator is connected to
the discharge side of the compressor.

In the invention, the refrigerating oil has no
solubility or only slight solubility such that the weight
factor of its dissolution in the liquid refrigefhﬂt under the
evaporating pressure and temperature conditions is 0 to 2%f

The system of the invention comprises the

interconnection of: a compressor that draws in a gaseous

refrigerant optionally containing a liguid refrigerant while

- 12 -



mechanism the perfornmance of the refrigerant circulation system can
potentlally drop Hence, in assenbling the refrigerant circulating
nec Bssth THBS(BeampIa&ﬂ the period of time as nuch

syste
5 as pOSSI bI e for, "m '"l"“ml mrtem is left open in the air.

discharging it as a high-pressure gaseous refrigerant; a

throttle mechanism for reducing the pressure of a liquid
refrigerant optionally containing a gaseous refrigerant; a
condenser for condensing the high-pressure gaseous
refrigerant discharged from said compressor; and an
evaporator for vaporizing the liquid refrigerant or gas-
liquid phase refrigerant leaving said throttle mechanism, and
in which system a refrigerating oil for performing the
function of lubrication, sealing or the like is contained
either within said compressor provided in said system or in a
separate tank or the like, part or all of said refrigerating
0il being exposed to the refrigerant atmosphere, and the
system is characterized in that the refrigerant is a mixture
of HFC32, HFC125 and HFCl34a, that said refrigerating oil has
such a solubility that the weight factor of dissolution
thereof in the liquid refrigerént is 0.5 to 7% under the
condensing pressure and temperature conditions, and that said
refrigerating oil has a smaller value of specific gravity
than said liquid refrigerant.

The refrigerant to be used in the invention is a non-
azeotropic mixed refrigerant based on either a hydrofluoro-
carbon or at least one member of the group cqnsfséing of
fluorocamine, fluorocether, fluoropropane, fluoroethane,
fluorosilane or fluorosulfur, and the refrigerating oil is
lighter than the liquid refrigerant and dissolves only

slightly in the latter.

- 13 -



That is, the production-of the refrigerant circulating system suffers from
a nunber of problens in handling the conponents. Furthernore, the system

i nvol ves the foll ohiy . eplaced 3 | arge quantity of water content
enters the system t of sludge is accelerated, or the water
content is freezed I | hrottle mechanism thus inpeding the

cool i ng operati on. In addition, the conventional HFCl34a
refrigerant circulating systemis disadvantageous in the follow ng

poi nts: I servi ci g, the, SYSLRIOr TSLANGE.DY 1 33l N Sature for

separation into two layers, one being the refrigerant and the

other being the refrigerating oil, is equal to or higher than
the condensing temperature.

The invention uses a refrigerating oil having a
saturated moisture content of no more than 300 ppM.

In the invention, a highly polar refrigerant is uséd
in combination with an oil having low polarity to such an
extent that it will not dissolve in an amount of more than 7%
but will dissolve in an amount of 0.5 to 7%, and this
contributes to the fabrication of a refrigerant circulating
system that has low moisture absorption and which features
effective oil return.

In the invention, a refrigerant that is inflammable
when used alone is ﬁixed with a nonflammable refrigerant and,
further, on account of very slight oil dissolution, the mixed
refrigerant will not vary in composition to become
inflammable.

The refrigerating oil to be used in the invention is
lighter than the liquid refrigerant and may be composed of a
substance of high atomic weight; hence, the oil can be

produced at low cost. .
Refrigerating oils that are based on alkylbenzenes,

poly-a-olefins, paraffinic oils, naphthenic oils, polyphenyl-

ethers, polyphenylthioethers, or chlorinated paraffins have

high viscosities at elevated pressures, provide high

- 14 -



replaci'ng the conponents. of the system because of the:-high hygroscopicity
of the refrigerating machine oil the water content of air is adsorbed on
the refrigerating machi ne 1qiskheet 10 Bedadeplida® capi | | ary tube or the expansion

valve of the throttle nech e to be closed being freezed. In
addi tion, the water content

he hydrol ysis of the ester oil,
thus form ng sludge. Furthe content accel erates the

hydrol ysi s of polyethylene terephthalate enployed as the insulating
material of HNepiMQLYY i MR Q1Hi0Y P4d9%nd LG8 t Bl IJAdRE &t he

above-

stability. They are advantageously combined with
refrigerants having no atom of a good extreme-pressure
property such as chlorine, which are poor in self-lubricating
property.

The use of a non-azeotropic mixed refrigerant permits
only limited transfer of the refrigerant into the compressdr
during prolonged system shutdown.

The accumulator having a plurality of oil return
holes enables the recovery of the o0il that has been sepa;ated-
within the accumulator. |

Since the check valve is provided on the suction
pipe, there is no possibility that the low-viscosity liquid
refrigerant which has been separated within the compressor
will leak to the low-pressure side to cause performance
deterioration.

The oil having a greater specific gravity than the
liquid refrigerant has the advantage that it is easily
returned from the accumulator.

The refrigerant cifculating system of the invention
has another advantage in that even if the refrigerant is
released into the air atmosphere on account of a certain r
trouble or the like and even if there is an ignitable heat
source nearby, the refrigerant will not catch fire and, as a
result, one can avoid hazards such as the occurrence of a

disastrous fire.

- 15 -



described difficulties acconpanytng'the manuf acture of-the refrigerant

circul ating systentor t 1¥&q§m@n it, it Is necessary to nore
sufficiently remv® tent from the refrigerati ng machi ne oi
and fromthe refrlg systentthan in the systemusing a CFCl12

refrigerant. _ 6

The system has the oil reservoir located on the high-
preésure side or the oil separating means or oil separator is
provided in the compressor and, hence, the carryover of the
oil into the circuit can be suppressed. |

A maximum of the temperature for separation into two
layers, one being the refrigerating oil and the other being
the liquid refrigerant, is equal to or higher than the
condensing temperature. The use of such refrigerating oil
having low solubility assures that only a small amount of the
refrigerant will dissolve in the refrigerating oil even if
the temperature of the refrigerating oil or the refrigerant
in contact with it approaches the saturated temperature of
the refrigerant at the pressure of the atmosphere in which
the refrigerating oil is placed. |

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which
constitutes a first embodiment of this invention.

Fig. 2 is a graphical representation showing the
percent solubility by weight of a refrigerating oil in a
liquid refrigerant in the first embodiment.

Fig. 3 is an explanatory diagram showing éhe
arrangement of a refrigerant circulating system which

constitutes a second embodiment of the invention.

- 16 -



In addition, it is necessary to provide a drier in the refrigerant cycling
system so as to conplenent the water content. If a refrigerant is
used toget her wistshecpaRiBedhReplae®l- UDl € refrigerating oil, the amount of the

refrigerant tha ' | d i'n the refrigerating oil will increase
rapidly as theLﬂNHE aﬂﬂ the oil or the refrigerant in contact wth
It approaches t i oint of the latter at the pressure of the

at nrosphere in which the refrigerating oil is placed. Since the

refrigerating oi I igg i lutied Wt B d 88 ry diagram showing the
arrangement of a refrigerant circulating system which
constitutes a third embodiment of the invention.

Fig. 5 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which
constitutes a fourth embodiment of the invention.

Fig. 6 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which
constitutes a fifth embodiment of the invention.

Fig. 7 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which
constitutes a sixth embodiment of the invention.

Fig. 8 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which
constitutes a seventh embodiment of the invention.

Fig. 9 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which
constitutes a eighth embodiment of the invention.

Fig. 10 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which.
constitutes a ninth embodiment of the invention.

Fig. 11 is an explanatory diagram showiﬁbhthe
arrangement of a refrigerant circulating system which

constitutes a tenth embodiment of the invention.
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viscous refrigerant, the above phenonenon will cause an. extreme drop in
the viscosity of the liquid being supplied to the slldlng part and its

| ubri cation charact@hsﬂbu@ﬁsy&ﬁk deteriorate to potentially cause seizure
and ot her probl ens. case where the bottom of the conpressor
to contain a highly ",M,Hlﬂ”,!m erating oil is located on the

hi gh- pressure side, t of the refrigerant will increase in the
hi gh- pressure at nosphere in the conpressor where the areal pressure at the.

sliding part incregsgs 49 ;5eqUIGRe BEULS" Jdild el A} s UK Sd les and,

hence, the
percent transfer characteristics of two mixed refrigerant

systems into the compressor.

Fig. 13 is an illustration showing how a mixed
refrigerant is transferred from the high-temperature to the
low-temperature side.

Fig. 14 is an explanatory diagram showing the
arrangement of an example of a conventional refrigerant
circulating system.

Fig. 15 is an explanatory diagram showing the
arrangement of another example of the conventional
refrigerant circulating system.

Fig. 16 is a graphical representation showing the
percent solubility by weight of a refrigerant in a
lubricating oil in the example shown in Fig. 15.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiment 1
A first embodiment of this invention will be

described with reference to Figs. 1 and 2. Fig. 1 is an

explanatory diagram showing the arrangement of a refrigerant

circulating system which is applicable, for instance, to a

small capacity air conditioner. 1In Fig. 1, reférénce numeral
¢

1 designates a compressor for compressing refrigerant gas; 2,

a condenser for condensing a high pressure refrigerant gas

discharged from the compressor 1; 3, a throttle mechanism; 4,

an evaporator; 5, a 4-way valve having a function of
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viscosity of the liquid being supplied to the sliding-part wll drop and
its Iubrlcatlon characteristics will deteriorate to potentially cause
selzure an el PEORIRERa Therefore, in the case under consideration

(i.e., a €Q| conpressor to contain a highly soluble

refrlgeratl n ﬁrﬂ“ " ted on the high-pressure side), it has been

conmon
reversing the direction of flow of a refrigerant; and 6, a
refrigerating machine o0il kept in the compressor 1 to
lubricate the slide parts of the compressor 1 and to seal the
compressing chamber thereof. Fig. 2 is a graphical
representation indicating the dissolving percentages by
weight of a refrigerating machine oil alkyl benzene with a
liquid refrigerant HFCl34a in the embodiment. That is, it-
has a solubility of 0.5 to 7% by weight with the liquid
refrigerént in the condenser, and 0 to 2% by weight with the
liquid refrigerant in the evaporator.

Now, the behaviors of the refrigerant and the oil
will be described. A part of the refrigerating machine oil
used for sealing the compressing chamber is mixed with the
refrigerant compressed by the compressor 1, thus being
discharged from the lattef 1 into the condenser 2. In the
condenser 2, the pipe in which a refrigerant gas flows is so
determined in diameter.that the flow rate of the refrigerant
gas is high enough to convey the refrigerating machine oil
downstream. In the condenser 2, the refrigerant is condensed
on the inner surface of the pipe. The refrigerant thus
condensed is larger in thickness towards downstream, and
therefore, in'the.pipe, the central space in which the gas;
flows is decreased accordingly. Hence, the flow rate of the
gas is gradually decreased, and its limited flow rate is
maintained which is higﬁ enough to convey.the refrigerating

machine oil and the refrigerant liquid condensed on the inner
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7 practice to use a viscous refrigerating oil in Viem(of Its dissolution
under high pressure but this presents a problem in a | ow pressure

at nosphere. That %kg“qgh&dto be supplied to the sliding part becones
extrenely visco Hilg di ssolution of the refrigerant and the

mechani cal Idss r stress in the oil at the slide bearing or
the like increa o to work of conpression, leading to a
| ower efficiency.

surface of the pipe downstream. Near the rear end of the
pipe in the condenser 2, a larger part of the refrigerant is
liquified, as a result of which the flow rate in the pipe is
greatly decreased. However, since the solubility of the
refrigerating machine oil with the condensed liquid
refrigerant is low, the refrigerating machine oil is conveyed -
downstream being dissolved in the liquid refrigerant. At fhe
inlet of the thrqttle mechanism 3, the refrigerant is
substantially liquified, and the refrigerating machine oil
low in solubility is conveyed downstream together with the
liquid refrigerant. Flowing downstream of the throttle
mechanism 3, the refrigerant is greatly decreased both in
temperature and in pressure, and therefore the refrigeratihg
machine o0il is slightly soluble with the liquid refrigerant,
or non-soluble with it.

On the other hand, because of gasification of a part
of the liquid refrigerant which is located downstream of the
throttle mechanism 3, the flow rate of the refrigerant is
abruptly increased, and the refrigerating machine oil is
conveyed downstream. In the evaporator 4, the pipe is so
determined in diameter that the refrigerant gas formed by the
pressure drop of the throttle mechanism sufficiéntly conveys
the liquid refrigerant and the refrigerating machine oil |
downstream. Hence, iﬁ spite of the non-solubility or low
solubility of the refrigerating machine oil with the liquid

refrigerant, the refrigerating machine oil is conveyed
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Speaki ng al so of the case of using a highly soluble ‘refrigerating oil, the
part of the oil which 'éaks out of the _oil seal portion towards the
suction side of the conpr sion space contains a | ar ge anount of

refrigerant, which will o Edmaﬂmmapnpressed again in the
conpressi on cycl e, cau5|n equent decrease in efficiency.
In the case where, in the frigerant circulating system a
refrigerant m xture containing at Ieast an inflammabl e refrigerant is

enpl oyed, ngéﬁ?gpfgéﬁlcaiﬁythg e6§£5r§€ an& nkﬁéurefggeg%gﬂkngsagasified

I nf | ammabl rrgera
as it flows downstream; that is, the flow rate of the
refrigerant gas is increased. As a result, with the flow
rate of the refrigerant gas maintained much higher than the
limited flow rate which is required for cbnveyance of the
refrigerating machine oil, the refrigerant is absorbed into
the compressor 1, and the refrigerating machine oil thus
conveyed meets the refrigerating machine oil 6 kept in the
bottom of the compressor 1.

Hence, the refrigerating machine oil 6 is maintained
in the compressor 1 at all times, thus lubricating and
sealing the latter sufficiently.

In the fefrigerant circulating system constructed as
described above, a refrigerant essentially containing
hydrofluorocarbon, and a refrigerating machine oil
essentially containing alkyl benzene or polyalphaolefin may
be used. Therefore, in the system, the refrigerating machine
0oil is substantially equal in hygroscopicity and electrical
insulation to the mineral oil in thg conventional
refrigerating system. 1In addition, in assembling the
refrigerant circulating system and in servicing it, the
moisture control may be made similarly as in the case of t?e
conventional refrigerant circulating system using the '
refrigerant CFC12.

Control meané, namely, the 4-way valve is provided in

a connecting section where a connecting pipe provided between
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HFC32 and nonfl ammabl e refrigerants HFC125 and HFCl34a, .is enployed, large

quantities of the refrigerants of the refrigerant ni xture are di ssolved in
the refrigerating THBSHLIRs Bdech RefiRGRUSE the latter is high in solubility.

In this case, the he refrigerants dissolved in the
refrigerating nmachi mﬂ"m BI&HHIBn the polarities of them Fig. 16

I ndi cates the sol ubi 2, HFC125 and HFCl34a with respect to
ester refrigerating nmachi ne oil

the evaporator and the compressor, and a connecting pipe
provided between the compressor and the condenser are
collected. By switching the flow paths in the 4-way valve,
the direction of circulation of the refrigerant can be
reversed, and the functions of the evaporator and the
condenser can be swapped with each other.

The refrigerant circulating system of the inventioﬁ
designed as described above mainly uses a refrigerant which
essentially contains hydrofluorocarbon, and a refrigerating
machine oil which shows solubility with a liquid refrigerant
when condensed and non-solubility or low solubility when
evaporated. Therefore, the system is high in electrical
insulation and in moisture resistance, and is high in
reliability since the o0il is smoothly returned into the
compressor.

The compressor in refrigerant circulating systems
generally has a refrigerating o0il carried over into the
refrigerant circuit in an amount of at least 0.5% by weight
of the circulating refrigerant. Therefore, if the
refrigerating oil used is such that the weight factor of
dissolution in a liquid refrigerant is 0.5% or less under the
condensing pressure and temperature conditions,'the excess{
refrigerating oil which cannot dissolve in the liquid |
refrigerant will stay near the rear end of the pipe through

the condenser in which the refrigerant is liquefied to flow
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8 The refrigerants—HFEL25 and -HFC134a rel atively "l.owin polarity are
di ssolved in the refrl erating machine oil nore than the refrigerant HFC32
relatively high in po B iﬁa%emmnh&ﬁul t, the mxing ratio of the

refrigerant mxture in nt C|rculating cycle which is not
ne oil yet, may change into a m xing

dissolved in the refri
ratio with which it is |nflannab because the rate of the

at a very slow rate and, as a result, the refrigerating oil
will be depleted in the compression space.

When using refrigerants of high polarity such as
hydrofluorocarbons, one must also use refrigerating oils of
high polarity in order to insure good solubility between the
two components so that the refrigerating oils will not stay
in the liquid refrigerant near the rear end of the pipe
through the condenser. However, refrigerating oils of high
polarity which have solubilities of at least 7% are so high
in their ability to absorb moisture that there is high
likelihood for the refrigerating oils to be carried o?er in
large amounts into the refrigerating circuit, which can
potentially deteriorate electrical insulation or impair the
chemical stability of refrigerants, refrigerating oils and
even the insulator used in the motor.

The present invention ﬁas been accomplished in order
to solve these problems of the prior art and it is
characterized by using a refrigerating oil having such a
solubility that the weight factof of dissolution in a liquid
refrigerant is in a range of 0.5 to 7% under the condensing
pressure and temperature conditions. In the invention, the
refrigerating oil that has been carried over frdmNthe
compressor into the refrigerant circuit can positively be'(
returned into the compressor. As a further advantage, the

refrigerating oil is low in moisture absorption and
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refrigerant HFC32 which.is inflamuable when isolated is_increased with
respect to the mixing ratio which it had before put in‘the refrigerant
circulating cycle and was &tﬁg&gﬂmmtebmmabl e. Hence, if the refrigerant

m xture is discharged into dent and an igniting source 1is
present near it, then it is i may cause a fire. A
conventi onal refrlgerant C|r ten1u5|ng a refrigerant m xture

containing a plurality of refrlgerants at |east one of whichis

i nfl anmabl e, enpl oys an infl amm
conggibakes to the pro&uctlon of a highly reliable

refrigerant circulating system.

The area in the system where there is the possibility
for the stagnancy of the refrigerating oil to occur is the'
piping that extends from part of the condenser (usually in
the second half and on the side much closer to the exit but
if the circulation of the refrigerant is low, it may .
sometimes occur that the sole presence of the liquid already
starts in areas fairly upstream the condenser) to the
throttle and there has been potential hazard of oil depletion’
in the compressor in the case where its o0il content decreases
and where the length of the piping from the exit of the
condenser to the throttle is great.

The condensing pressure is determined by the
condensing temperature condition and the refrigerant
characteristics. The condensing temperature is determined
not only by the temperature of the atmosphere where the
condenser of the refrigerant circulating system of interest
is placed but also by the balance between the perfdrmance
(heat-exchange efficiency) of the condenser and the latent
heat of the refrigerant.

For example, refrigerators typically aré used in
atmospheres having temperatures of 0 to 45°C and, in that
case, the condensing'temperature (depending on the
performance of the condenser in the refrigerator) is 0°C to

15°C at an atmosphere’s temperature of 0°C and 45°C to 68°C
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refrigerating machine oil. Hence, the systemsuffers fraeam the follow ng
probl em When, because q&}gﬂgsh&@ilure, the refrigerant m xture and the

i scharged in the formof mst into the air,

refrigerating nettsShest B ‘
and there is an | “\ \ near them they may be ignited; that is,
fire my be start term"inflammble refrigerant” as used

herein is intended to nean the refrigerant which, upon touching an
igniting source, is ignited if its tenperature is in a

at an atmosphere’s temperature of 45°C. On the other hand,
the condensing pressure in that case is determined by the
characteristics of the refrigerant used; if R1l34a is used as
the refrigerant, the condensing pressure is 1.96 kg/cm’G at a
condensing temperature of 0°C and 19.6 kg/cm’G at a
condensing temperature of 68°C.

Whether the polarity is high or low is a matter of
relativism. In the context of the invention, hydrofluoro-
carbons and "third generation" refrigerants such as fluoro-
amine, fluoroether, fluoropropane, fluoroethane, fluorosilane
and fluorosulfur are more polar than CFC1l2 or HCFC22. As for
refrigerating oils, alkylbenzenes, poly-a-olefins, etc., are
less polar than ester oils and PAG in the prior art.

Speaking of the ease of dissolution generally, any
two substances having high polarity or low polarity are
highly soluble in each other. Hence, hydrofluorocarbons of
comparatively high polarity will dissolve only ester oils,
PAG and like substances having high polarity. Water is a
substance of comparatively high polarity and, accordingly, it
will readily dissolve in ester o0ils and PAG which also have
high polarity. In other words, oils that will easily
dissolve in hydrofluorocarbons have great abiliﬁy to absorP
moisture. Conversely, oils that will not easily dissolve in
hydrofluorocarbons have small ability to absorb moisture.

When using refrigerants of high polarity such as

hydrofluorocarbons, one must also use refrigerating oils of
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-9 practical -tenperature range, and its mxing ratio.with air is a

predet erm ned val ue. Exanpl es of the inflammable refrigerant are, for

i nst ance, HFC?IQl lﬁemsBA@ET (R143a), HFC152a (R152a), propane (R290),
1

but ane (R600), ammonia (R717). On the other hand, the term
"nonf | ammabl e

high polarity in order to insure good solubility between the

two components so that the refrigerating oils will not stay
in the liquid refrigerant near the rear end of the pipe
through the condenser. However, refrigerating oils of high
polarity which have solubilities of at least 7% are so high
in their ability to absorb moisture that there is high
likelihood for the refrigerating oils to be carried over iﬁ
large amounté into the refrigerant circuit, which can
potentially deteriorate electrical insulation or impair the
chemical stability of refrigerants, refrigerating oils and
even the insulator used in the motor.

Speaking of polarity, a certain substance is said to
have polarity if the center of gravity of a positive charge
'in the molecule does not agree with that of a negative
charge. A certain chemical bond also is said to have
polarity if there is unevenness in positive or negative
charges. Electric polarity is generally meant by the term
"polarity". With polarity, there is high probability for
easy access to ions of opposite sign or atoms of polar bond,
thereby causing effects on adsorption, reaction rate,
dielectric constant, etc.

As already mentioned, hydrofluorocarbon§ (HFC) or ,
refrigerants such as fluoroamine, fluoroether, fluoropropahe,
fluoroethane, fluorosilane and fluorosulfur are promising
refrigerants that could replace CFCl2 and HCFC22 which are on

the list of materials that need be used less or totally
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refrigerant” as used herein is_intended to nean the -refrigerant which is
never ignited by an igniting source irrespective of its mxing ratio with
air if its tenper alyldiheer Ha8 Bedd RIpl2eaiCt | cal tenperature range. In the

above-descri bed defigmiitii practical tenperature range is from
-40[err]C to +100[ ma‘nnm! ‘

SUMVARY OF THE | NVENTI ON
Accordi ngly, an obj vention is to solve the above-described

probl enms acconpanyi ng a conventional refrigerant circulating system More

specificallg, an obj ect )
isused in view of the environmental problems they have

caused. Hydrofluorocarbons generally are more polar than
CFC12 and HCFC22 and refrigerating oils that have low
solubility with hydrofluorocarbons are generally low in
polarity. Hence, those refrigerating oils which are low in
solubility with refrigerants having high polarity such as -
hydrofluorocarbons are hard.to adsorb moisture having high‘
polarity. As a result, the carryover of moisture into the
refrigerant circulating system is suppressed and there is
less likelihood for deterioration not only in electrical
insulation but also in hydrolyzable materials such as those
organic materials which are used in the compressor, whereby

~one can prevent deterioration in the performance of the
refrigerant circulating system which would otherwise occur if
the deteriorated materials accumulated in the throttle
mechanism,

Hydrofluorocarbons (HFC) are promising refrigerants
that could replace CFC12 and HCFC22 which are on the list of
materials that need be used less or totally disused in view
of the environmental problems they have caused. However,
such hydrofluorocarbons dé not contain chlorine atoms in the
molecule, so unlike CFC12 and HCFC22 which have‘chlorine
molecules, they are not expected to offer such as advantage
that the sliding part of the compressor which is placed under

boundary lubrication conditions forms a compound such as iron
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of the-invention is to provide a refrigerant circulating systemwhich is
high both in electrical™insulation ane--in noisture resistance, and which
is highin reliabilit Wi th the manuf acture of the systemand the service
on it controlled to fHesh ed) eyel . Anot her obj ect of the
I nvention is to ellmnm described difficulty. Mre -
specifically, the obJe ntion is to provide a refrigerant
circulating systen1 high in safety which is so designed that, even when the

refrigerant hf ori éﬂgg£¥§glégég *E%éfécgy Cgfe §t1§890$93g in wear
resistance.

Further, ester oils having high solubility with
hydrofluorocarbons have low extreme pressure quality (high-
pressure viscosity index) and, hence, increase the chance for
the sliding part of the compressor to be subjected to the
boundary lubrication conditions, as compared to paraffinié'or
naphthenic o0ils which have heretofore been employed in the
refrigerant circulating system that uses CFCl2 or HCFC22 as
the refrigerant.

Therefore, refrigerant circulating systems that use
hydrofluorocarbons as refrigerants, particularly in the case
where soluble ester oils are employed as refrigerating oils,
have encountered a problem with the wear resistance of the
sliding part of the compressor.

The present invention ﬁas been described above with
reference to an example that relates to the use of a
hydrofluorocarbon-based singlé or mixed refrigerant. It
should, however, be noted that when estimated from their
molecular structures, "third generation refrigerants”
including fluoroamine, fluoroether; fluoropropane,
fluoroethane, fluorosilane and fluorosulfur are all
considered to have high polarity, too, and that they are

'anticipated to exhibit comparable actions and advantages to

hydrofluorocarbons.
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10 Is™an igniting-source-near it, it is B t is, nofire

by, The invention also provides a refrigerant
Shge Bepiaced | | not allow the refrigerant or oil to be
il e areas in.the system

Further, the refrigerant circulating system of the

is startegd. th

er
: . Sheet
C|rculat|nFIHﬂﬂi

stagnant i

invention uses a refrigerating oil having low solubility with

refrigerants and, hence, the o0il is low in polarity and hard

to adsorb moisture having high polarity; therefore, it

. effectively prevents not only the deterioration in electrical

insulation but also the drop in the performance of the system .

due to the accumulation of deteriorated materials in the
throttle mechanism.

The refrigerant circulating system of the invention

which uses the refrigerating oil having low solubility offers

another advantage in that the viscosity of the liquid being

supplied to the sliding part is maintained at a sufficiently

high level to reduce the chance of seizure and other troubies

in the sliding part, thereby improving the reliability of the

system.

Embodiment 2

A second embodiment of the invention will be

described with reference to Fig. 3. Fig. 3 shows an example

of a refrigerant circulating system which is applicable, for

instance, to a large capacity air conditioner. 1In Fig. 3,

reference numeral 1 designates a compressor for compressing a

refrigerant gas; 2, a condenser for condensing a‘high-

pressure refrigerant gas discharged from the compressor 1; 3,

a capillary tube; 4, an evaporator; 8, a refrigerant liquid

pooling accumulator having a function of adjusting the

quantity of refrigerant; 6, a refrigerating machine oil kept
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When using a hydrofl uorocarbon-hased refrigerant such as HFC134a or a
refrigerant that is based on fluoroam ne, fluoroether,=fl uoropropane,
fl uor oet hane, f| ugkipShetiaraeB«@h Repldcagor osul fur, the refrigerant circul ating

systemof the inv i a tefrigerating oil that has such a

sol ubility that thamuﬁglu&lmm of its dissolutionin a liquid

refrigerant is 0.5 0 e condensi ng pressure and tenperature

condi ti ons. The refrigerant to be used in the invention is a

mxture of {Ef{ﬂgeééﬁgfeéggéuPng f@béfgéggﬂggéesffging parts of the;
compressor 1 and to seal the compressing chamber thereof; and
5, a 4-way valve for reversing the direction of flow of the
refrigerant.

When a refrigerating machine oil 6c¢ is at the
evaporating pressure and at the evaporating temperature, it
shows no solubility with a liquid refrigerant 7a or is low.in
solubility. Therefore, a layer of refrigerating machine oil
6c is formed over the liquid refrigerant 7a. A lead-out pipe
81 is provided inside the accumulator 8, to move the
refrigerant out of the accumulator 8. The lead-out pipe 81
has o0il returning holes 82a, 82b, 82c and 82d different in
height as measured from the bottom 8a of the accumulétor 8,
so that the refrigerating machine o0il 6c in the accumulator 8
is positively returned into the compressor 1.

Embodiment 3

A third embodiment of the invention will be described.
with reference to Fig. 4. Fig. 4 is an explanatory diagram
showing the arrangement of a refrigerant circulating system
which is applicable, for instant, to an air conditioner which
is installed on a window of a room with its inside and
outside parts as one unit. 1In the embodiment, the .
refrigerant pressurized by the compressing mechanism 1 of a
compressor 1 is discharged into the closed container 11 of

the compressor 1, and then led out of it through a discharge

pipe 14. Hence, the refrigerating machine oil 6 stored in
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The refrigerating- oir'rﬁ‘ﬁe used in the invention has a smaller specific
gravity than sald | Ui ¢hieebd 1 gerant. The refrrgeratlng oil to be

used in theTh ased on at |east one nenber of the group

consi sting ofn H’&“E , poly-Jerr]-olefins, paraffinic oils,

napht heni c 13 | et hers, pol yphenyl thioethers, and chlorinated
paraffins. The refrlgerant to be used in the invention is a

m xture of non- azeotroplc refrigerants. The refrigerating oil to

be used in the present
the bottom of the compressor 1 is in a refrigerant space on

the high pressure side, and the refrigerating machine oil
contained in the discharged refrigerant gas drops by its own
weight while moving from the closed container to the
discharge pipe 14. Accordingly, the mixing percentage of the
refrigerating machine oil in the refrigerant gas discharged
through the discharge pipe 14 is extremely low, and its |
solubility is lower than the solubility of the refrigerating
machine oil with the liquid refrigerant at the condensing
pressure. Therefore, the refrigerating machine oil
discharged from the compressor 1 is positively returned into
the latter 1.

The refrigerant circulating system of the invention
insures that the refrigerating oil which is used for
compressor lubrication, sealing and other purposes will flow
out in small quantities to the condenser, throttle mechanism
and evaporator; at the same time, the compressor will
discharge only a limited amount of o0il and, hence, the
refrigerating oil that has flowed out can positively be
returned to the compressor, thereby preventing the drop in
the heat-exchange efficiency of the condenser and the
evaporator. )

Thus, even in the case where the bottom of the
compressor to contain refrigerating oils is located on the
high-pressure side, the use of less soluble refrigerating 0il

solves the aforementioned problem of the prior art since
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I nvention is egst in the range of anbtent

L‘ICI : aast"s‘en ace . . L, )
tenperatures t e refrigerant circul ating:’ system it assunes
a smal l er val UEII : lﬁil(‘ eﬁl%ravity than that of the liquid refrigerant as
measured at th .

there occurs only a small change in viscosity due to the
difference in the solubility of the refrigerant in the oil.
Therefore, by selecting an appropriate viscpsity for the
lubricating oil} not only the reliability of the sliding part
of the compressor in the case where the atmosphere in which
the o0il is placed has high pressure but also the efficiency
in the case of low pressure are assured. |

Embodiment 4

A fourth embodiment of the invention will be
described with reference to Fig. 5. Fig. 5 is an explanatory
diagram showing the arrangement of a refrigerant circulating
system which is applicable, for instance, to a refrigerator.
In Fig. 5, reference numeral 9 designates a check valve which
is connected between a compressor 1 and an evaporator 4. The
refrigerant and the refrigerating machine oil are
substantially separated from each other, and therefore the
viscosity of the refrigerant only is lower than that of the
refrigerant in which the refrigerating machine oil is
dissolved. Hence, when the compressor 1 is not in operation,
the refrigerant not mixed is low in viscosity, and high in
fluidity, and therefore a larger part of the liqu?d
refrigerant 7a collected above the refrigeratiné machine o}l
6a by separation is allowed to flow back to the evaporator 4
through the gaps of the sliding parts in the compressor 1.

As a result, the temperature of the evaporator 4 is

increased, and the power consumption of the refrigerator is
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tenperature under the correspondi ng saturated vapor pressure, and the

refrigerant is a non-azeotropic mxed refrigerant. LI The accunul at or
as a part ofis dlb@niaihd @SLaRt circulating systemof the invention has a

| ead- out pi the refrigerant out of the accunul ator and which
has a pl ur%E mﬂlﬂﬂ u that are different in height as neasured from
the bottom tor The system of the invention is

provided with a backfl ow preventing mechani smeither between the

evaporator and said conpressor, or between a four-way valve in the -
increased. In order to eliminate this difficulty, the check

valve 9 is employed. That is, the check valve 9 is connected
between the compressor 1 and the evaporator 4 to suppress the
back flow of the refrigerant, thereby to prevent the rise in
temperature of the evaporator 4. It goes without saying that
the check valve 9 may be replaced with any means for
preventing the back flow of the refrigerant.

Embodiment 5

A fifth embodiment of the invention will be described
with reference to Fig. 6. Fig. 6 is an explanatory diagram
showing the arrangement of a refrigerant circulating system
which is applicable, for instance, to an air conditioner used
only for cooling a room. The refrigerant pressurized by the
compressing mechanism 3 of a compressor 1 is discharged into
the closed container 11 thereof, and then led out of the
compressor 1 through a discharge pipe 14. The refrigerant
gas inlet end 14a of the discharge pipe 14 is confronted with
the center of a rotary fan 16 which is mounted on the upper
end of the rotor 12a of an electric motor 12. At the
refrigerant gas inlet end, the refrigerating machine oil
larger in specific gravity is scattered around by the
centrifugal force. Hence, the mixing percentagé of the
refrigerating machine oil in the refrigerant gas dischargéd
through the discharge pipe l4a is extremely low, and its
solubility is much lower than the solubility of the

refrigerating machine oil with the liquid refrigerant at the
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systemand a pi pe connected té”fﬁé‘suction side of the conpressor, or
bet ween said accunugﬁgﬁhs Rg gy pipe connected to the suction side of

t he conpressor. rlgeratlng oil to be used in the invention
has a greater speH“““jIH than the liquid refrigerant. The
specific gravity o atlng oil to be wused in the invention is
such that, in the tenperature range of -20[err]Cto +60[err]C, it assunes
a greater value than the specific gravity of the liquid refrigerant as

neasured at the same tenperature_ under the corres ondlnq:saturated vapor
condensing pressure. Therefore, the refrigerating machine

0il discharged from the compressor 1 is positively returned
into the latter 1.

Embodiment 6

A sixth embodiment of the invention will be described
with reference to Fig. 7. Fig. 7 is an explanatory diagram
showing the arrangement of a refrigerant circulating systeﬁ
which is applicable, for instance, to a refrigerator. When
the refrigerant gas discharged from a compressor 1 is
conveyed through an oil separator 20 to a pipe connected to a-
condenser 2, the refrigerating machine oil is separated from
it by means of nets 83 provided in the o0il separator 20. The
refrigerating machine oil thus separated is sucked to return
through an oil returning pipe 21 extended from the oil
separator and through a suction pipe 15 to the compressor 1,
thus positively lubricating and sealing the compressor 1.

The mixing percentage of the refrigerating machine o0il in the
refrigerant gas which goes into the condenser 2 is extremely
low, and its solubility is lower than that of the
refrigerating machine oil with the liquid refrigerant at the
condensing pressure. Therefore, the system is free from the
difficulty that the refrigerating machine oil is held .
upstream of the throttle mechanism, thus adversely affectihg
the operation of thelsystem.' The net may be so provided as
to surround the end portion of the discharge pipe 14 in the

oil separator 20.
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pressur-.e. The refrigerating et+t-to be used in the invention is
based on a chl orof | uorecarbon pol yner (CIFC) or a perfldoro-
12 carbon pol ymer (FC) Tiis SheqpEasfBeerdiepldtcRy| pol yet her or a nodifi ed

R

The refrigerating machine oil 6 in the bottom of the

compressor 1 is held under the evaporating pressure, and the
0il 6 and the refrigerating machine oil 6c in an accumulator
8 are scarcely dissolved in the liquid refrigerant. Howe%ér,
since the specific weight of the liquid refrigerant 7a is
substantially equal to that of the refrigerating machine dil
6c, they are mixed substantially equally. Hence, even when a
large quantity of liquid refrigerant 7a is collected in the
accumulator 8, the refrigerating machine oil is positively
returned through the oil returning hole 82 of the lead-out
pipe 81 into the compressor 1. In the case where the liquid
refrigerant 7a is returned into the compressor 1, since the
refrigerating machine oil 6 collected therein and the liquid
refrigerant 7a are mixed substantially equally, the system is
free from the diff;culty that only the liquid refrigerant 7a
is sucked up through an oil sucking hole 17 formed in the
lowest end portion of the compressor; that is, the
refrigerating machine coil corresponding to the mixing
percentage is sucked up, thus lubricating and sealing the
compressor.

Embodiment 7

A seventh embodiment of.the invention will be ;
described with reference to Fig. 8. Fig. 8 is an ekplanafory
diagram showing the arrangement of a refrigerant circulating
system which is applicable, for instance, to an air

conditioner. The refrigerating machine oil 6, such as
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The refrigerant to.be-used inmthe invention is a mxture of refrigerants
at | east one of which is |an nnable In the i'nvention, the bottom

of the conpre$§pmmadu the refrigerating oil or said separate tank
is located on ure side of said conpressor or said

refrigerant C|r In the invention, neans for
separating the rlgeratlng 0|I havi ng a greater specific gravity than
the gaseous refrigerant is incorporated in said conpressor so that the

wei ght faCt 1orof]huor.precsaer Coen,OflI{ he éoe,}c‘g,} srgl'gllr_i is under the

evaporating pressure, and the oil 6 and the refrigerating
machine oil 6c in an accumulator 8 are scarcely dissolved in
a liquid refrigerant such as HFC134a. The specific weighf'of
the refrigerating machine oils 6 and 6c is 1.9 times as large
as that of the liquid refrigerant 7a. Therefore, the
refrigerating machine oil (6 and 6c) is kept in the form of a
layer in the bottom of the accumulator in such a manner that
the laygr is separated from a layer of liquid refrigerant 7a.
Hence, even when a large quantity of liquid refrigerant 7a
is collected in the accumulator 8, the refrigerating machine
0il is positively returned through the oil returning hole 82
of a lead-out pipe 81 into the compressor 1. In the case
where the liquid refrigerant 7a is returned into the
compressor 1, it is stored in the form of a layer above a
layer of refrigerating machine oil 6 kept therein.
Therefore, only the refrigerating machine oil is sucked up
through an oil sucking hole 17 in the lowest end portion of
the compressor, thus lubricating and sealing the latter.

In the system, the refrigerant essentialiy contains
hydrofluorocarbon, and the refrigerating machine Qil
essentially contains chlorofluorocarbon polymer: .
perfluorocarbon polymer, perfluorocalkylpolyether, denaturéa

silicone, chlorinated aromatic compound .

Embodiment 8
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oi | bei'ng discharged fromsaid conpressor as part of ‘the high-pressure
gaseous refrigerant is no higher than the weight factor of dissolution of
the refrigerating.q ﬁéetﬂaQBLJﬂerlich(qw d refrigerant under the condensing

pressure and tions. In the invention, an oi
separator is conmmﬂ ‘Iﬁﬂ d| scharge side of the conpressor.

In the invention ting oil has no solubility or only slight
solubility such that the weight factor of its dissolution in the I|qU|d

refrigerant under tRﬁ eighth embodiment of the invention will be
described with reference to Fig. 9.

In the case where a refrigerant mixture is employed
which contains a plurality of refrigerants at least one of.
which is inflammable; more specifically, in the case where a
refrigerant mixture is employed which consists of a
refrigerant HFC32 which is flammable when isolated, and
refrigerants HFC 125 and HFCl34a which are non-flammable when
isolated, a large quantity of refrigerant will never
dissolved in the refrigerating machine oil, because, in the
refrigerant circulating system of the invention, the
refrigerating machine oil is non-soluble or slightly soluble
with the refrigerant mixture. Hence, the mixing ratio of the
refrigerant mixture in the refrigerant circulating cycle
which is not dissolved in the refrigerating machiné oil yet,
scarcely changes from the mixing ratio of the mixture which
it had before put in the refrigerant circulating cycle and
was detected nonflammable, and will not change into the
mixing rafio with which it is flammable. Therefore, even if
the refrigerant mixture is discharged into the éir by
accident, and an igniting source is present near it,'it will
never be ignited, and according no fire is started thereb%}

Fig, 9 shows one example of a refrigerant circulating
system which is applied, for instance, to an air conditioner.
The refrigerant mixture sucked into a compressor 1, after

cooling an electric motor 12 in a closed container 11, is
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evaporating pressure and tenperature conditions is 0-.to 2% The
system of the invention conprises the interconnection™of: a conpressor
that draws in a.gageausssiekefgerant optionally containing a |iquid

refrigerant while 13 di scharging it as
a hi gh-pressure QHWIH‘“MN rant; a

compressed by a compreésing mechanism 13, and discharged
through a 4-way valve 5 into a condenser 2. In this
operation, the refrigerating machine oil 6 pooled in the
bottom of the closed container 11 is exposed to the
atmospﬁere of the refrigerant mixture sucked into the
compressor;however, the refrigerant mixture is scarcely
dissolved into the refrigerating machine oil 6, because thé
latter 6 is zero or extremely low in solubility.

"Embodiment 9

A ninth embodiment of the invention will be described
with reference to Fig. 10.

In the case where a refrigerant mixture is employed
which contains a plurality of refrigerants at least one of
which is inflammable; more specifically, in the case where a
refrigerant mixture is employed which consists of a
refrigerant HFC32 which is flammable when isolated, and
refrigerants HFC 125 and HFCl34a which are non-flammable when
isolated, the refrigerant mixture are scarcely dissolved in
the refrigerating machine oil, because, in the refrigerant
circulating system of the invention, the refrigerating
machine oil is non-soluble or slightly soluble with the
refrigerant mixture. Hence, the mixing ratio o% the
refrigerant mixture in the refrigerant circulating cycle
which is not dissolved in the refrigerating machine oil yet,
scarcely changes from the mixing ratio which it had before

put in the refrigerant circulating cycle and was detected
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throttl-e mechani smfor reducing the pressure of aliquid refrigerant
optionally containing a gaseous ref gegant; a condenser for condensing

t he hi gh-pressure gaseon@Sh?ee di scharged from said conpressor; and
an evaporator for vaporr d refrigerant or gas- |iquid phase
refrigerant |eaving sard nism and in which systema
refrigerating oil for per ornrng the function of |ubrication, sealing or

the like is contained either within said conpressor provided in said

systemor in a__separate tank or _the like, part or all of said
refri gerati ngnflammable, and will not change into the mixing ratio with

which it is inflammable. Furthermore, the refrigerating
machine oil is nonflammable, and therefore, even if the
_refrigerant mixture is discharged into the air by accidenf,
and an igniting source is present near it, it will never be
ignited, and according no fire is started.

Fig. 10 shows one example of a refrigerant
circulating system which is applied, for instance, to an air
conditioner. The refrigerant mixture sucked into a
compressor 1, after being compressed by a compressing
mechanism 13 in a closed container 11, cools electric motor
12. Thereafter, the refrigerant mixture is discharged
through a 4-way valve 5 into a condenser 2. In this
operation, the refrigerating machine oil 6 pooled in the
bottom of the closed container 11 is exposed to the
atmosphere of the refrigerant mixture sucked into the
compressor; however, the refrigerant mixture is not
substantially dissolved into the refrigerating machine oil 6,
because the latter 6 is zero or extremely low in solubility.

Embodiment 10

A tenth embodiment of this invention will be
described with reference to Fig. 13. Suppose here the usq'of
a refrigerating oil that has low solubility with a
refrigerant and which, in the range of ambient temperatures
for the use of the refrigerant circulating system, assumes a

smaller value oflspecific gravity than that of a liquid
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oi | being exposed to the refrigerant atnosphere, and the systemis
characterized in that the refrigerant is a mxture of - HFC32, HFCl125 and
HFC134a, that ShisSheeeidsBe@amaliea@ 0i | has such a solubility that the wei ght

factor of dissol in the liquid refrigerant is 0.5 to 7% under
the condensing leg"! ﬂlmgwerrperature conditions, and that said
refrigerating oi r value of specific gravity than said liquid
refrigerant. The refrigerant to be used in the invention is a non-

r of | r
azeotropic mf(r(:'\j,dgerreaf gdesr ?n'gas%%se aotn tehet hsearme tgdpeoraéjt(l)re under the

corresponding saturated vapor pressure; and also suppose the
use of a singie refrigerant or a mixture of two or more
refrigerants that form an azeotropic system. 1If the
temperature in evaporator 4 or condenser 2 is higher than
that in compressor 1 even by the slightest margin, the
refrigerant will be transferred into compressor 1 and a lafge
amount of it will stay as liquid refrigerant 7a on the bottom
of the compressor during shutdown of compressor 1. If, on
the other hand, a non-azeotropic mixed refrigerant system is
used as described hereinabove, the constituent having the
lower boiling point will evaporate first and the constituent
of the refrigerant to which the refrigerating oil in the
compressor 1 is exposed has a lower boilihg point than the
liquid refrigerant staying in the evaporator 4 or the
condenser 2 and, as a consequence, even if the temperatﬁre in
the evaporator 4 or the condenser 2 is somewhat higher than
the temperature in the compressor 1, there will be no
transfer of the refrigerant towards the compressor 1.
Therefore, even if the circulation system is restarted after
prolonged shutdown, only a restricted amount of liquid
refrigerant 7a will stay on the bottom of the cémpressor apd
the duration of time for which the liquid refrigerant 7a is
supplied to the sliding part of the compressor 1 so as to

reduce the efficiency of its lubrication can be shortened.
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car borr or at Ieast one nenber of the group consisting ef fluoroam ne,

fl uor oet her, ﬂﬁuéh@ﬂ&ﬁﬁ&ﬂ%, oroethane fluorosilane or fluorosulfur
and the refrlge |ghter than the liquid refrigerant and
di ssol ves onIy ,”M,”Hi he | atter.

14 4

The "azeotropic mixed refrigerant" as mentioned
hereinabove is such that the condition for the vapor
composition of the refrigerant to become identical with its
liquid composition exists at at least one point within the
ranges of pressures and temperatures used. On the other
hand, the "non-azeotropic mixed refrigerant” is such that the
condition for the vapor of the refrigerant to become
identical with its liquid composition does not exist at any
point within the ranges of pressures and temperatures used.

For the solubility between a refrigeréting oil and a
refrigerant, see JIS K2211, Appendix 3, under "Method of
Testing Solubility with Refrigerants", which states as
follows: "Place a sample oil and a refrigerant into a test
tube and hold them at room temperature or -heat them in a hot
water bath until the sample oil and the refrigerant mix
uniformly to form a clear solution. Then, cool the test tube
and determine the temperature at which the solution yields
two separate layers or at which the solution as a whole
becomes turbid. The determined temperature shall be
designated the "temperature for separation.into two layers”
at the oil fraction of interest (the percentage of the sample
0il in its mixture with the refrigerant in_soluticni and used
as an index for evaluating the solubility of the reﬁﬁgemﬂdngf
0oil with the refrigerant." ./This test is carried out within an oil
fraction range of 5 to 60 wt%.” Thus, a highly soluble oil is one having
a low value of the "temperature for separation into two layers". The

refrigerant circulating




I'n theinvention, a maxinumof the tenperature for separation into two

| ayers, one being the refrigerant and the other being the refrigerating
oil, is equal tdhﬂshda{mgggentﬁgagkedt he condensing tenperature. The

i nvention uses a i [ ol| having a saturated noisture content of
no nore than 300 Hm,umum,urﬂnl n the invention, a highly polar refrigerant
Is used in conbi oil having low polarity to such an extent

that it will not dissolve in an anbunt of nore than 7% but will dissolve

i : 7% and this -
'nan amunéys‘?éen? tShét(:) uses hydrofluorocarbon based refrigerants has

heretofore employed refrigerating oils which, as typified by
ester oils, have had solubility with refrigerants at all
mixing ratios at least under the condensing pressure and
temperature conditions. An oil of low solubility is one
having a high value of the "temperature for separation into
two layers" and, as typified by hard alkylbenzene oils whiéh
are employed in a refrigerant circulating system of the type
described hereinabove which uses hydrofluorocarbon based
refrigerants, this oil has no solubility at least in a
certain mixing ratio over a full range from the condensing
pressure and temperature conditions to the evaporating
pressure and temperature conditions. Namely, the solubility
is represented in the case of that the maximum temperature
(UCST) for separation into two layers of the refrigerant and
the refrigerating oils is greater than the condensing
temperature and the weight ratio of the refrigerating oils is
less than 0.5% to 7% (depending on the condensing
temperature).

The embodiment of the invention is described with
reference to Fig. 12, which shows how the percent transfer
into the compressor of refrigerants filled in réfrigerant ;
circulating systems (one using a non-azeotropic mixture of
refrigerants HFC32, HFC125 and HFCl34a and the other using an
azeotropic mixture of HFCl34a and HFC125) varies with the

system shutdown time. Taken individually, HFC32 boils at -
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contributes to the fabrication of a refrigerant circulating systemthat
has | ow noi sture absorption and mhich features effectkve oil return
In the invention, g@t mggqu hw is inflammable when used alone is

m xed with a non rant and, further, on account of very
slight oil di sso:ﬂlm "" ﬂr"
to becone infla

J’ﬂF 1refr|gerant will not vary in conposition
The refrigerating oil to be used in the
invention is lighter than the liquid refrigerant and may be conposed of a

54.8°C, HFC125 at -48.6°C and HF(Cl34a at -26.2°C. Since

HFC32 and HFC125 boil at much lower temperatures than
HFC134a, the gaseous refrigerant formula in the refrigerant
circuit is more abundant with HFC32 and HFC125 than the |
liquid refrigerant formula. As a result, the gaseous
refrigerant in contact with the refrigerating oil in the
compressor has a relatively low boiling point and is hard to
liquefy, whereby the transfer of the refrigerant into the
compressor is suppressed. Therefore, if a non-azeotropic
mixed refrigerant is used, the amount of its transfer into
the compressor is small even if the refrigerating oil used
has low solubility and is smaller in specific gravity than
the liquid refrigerant; hence, only a small amount of the
liquid refrigerant will stay on the bottom of the compressor
and one can shorten the duration of time for which the liquid
refrigerant is supplied to the sliding part of the compressor
so as to reduce the efficiency of its lubrication when the.
refrigerant circulating system is restarted after prolonged
shutdown.

The percent transfer is expressed by the following:

Percent transfer = (the amount of refrigerant
transfer to the compressor)/(the amount of refrigerant
filling in the refrigerant circulating system) x 100 (%)

The transfer is allowed to keep on by the force:
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substance of high atom c weight; hence, the oil can be . produced at |ow
cost. F@frigerating oils that are based on al kyl benzenes,
poly-[err]-olefins, d@aﬁmkﬁﬂngmmslmna ht henic oils, polyphenyl- ethers,

y- , yp
polyphenylthloethers parafflns have high viscosities at
el evat ed pressures, pro

Ap = (the pressure in the liquid refrigerant

reservoir in the refrigerant circuit) - (the pressure in the
compressor)

The presence of Ap is a prerequisite. In the
equation, pressure is determined by the characteristics of
the refrigerant and the temperature. With a single or
azeotropic refrigerants, refrigerant’s transfer is promotea
as the following At increases:

At = (the temperature in the liquid refrigerant
reservoir in the refrigerant circuit) - (the temperature in
the compressor)

Even if At = 0, refrigerant’s transfer will occur if
a highly soluble refrigerating oil is used.

Hence, there will be no transfer of the refrigerant
if it has no solubility at all with the refrigerating oil and
if At = 0.

With a single or azeotropic refrigerants, their
transfer will start if At > 0 and, eventually, all liquid
refrigerant will be transferred to the low-temperature side.

With a non-azeotropic mixed refrigerant, the gas
composition differs from the liquid composition even if
At > 0 and, hence, the amount of refrigerant thét is
eventually transferred will vary with the magnitude of At.
The amount of eventual transfer is determined by the
difference between gas and liquid compositions and the

foregoing description of the difference in boiling point was
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15 reliability-in-the-sliding part and exhibit high chemcal stability.
They are advant ageously conblned with refrigerants haV|ng no atomof a

good extrene-pres “t a@dch as chlorine, which are poor in
sel f-lubricating | _~ The use of a non-azeotropic m xed

refrigerant permt d transfer of the refrigerant into the
conpressor during prolonged systenlshutdomn The accunul at or
having a plurality of oil return

intended to explain this fact. It should also be noted tﬁat
the difference between gas and liquid compositions is
affected by the species of mixed refrigerants, mixing ratio,
liquid-gas ratio (i.e., temperature and pressure), |
temperature profile and the solubility of refrigerating oil.
To take an example, a non-azeotropic HFC32/HFCl34a
mixed refrigerant is described below with reference to Fig;
13. Assume here that the two connected vessels are held in
an atmosphere of -2.5°C. 1If one of the vessels contains a
liquid refrigerant with an HFC32/HFCl134a ratio of 25:75 in
wtd (assuming the liquid refrigerant reservoir in the
refrigerant circuit), the gas composition in the other vessel
to which the first vessel is connected (assuming the
compressor) will be 46:54 in wt$% for HFC32/HFCl34a; since the
pressures in the two vessels are equal to each other at
3.7 kg/cm’G, no refrigerant’s transfer will occur. Then
suppose that the temperature in the gas-containing vessel
(i.e., equivalent to the compressor) is reduced from -2.5°C
down to -7.5°C. If the refrigerant were a single or
azeotropic mixed refrigerant, it would be transferred
continuously since the pressure on the low-pressure side is
always low and, eventually, all liquid refrigerént would b?
transferred. 1In fact, however, the mixed refrigerant is ﬁon—
azeotropic, so even if not all of the liquid refrigerant is
transferred, part of the gas refrigerant in the compressor

will be liquefied and, as shown in Fig. 13, the pressure in
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hol es enabl es the recovery of the oil that has been separated w thin the
accumnul at or. This SheepllCE [ he check valve is provided on the suction

pi pe, there is no 3%@&@&@% the lowviscosity liquid refrigerant
whi ch has been sep he conpressor wll leak to the

| ow pressure side rmance deterioration. The oi
having a greater specific gra y than the liquid refrigerant has the
advantage that it is easily returned fromthe accumnul ator.

the low-temperature vessel can become equal to that in the
high-temperature vessel, with the HFC32/HFCl34a ratio being
41:59 by wt% in the liquid composition and 63:37 by wt% in
the gas composition; hence, there will be no further transfer
of the refrigerant. One might say that refrigerant’s
transfer can also take place due to the diffusion of the
vapor phase but the diffusion rate of the vapor phase is
generally so slow that it is by no means significant for
practical purposes.

As discussed above, refrigerant’s transfer is
improved irrespective of the kind of refrigerating oil as
long as the refrigerant used is a non-azeotropic mixed
refrigerant. It should, however, be noted that the
solubility of the refrigerating oil is also a factor to
refrigerant’s transfer and it can be further suppressed by
using oils having no solubility. As far as refrigerant’s
transfer is concerned, there is no difference in merit
between heavy and light oils but oils having no solubility,
especially light ones, will prove very effective in assuring
system reliability.

The foregoing discussion may be summarized as
follows. -

(1) O0il having no solubility and single or
azeotropic refrigerants: All liquid refrigerant will be

transferred if At > 0 (no transfer will occur if At = 0).
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The refrigerant circulating systemof the invention -has another advantage
in that even if the refrigerant is released into the air at nosphere on
count of a@hizShdechasBeanRepliske or the |ike and even if there is an ignitable

heat source frigerant will not catch fire and, as a result,
one can avoid

asi the occurrence of a dlsastrous fire.
(ii) O0il having no solubility and non-azeotropic

refrigerants: Liquid refrigerant will be transferred if

At > 0 but not all of it will be transferred if At is small.
The transfer of refrigerant is further restricted compared‘to
the case of using a soluble oil.

In.the embodiment, the refrigerating machine oil
essentially contains chlorofluorocarbon polymer, or
perfluorocarbon polymer, or perfluorocalkyl polyether.

In the above-described embodiments, the fefrigerant
mixture containing refrigerants HFC32, HFC125 and HFCl34a is
employed. This non-azeotropic three-refrigerant mixture is
most suitable in efficiency, performance, pressure and safety
as a replacement of a refrigerant HCFC 22 which is employed
mainly for air conditioners and the use of which is to be
decreased or inhibited because of its environmental
pollution.

The refrigerant mixture containing HFC32 is much
higher in efficiency and in performance than that which
contains no HFC32. The refrigerant HFC32 is inflammable when
isolated; however, it becomes practically nonflammable when
mixed with the refrigerants HFC125 or HFCl34a which is
nonflammable with a certain mixing ratio. Theréfore, the ?
refrigerant mixture is safe. In order to further improve the
safety of the refrigerant mixture, the percentage of HFC32 in
it should be decreased; however, in this case, the efficiency

is decreased as much. Hence, in the case where the margin of
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16 ' The system has the oil reservoir |ocated.on the high-
pressure side or the oil separating neans or oil separator is provided in
t he conpr esg@rshafdas Ba&Heplaceli N carryover of the oil into the circuit can

be suppresse xi mum of . the tenperature for separation into two
| ayers, one ul‘ B“Iﬂulljgwmage_rati ng oil and the other being the liquid
refrigerant, hi gher than the
safety is maintained unchanged, it is preferable to use a
non-soluble oil. That is, in the case where the non-soluble
0il is employed, the percentage of HFC32 can be made larger
than in the case where no non-soluble 0il is employed.
Therefore, a refrigerant mixture high in efficiency can be
prepared.

The system of the invention is of the technique that
handles a replacement of the inflammable refrigerant HCFC22
employed for air conditioner. For instance, the refrigerant
mixture (azeotropic) containing the inflammable refrigerant
HFCl143a may be used as a replacement of a refrigerant R502
which is employed for a refrigerating system for instance in
refrigerators.

The non-flammability of a refrigerating machine oil
can be determined according to whether or not it has a flash
point specified by the flash péint measuring method, JIS
K2265.

The reference for comparison of oil’s specific
gravity in the foregoing explanation is, in the case of a
mixed refrigerant, the specific gravity of the liquid
refrigerant for the composition of the mixed refrigerants in
the refrigerant circuit. | )

It should also be mentioned that an azeotropic
refrigerant also exists even for a mixture containing an
inflammable refrigerant. Consider, for example, a mixture of

two refrigerants, HFCl43a which is inflammable and HFC125;
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condensi ng tenperature The use of such refrigerating oil having | ow

sol.ubility a$§yg@§ a small amount of the refrigerant wll

di ssolve in t ‘3 oil even if the tenperature of the
refrlgeratlng rigerant in contact with it approaches the
saturated te e refrigerant at the pressure of the atnosphere
I n which the refrlgeratlng oil is placed. BRI EF DESCRI PTI ON
OF THE DRAW NGS Fig. 1 is an explanatory diagram show ng the

arrangerrentth e e f:giegre%:na{[ntcsl rbCouJ!lat nQ:fcyset etn%mperabture and are held
to be azeotropic (HFCl43a boils at -47.7°C and HFC125 boils
at -48.1°C).

The "non-azeotropic mixed refrigerant" is such that
the conditions for the vapor of the refrigerant to become
identical with its liquid composition does not exist at any
point within the ranges of pressures and temperatures used;

It should also be noted that CST (critical solubility
temperature) is none other than the temperature for
separation into two layers as specified in JIS K2211 (p.
106). The description of the test method as specified in JIS
K2211 refers to the "oil fraction range of 5 to 60 wt%" and
this is because CST usually has a maximum value within that
range. The maximum value is designated UCST (uppermost
critical solubility temperature).

The refrigerant circulating system of the inventipn
uses a non-azeotropic mixed refrigerant and, therefore, even
if one uses a refrigerating oil which, at least in the range
of ambient temperatures for the use of the system, assumes a
smaller value of specific gravity than that of a liquid
refrigerant as measured at the same temperature under the
corresponding saturated vapor pressure, he or she can shor}en
the duration of time for which the liquid refrigerant is

supplied to the sliding part of the compressor so as to
reduce the efficiency of its lubrication when the system is

restarted after prolonged shutdown.
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constitutes a first enbodinment of this invention. . Fig. 2is a

graphi cal rf;epLE atlion showi ng the percent solubilfty by wei ght of a
refrigerat i1 WWPQFFWi d refrigerant in the first enbodi nment.

In addition, the saturated moisture content of the

Fig. 3is
circulatin

di agram showi ng the arrangenment of a refrigerant
constitutes a second enbodi nent of the invention.

refrigerating oil is held at small value, sO moisture control
that is comparable to the prior art level is sufficient to
assure more-than-comparable levels of quality.

The saturated moisture content is defined by the
following procedure: a sample refrigerating oil is left to
stand in air atmosphere at a temperature of 30°C and at a
relative humidity of 85% and the change in the moisture
content of the o0il is measured over time and the value which
is approached infinitely by the measured_values is designated.
the "saturated moisture content".

The above-described refrigerator oils may be used
satisfactorily as they are, without additives. However,
their characteriétics such as wear resistance, load
resistance and thermal stability may be improved by adding
one or some of the additives such as an oxidation inhibitor,
extreme pressure additive, wear preventing agent, thermal
stability improving agent, and deforming agent.

The oxidation inhibitor is of a hindexrd phenol group,
amine group, or sulfur group. Examples of the oxidation
inhibitor are 2, 6-di-t-butyl-4-methylphenol; 4, ?’-
methylenebis (2, 6-di-t-butylphenol); 2, 2'-thio-bis (4-
methyl-6-t-butylphenol); trimethyl hydroquinone; p, p’'-
diactyl-diphenylamine; 3, 7-diactylphenthiazine;
alkylphenothiazine-l-carboxylate; phenyl-2-naphthylamin; 2,

6-di-t-butyl-2-dimethyl-p--cresol; S5-ethyl-10, 10‘-
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17 ' Fig. 4 is an explanatory diagram showi ng the arrangenent of a
refrigerant circul ating’ systen1mh|ch constitutes a third enbodi nent of the
i nventi on. Tmsgwﬂ}hsg&gqul an expl anatory di agram showi ng the

ar r angenent C|rculating system which constitutes a fourth
enbodi nent of M]ﬂﬂ Fig. 6 is an explanatory diagram
show ng the a refrigerant circulating system which
diphenylphenazaline, and alkyl disulfide, each of which is
~used as much as 0.2 to 5% by weight.

Examples of the extreme pressure additive and the
wear preventing agent are ester phosphate, ester phosphité;
alkyl- or aryl-phosphorothionate, halogeno-hydrocarbon,
halogenated carbonic acid, dialkyl- or diaryl-dithiophosphate-
metallic acid, dialkyldithiocalbamic acid metallic salt, aﬁd
oil—soluble'molybdenum sulfide containing compound, each of
which is used as much as 1 to 30% by weight.

An example of the thermal stability improving agent
is an epoxy compound, which is used as much as 0.2 to 5% by
weight.

Examples of the deforming agent are dimethyl
polysiloxane, and carboxylic metal salt, each of which is
used as much as 0.001 to 0.1% by weight.

The refrigerant circulating system of the invention
designed as described above mainly uses a refrigerant which
essentially contains hydrofluorocarbon, and a refrigerating
machine oil which shows slight solubility with a ligquid
refrigerant when condensed and non-solubility or low
solubility when evaporated. Therefore, the system is high in
elect:ical insulation and in moisture resistancé, and is h}gh
in reliability since the o0il is smoothly returned into the
compressor.

In the refrigerant circulating system, the

refrigerant lead-out pipe extended from the accumulator has a
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constitutes a fifth enbodiment of the invention. - % Fig. 7is an
expl anat ory dlagran1 hq@ighﬂhe arrangenment of a refrigerant circulating

syst em whi cihis $hett si xth enbodi nent of the invention.

Fig. 8is an agran1shpmnng the arrangenent of a refrigerant
circul ating s onstitutes a seventh enbodi nent of the

I nventi on. Flg 9 I s an explanatory di agram show ng the

arrangenment of a refrlgerant circulating systemwhich constitutes a eighth

enbodlnent qﬂra 1ty' %P fi returning holes. Therefore, a large

quantity of refrigerating machine o0il is not pooled in the
accumulator; that is, the refrigerating machine oil is
positively returned to the compressor, and an excess of
refrigerant can be stored depending on the load.

In the system, the refrigerating machine oil of the
compressor is held in the refrigerant space on the high .
pressure side, which reduces the mixing percentage of the
refrigerating machine oil which mixes with the discharged gas
to flow in the system. Thus, the system of the invention is
high in reliability and excellent in heat exchange
effectiveness.

Furthermore, in the'system, the back flow preventing
mechanism for preventing the back flow of gas from the
compressor to the evaporator is provided between the
evaporator and the compressor, which eliminates the
difficulty that, when the compressor is not in operation, the
gas leaking from the high pressure side flows through the
suction pipe to the evaporator to increase the temperatures
of the latter and its relevant components, and therefore the
power consumption is reduced as much. In this connection,
the oil can be positively returned through a plﬁrality of ?il
returning holes formed in the refrigerant lead-out pipe
extended from the accumulator.

Furthermore, in the system of the invention, the

mixing percentage of the refrigerating machine oil with the
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Fig. 10 is an expl anat ory “di agram showi ng the arrangement of a
circul ati ng SysSemikBehRegRastitutes a ninth enbodi ment of the

Fig. 11 is an agram showi ng the arrangenent of a
circulating s
18

nstitutgs a tenth enbodi nent of the

refrigerant
I nventi on.
refrigerant
i nventi on.

gas discharged from the compressor is reduced, so that thé
refrigerating machine oil flowing in the system is positively
returned to the compressor. Thus, the system is high in
reliability. When this is combined with the oil returning
technique that an oil is returned through a plurality of oil
returned holes formed in the refrigerant lead-out pipe
extended from the accumulator, the oil can be more positivély
returned to the compressor.

In the system, the oil separator is provided on the
discharge side of the compressor to reduce the mixing
percentage of the refrigefating machine oil with the
discharged gas. Therefore, the system is high both in
reliability and in heat exchange effectiveness. When this
technique is combined with the above-described oil returning
technique, then the o0il can be_more effectively returned into
the compressor.

The system has the control valve between the
evaporator and the compressor, and the control means for
closing the control valve when the compressor is not in
operation. Therefore, when the compressor is not in
operation, the control valve can be closed to prevent the
flow from the evaporator to the compressor, whi;h eliminaqés
the difficulty that the compressor is insufficiently -
lubricated so that for instance the shaft is seized.

In the system, the refrigerant essentially contains

hydrofluorocarbon, and the refrigerating machine oil is non-
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Fig. 12 is a graphical representation show ng the percent transfer
characteristics of two m xed refrigerant systens into the conpressor.
Fig. 13 is an i [MhigShestdlas Boan Replsoddng how a mixed refrigerant is transferred

fromthe hi gh-tewuﬁmnﬁwmre | owt enper at ure si de. Fig. 14 is
an expl anatory di the arrangenent of an exanple of a
conventional refrigerant circulating system
soluble or slightly soluble with the liquid refrigerant oﬁ
the evaporation side and is substantially equal in specific
weight to the liquid refrigerant. Hence, the system is high
both in electrical insulation and in moisture resistance.’

Furthermore, the system according to another aspect
of the invention uses the refrigerant which essentially
contains hydrofluorocarbon, and the refrigerating machine éil
which is non-soluble or slightly soluble with the liquid
refrigerant on the evaporation side and is larger in specific
weight than the liquid refrigerant. Hence, the system is
high both in electrical insulation and in moisture
resistance. The_compressor sealing and lubricating functions
are greatly stabilized, and the electrical insulation and the
moisture resistance are both improved. Furthermore, the
refrigerating machine o0il is less allowed to flow in the
system, and even when it flows in the system, it is
positively returned into the compressor. Thus, the system of
the invention is high in reliability.

The molecule of a hydrofluorocarbon is composed of
hydrogen (H), carbon (C) and fluorine (F) atoms, so in order
to manufacture refrigerating oils having greater values of
specific gravity, it is at least necessary to pfovide atOmF
having atomic weights at least larger than fluorine.

However, substances composed of large atomic weights are
generally expensive. On the other hand, light refrigerating

oils of the type used in the present invention can be
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Fig. 15 is an explanatory diagram show ng the arrangenent of another
exanpl e of the conventlonal refrigerant circul ating 'system Fig.

16 is a graphi é%@ﬁkahmmn showi ng the percent solubility by weight
of a refrigeran I atlng oil in the exanple shown in Fig. 15.

DETAI LED DESCRI REFERRED EVMBODI MENTS Enbodi nent 1 A
first embodi ment of thIS |nvent|on will be described with reference to
Figs. 1 and 2. Fig. 1 is an

manufactured at low cost since substances composed of H, C
and O atoms will suffice.

If a refrigerant is used together with a
refrigerating oil of low solubility, the dissolution of the
refrigerant into the refrigerating oil will not increase even
if the temperature of the oil or the refrigerant in contact
with it approaches the saturation point of the latter at tﬁe
pressure of the atmosphere in which the refrigerating oil is
placed. Consequently, the viscosity of the liquid being
supplied to the sliding part is maintained at a sufficiently
high level to reduce the chance of the occurrence of seizure
and other troubles in the sliding part.

Speaking also of the case of using a refrigerating
0oil of low solubility, the part of the o0il which leaks out of
the oil seal portion towards the suction side of the
compression space contains only a sméll amount of refrigerant
and, hence, the loss due to a second expansion and
compression in the compression cycle is sufficiently reduced
to prevent the drop in efficiency.

If a non-azeotropic mixed refrigerant system is used,
it is acceptable to use a fefrigerating oil which, at least
in the range of ambient temperatures for the usé of the
refrigerant circulating system, assumes a smaller value.of
specific gravity than that of a.liquid refrigerant as
measured at the same temperature under the corresponding

saturated vapor pressure. During shutdown of the cbmpressor,

- 55 -



expl anat ory di agram show ng_t he arrangenent of a refrigerant circulating
system which is applicable, for instance, to a snmall capacity air
condi t i onerthidJhecdriigh Bedn Replade@r ence nunmeral 1 designates a conpressor for

conpr essi ng : i , 2, a condenser for condensing a high pressure
refrigerant %lﬂ“‘lwmmg‘ﬁaf romthe conpressor 1; 3, a throttle mechanism
4, an evapora D, -way val ve having a function of
only a restricted amount of the refrigerant will be
transferred from the evaporator or the condenser into the
compressor on the bottom of which it will stay as a liquid
refrigerant. As a result, one can shorten the duration of‘
time for which the liquid refrigerant is supplied to the
sliding part of the compressor so as to reduce the efficiéncy'
of its lubrication when the system is restarted after |
prolonged shutdown.

The refrigerant circulating system of the invention
insures that the refrigerating oil which is used for
compressor lubrication, sealing and other purposes will flow
out in small quantities to the condenser, throttle mechanism
and evaporator; at the same time, the compressor will
discharge only a limited amount of oil and, hence, the
refrigerating oil that has flowed out can positively be
returned to the compressdr, thereby preventing the drop in
the heat-exchange efficiency of the condenser and the
evaporator.

The refrigerant circulating system of the invention
insures that the refrigerating oil which is used for
compressor lubrication, sealing and other purposeg'will flow
out in small quantities to the condenser, throtéle mechani?m
and evaporator; at the same time, the refrigerating oil tﬁat
has flowed out can positively be returned to the compressor,
thereby preventing the drop in the heat-exchange efficiency

of the condenser and the evaporator.
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reversi'ng the direction-of flow.of a refrigerant; and.6, a refrigerating
machine oil kept in the conpressor 1 to lubricate the® 51 de parts of the
onpressor 1 and t dhisShdet HasBeenRephredssi ng chanber thereof. Fig. 2 is a

c
graphi cal represent ng t he di ssol ving percentages by weight
of a refrigerating benzene with a liquid refrigerant
HFCl34a in the enbodi nent. That |s it has a solubility of 0.5 to 7% by
weight with the liquid

The refrigerant circulating system of the invention
insures that the refrigerating oil which is used for
compressor lubrication, sealing and other purposes and which
has flowed out to the condenser, throttle mechanism and
evaporator can positively be returned to the compressor,
thereby preventing the drop in the heat-exchange efficiency
of the condenser and the evaporator. |

The refrigerant circulating system of the invention
has yet another advantage in that even if the refrigerant is
released into the air atmosphere on account of .a certain
trouble or the like and even if there is an ignitable heat
source nearby, the refrigerant will not catch fire and, as a
result, one can avoid hazards such as the occurrence of
disastrous fire.

Further, the refrigerant circulating system of the
invention uses a nonflammable refrigerating oil and, hence,
it will not ignite even if it is released as a mist into the
air atmosphere.

In the system of the invention, the refrigerant
mixture is scarcely dissolved in the refrigerating machine
oil. Therefore, when the refrigerant mixture is used which
contains a plurality of refrigerants at least oﬁe of which;is
inflammable, the mixing ratio of the refrigerant mixture in
the refrigerant circulating cycle scarcely changes from the
mixing ratio which it had before put in the refrigerant

circulating cycle and was detected non-flammable. Hence, the
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refrigerant
refrigerant
refrigerant
machi ne oi |
refrigerant

in the condenser, and_O-to 2%by weight with the Iliquid
I n the evaporator. Now, the behaviors of the
and t ha Odpbet HWW Bebn Replackdscri bed. A part of the refrigerating

used conpressing chanber is mxed with the
comres%%ﬂﬁg \ ressor 1, thus being discharged fromthe
latter 1 into the c ; n the condenser 2, the pipe in which a

refrigerant

gas flows is so determned in dianeter that the flow rate of

the refriggfaion 435 Srod 0NN {63 GANMGY dille r&{d | 8F,1 L. RChi ne of |

mixture is partially dissolved in the refrigerating machine

oil, so that its mixing ratio changes into a value with which
the refrigerant mixture is inflammable. Thus, the
refrigerant mixture is maintained nonflammable. Therefore,
even when the refrigerant mixture is discharged into the air
by accident, and there is an igniting source near it, it will
never be ignited, and therefore no fire is caused thereby.

That is, the refrigerant circulating system of the invention

is high in safety.

Furthermore, in the system of the invention, the

refrigerant mixture is substantially not dissolved in the

refrigerating machine oil. Therefore, when the refrigerant

mixture is used which contains a plurality of refrigerants at

least one of which is inflammable, the mixing ratio of the

refrigerant mixture in the refrigerant circulating cycle

scarcely changes from the mixing ratio which it had before

put in the refrigerant circulating cycle and was confirmed

‘non-flammable. Hence, the system is free from the difficulty

that the refrigerant mixture is partially dissolved in the

refrigerating machine o0il, so that its mixing ratio changes

into a value with which the refrigerant mixture ‘is

14

inflammable. Thus, the refrigerant mixture is maintained -

nonflammable. Furthermore, the refrigerating machine oil is

nonflammable, and therefore even when the refrigerant mixture

is discharged into the air by accident, and there is an
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downstream |In the condenser 2, the refrigerant is condensed on the inner
surface of t Rhis eg&hsﬁ&@kﬁﬁﬁ&ygerant thus condensed i¥s'larger in thickness
t owar ds dommst refore, in the pipe, the central space in which
t he gas ro raccordlngly Hence, the flow rate of the gas
I's gradual ly decrea |ts limted flowrate is maintained which is
hi gh enough to convey the refrigerating mnachine oil and the refrigerant

| i qui d condensed on the inner

igniting source near it, it will never be ignited, and
therefore no fire will be caused thereby. Thus, the
refrigerant circulating system of the invention is high in
safety. |

Hydrofluorocarbons (HFC) are promising refrigerants
that could replace CFC12 and HCFC22 which are on the listzgf
materials that need be used less or totally disused in view
of the environmental problems they have caused. However,
such hydrofluorocarbons do not contain chlorine atoms in the
molecuie, so unlike CFC12 and HCFC22 which have chlorine:
molecules, they are not expected to offer such as advantage
that the sliding part of the compressor which is placed under
boundary lubrication conditions forms a compound such as iron
chloride on the metal surface, thereby improving in wear
resistance.

Further, ester oils having high solubility with
hydrofluorocarbons have low extreme pressure quality (high-
pressure viscosity index) and, hence, increase the chance for
the sliding part of the compressor to be subjected to the
boundary lubrication conditions, as compared to paraffinic or
naphthenic oils which have heretofore been employed in the
refrigerant circulating system that uses CFC12 ér HCFC22 a§
the refrigerant. |

Therefore, refrigerant circulating systems that use
hydrofluorocarbons as refrigerants, particularly in the case

where soluble ester oils are employed as refrigerating oils,
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20 surface of the pipe downstream Near the rear end of the pipe in the
condenser 2, a larger part of the refrigerant is liquified, as a result of.
whi ch the fhQWniaiif Bedh Refiscei Pe is greatly decreased. However, since the

S e ot rating machine oil with the condensed liquid
[/ll] ﬁulnﬂ mﬂﬁfri gerating machine oil is conveyed downstream

refrigerant
bei ng di ssol uid refrigerant. At the

have encountered a problem with the wear resistance of thé
sliding part of the compressor. This problem, however, can
be solved by using slightly soluble oils.

Being designed as described above, the refrigeranf‘
circulating system of the invention is excellent both in
electrical resistance and in moisture resistance, and higH in
reliability.

Having the structural features deséribed hereinabove,
the invention offers the advantage of providing a refrigerant
circulating system of high reliability and efficiency that is’
capable of suppressing the escape of an oil from the
compressor in the system and which insures smooth oil return
so that the oil will not collect or stay in any unsuitable
areas.

The refrigerant circulating system of the invention,
being constructed as described above, is high in safety being
free from a fear that it may cause a fire.

Having the structural features described hereinabove,
the invention offers the added advantage of providing a
system of high reliability that is free from any
abnormalities in the sliding part of compressor even if the

system is restarted after prolonged shutdown.
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inlet of the throttle mechanism 3, the refrigerant is substantially
liquified, and the refrigerating nmachine oil Jlowin solubility is conveyed

downstreamt ~liquid refrigerant. Fl ovikixghetomm of the
throttle Amﬂm@“"”iﬂ;@i frigerant is greatly decre %teénq?‘epmac d
t enperature dnd ¢i ntpres and therefore the refri ger mﬂHm wuﬂ oi |
Is slightly soluble with the liquid refrigerant, or

On the other hand, because of gasification of a part of the liquid

refrigerant which is | ocated downstream of the
WHAT IS CLAIMED IS:

l. A refrigerant circulating system which comprises
the interconnection of:

a compressor that uses a hydrofluorocarbon based
single or mixed refrigerant and which draws in a gaseous
refrigerant optionally containing a liquid refrigerant while
discharging it as a high-pressure gaseous refrigerant;

a throttle mechanism for reducing the pressure of a
liquid refrigerant optionally containing a gaseous
refrigerant;

a cohdenser for condensing the high-pressure gaseous
refrigerant discharged from said compressor; and

an evaporator for vaporizing the liquid refrigerant
or gas-liquid phase refrigerant leaving said throttle
mechanism, and in which system a refrigerating oil is
contained either within said compressor provided in said
system or in a separate tank or the like, at least part of
said refrigerating oil being exposed to said refrigerant for
performing the function or lubrication, sealing or the like,
characterized in that said refrigerating oil has such a
solubility that the weight factor of dissolution thereof in
the liquid refrigerant is 0.5 to 7% under the céndensing ;
pressure and temperature conditions. |

2. A refrigerant circulating system which comprises

the interconnection of:
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throttle neqhanishL3T~$he<flom1rate of the refrigerant is abruptly

I ncr eased t firgger ati ng nmachine oil is conveyed- dowgstge@aepiaded
the evap m@mﬂiﬁ”ﬂa\mﬁe is so determined in diametef® geem‘!ﬂﬂaeeal‘egm

refriger ormed by the pressure drop of the throﬁ

sufficiently conveys the liquid refrigerant and the ref I ne
oil downstream Hence, in spite of the non-solubility or low solubility
of the refrigerating machine oil with the liquid refrigerant, the
refrigerating machine oil is conve

a compressor tha¥egses a fluorocamine, fluoroether;
fluoropropane, fluoroethane, fluorosilane Or fluorosulfur
based single or mixed refrigerant and which draws in a
gaseous refrigerant optionally containing a liquid
refrigerant while discharging it as a high-pressure gaseous
refrigerant;

a throttle mechanism for reducing the pressure of é
liquid refrigerant optionally containing a gaseous
refrigerant;

a condenser for condensing the high-pressure gaseous
refrigerant discharged from said compressor; and

an evaporator for vaporizing the liquid refrigerant
or gas-liquid phase refrigerant leaving said throttle
mechanism, and in which system a refrigerating oil is
contained either within said compressor provided in said
system or in a separate tank or the like, at least part of
said refrigerating oil being exposed to said refrigerant for
performing the function of lubrication, sealing or the like,
characterized in that said refrigerating oil has such a
solubility that the weight factor of dissolution thereof in
the liquid refrigerant is 0.5 to 7% under the condensing
pressure and temperature conditions. )

3. A refrigerant circulating system according to
claim 1 or 2, wherein the refrigerant is a mixture of
refrigerants at least one of which is in an inflammable

refrigerant.
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REPLACEMENT SHUEET -~ . . _. 21 downstream In the

evaporator 4, Is gasified as it flows downstream that is,
the flow rat e“!ﬂ@ M‘j ‘“Eﬁﬂﬂglmant gas is increased: Asis8hebeBiiBéep Rglactd t he
flow rate of crel rsant gas mai ntai ned nuch high imted
flowrate which is required for conveyance of the refﬁl hi ne
oil, the refrigerant is absorbed into

4. A refrigerant circulat;ng system according to-
claim 1 or 2, wherein the refrigerating oil has a smaller
value of specific gravity than said liquid refrigerant.

5. A refrigerant circulating system according'to'
claim 4, wherein the refrigerating oil is based on at least
one member of the group consisting of alkylbenzenes, poly-:
alpha-olefins, paraffinic oils, naphthenic oils, polyphenyl-
ethers, polyphenylthioethers, and chlorinated paraffins.

6. A refrigerant circulating system according to
claim 4, wherein the refrigerant is a mixture of non-
azeotropic refrigerants.

7. A refrigerant circulating system according to
claim 4, wherein the refrigerating oil is such that, at least
in the range of ambient tempefatures for the use of said
system, it assumes a smaller value of specific gravity than
that of the liquid refrigerant'as measured at the same
temperature under the corresponding saturated vapor pressure
and wherein the refrigerant is a non-azeotropic mixed
refrigerant.

8. A refrigerant circulating system according to
claim 1 further comprising an accumulator provided with a
lead-out pipe for leading the refrigerant out of éaid
accumulator, said lead-out pipe having a plurality of hole;
which are different in height as measured from the bottom of

said accumulator.
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the conpressor 1, and.the refrigerating'nachine oil ‘thus conveyed neets
t he refrlgeratlng nachlne oil 6 kept in the bottom of- theﬂ&ggp S or

Hence, - t he—refri ratl machine oil 6 is maintained int ‘ﬁd
at all t nnm ﬂuatlng and _ sealing the latter suff
In the r 'g ating system constructed as descr

refrigerart ssentlally contai ning hydrofluorocarbon, and a refrlgeratlng

machine oil essentially containing al kyl benzene or pol yal phaol efin may

9. A refrigerant circulating system according to
claim 3 wherein a backflow preventing mechanism is provided
between said evaporator and sid compressor, or between a
four-way valve provided in said system and a pipe connected
to the suction side of said compressor, or between said
accumulator and said pipe connected to the suction side of
said compressor.

10. A refrigerant circulating system according to
claim 1 or 2, wherein the refrigerating oil has a greater
value of specific gravity than the liquid refrigerant.

11. A refrigerant circulating system according to
claim 10, wherein the specific gravity of the refrigerating
oil is such that, in the temperature range of -20°C to +60°C,
it assumes a greater value than the specific gravity of the
liquid refrigerant as measured at the same temperature under
the corresponding saturated vapor pressure.

12. A refrigerént circulating system according to
claim 10, wherein the refrigerating oil is based on a
chlorofluorocarbon polymer, perfluorocarbon polymer,
perfluoroalkylpolyether, modified silicone or a chlorinated
aromatic compound.

13.. A refrigerant circulating system aécording to;
claim 10 wherein the refrigerant is a mixture of refrigerants
at least one of which is inflammable.

14. A refrigerant circulating system according to

claim 1 or 2 wherein the bottom of the compressor to contain
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be used. Therefore, in the system the refrigerating: nachlne oil is o
substantially equal_.in hygroscop|C|ty and el ectrical ‘insulation to the

mneral oil in t efrigerating system | nrpacdict HRMeen Rplaced
assenbling the mﬂn ,mm Er”i!l[ ating systemand in servijgl

noi sture control I’FB.yc arly as in the case of thﬂ"‘ﬁmg“mmlal
refrigerant circulating systemusing the refrigerant CFCL2™™* '

Control means, namely, the 4-way valve is provided in a connecting section

where a connecting pipe provided between
the refrigerating oil or said separate tank is located on the

high-pressure side of said compressor or said system.

15. A refrigerant circulating system according to
claim 1 or 2 wherein means for separating the refrigeratiﬁg
oil having a greater specific gravity than the gaseous
refrigerant is incorporated in said compressor so that the
weight factor of the presence of the refrigerating oil being
discharged from said compressor as part of the high-pressure
gaseous refrigerant is not higher than the weight factor of
dissolution of the refrigerating oil in the liquid
refrigerant under the condensing pressure and temperature
conditions.

16. A refrigerant circulating system according to
claim 1 or 2 wherein an oil separator is éonnected to the
discharge side of said compressor.

17. A refrigerant circulating system according to
claim 1 or 2 wherein the refrigerating oil has no solubility
or only slight solubility such that the weight factor of
dissolution of said refrigerating oil in the ligquid
refrigerant under the evaporating pressure and temperature
condition is 0 to 2%.

18. A refrigerant'circulating system wﬁich compri?es
the interconnection of:

a compressor that draws in a gaseous refrigerant
optionally containing a liquid refrigerant while discharging

it as a high-pressure gaseous refrigerant;
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4-he _evaporator and the conpressor, and a connectlng pi pe prOV|ded

betmeen ressor and the condenser are collected. Bylh#Shée€hishtge, gL
f|OMlpat B alve, the direction of circulation
i | IHIIHIHHI

a throttle mechanism for reducing the pressure of-a
liquid refrigerant optionally containing a gaseous
refrigerant;

a condenser for condensing the high-pressure gasebﬁs'
refrigerant discharged from said compressar; and

an evaporator for vaporizing the liquid refrigeraﬂp
or gas-liquid phase refrigerant leaving said throttle
mechanism, and in which system a refrigerating oil for
performing the function of lubrication, sealing or the like
is contained either within said compressor provided in said
system or in a separate tank or the like, part or all of said
refrigerating oil being exposed to the refrigerant
atmosphere, characteriéed in that the refrigerant is a
mixture of HFC32, HFC125 and HFCl34a, that said refrigerating
oil has such a solubility that the weight factor of
dissolution thereof in the liquid refrigerant is 0.5 to 7%
under the condensing pressure and temperature conditions, and
that said refrigerating oil has a smaller value of specific
gravity than said liquid refrigerant.

19. A refrigerant circulating system according to

claim 13 wherein the refrigerating oil is nonflammable.

{
20. A refrigerant circulating system which comprises

the interconnection of:
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reversed, and the functions of the evaporator and the- condenser can be
swapped mnth each ot her’ The refrlgerant C|rculat|ng system of the

i nvention designe d above mainly uses a r effi FtethBWﬂRsﬂTaced
essentially contai m ,"l&ml) m’bon and a refriger at
whi ch shows sol ubi d refrigerant when c

non-sol ubility or |OM/SO|ubI|Ity when evapor at ed. Therefore nlis
high in electrical insulation and in noisture resistance, and |s hlgh in

r,n into the
reliability since %h%&%ﬂ:éé%é?“%% P%fgﬁéjlij gaseous refrigerant

optionally containing a liquid refrigerant while discharging
it as a high-pressure gaseous refrigerant;

a throttle mechanism for reducing the pressure of a
liquid refrigerant optionally containing a gaseous
refrigerant;

a condenser for condensing the high-pressure gaseoes
refrigerant discharged from said compressor; and

an evaporator for vaporizing the liquid refrigerant
or gas-liquid phase refrigerant_leaving said throttle
mechanism, and in which systeﬁ a refrigerating oil for
performing the function of lubrication, sealing or the like
is contained either within said compressor provided in said
system or in a separate tank or the like, part or all of said
refrigerating oil being exposed to the refrigerant
atmosphere, characterized in that said refrigerant is a
hydrofluorocarbon based mixture of non-azeotropic
refrigerants, and that said refrigerating oil is lighter than
said liquid refrigerant and dissolves only slightly in the
latter.

21. A refrigerant circulating system which comprises
the interconnection of: )

a compressor that draws in a gaseous refrigerant
optionally containing a liquid refrigerant while discharging

it as a high-pressure gaseous refrigerant;
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conpr essor. The conpressor in refrigerant circulating systens
generally has a refrigérating oil carried over into the ‘refrigerant

circuit in an anount of at |east 0.5% by weight of the ciggukatin B}{TReplmd

refrigerant. Theeru ujllmllumi |UI frigerating oil used is s

wei ght factor of UEROAINT® [iquid refrigerant is 0.3 H H“%r
the condensing pressure and tenperature conditions, the ex :
refrigerating oil which cannot dissolve in the liquid refrigerant wll

stay near the rear end of the pipe t_hrough ] -
a throttle mechanism for reducing the pressure of a

liquid refrigerant optionally containing a gaseous
refrigerant;

a condenser for condensing the high-pressure gaseﬁhs
refrigerant discharged from said compressor; and

an evaporator for vaporizing the liquid refrigeraﬁt
or gas-liquid phase refrigerant leaving said throttle |
mechanism, and in which system a refrigerating oil for
performing the function of lubrication, sealing or the like
is contained either within said compressor provided in said
system or in a separate tank or the like, part or all of said
refrigerating oil being exposed to the refrigerant
atmosphere, characterized in that said refrigerant is a non-
azeotropic mixed refrigerant based on at least one member of
the group consisting of fluorocamine, fluoroether,
fluoropropane, fluoroethane, fluorosilane or fluorosulfur and
thaf said refrigerating oil is lighter than said liquid
refrigerant and dissolves only slightly in the latter.

22. A refrigerant circulating system according to
claim 20 or 21 wherein at least one constituent of the mixed
refrigerant is an inflammable refrigerant.

23. A refrigerant circulating 'system wﬁich compr%ﬁes
the interconnection of:

a compressor that draws in a gaseous refrigerant
optionally containing a liquid refrigerant while discharging

it as a high-pressure gaseous refrigerant;
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t he condenser in which-the refrigerant is |liquefied to: fI
23 at a very.slow rate.and, as a result, the refrlgeratlﬂ

depleted in t When using refr
polarity such mrmqmamlllﬂﬂ |mgr bons one nust al so use ref
of :

as 11|

eplefed
gh

a throttle mechanism for reducing the pressure of a
liquid refrigerant optionally containing a gaseous
refrigerant;

a condenser for condensing the high-pressure gaseéus
refrigerant discharged from said compressor; and

an evaporator for vaporizing the liquid refrigerant
or gas-liquid phase fefrigerant leaving said throttle |
mechanism, and in which system a refrigerating oil for
performing the function of lubrication, sealing or the like
is contained either within said compressor provided in said
system or in a separate tank or the like, part or all of said
refrigerating oil being exposed to the refrigerant
atmosphere, characterized in that said refrigerant is a
mixture of refrigerants at least one of which is inflammable
and that said refrigerating oil is lighter than said liquid
refrigerant and dissolves only slightly in the latter.

24. A refrigerant circulating system according to
claim 23 wherein the refrigerating oil is nonflammable.

25. A refrigerant circulating system according to
claim 20, 21 or 23 wherein the temperature for separation
into two layers, one being the refrigerant and the other
being the refrigerating oil, is equal to or higﬁer than th?
condensing temperature. |

26. A refrigerant circulating system which comprises

the interconnection of:
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hi gh polarity in order to insure good solubility between the two

conponents so tha frigerating oils wll not stayhsﬂnﬂﬂh83¢
refrigerant near m ﬂ/’gm” he pipe through the ver,
refrigerating oils*ofc aﬂréywty whi ch have sol ubili st 7%
are so high in.their abllltystO*absorb noi sture that there |s h|g

| i keli hood for the refrigerating oils to be carried over in |arge anounts

into the refrigerating circuit, which can potentially deteriorate

I ri | insul ion or i ir . th hem I il refri geran
?e???gefgtingsgi?gagﬁagpres %r tha% d%a%g‘g% aS%%%eou%yrefrfae éﬁ%Eits’

optionally containing a liquid refrigerant while discharging
it as a high-pressure gaseous refrigerant;

a throttle mechanism for reducing the pressure of a
liquid refrigerant optionally containing a gaseous
refrigerant;

a condenser for condensing the high-pressure gaseoﬁs
refrigerant discharged from said compressor; and

an evaporator for vaporizing the liquid refrigerant
or gas-liquid phase refrigerant leaving said throttle
mechanism, and in which system a refrigerating oil for
performing the function of lubrication} sealing or the like
is contained either within said compressor provided in said
system or in a separate tank or the like,'part or all of said
refrigerating oil being exposed to the refrigerant
atmosphere, characterized in that said refrigerant is based
on the hydrofluorocarbon, that said refrigerating o0il has a
small value of specific gravity than said liquid refrigerant
and that a maximum of the temperature for separation into two
layers, one being said refrigerating oil and the other being
said liquid refrigerant, is equal to or higher thgn the |

condensing temperature.
¢
27. A refrigerant circulating system which compriées

the interconnection of:
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even the insulator used in the notor. The present invention.has-
been acconplished in order to solve these problens of the prior art and it

is characterized by using a refrjgerating oil having BifcHeesHas age y
that the weight f “‘M MﬁLipninaliquid refr i

range of 0.5 to Amﬂmm i “@ nsing pressure and t

conditions. Inithe*irverdtion, the refrigerating oil that has been carried

over fromthe 'conpressor into the refrigerant circuit can positively be

returned into the conpressor. As _a further advantage, the _ . -
a compressor that draws in a gaseous refrigerant

optionally containing a liquid refrigerant while discharging
it as a high-pressure gaseous refrigerant;

a throttle mechanism for reducing the pressure of a
liquid refrigerant optionally containing a gaseous
refrigerant;

a condenser for condensing the high-pressure gaseoﬁs
refrigerant discharged from said compressor; and

an evaporator for vaporizing the liquid refrigerant
or gas-liquid phase refrigerant leaving said throttle
mechanism, and in which system a refrigerating oil for
performing the function of lubrication, sealing or the like
is contained either within said compressor provided in said
system or in a separate tank or the like, part or all of said
refrigerating oil being exposed to the refrigerant
atmosphere, characterized in that said refrigerant is based
on at least one member of the group consisting of
fluorocamine, fluoroether, fluoropropane, fluoroethane,
fluorosilane or fluorosulfur, that said refrigerating oil has
a smaller value of specific gravity than said liquid |
refrigerant, and that a maximum of the temperature for
separation into two layers, one being said refrigerating o;l
and the other being said liquid refrigerant, is equal to or

higher than the condensing temperature.
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refrigerating oil is lowin noisture absorption and .
24 contributes to the-production of a highly reliable refrigerant
circulating system -~ The area in the systemwhere there is the

possibility for the sfl‘ﬂlﬁ"ﬂ”lﬂ”ll“ftﬁm efrigerating oil to qgliglélﬂietl}lliilllgeeiliqiiced

28. A refrigerant circulating system according to

claim 1, 2, 18, 20, 21, 23, 26 or 27 wherein a saturated

water content of said refrigerating oil is less than 300ppM.
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pi pi ng-that extends from part of the condenser (usually in the second half
and on the side nmuch closer to the exit but if the ci:rculation of the
refrigerant is low, it may sonetinmes occur that.the sole presence of the
liquid already starts in areas fairly upstream t héhicthaed&askze) qum&me

throttle and there has been potential hazard of 0|I t he
conpressor in the case where its oil content decrea t he
| ength of the piping fromthe exit of the condenser Ie S

great . The condensing pressure is determ ned by t he
ABSTRACT OF DISCLOSURE

A refrigerant circulating system that uses a highly
polar refrigerant, as typified by a hydrofluorocarbon-based
one, and a refrigerating oil that has slight solubility with
a liquid refrigerant on the condensation side. And, a
refrigerant circulating cycle that uses a highly polar
refrigerant, as typified by a hydrofluorocarbon-based one,
and a refrigerating oil that has a slight solubility with a
liquid refrigerant and which has a greater specific gravity
than the liquid refrigerant. Thereby, it is provided a high
electrical insulation and moisture resistance, good oil

return to the compressor, and high reliability.
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condensi ng tenperature condition and t-ryg,-ref rigerant .characteristics. The
condensing tenperature-i's deternmined not only by the tenperature of the
at nosphere where the condenser of the refrigerant circul ating system of
interest is placed but also by the bal ance between the perfornmance
(heat - exchange efficiency) of the condenser and the |latent heat-of. the_

refrigerant. For exanple, refrigerators typi Ca!'l'h%,s

at nospheres having tenperatures of 0 to 45[err]C and, in ,?rﬂeH"lsJS;g@Lpr}acbre
T

condensi ng tenperature (depending on the
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perforgance of the condenser in the refT{ggerator) is O[err]Cto 15[err]C
at an atnosphere's tenperature of Of[err and 45[err]Cto 68[err]C :
25° at an atnosphere's tenperature of 45[err]C. On the other hand, the
condensing pressure in that case is determ ned by the

This Sheet Has Been Replaced
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characteristics of the refrigerant usediﬂ&f R134a is used as the
refrigerant, the condensing pressure is 1.96 kg/cnerr]G at a condensing
tenperature of O[err]C and 19.6 kg/cnRG at a condensing tenperature. of. .-
68[err] C Whet her the polarity is high or lowis a matter of
relativism In the context of the invention, hydrofluoroﬁhméanbﬁﬂékaﬂ@phwd
"third generation" refrigerants such as £l voro- am ne,

fl uoropropane, fluoroethane, fluorosilane and quorosquu

t han CFCl2 or HCFC22. As for refrigerating oils, aIkbeenze
poly-[err]-olefins, etc., are
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| ess polar than ester oils and PAG in the%éﬁ?or art. _ Speaki ng of

t he .ease of dissolution-generally, any two substance$ having high polarity
or low polarity are highly soluble in each other. Hence,

hydr of | uor ocar bons of conparatively high polarity wll dlssolve only ester
oils, PAG and |like substances having high polarity. Waf fﬂkgfksBamh

of conparatively high polarity and, accordingly, it mAII Ive
in ester oils and PAG which al so have high polarity. In H ils
that will easily dissolve in hydrofluorocarbons have great a

absorb
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nmoi sture. Conversely, oils that will not e%gfy di ssol ve in
hydrofl uor ocar bons havé smal| ability to adsdorb noi sture. When
using refrigerants of high polarity such as hydrofl uorocarbons, one nmust

al so use refrigerating oils of hi gh
polarity in order to insure good solubility between theTthmﬁuhsmwnmmmwd
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two comnponents so that the refrigerating%ﬁrls will not-stay in the liquid
refrigerant near the rear end of the pipe through the:condenser. However,
refrigerating oils of high polarity which have solubilities of at |east 7%
are so high in their ability to absorb moisture that there is high

l'i keli hood for the refrigerating oils to be carri eHliS@h&thismeed@ﬁgg anmount s

into the refrigerant circuit, which can potentiall fectrical
insulation or inpair the chemcal stability of ref f Hl, ’Figerating
oils and even the insulator used in the notor. ! -
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Speaki.ng of polarity, a certain substa%Z€ Is said to have polarity if the
center of gravity of a.positive charge in the nol eculmxsdmsﬁaseben 1®edvm th
that of a negative charge. A certain chenm cal bond als ave
polarity if there is unevenness in p03|t|ve or negatlve ctric
polarity is generally meant by the term "polarity". ar| there
I's high probability for easy access to igns of opp05|te S|gn or atonB of
pol ar bond, thereby causing effects on adsorption, reaction rate,

di el ectric constant, etc.
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As al ready nenti oned, hydrofluorocarbon%%%HFC) or refrigerants such as
fl uoroam ne, fluoroether,, fluoropropane,/ fluoroethane, fluorosilane and
fluorosul fur are promsing refrigerants that could replace CFCl2 and
HCFC22 which are on the list of materials that neaﬁgQﬁﬁMﬁqu&ﬁ&%hgﬁ
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di sused in view of the environnental pro/?ms t hey have caused.

Hydr.of | uorocarbons geperally are nore poI ha CFC12 and HCFC22 and
refrigerating oils that have low solubility W|th hydr of | uor ocar bons are

generally lowin polarity. Hence, those refrigerating of#isShattiHe$Bean Red laaw
in solubility with refrigerants having high polarity suc
hydr of | uor ocarbons are hard to adsorb noi sture having hig yﬂ%
result, the carryover of noisture into the refrigerant circul ati ng

S suppressed and there is l|ess likelihood for deterioration not only in
el ectrical
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i nsul ation but also in hydrolyzable mat®tials such as those organic

mat eri als which are used in the conpre 5? wher eby -6ne can prevent
deterioration in the perfornmance of the refrigerant cirgulating system
whi ch woul d otherwi se occur if the deteriorated materia 4%&@ nulated in.
the throttle mechanism Hydr of | uor ocar bons (HFCD

refrigerants that could replace CFCl2 and HCFC22 -whi ch w ceﬁf
materials that need be used less or totally disused in view /%'

envi ronnment al probl ens they have caused. However,
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such_hydr of | uor ocarbons do not contain: chil,ér ne atons.in the nolecule, so
unl |'k CFC12 and HCFC22: whi ch haye chlorine nol ecul es; they are not
expecv’ed to offer such as advan?’ Phat the sliding part of the
corrp;'essor which is pl aced unde.r/ oundary | ubri cation coﬁhisSheamﬁsEéa
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‘Q
chlgrj.deron the nmetal surface, thereby/i'r roving in wear resi-st -
' i ¥t yawhth hydroftuorocarbons have
re viscosity index) and, hence,

Fur t hery

ester oils having. high sol ubi

| ow extrene pressure quality (high-
i ncrrease the chance for

t o # he

boundary | ubricati

napht heni ¢ oi | s .whi ch f

circulating systemt;
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Therefore, refrigerant circul ating S)}g j¢ns that use hydrofluorocarbons as
refrigerants, particularly in the cas where sol uble &ster oils are

enpl oyed as refrigerating oils, have encountered a problemw th the vwear
resistance of the sliding part of the conpressor. The present

i nvention has been described above with reference t ThifiShe@Haipder RépbaL-
relates to the use of a hydrofl uorocarbon-based singl
refrigerant. It should, however, be noted that when | mEHﬂIHHJt hei r

nol ecul ar structures, "third generation refrigerants”
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I ncludi ng fluoroam ne, fluoroether, fﬂqagopropane, f | uor oet hane,

fl uorosi’l ane and fluorosul fur are all ‘considered to Have high polarity,
too, and that they are anticipated to exhibit conparable actions and
advantages to hydrofl uorocarbons. 29
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Further, the refrigerant circul ati ngls pgem of the invention uses a
refr1gerat|ng oi I having | ow solubility wth refrigerants and, hence, the
oil islowin polarity-'and hard to adsorb noisture having high pol arlty
therefore, it effectively prevents not only the deterT}ﬁerhbatHasBennRepla'ef
electrical insulation but also the drop in the perfor \ $tem
due to the accunul ation of deteriorated materials in th

mechani sm The refrigerant ci rcul ati ng system e |nvent| on
whi ch uses the refrigerating oil having |low solubility offers

FIG. 16
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anot her advantage in that the viscosity of the liquid being supplied to
the sliding part is nmaintained at a sufficiently high level to reduce the
chance of seizure and other troubles in the sliding part, thereby
improving the reliability of the system Enbodiment 2 = ..— A
second enbodi nent of the invention mﬁl{ ?g described wth reference to
Fig. 3. Fig. 3 shows an exanple of a £ | ger ant CIFCU|§I 74 BShR qﬂﬁe i ch

is applicable, for instance, to a |arge capacity air fﬁ ‘i “““\“ Fi g.
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ref erence nuneral 1 designates a conpressor for conpressing a refrlgerant
gas; 2, a condenser for condensing a high- pressure ref erant gas

di scharged fromthe conpressor 1; 3, a capillary tube; fﬁuaﬁgq

8, arefrigerant liquid pooling accunulator having a fun

an
the quantity of refrigerant; 6, a refrafdt ating nachine W ”If

FIG. 2
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30 inthe conpressor 1 to lubricate the sliding parts of the conpressor
1 and to seal the conpressing chanber thereof; and 5, a 4-way val-ve-for
reversing the direction of flow of the refrlgerant When a
refrigerating machine oil 6¢c is at the evaporating pr e’&s@h@tlém@e@tRePIPFéd

evaporating tenperature, it shows no Sf@ility with a rant
7a or islowin solubility. Therefore, a layer of refri

oil 6c is forned over the liquid refrigerant 7a. A | ead-out pi pe

()
<«
— P —d
—
v
K . O
Iy
TN
A% | || |
N e
N 3
N U
T s Al |
Hm o -:F : I
]
m
-
—
n

}]

]
]
{
|
i
]
|
|
|
]
_l

O

—_——— e ———— e — ————
’
’
7

AIAE AR ENE NN
BERERRRRLARARARE

]
]
|
|
i
|
L

z




81 is provided inside the accunmulator 8, to nove the refrigerant out of
the accunul ator 8. The | ead-out pipe 81 has oil returning holes 82a, 82b,
82c and 82d different in height as neasured fromthe bottom 8a of the
accurul ator 8, so that the refrigerating machl ne oil 6¢c in the accumnul ator
8 is positively returned into the conn{pgﬁs : This Eineraths BRA Rep? aced
A third enbodi rent of the invention e descrl bed w
Fig. 4. Fig. 4 is an explanatory diagram show ng the arrzmmmmmﬁﬂﬂ
refrigerant circul ating system
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which is applicable, for instant, to an air conditioner which is installed
on a window of a roomwith its inside and outside parts as one unit. In
the enbodinent, the refrigerant pressurized by the conpressi ng mechani sm 1
of a conpressor 1 is discharged into the closed cont ai ner en Heflgked

conpressor 1, and then led out of it tRrOfgh a di scharis Sk ce,
t he refrlgeratlng machine oil 6 stored in \\“\ \ \\ \‘\
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31 the bottom of the conpressor 1 is in a refrigerant space on the high

pressure side, and the refrigerating nachine oil contained in the —
di scharged refrigerant gas drops by its own weight while noving fromthe
cl osed container to the. discharge pipe 14. Accordingly, the m XI 1aced

percentage of the refrigerating machige/4g | in the refrlgﬁsr%t
di scharged through the discharge pipe 14 is extrenely | ow, “

solubility is lower than the solubility of the refrlgeratl
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machine oil with the liquid refrigerant at the condensing pressure.

Therefore, the refrigerating nmachine oil discharged fromthe conpressor
is positively returned into the latter 1. The refrlgerant eplaced
circulating systemof the invention insures that the refhs

which is used for conpressor Iubricatgﬁgﬁ sealing and oth ?ﬁ}“m
flow out in small quantities to the c enser, throttle

evaporator; at the same tinme, the conpressor wll dlscharge onIy alimted
amount of oil and, hence, the
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fefrigerating oil that has flowed out can positively be returned to the
conpressor, thereby preventing the drop in the heat-exchange efficiency of

t he condenser and the evaporator. Thus, even in tH a )
bottom of the conpressor to contain refrigerating oils is | l
hi gh- pressure side, the use of |ess solgyge refrigerating oi

af orenenti oned problem of the prior art sinc
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32 there occurs only a small change in viscosity due to the difference
in the solubility of the refrigerant in the oil. Therefore, by selectin
an appropriate viscosity for the |lubricating oil, not oﬂ‘yshwaasrmlen&@w

of the sliding part of the conpressor in the case where t\“\‘ “mﬂ““

whi ch 9/16
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the oil is placed has high pressure but also the efficiency in the case of
| ow pressure are assured. Enbodi nent 4 A fourth

enbodi ment of the invention will be described with reference to Fig. 5.
Fig. 5 is an explanatory diagram show ng the arrangenent.. h @edlRed
circulating systemwhich is applicali(e/16for instance, tghl%hea}fagﬁ& i :
In Fig. 5, reference nuneral 9 designates a check val ve M‘M]‘“‘mtﬂﬂmt ed
bet ween a conpressor 1 and an evaporator 4. The refrigera .
refrigerating machine oil are
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substantially separated fromeach other, and therefore the viscosity of
the refrigerant only is lower than that of the refrigerant in which the-
refrigerating machine oil is dissolved. Hence, when the conpressor 1 is
not in operation, the refrigerant not mxed is lowin visc ggh%gmaﬂdmheﬁh
in fluidity, and therefore a |arger partigof the liquid ™

col l ected above the refrigerating machine oil 6a by separ hed
to flow back to the evaporator 4 through the gaps of the [ rts in
the conpressor 1. As a result, the tenperature of the evaporator 4 is
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I ncreased, and the power consunption of the refrigerator is

33 I ncreased. In order to elimnate this difficulty, the check valve 9
is enpl oyed. That is, the check valve 9 is connect ed bet ween the
conpressor 1 and the evaporator 4 to suppress the bachisfShentsB "“iﬁiird

refrigerant, thereby to prevent the rﬂ@ﬁ'mn \“\‘ “‘““l
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tenperature of the evaporator 4. It goes wi thout saying that the check
valve 9 may be replaced with any neans for preventing the back fl ow of the
refrigerant. Enbodi ment 5 A fifth enbodi ment of the
invention will be described wth reference to Fig. 6. Fig. 6 is an

expl anatory di agram showi ng the arranggmgt of a refrig é%@ﬂﬁuﬂﬁyh@£jeg
system which is applicable, for instance, to an air cond onIy
for cooling a room The refrigerant pressurized by the <c MWHTI,
mechani sm 3 of a conpressor 1 is discharged into
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t he cl osed container 11 thereof, and then |led out of the conpressor 1
t hrough a di scharge pipe 14. The refrigerant gas inIet end 1l4a of the
di scharge pipe 14 is confronted with the center of ﬂhﬁamd338ﬁhm@hm%ﬂi
is mounted on the upper end of the rotor 12a of an electrlc FL

the refrigerant gas inlet end, the rdflyfigerating machi ne oi | Eem
specific gravity is scattered around by the centrifugal force.

m xi ng percentage of the refrigerating machine oil in the refrlgerant gas
di scharged through the discharge pipe 14a is extrenely low, and its-
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solubility is much |lower than the solubility of the refrigerating machine
oil with the liquid refrigerant at the

34 condensi ng pressure. Therefore, the refrigerating machi ne oi

di scharged fromthe conpressor 1 is positively returned into the latter. 1

15/16 This Sheet Hag Been Replaceq -
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Enbodi ment 6 A sixth enbodi nent of the invention will be described
with reference to Fig. 7. Fig. 7 is an explanatory diagram show ng the
arrangenment of a refrigerant circulating system which-is applicable, for
instance, to a refrigerator. Wen the refrigerant gas discharged froma
conpressor 1 is conveyed through an oih ?ﬁgarator 20 t ShinShsetdlas Boyn Reddcat]
to a condenser 2, the refrigerating nacé oil is separ by
means of nets 83 provided in the oil separator 20. The 1 ;
machi ne oil thus separated is sucked to return '

FIG. 16
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~through an oil returning pipe 21 extended fromthe oif separatormﬁﬁﬁ
through_a_sucti.on_pipe 15 to the conpressor 1, Jthus p03|t|vely Iubrlcatlng
and seallng"he é@npressor 1. :=The m xing percentage of the reﬁrlgeratlmg
machi neioi _Lthev-rﬁfrlgerant‘gas mhlch goes I nto the condenger -2 j:s: 7.
extrenel§ wlowgy : I ] d 5ﬁthat“of the- Mefrlgerammng
nachlne I: ] condensi ng:pressure. - -

RE?LACEMENT SHEET REFRIGESII'{I;NT CIRCULATING SYSTEM
2 2NOV 1996

I BACKGROUND OF THE INVENTION

This invention relates to a refrigerant circulating
system which uses a refrigerant which essentially contains
hydrofluorocarbon or third generation refrigerants.

An example of a conventional refrigerant circulating
system is as shown in Fig. 14.

As indicated by the publication "Tribologist)" Vol.
35, No. 9 (1990) pp. 621 to 626, in forming a refrigerating
machine using an HFCl34a refrigerant containing
hydrofluorocarbon, PAG (polyether) or ester refrigerating
machine oil is employed, because the solubility of the
refrigerant and the refrigerating machine o0il is one of the
important factors determining the performance of the
refrigerant circulating system. The conventional
refrigerant circulating s?stem shown in Fig. 14 is a
refrigerating machine usiﬁg an HFCl34a refrigerant. 1In Fig.
14, reference numeral 1 designates a compressor for
compressing a refrigerant gas; 2, a condenser for condensing
a high pressure refrigerant gas discharged from the
compressor 1; },,a throttle mechanism; 4, an evaporator; 5, a
4-way valve.haﬁiné a function of reversing the direction of
flow of thelrefrigerant; 8, an.accumulator adapted to adjust

the quantity of refrigerant; and 6, a refrigerating machine



t he operation'of the system The net may be so prOV|§a§55§:‘to SLUJEﬁﬁh t he
end portion of the discharge pipe 14 in the oil sepfrator

35 The refrigerating machine oil 6 in the 30 t
conpressor 1 is held under the evapor.ating pressure, ?gngV'B86
2

oil kept in the compressor 1 to lubricate the slide parts of
the compressor 1 and to seal the compressing chamber thereof,
the oil.being PAG 6a or ester refrigerating machine oil 6b.

The behavior of the oil in the system will be
described. The refrigerant compressed by the compressor 1 is
supplied into the condenser 2. A larger part of the
lubricant 6a or 6b used for lubricating the compressor and
sealing the compressing chamber returns to the bottom of the
compressor; however, the lubricant 6a or 6b which corresponds
to about 0.5 to 3.0% of the refrigerant by weight is
discharged together with the refrigerant from the compressor.
The oil 6a or 6b thus discharged is soluble with the
refrigerant. Therefore, it flows smoothly through the
condenser 2, the capillary tube 3, and the evaporator 4 into
the accumulator 8, where it is dissolved in the excess of
liquid refrigerant 7a, thus returning through an oil
returning hole 82 into the compressor 1. Hence, the
lubricant 6 is kept in the compressor 1 at all times, thus
performing the lubrication satisfactorily.

Another example of the conventional refrigerant
circulating system is as shown in Fig. 15.

Heretofore, as disclosed by Japanese Patent
Unexamined Publication (Kokai) Hei-5-17789/(1992),
refrigerant circulating system employing a refrigerant
mixture containing an inflammable réfrigerant HFC32 uses a

refrigerating machine oil'such-asjester::gﬁrlgeratlng machine
' ', e, A g P
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0|I 6 and the refrigerating machine oil 6c in an acc@ﬁyiator “&’&H@HT
scarcely dissolved in the liquid refrigerant. Howevdr, 'Slnce the -spedific
wei ght of the liquid refrigerant 7a is substantiallly 2%@ éﬁt off the
refrigerating machine oil 6c, they are m xed substantla ﬁJ ' nce,
even when a |arge quantity of liquid ré?rlgerant 78 i Fnllected_L he
accunul ator 8, the refrigerating machine oil is p03|t|vely ret urned

t hrough t he oiI returning hole 82 of the |ead-out Hpe-—8+—+hte—the

compressor loiMntff €ASEo1RBEELEDe | Ayl d1s" ShbldChANk 73 dona Qlierad into

t he conpr ESSOI’ I nce
using a refrigerant mixture of HFC32, HFC125 and HFCl34a. 1In
Fig. 15, reference numeral 1 designates a compressor for
compressing the refrigerant gas; 2, a condenser for
condensing a high pressure refrigerant discharged from the
compressor 1; 3, a throttling mechanism; 4, an evaporator; 5,
a 4-way valve for reversing the flow of refrigerant; 8, an
accumulator having a function of adjusting the gquantity of
refrigerant; and 6, a refrigerating machine oil used for
lubricating the slide parts of the compressor 1 and sealing a
compression chamber. More specifically, the refrigerating
machine oil is an ester refrigerating machine oil 6a.

The refrigerant sucked into the compressor 1, after
cooling an electric motor 12 in.a closed container 11, is
compressed by a compressing mechanism 13, and discharged
through the 4-way valve 5 into the condenser 2. In this
operation, the refrigerating machine o0il 6 pooled in the
bottom of the closed container 11 is exposed to the
atmosphere of the refrigerant sucked into the compressor, and
a large quantity of refrigerant is dissolved into the
refrigerating machine oil 6, because the latter 6 is high in
solubility.

The conventional HFCl34a refrigerant circulating
system is designed as described above. The PAG (polyether)
6a has a volume resistivity of 10’ to 10!° Qcm, and a

saturated water content of about 25000 ppM; whereas the ester



refrigerating machine oil 6 collected therein and th
7a are m xed substantial 'y equally, the systemis fie
that only the liquid refrigerant 7a is sucked up thfjodg ' u
hole 17 fornmed in the |owest end portion of the co h%?rhqvhi?,%l
refrigerating machine coil correspondingtto the mx
sucked up,
Enmbodi nent 7 A seventh enbodi ment of the in
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thus lubricating and sealing the conpresdor.

refrigerating machine oil is superior in characteristic to
the PAG, having a volume resistivity of 10! to 10! Qcm, and
a saturated water content of about 1500 ppM. However, those
oils are much inferior in electrical insulation and
hygroscopicity to a CFCl2 refrigerating machine oil which is
10 Qcm in volume resistivity and about 300 ppM in saturated
water content.

Hydrofluorocarbons (HFC) are promising refrigerants
that could replace CFCl12 and HCFC22 which are on the list of
materials that need be used less or totally disused in view
of the environmental problems they have caused.
Hydrofluorocarbons generally are more polar than CFCl12 and.
HCFC22 and refrigerating oils that are highly soluble with
such hydrofluorocarbons are also generally high in polarity.
Hence, those oils which are soluble with hydrofluorocarbons
tend to absorb moisture having high polarity. As a result,
moisture will be carried over into the refrigerant
circulation system and there is high likelihood for
deterioration not only in electrical insulation but also in
hydrolyzable materials such as refrigerating ester oils and
those organic materials which are used in the compressor. If
the deteriorated materials accumulate in the throttle
.mechanism, the performance of the refrigerant circulation
system can potentially drop.

Hence, in assembling the refrigerant circulating

system, it is necessary to shorten the period of time as much



Agnam

described with reference.to Fig. 8. Fig. 8 is an ig;@qmgg
showi ng the arrangenent of a refrigerant circul at} =Syt

S

applicable, for instance, to an air conditioner.| The refrigeratiing machine
G

oil 6, such as . 2 ZNOY 1996 udr

in a conpressor 1 is under the 5

-car bon,

as possible for which the system is left open in the air.

That is, the production of the refrigerant circulating system

suffers from a number of problems in handling the components.

Furthermore, the system involves the following problems: If

a large quantity of water content enters the system, the

formation of sludge is accelerated, or the water content is

freezed to close the throttle mechanism, thus impeding the

cooling operation.

In addition, the conventional HFCl34a refrigerant

circulating system is disadvantageous in the following

points: 1In servicing the system for instance by repairing or

replacing the components of the system, because of the high

hygroscopicity of the refrigerating machine oil the water

content of air is adsorbed on the refrigerating machine oil,

so that the capillary tube or the expansion valve of the

throttle mechanism is liable to be closed being freezed. 1In

addition, the water content accelerates the hydrolysis of the

ester oil, thus forming sludge. Furthermore, the water

content accelerates the hydrolysis of polyethylene

terephthalate employed as the insulating material of the

motor, thus forming sludge. 1In order to eliminate the above-

described difficulties accompanying the manufacture of the

refrigerant circulating system or the service on it, it is

necessary to more sufficiently remove the water content from

the refrigerating machine oil and from the refrigerant

cycling system than in the system using a CFCl12 refrigerant.



tT Wmehi nanei
in an accunmul ator 8 are scarcely dissolved in a IiaﬁPBA?EP’Tger £
HFC134a. The specific weight of the refrigerating hi
1.9 times as large as that of the li.quid refrigeraht] 722N0¥r@%6r
refrigerating nmachine oil (6 and 6¢c) isfkept in thejfprmof a
bottom of the accunulator in such a manner that th
froma layer of liquid refrigerant 7a. Hence, eveniwhen a |l a
?LfL:Sngt{ﬁgﬁh%Eafﬂ%oZ? i{Sigokégggggr§ntgh5rggga a gﬁeg’iBh%he

refrigerant cycling system so as to complement the water

content.

If a refrigerant is used together with a highly
soluble refrigerating oil, the amount of the refrigerant that
is dissolved in the refrigerating oil will increase rapidly
as the temperature of the oil or the refrigerant in contact
with it approaches the saturation point of the latter at the
pressure of the atmosphere in which the refrigerating oil is
placed. Since the refrigerating oil is diluted with a less
viscous refrigerant, the above phenomenon will cause an
extreme drop in the viscosity of the liquid being supplied to
the sliding part and its lubrication characteristics will
deteriorate to potentially cause seizure and other problems.

In the case where the bottom of the compressor to
contain a highly soluble refrigerating oil is located on the
high-pressure side, the solubility of the refrigerant will
increase in the high-pressure atmosphere in the compressor
where the areal pressure at the sliding part increases to
require better lubrication characteristics and, hence, thg
viscosity of the liquid being supplied to the sliding part
will drop and its lubrication characteristics will
deteriorate to potentially cause seizure and other problems.
Therefore, in the case under consideration (i.e., the bqttom
of the compressor to contain a highly soluble refrigerating

oil is located on the high-pressure side), it has been common



oil is positively returned through the oil returni A mwdu{%'ﬁ\ead-out

pi pe 81 into the conpressor 1. In the case where gl d refreger ant 7a

is returned into the conpressor 1, it is stored inf fhe forr{)%?éa {ayer

above a layer of refrigerating nachine oil 6 kept |t er22M0 etole,

only the refrigerating nmachine oil is sicked up tHrqugh an oil_sugking

hole 17 in the | owest end portion of the conpressqr, thus lubricating and
In the system the refrfigerant esseptt-atty

sealing the latter.

contains  hydrof] uorqcarben, L ddie SI#FLARLA NG BN 0 Plbw of its

dissolution under high pressure but this presents a problem
in a low-pressure atmosphere. That is, the liquid to be
supplied to the sliding part becomes extremely viscous due to
small dissolution of the refrigerant and the mechanical loss
caused by shear stress in the oil at the slide bearing or the
like increases in its ratio to work of compression, leading
to a lower efficiency.

Speaking also of the case of using a highly soluble
refrigerating oil, the part of the oil which'leaké out of the
oil seal portion towards the suction side of the compression
space contains a large amount of refrigerant, which will be
expanded and compressed again in the compression cycle,
causing loss and subsequent decrease in efficiency.

In the case where, in the conventional refrigerant
circulating system, a refrigerant mixture containing at least
an inflammable refrigerant is employed; more specifically, a
refrigerant mixture containing an inflammable refrigerant
HFC32 and nonflammable refrigerants HFC125 and HFCl34a, is
employed, large quantities of the refrigerants of the
refrigerant mixture are dissolved in the refrigerating
machine oil, because the latter is high in solubility. 1In
this case, the quantities of the refrigerants dissolved in
the refrigerating machine oil depend on the polarities of
them. Fig. 16 indicates the solubilities of HFC32, HFC125

and HFCl34a with respect to ester refrigerating machine oil.



éssentially contai ns chl orof | uorocarbon polynmer, pejH-serocarhan_polymer,
per fl uoroal kyl pol yet her, denatured silicone, chIorii&WﬁAGﬁWﬁ%ﬂﬂﬁﬁ?ﬁT
conpound. ~ Enbodi ment 8 _ _ e  Sefem
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The refrigerants HFC125 and HFCl34a relatively low 1n
polarity are dissolved in the refrigerating machine oil more
than the refrigerant HFC32 relatively high in polarity. As a
result, the mixing ratio of the refrigerant mixture in the
refrigerant circulating cycle which is not dissolved in the
refrigerating machine oil yet, may change into a mixing ratio
with which it is inflammable, because the rate of the
refrigerant HFC32 which is inflammable when isolated is
increased with respect to the mixing ratio which it had
before put in the refrigerant circulating cycle and was
detected nonflammable. Hence, if the refrigerant mixture is
discharged into the air by accident, and an igniting source
is present near it, then it is ignited, and it may cause a
fire.

A conventional refrigerant circulating system using a
refrigerant mixture containing a plurality of refrigerants at
least one of which is inflammable, employs an inflammable
refrigerating machine oil. Hence, the system suffers from
the following problem: When, because of some failure, the
refrigerant mixture and the refrigerating machine oil are
discharged in the form of mist into the air, and there is an
igniting source near them, they may be ignited; that is, a
fire may be started.

The term "inflammable refrigerant" as used herein is
intended to mean the refrigerant which, upon touching an

igniting source, is ignited if its temperature is in a



described with reference~to Fig. 9. In tkh

he case Whel g Gemwen
refrigerant mxture is enployed which contains a REP CENE@HTSHEET gerants
at | east one of which is inflanmable; nore specif A A ape where

a refrigerant mxture is enpl oyed which consists{o E%ZW';%M t { HFC32
which is flammabl e when isol ated, and r2frigerant|s {H HEC134a
whi ch are non-flammabl e when isolated, a |arge qaritity of refrideqant
will never dissolved in the refrigerating maching oil, because, in{the

refrigerant cllcW & Nl AMA Ldifgd "VEM | OFs APRrg Fatic with air is

a predetermined value. Examples of the inflammable

refrigerant are, for instance, HFC32 (R32), HFCl43a (R143a),
HFC152a (R152a), propane (R290), butane (R600), pentane, and
ammonia (R717). On the other hand, the term "nonflammable
refrigerant” as used herein is intended to mean the
refrigerant which is never ignited by an igniting source
irrespective of its mixing ratio with air if its temperature
is in a practical temperature range. In the above-described
definitions, the practical temperature range is from -40°C to
+100°C.

SUMMARY OF THE INVENTION

Accordingly, an object of this invention is to solve
the above-described problems accompanying a conventional
refrigerant circulating system. More specifically, an object
of the invention is to provide a refrigerant circulating
system which is high both in electrical insulation and in
moisture resisténce, and which is high in reliability with
the manufacture of the system and the service on it
controlled to the conventional level.

Another object of the invention is to eliminate the
above-described difficulty. More specifically, the object of
the invention is to provide a refrigerant circulating system
high in safety which is so designed that, even when the

refrigerant is discharged into the air by accident and there



refrigerating machine oil is non-soluble or slightl . b t he
refrigerant m xture. Hence, the mxing ratio of {pus i xture in
the refrigerant circulating cycle which is not s
refrigerating machine oil yet, scarcely changesfffo

w .u'_,.__.
ot ved N
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the m xture which it had before put inlPhe refr}ger j cycl e
and was detected nonflammable, and will not chahge_int.o.t g ratio
ture is

with which it is flammble. Therefore, even if fhe refrigerant m

ﬂggfhﬁ[gef’t'%f’ the 2lL: Ry sSesidanbar g, e 9ol cHS Rhegens,

no fire is started thereby.

The invention also provides a refrigerant circulating
system that will not allow the refrigerant or oil to be
stagnant in any unsuitable areas in the system.

When using a hydrofluorocarbon-based refrigerant such
as HFCl134a or a refrigerant that is based on fluorocamine,
fluoroether, fluoropropane, fluorcethane, fluorosilane or
fluorosulfur, the refrigerant circulating system of the
invention employs a refrigerating oil that has such a
solubility that the weight factor of its dissolution in a
liquid refrigerant is 0;5 to 7% under the condensing pressure
and temperature conditions.

The refrigerant to be used in the invention is a
mixture of refrigerants including an inflammable one.

The refrigerating oil to be used in the invention has
a smaller specific gravity than said liquid refrigerant.

The refrigerating oil t§ be used in the invention is
based on at least one member of the group consisting of
alkylbenzenes, poly-a-olefins, paraffinic oils, naphthenic
oils, polyphenylethers, polyphenylthiocethers, and chlorinated
paraffins.

The refrigerant to be used in the invention is a
mixture of non-azeotropic refrigerants.

The refrigerating oil to be used in the present

invention is such that, at least in the range of ambient



never be .ignited, and according no fire is started|RERAMBME “HETIRi g, 9
shows one exanple of a refrigerant circulating systemwhich is applied,
for instance, to an air conditioner. The refrigergn ' §ﬁwep§gcked into a
conpressor 1, after cooling an electric notor 12 jn aq%? sed contFiner 11,
is 3811 .

temperatures for the use of the refrigerant circulating
system, it assumes a smaller value of specific gravity than
that of the liquid refrigerant as measured at the same
temperature under the corresponding saturated vapor pressure,
and the refrigerant is a non-azeotropic mixed refrigerant.

The accumulator as a part of the refrigerant
circulating system of the invention has a lead-out pipe that
leads the refrigerant out of the accumulator and which has a
plurality of holes that are different in height as measured
from the bottom of the accumulator.

The system of the invention is provided with a
backflow preventing mechanism either between the evaporator
and said compressor, or between a four-way valve in the
system and a pipe connected to the suction side of the
compressor, or between said accumulator and said pipe
connected to the suction side of the compressor.

The refrigerating oil to be used in the invention has
a greater specific gravity than the liquid refrigerant.

The specific gravity of the refrigerating oil to be
used in the invention is such that, in the temperature range
of -20°C to +60°C, it assumes a greater value than the
specific gravity of the liquid refrigerant as measured at the
same temperature under the corresponding saturated vapor
pressure.

The refrigerating oil to be used in the invention is

based on a chlorofluorocarbon polymer (CIFC) or a perfluoro-
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(FC) or a perfluorocalkylpolyether or a
modified silicone or a chlorinated aromatic compound.

The refrigerant to be used in the invention is a
mixture of refrigerants at least one of which is inflammable.

In the invention, the bottom of the compressor to
contain the refrigerating oil or said separate tank is
located on the high-pressure side of said compressor or said
refrigerant circulating system.

In the invention, means for separating the
refrigerating oil having a greater specific gravity than the
gaseous refrigerant is incorporated in said compressor so
that the weight factor of the presence of the refrigerating
oil being discharged from said compressor as part of the
high-pressure gaseous refrigerant is no higher than the
weight factor of dissolution of the refrigerating oil in the
liguid refrigerant under the condensing pressure and
temperature conditions.

In the invention, an oil separator is connected to
the discharge side of the compressor.

In the invention, the refrigerating oil has no
solubility or only slight solubility such that the weight
factor of its dissolution in the liquid refrigerant under the
evaporating pressure and temperature conditions is 0 to 2%.

The system of the invention comprises the
interconnection of: a compressor that draws in a gaseous

refrigerant optionally containing a liquid refrigerant while
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with reference to Fig. 10. In the case wh g P
I's enployed which contains a plurality of refrigenfants %‘é\?qﬁé onel of

which is inflamuable; nore specifically, in the cage whé erg r ant
m xture i s enployed which consists of a refrigeran
fl ammabl e when isolated, and refrigeradBs HFC 125
non-fl amrabl e when isolated, the refrigerant m xtulfe
dissolved in the refrigerating machine oil, because, in the refrigerant

circulating system-Qind "fr i QyeDthOfn-bPEsS8ELT §858LLEIrefrigerant; a

throttle mechanism for reducing the pressure of a liquid.

refrigerant optionally containing a gaseous refrigerant; a
condenser for condensing the high-pressure gaseous
refrigerant discharged from said compressor; and an
evaporator for vaporizing the liquid refrigerant or gas-
liquid phase refrigerant leaving said throttle mechanism, and
in which system a refrigerating oil for performing the
function of lubrication, sealing or the like is contained
either within said compressor provided in said system or in a
separate tank or the like, part or all of said refrigerating
0il being exposed to the refrigerant atmosphere, and the
system is characterized in that the refrigerant is a mixture
of HFC32, HFC125 and HFCl34a, that said refrigerating oil has
such a solubility that the weight factor of dissolution
thereof in the liquid refrigerant is 0.5 to 7% under the
coﬁdensing pressure and temperature conditions, and that said
refrigerating oil has a smaller value of specific gravity
than said liquid refrigerant.

The refrigerant to be used in the invention is a non-
azeotropic mixed refrigerant based on either a hydrofluoro-
carbon or at least one member of the group consisting of
fluoroamine, fluoroether, fluoropropane, fluoroethane,
fluorosilane or fluorosulfur, and the refrigerating oil is
lighter than the liquid refrigerant and dissolves only

slightly in the latter.
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In the invention, a maximum of the temperature for
separation into two layers, one being the refrigerant and the
other being the refrigerating oil, is equal to or higher than
the condensing temperature.

The invention uses a refrigerating oil having a
saturated moisture content of no more than 300 ppM.

In the invention, a highly polar refrigerant is used
in combination with an oil having low polarity to such an
extent that it will not dissolve in an amount of more than 7%
but will dissolve in an amount of 0.5 to 7%, and this
contributes to the fabrication of a refrigerant circulating
system that has low moisture absorption and which features
effective oil return.

In the invention, a refrigerant that is inflammable
when used alone is mixed with a nonflammable refrigerant and,
further, on account of very slight oil dissolution, the mixed
refrigerant will not vary in composition to become
inflammable.

The refrigerating oil to be used in the invention is
lighter than the liquid refrigerant and may be composed of a
substance of high atomic weight; hence, the oil can be
produced at low cost.

Refrigerating oils that are based on alkylbenzenes,
poly-a-olefins, paraffinic oils, naphthenic oils, polyphenyl-
ethers, polyphenylthiocethers, or chlorinated paraffins have

high viscosities at elevated pressures, provide high
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reliability in the sliding part and exhibit high chemical
stability. They are advantageously combined with
refrigerants having no atom of a good extreme-pressure
property such as chlorine, which are poor in self-lubricating
property.

The use of a non-azeotropic mixed refrigerant permits
only limited transfer of the refrigerant into the compressor'
during prolonged system shutdown.

The accumulator having a plurality of oil return
holes enables the recovery of the oil that has been separated
within the accumulator.

Since the check valve is provided on the suction
pipe, there is no possibility that the low-viscosity liguid
refrigerant which has been separated within the compressor
will leak to the low-pressure side to cause performance
deterioration.

The oil having a greater specific gravity than the
liquid refrigerant has the advantage that it is easily
returned from the accumulator.

The refrigerant circulating system of the invention
has another advantage in that even if the refrigerant is
released into the air atmosphere on account of a certain
trouble or the like and even if there is an ignitable heat
source nearby, the refrigerant will not catch fire and, as a
result, one can avoid hazards such as the occurrence of a

disastrous fire.
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bei ng conpressed by a conpressing nmechanism 13 in ajlclfosed contai ne 1,
cools electric motor 12. Thereafter, the refrigerant] i xp@NOV 49% s¢har ged
through a 4-way valve 5 into a condenser 2. In this |ogderation, the
refrigerating machine oil 6 pooled in thé bottom of cont ai jer
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conpressor; however, the refrigerant mxture is not SubStantially
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pressure side or the oil separating means or oil separator is
provided in the compressor and, hence, the carryover of the
oil into the circuit can be suppressed. |

A maximum of the temperature for separation into two
layers, one being the refrigerating oil and the other being
the liquid refrigerant, is equal to or higher than the
condensing temperature. The use of such refrigerating oil
having low solubility assures that only a small amount of the
refrigerant will dissolve in the refrigerating oil even if
the temperature of the refrigerating oil or the refrigerant
in contact with it approaches the saturated temperature of
the refrigerant at the pressure of the atmosphere in which
the refrigerating oil is placed. |

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which
constitutes a first embodiment of this invention.

Fig. 2 is a graphical representation showing the
percent solubility by weight of a refrigerating oil in a
liquid refrigerant in the first embodiment.

Fig. 3 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which

constitutes a second embodiment of the invention.
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Fig. 4 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which
constitutes a third embodiment of the invention.

Fig. 5 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which
constitutes a fourth embodiment of the invention.

Fig. 6 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which
constitutes a fifth embodiment of the invention.

Fig. 7 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which
constitutes a sixth embodiment of the invention.

Fig. 8 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which
constitutes a seventh embodiment of the invention.

Fig. 9 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which
constitutes a eighth embodiment of the invention.'.

Fig. 10 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which
constitutes a ninth embodiment of the invention.

Fig. 11 is an explanatory diagram showing the
arrangement of a refrigerant circulating system which
constitutes

a tenth embodiment of the invention.



40 refrigerant as nmeasured at the sane tenper REPEAQENE%P%SE
correspondi ng saturated vapor pressure; and al sq suppose the -

EET
e

enser 2 is

single refrigerant or a mxture of two or nore jrdfrj b t hat {f orm an
e

azeotropic system If the tenperature in evaporlat

hi gher than
refrigerant

that in conpressor 1 even By the sl dnt
wll be transferred into conpressor {L and a | arge

Fig. 12 is a graphical representation showing the
percent transfer characteristics of two mixed refrigerant
systems into the compressor.

Fig. 13 is an illustration showing how a mixed
refrigerant is transferred from the high-temperature to the
low-temperature side.

Fig. 14 is an explanatory diagram showing the
arrangement of an example of a conventional refrigerant
circulating system.

Fig. 15 is an explanatory diagram showing the
arrangement of another example of the conventional
refrigerant circulating system.

Fig. 16 is a graphical representation showing the
percent solubility by weight of a refrigerant in a
lubricating oil in the example shown in Fig. 15.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiment 1

A first embodiment of this invention will be
described with reference to Figs. 1 and 2. Fig. 1 is an
explanatory diagram showing the arrangement of a refrigerant
circulating system which is applicable, for instance, to a
small capacity air conditioner. In Fig. 1, reference numeral
1 designates a compressor for compressing refrigerant gas; 2,
a condenser for condensing a high pressure refrigerant gas
discharged from the compressor 1; 3, a throttle mechanism; 4,

an evaporator; 5, a 4-way valve having a function of
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conpressor during shutdown of conpressor 1. If, “'ot her hahd a
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2 is senmewh
refrigerating machine oil kept in the compressor 1 to

lubricate the slide parts of the compressor 1 and to seal the
compressing chamber thereof. Fig. 2 is a graphical
representation indicating the dissolving percentages by
weight of a refrigerating machine o0il alkyl benzene with a
liquid refrigerant HFCl34a in the embodiment. That is, it
has a solubility of 0.5 to 7% by weight. with the liquid
refrigerant in the condenser, and 0 to 2% by weight with the
liquid refrigerant in the evaporator.

Now, the behaviors of the refrigerant and the oil
will be described. A part of the refrigerating machine oil
used for sealing the compressing chamber is mixed with the
refrigerant compressed by the compressor 1, thus being
discharged from the latter 1 into the condenser 2. In the
condenser 2, the pipe in which a refrigerant gas flows is so
determined in diameter that the flow rate of the refrigerant
gas is high enough to convey the refrigerating machine oil
downstream. In the condenser 2, the refrigerant is condensed
on the inner surface of the pipe. The refrigerant thus
condensed is larger in thickness towards downstream, and
therefore, in the pipe, the central space in which the gas
flows is decreased accordingly. Hence, the flow rate of the
gas is gradually decreased, and its limited flow rate is
maintained which is high enough to convey the refrigerating

machine oil and the refrigerant liquid condensed on the inner
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surface of the pipe downstream. Near the rear end of the
pipe in the condenser 2, a larger part of the refrigerant is
liquified, as a result of which the flow rate in the pipe is
greatly decreased. However, since the solubility of the
refrigerating machine o0il with the condensed liquid
refrigerant is low, the refrigerating machine oil is conveyed
downstream being dissolved in the liquid refrigerant. At the
inlet of the throttle mechanism 3, the refrigerant is
substantially liquified, and the refrigerating machine oil
low in solubility is conveyed downstream together with the
liguid refrigerant. Flowing downstream of the throttle
mechanism 3, the refrigerant is greatly decreased both in
temperature and in pressure, and therefore the refrigerating
machine oil is slightly soluble with the liquid refrigerant,
or non-soluble with it.

On the other hand, because of gasification of a part
of the liquid refrigerant which is located downstream of the
throttle mechanism 3, the flow rate of the refrigerant is
abruptly increased, and the refrigerating machine oil is
conveyed downstream. In the evaporator 4, the pipe is so
determined in diameter that the refrigerant gas formed by the
pressure drop of the throttle mechanism.suificiently conveys
the liquid refrigerant and the refrigerating machine oil
downstream. Hence, in spite of the non-solubility or low
solubility of the refrigerating machine oil with the liquid

refrigerant, the refrigerating machine oil is conveyed
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downstream. In the evaporator 4, the refrigerant is gasified
as it flows downstream; that is, the flow rate of the
refrigerant gas is increased. As a result, with the flow
rate of the refrigerant gas maintained much higher than the
limited flow rate which is required for conveyance of the
refrigerating machine oil, the refrigerant is absorbed into
the compressor 1, and the refrigerating machine oil thus
conveyed meets the refrigerating machine oil 6 kept in the
bottbm of the compressor 1.

Hence, the refrigerating machine o0il 6 is maintained
in the compressor 1 at all times, thus lubricating and
sealing the latter sufficiently.

In the refrigerant circulating system constructed as
described above, a refrigerant essentially containing
hydrofluorocarbon, and a refrigerating machine oil
essentially containing alkyl benzene or polyalphaolefin may
be used. Therefore, in the system, the refrigerating machine
oil is substantially equal in hygroscopicity and electrical
insulation to the mineral oil in the conventional
refrigerating system. 1In addition, in assembling the
refrigerant circulating system and in servicing it, the
moisture control may be made similarly as in the case of the
conventional refrigerant circulating system using the
refrigerant CFCl2.

Control means, namely, the 4-way valve is provided in

a connecting section where a connecting pipe provided between
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provided between the compressor and the condenser are
collected. By switching the flow paths in the 4-way valve,
the direction of circulation of the refrigerant can be
reversed, and the functions of the evaporator and the
condenser can be swapped with each other.

The refrigerant circulating system of the invention
designed as described above mainly uses a refrigerant which
essentially contains hydrofluorocarbon, and a refrigerating
machine o0il which shows solubility with a liquid refrigerant
when condensed and non-solubility or low solubility when
evaporated. Therefore, the system is high in electrical
insulation and in moisture resistance, and is high in
reliability since the oil is smoothly returned into the
compressor.

The compressor in refrigerant circulating systems
generally has a refrigerating o0il carried over into the
refrigerant circuit in an amount of at least 0.5% by weight
of the circulating refrigerant. Therefore, if the
refrigerating oil used is such that the weight factor of
dissolution in a liquid refrigerant is 0.5% or less under the
condensing pressure and temperature conditions, the excess
refrigerating oil which cannot dissolve in the liquid
refrigerant will stay near the rear end of the pipe through

the condenser in which the refrigerant is liquefied to flow
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When using refrigerants of high polarity such as
hydrofluorocarbons, one must also use refrigerating oils of
high polarity in order to insure good solubility between the
two components so that the refrigerating oils will not stay
in the liquid refrigerant near the rear end of the pipe
through the condenser. However, refrigerating oils of high
polarity which have solubilities of at least 7% are so high
in their ability to absorb moisture that there is high
likelihood for the refrigerating oils to be carried over in
large amounts into the refrigerating circuit, which can
potentially deteriorate electrical insulation or impair the
chemical stability of refrigerants, refrigerating oils and
even the insulator used in the motor.

The present invention has been accomplished in order
to solve these problems of the prior art and it is
characterized by using a refrigerating oil having such a
solubility that the weight factor of dissolution in a liquid
refrigerant is in a range of 0.5 to 7% under the condensing
pressure and temperature conditions. 1In the invention, the
refrigerating oil that has been carried over from the
compressor into the refrigerant circuit can positively be
returned into the compressor. As a further advantage, the

refrigerating oil is low in moisture absorption and
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contributes to the production of a highly reliable
refrigerant circulating system.

The area in the system where there is the possibility
for the stagnancy of the refrigerating oil to occur is the
piping that extends from part of the condenser (usually in
the second half and on the side much closer to the.exit but
if the circulation of the refrigerant is low, it may
sometimes occur that the sole presence of the liquid already
starts in areas fairly upstream the condenser) to the
throttle and there has been potentiallhazard of oil depletion
in the compressor in the case where its oil content decreases
and where the length of the piping from the exit of the
condenser to the throttle is great.

The condensing pressure is determined by the
condensing temperature condition and the refrigerant
characteristics. The condensing temperature is determined
not only by the temperature of the atmosphere where the
condenser of the refrigerant circulating system of interest
is placed but also by the balance between the performance
(heat-exchange efficiency) of the condenser and the latent
heat of the refrigerant.

For example, refrigerators typically are used in
atmospheres having temperatures of 0 to 45°C and, in that
case, the condensing temperature (depending on the
performance of the condenser in the refrigerator) is 0°C to

15°C at an atmosphere’s temperature of 0°C and 45°C to 68°C
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the condensing pressure in that case is determined by the
characteristics of the refrigerant used; if Rl34a is used as
the refrigerant, the condensing pressure is 1.96 kg/cm’G at a
condensing temperature of 0°C and 19.6 kg/cm’G at a
condensing temperature of 68°C.

Whether the polarity is high or low is a matter of
relativism. In the context of the invention, hydrofluoro-
carbons and "third generation" refrigerants such as fluoro-
amine, fluoroether, fluoropropane, fluoroethane, fluorosilane
and fluorosulfur are more polar than CFC12 oxr HCFC22. As for
refrigerating oils, alkylbenzenes, poly-a-olefins, etc., are
less polar than ester oils and PAG in the prior art.

Speaking of the ease of dissolution generally, any
two substances having high polarity or low polarity are
highly soluble in each other. Hence, hydrofluorocarbons of
comparatively high polarity will dissolve only ester oils,
PAG and like substances having high polarity. Water is a
substance of comparatively high polarity and, accordingly, it
will readily dissolve in ester oils and PAG which also have
high polarity. 1In other words, oils that will easily
dissolve in hydrofluorocarbons have great ability to absorb
moisture. Conversely, oils that will not easily dissolve in
hydrofluorocarbons have small ability to absorb moisture.

When using refrigerants of high polarity such as

hydrofluorocarbons, one must also use'refrigerating oils of
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two components so that the refrigerating oils will not stay
in the liquid refrigerant near the rear end of the pipe
through the condenser. However, refrigerating oils of high
polarity which have solubilities of at least 7% are so high
in their ability to absorb moisture that there is high
likelihood for the refrigerating oils to be carried over in
large amounts into the refrigerant circuit, which can
potentially deteriorate electrical insulation or impair the
chemical stability of refrigerants, refrigerating oils and
even the insulator used in the motor.

Speaking of polarity, a certain substance is said to
have polarity if the center of gravity of a positive charge
in the molecule does not agree with that of a negative
charge. A certain chemical bond also is said to have
polarity if there is unevenness in positive or negative
charges. Electric polarity is generally meant by the term
"polarity". With polarity, there is high probability for
easy access to ions of opposite sign or atoms of polar bond,
thereby causing effects on adsorption, reaction rate,
dielectric constant, etc.

As already mentioned, hydrofluorocarbons (HFC) or
refrigerants such as fluoroamine, fluoroether, fluoropropane,
fluoroethane, fluorosilane and fluorosulfur are promising
refrigerants that could replace CFC12 and HCFC22 which are on

the list of materials that need be used less or totally
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disused in view of the environmental problems they have
caused. Hydrofluorocarbons generally are more polar than
CFCl12 and HCFC22 and refrigerating oils that have low
solubility with hydrofluorocarbons are generally low in
polarity. Hence, those refrigerating oils which are low in
solubility with refrigerants having high polarity such as
hydrofluorocarbons are hard to adsorb moisture having high
polarity. As a result, the carryover of moisture into the
refrigerant circulating system is suppressed and there is
less likelihood for deterioration not only in electrical
insulation but also in hydrolyzable materials such as those
organic materials which are used in the compressor, whereby
one can prevent deterioration in the performance of the
refrigerant circulating system which would otherwise occur if
the deteriorated materials accumulated in the throttle
mechanism.

Hydrofluorocarbons (HFC) are promising refrigerants
that could replace CFCl2 and HCFC22 which are on the list of
materials that need be used less or totally disused in view
of the environmental problems they have caused. However,
such hydrofluorocarbons do not contain chlorine atoms in the
molecule, so unlike CFC12 and HCFC22 which have chlorine
molecules, they are not expected to offer such as advantage
that the sliding part of the compressor which is placed under

boundary lubrication conditions forms a compound such as iron
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Further, ester oils having high solubility with
hydrofluorocarbons have low extreme pressure quality (high-
pressure viscosity index) and, hence, increase the chance for
the sliding part of the compressor to be subjected to the
boundary lubrication conditions, as compared to paraffinic or
naphthenic oils which have heretofore been employed in the
refrigerant circulating system that uses CFCl2 or HCFC22 as
the refrigerant.

Therefore, refrigerant circulating systems that use
hydrofluorocarbons as refrigerants, particularly in the case
where soluble ester oils are employed as refrigerating oils,
have encountered a problem with the wear resistance of the
sliding part of the compressor.

The present invention has been described above with
reference to an example that relates to the use of a
hydrofluorocarbon-based single or mixed refrigerant. It
should, however, be noted that when estimated from their
molecular structures, "third generation refrigerants"
including fluorocamine, fluoroether, fluoropropane,
fluoroethane, fluorosilane and fluorosulfur are all
considered to have high polarity, too, and that they are
anticipated to exhibit comparable actions and advantages to

hydrofluorocarbons.



the liquid refrigerant; hence, only a small anou EEB&AQT%JEH iquig-d
refrigerant will stay on the bottom of the conpra@s ind one c&nlshorten
the duration of time for which the liquid refri eran? m)\fsqmﬂl dito the
sliding part of the conpressor so as to reduce t |C|ency ofl ifts

| ubrication when the refrigerant circul2ging syste € fter
prol onged shut down. The percent transfef is expressed.byt he

fol | ow ng: Percent transfer = (the amount—of~TE€irigerant transfer

to the Conpressor)/(fdyiEEE*”Ehéﬁréfgfééggfgncirculating system of the

invention uses a refrigerating oil having low solubility with

refrigerants and, hence, the o0il is low in polarity and hard
to adsorb moisture haviﬁg high polarity; therefore, it
effectively prevents not only the deterioration in electrical
insulation but also the drop in the performance of the system
due to the accumulation of deteriorated materials in the
throttle mechanism.

The refrigerant circulating system of the invention
which uses the refrigerating oil having low solubility offers
another advantage in that the viscosity of the liquid being
supplied to the sliding part is maintained at a sufficiently
high level to reduce the chance of seizure and other troubles
in the sliding part, thereby improving the reliability of the
system.

Embodiment 2

A second embodiment of the invention will be
described with reference to Fig. 3. Fig. 3 shows an example
of a refrigerant circulating system which is applicable, for
instance, to a large capacity air conditioner. 1In Fig. 3,
reference numeral 1 designates a compressor for compressing a
refrigerant gas; 2, a condenser for condensing a high-
pressure refrigerant gas discharged from the compressor 1; 3,
a capillary tube; 4, an evaporator; 8, a refrigerant liquid
pooling accumulator having a function of adjusting the

quantity of refrigerant; 6, a refrigerating machine oil kept



filling'in the refrigerant circulating system X rar 0URETIhe
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Ap = (the pressure in the liquid regr geraht reseryoir in the
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in the compressor 1 to lubricate the éliding parts of the
compressor 1 and to seal the compressing chamber thereof; and
5, a 4-way valve for reversing the direction of flow of the
refrigerant.

When a refrigerating machine oil 6c is at thé
evaporating pressure and at the evaporating temperature, it
shows no solubility with a liquid refrigerant 7a or is low in
solubility. Therefore, a layer of refrigerating machine oil
6c is formed over the liquid refrigerant 7a. A lead-out pipe
81 is provided inside the accumulator 8, to move the
refrigerant out of the accumulator 8. The lead-out pipe 81
has o0il returning holes 82a, 82b, 82c and 82d different in
height as measured from the bottom 8a of the accumulétor 8,
so that the refrigerating machine oil 6c in the accumulator 8
is positively returned into the compressor 1.

Embodiment 3

A third embodiment of the invention will be described
with reference to Fig. 4. Fig. 4 is an explanatory diagram
showing the arrangement of a refrigerant circulating system
which is applicable, for instant, to an air conditioner which
is installed on a window of a room with its inside and
outside parts as one unit. In the embodiment, the
refrigerant pressurized by the compressing mechanism 1 of a
compressor 1 is discharged into the closed container 11 of
the compressor 1, and then led out of it through a discharge

pipe 14. Hence, the refrigerating machine oil 6 stored in
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determ ned by the characteristics of the refrigerapt
Wth a single or azeotropic refrigerants, refrigerang’
pronoted as the follow ng At increases: _ A
the liquid refrigerant reservoir in th&Xefrigerant
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tenperature in the conpressor) Even if At|= 0,.refr|geranpm
transfer will occur if a highly soluble refrigerati~g-ort—T3 USed.

the bottom of the cbmpressor l is in a refrigerant space on
the high pressure side, and the refrigerating machine oil
contained in the discharged refrigerant gas drops by its own
weight while moving from the closed container to the
discharge pipe 14. Accordingly, the mixing percentage of the
refrigerating machine oil in the refrigerant gas discharged
through the discharge pipe 14 is extremely low, and its
solubility is lower than the solubility of the refrigerating
machine oil with the liquid refrigerant at the condensing
pressure. Therefore, the refrigerating machine oil
discharged from the compressor 1 is positively returned into
the latter 1.

The refrigerant circulating system of the invention
insures that the refrigerating oil which is used for
compressor lubrication, sealing and other purposes will flow
out in small quantities to the condenser, throttle mechanism
and evaporator; at the same time, the compressor will
discharge only a limited amount of oil and, hence, the
refrigerating oil that has flowed out can positively be
returned to the compressor, thereby preventing the drop in
the heat-exchange efficiency of the condenser and the
evaporator.

Thus, even in the case where the bottom of the
compressor to contain refrigerating oils is located on the
high-pressure side, the use of less soluble refrigerating oil

solves the aforementioned problem of the prior art since
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Hence, there will be no transfer of the refriger%&ﬁﬁif%?%?jhas néT

solubility at all with the refrigerating oil and }iff At = 0. ' Wth a
single or azeotropic refrigerants, their transfef mwi R2NOWr9961 (Al > 0
and, eventually, all liquid refrigerant will be friansferred to tjh

| ow-t enper ature si de. Wth a noh2azeotrop| c-mXed Tefrigeragnt, the
gas conposition differs fromthe liquid conposit|{on even if At 0 and,
hence, the anmount of refrigerant that is eventually transferred will vary

W th the naggﬁéygeogéufg'only a small change in viscosity due to the
difference in the solubility of the refrigerant in the oil.
Therefore, by selecting an appropriate viscosity for the
lubricating oil, not only the reliability of the sliding part
of the compressor in the case where the atmosphere in which
the oil is placed has high pressure but also the efficiency
in the case of low pressure are assured.

Embodiment 4

A fourth embodiment of the invention will be
described with reference to Fig. 5. Fig. 5 is an explanatory
diagram showing the arrangement of a refrigerant circulating
system which is applicable, for instance, to a refrigerator.
In Fig. 5, reference numeral 9 designates a check valve which
is connecfed between a compressor 1 and an evaporator 4. The
refrigerant and the refrigerating machine oil are
substantially separated from each other, and therefore the
viscosity of the refrigerant only is lower than that of the
refrigerant in which the refrigerating machine oil is
dissolved. Hence, when the compressor 1 is not in operation,
the refrigerant not mixed is low in viscosity, and high in
fluidity, and therefore a larger part of the liquid
refrigerant 7a collected above the refrigerating machine oil
ba by separation is allowed to flow back to the evaporator 4
through the gaps of the sliding parts in the compressor 1.

As a result, the temperature of the evaporator 4 is

increased, and the power consumption of the refrigerator is
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gas and |iquid conpositions and the foregoing descHl peto

difference in boiling point was ' :
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di fference between gas and |iquid conposSitions is ;

increased. 1In order to eliminate this difficulty, the check
valve 9 is employed. That is, the check valve 9 is connected
between the compressor 1 and the evaporator 4 to suppress the
back flow of the refrigerant, thereby to prevent the rise in
temperature of the evaporator 4. It goes without saying that
the check valve 9 may be replaced with any means for
preventing the back flow of the refrigerant.

Embodiment )

A fifth embodiment of the invention will be described
with reference to Fig. 6. Fig. 6 is an explanatory diagram
showing the arrangement of a refrigerant circulating system
which is applicable, for instance, to an air conditioner used
only for cooling a room. The refrigerant pressurized by the
compressing mechanism 3 of a compressor 1 is discharged into
the closed container 11 thereof, and then led out of the
compressor 1 through a discharge pipe 14. The refrigerant
gas inlet end 14a of the discharge pipe 14 is confronted with
the center of a rotary fan 16 which is mounted on the upper
end of the rotor 12a of an electric motor 12. At the
refrigerant gas inlet end, the refrigerating machine oil
larger in specific gravity is scattered around by the
centrifugal force. Hence, the mixing percentage of the
refrigerating machine oil in the refrigerant gas discharged
through the discharge pipe 14a is extremely low, and its
solubility is much lower than the solubility of the

refrigerating machine oil with the liquid refrigerant at the
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0il discharged from the compressor 1 is positively returned

into the latter 1.

Embodiment 6

A sixth embodiment of the invention will be described
with reference to Fig. 7. Fig. 7 is an explanatory diagram
showing the arréngement of a refrigerant circulating system
which is applicable, for instance, to a refrigerator. When
the refrigerant gas discharged from a compressor 1 is
conveyed through an oil separator 20 to a pipe connected to a
condenser 2, the refrigerating machine oil is separated from
it by means of nets 83 provided in the oil separator 20. The
refrigerating machine oil thus separated is sucked to return
through an oil returning pipe 21 extended from the oil
separator and through a suction pipe 15 to the compressor 1,
thus positively lubricating and sealing the compressor 1.
The mixing percentage of the refrigerating machine oil in the
refrigerant gas which goes into the condenser 2 is extremely
low, and its solubility is lower than that of the
refrigerating machine oil with the liquid refrigerant at the
condensing pressure. Therefore, the system is free from the
difficulty that the refrigerating machine oil is held
upstream of the throttle mechanism, thus adversely affecting
the operation of the system. The net may be so provided as
to surround the end portion of the discharge pipe 14 in the

0il separator 20.
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If the refrigerant were a single or | azeotropi c m xed
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compressor 1 is held under the evaporating pressure, and the
oil 6 and the refrigerating machine oil 6c in an accumulator
8 are scarcely dissdlved in the liquid refrigerant. However,
since the specific weight of the liquid refrigerant 7a is

substantially equal to that of the refrigerating machine oil
6c, they are mixed substantially equally. Hence, even when a

large quantity of liquid refrigerant 7a is collected in the

accumulator 8, the refrigerating machine oil is positively

returned through the oil returning hole 82 of the lead-out
pipe 81 into the compressor 1. In the case where the liquid
refrigerant 7a is returned into the compressor 1, since the
refrigerating machine oil 6 collected therein and the liquid
refrigerant 7a are mixed substantially equally, the system is
free from the diff;culty that only the liquid refrigerant 7a
is sucked up through an oil sucking hole 17 formed in the
lowest end portion of the compressor; that is, the
refrigerating machine coil corresponding to the mixing
percentage is sucked up, thus lubricating and sealing the
compressor.

Embodiment 7

A seventh embodiment of the invention will be
described with reference to Fig. 8. Fig. 8 is an explanatory
diagram showing the arrangement of a refrigerant circulating
system which is applicable, for instance, to an air

conditioner. The refrigerating machine oil 6, such as
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chlorofluoro-carbon, in a compressor 1 is under the
evaporating pressure, and the oil 6 and the refrigerating
machine oil 6c in an accumulator 8 are scarcely dissolved in
a liquid refrigerant such as HFCl34a. The specific weight of
the refrigerating machine o0ils 6 and 6c is 1.9 times as large
as that of the liquid refrigerant 7a. Therefore, the
refrigerating machine oil (6 and 6c) is kept in the form of a
layer in the bottom of the accumulator in such a manner that
the laygr is separated from a layer of liquid refrigerant 7a.
Hence, even when a large quantity of liquid refrigerant 7a
is collected in the accumulator 8, the refrigerating machine
©0il is positively returned through the oil returning hole 82
of a lead-out pipe 81 into the compressor 1. In the case
where the liquid refrigerant 7a is returned into the
compressor 1, it is stored in the form of a layer above a
layer of refrigerating machine oil 6 kept therein.
Therefore, only the refrigerating machine oil is sucked up
through an oil sucking hole 17 in the lowest end portion of
the compressor, thus lubricating and sealing the latter.

In the system, the refrigerant essentially contains
hydrofluorocarbon, and the refrigerating machine oil
essentially contains chlorofluorocarbon polymer,
perfluorocarbon polymer, perfluoroalkylpolyether, denatured
silicone, chlorinated aromatic compound .

Embodiment 8




the | owtenperature vessel can beconme equal to tha ﬂégﬁgﬁ” ‘
wolbeing 41:59 by wt %

hi gh-tenperature vessel, with the HFC32/ HFC1l34a ra
i-n the liquid conposition and 63:37 by w%in theg
there will
refrigerant's transfer can also take pBace due to
phase but the diffusion rate of the vapor phps
is by no neans significant for practical purposes.

as conposi tion; . hence,
be no further transfer of the refrigerfnt.2 Vil@% say that
the diffusion gf {the

génieral Iy \so sl ow
As

di scussed above, refpni0giaRkyS Lh3AkEht Bf the invention will be

described with reference to Fig. 9.

In the case where a refrigerant mixture is employed
which contains a plurality of refrigerants at least one of
which is inflammable; more specifically, in the case where a
refrigerant mixture is employed which consists of a
refrigerant HFC32 which is flammable when isolated, and
refrigerants HFC 125 and HFC134a which are non-flammable when
isolated, a large quantity of refrigerant will never
dissolved in the refrigerating machine o0il, because, in the
refrigerant circulating system of the invention, the
refrigerating machine oil is non-soluble or slightly soluble
with the refrigerant mixture. Hence, the mixing ratio of the
refrigerant mixture in the refrigerant circulating cycle
which is not dissolved in the refrigerating machine oil yet,
scarcely changes from the mixing ratio of the mixture which
it had before put in the refrigerant circulating cycle and
was detected nonflammable, and will not change into the
mixing ratio with which it is flammable. Therefore, even if
the refrigerant mixture is discharged into the Air by
accident, and an igniting source is present near it, it will
never be ignited, and according no fire is started thereby.

Fig. 9 shows one example of a refrigerant circulating
system which is applied, for instance, to an air conditioner.
The refrigerant mixture sucked into a compressor 1, after

cooling an electric motor 12 in a closed container 11, is
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refrigerant used is a non-azeotropic mxed refrigefpaft——tt"shg

however, be noted that the solubility of the refnig ‘rj ﬁéd "Hiso a
factor to refrigerant's transfer and it can be furtlh b@ﬁ%@ eé%e y
using oils having no solubility. As far3&s refrigdrdn its

concerned, there is no difference in nmerit betwedn heavy and | ight foils
but oils having no solubility, especially |ight prove very

effective i”céﬁﬁfgéséh gyséE%%ﬁﬁ%égg&ﬁétﬂéchanlsm 13, and discharged

through a 4-way valve 5 into a condenser 2. In this

operation, the refrigerating machine oil 6 pooled in the
bottom of the closed container 11 is exposed to the
atmosphere of the refrigerant mixture sucked into the
compressor;however, the refrigerant mixture is scarcely
dissolved into the refrigerating machine oil 6, because the
latter 6 is zero or extremely low in solubility.

Embodiment 8

A ninth embodiment of the invention will be described
with reference to Fig. 10.

In the case where a refrigerant mixture is employed
which contains a plurality of refrigerants at least one of
which is inflammable; more specifically, in the case where a
refrigerant mixture is employed which consists of a
refrigerant HFC32 which is flammable when isolated, and
refrigerants HFC 125 and HFCl34a which are non-flammable when
isclated, the refrigerant mixture are scarcely dissolved in
the refrigerating machine oil, because, in the refrigerant
circulating system of the invention, the refrigerating
machine oil is non-soluble or slightly soluble with the
refrigerant mixture. Hence, the mixing ratioc of the
refrigerant mixture in the refrigerant circulating cycle
which is not dissolved in the refrigerating machine oil yet,
scarcely changes from the mixing ratio which it had before

put in the refrigerant circulating cycle and was detected
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having no solubility and single or azeotropic re qui d
refrigerant will be transferred if At > 0 (no tran$ Fer wi |1 occu f At
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nonflammable, and will not change into the mixing raﬁio with
which it is inflammable. Furthermore, the refrigerating
machine oil is nonflammable, and therefore, even if the
refrigerant mixture is discharged into the air by accident,
and an igniting source is present near it, it will never be
ignited, and according no fire is started.

Fig. 10 shows one example of a refrigerant
circulating system which is applied, for instance, to an air
conditioner. The refrigerant mixture sucked into a
compressor 1, after being compressed by a compressing
mechanism 13 in a closed container 11, cools electric motor
12. Thereafter, the refrigerant mixture is discharged
through a 4-way valve 5 into a condenser 2. In this
operation, the refrigerating machine oil 6 pooled in the
bottom of the closed container 11 is exposed to the
atmosphere of the refrigerant mixture sucked into the
compressor; however, the refrigerant mixture is not
substantially dissolved into the refrigerating machine oil 6,
because the latter 6 is zero or extremely low in solubility.

Embodiment 10

A tenth embodiment of this invention will be
described with reference to Fig. 13. Suppose here the use of
a refrigerating oil that has low solubility with a
refrigerant and which, in the range of ambient temperatures
for the use of the refrigerant circulating system, assumes a

smaller value of specific gravity than that of a liquid



(it) Ol having no solubility and non-azeotropic fefrd ' : 'nﬂj d
refrigerant will be transferred if At > 0 but not BE?L&EWNM@

o
transferred if At is small. The transfer of refrigefant is furthe}
restricted conpared to the case of using a sol ubl i 122NOV 1996 {n;the
enbodi ment, the refrigerating machine &d essenti dllly contains
chl or of  uor ocarbon pol yner, or perfluorocarbon pollyrrer-—or—peril uor ¢al kyl
pol yet her . In the above-descri bed enbodi ngnts, the refrli nt

mxture Contraeifnzi'ing%rraer{ctr ia%erm%rg[s%;e"ﬁzt’ éﬁc%n@%nwg‘éﬁé Sunder the
corresponding saturated vapor pressure; and also suppose the
use of a single refrigerant or a mixture of two or more
refrigerants that form an azeotropic system. If the
temperature in evaporator 4 or condenser 2 is higher than
that in compressor 1 even by the slightest margin, the
refrigerant will be transferred into compressor 1 and a large
amount of it will stay as liquid refrigerant 7a on the bottom
of the compressor during shutdown of compressor 1. If, on
the other hand, a non-azeotropic mixed refrigerant system is
used as described hereinabove, the constituent having the
lower boiling point will evaporate first and the constituent
of the refrigerant to which the refrigerating oil in the
compressor 1 is exposed has a lower boiling point than the
liguid refrigerant staying in the evaporator 4 or the
condenser 2 and, as a consequence, even if the temperature in
the evaporator 4 or the condenser 2 is somewhat higher than
the temperature in the compressor 1, there will be no
transfer of the.refrigerant towards the compressor 1.
Therefore, even if the circulation system is restarted after
prolonged shutdown, only a restricted amount of liquid
refrigerant 7a will stay on the bottom of the compressor and
the duration of time for which the liquid refrigerant 7a is
supplied to the sliding part of the compressor 1 so as to

reduce the efficiency of its lubrication can be shortened.
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enpl oyed. This non-azeotropic three-refrigerant
in efficiency, performance, pressure and safety

refrigerant HCFC 22 which is enployed mainly fo and t he
use of which is to be decreased or inhibited beda : rénment a
pol | ution. The refrigerant mxt4te contaifning HFC32 is muc hi gher

in efficiency and in perfornmance than that which no HFC32. The

refrigerant HFC32 is inflanmmbl e when isol ated; however, it becones

practical |y nonfl| &thmeablezedtaropic mixed refrigerant” as mentioned
hereinabove is such that the condition for the vapor
composition of the refrigerant to become identical with its
liquid composition exists at at least one point within the
ranges of pressures and temperatures used. On the other
hand, the "non-azeotropic mixed refrigerant” is such that the
condition for the vapor of the refrigerant to become
identical with its liquid composition does not exist at any
point within the ranges of pressures and temperatures used.

For the solubility between a refrigerating oil and a

refrigerant, see JIS K2211, Appendix 3, under "Method of
Testing Solubility with Refrigerants", which states as
follows: "Place a sample oil and a refrigerant into a test
tube and hold them at room temperature or ‘heat them in a hot
water bath until the sample oil and the refriéerant mix
uniformly to form a clear solution. Then, cool the test tube
and determine the temperature at which the solution yields
two separate layers or at which the solution as a whole
becomes turbid. The determined temperature shall be
designated the "temperature for separation.iﬁto two layers"
at the oil fraction of interest (the percentage of the sample
oil in its mixture with the refrigerant in solution) and used
as an index for evaluating the solubility of the refrigerating
oil with the refrigerant." ./This test is carried out within an oil
fraction range of 5 to 60 wt%.” Thus, a highly soluble oil is one having
a low value of the "temperature for separation into two layers". The

refrigerant circulating
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system that uses hydrofluorocarbon based refrigerants has
heretofore employed refrigerating oils which, as typified by
ester oils, have had solubility with refrigerants at all
mixing ratios at least under the condensing pressure and
temperature conditions. An oil of low solubility is one
having a high valﬁe of the "temperature for separation into
two layers" and, as typified by hard alkylbenzene oils which
are employed in a refrigerant circulating system of the type
described hereinabove which uses hydrofluorocarbon based
refrigerants, this oil has no solubility at least in a
certain mixing ratio over a full range from the condensing
pressure and temperature conditions to the evaporating
pressure and temperature conditions. Namely, the solubility
is represented in the case of that the maximum temperature
(UCST) for separation into two layers of the refrigerant and
the refrigerating oils is greater than the condensing
temperature and the weight ratio of the refrigerating oils is
less than 0.5% to 7% (depending on the condensing
temperature).

The embodiment of the invention is described with
reference to Fig. 12, which shows how the percent transfer
into the compressor of refrigerants filled in refrigerant
circulating systems (one using a non-azeotropic mixture of
refrigerants HFC32, HFC125 and HFCl34a and the other using an
azeotropic mixture of HFCl134a and HFC125) varies with the

system shutdown time. Taken individually, HFC32 boils at -



safety is maintained unchanged, it is preferable gﬁﬁCEMFMb”'SO|“b|e oi |

That is, in the case where the non-soluble oil i} -6yed, the percentage
of HFC32 can be nade |arger than in the case wheje{ng 2 < gbl il is
enpl oyed. Therefore, a refrigerant mxture highir1eﬁ2'gﬁgﬁ§b caph pe

pr epar ed. The systemof the in#éntion is|off the technigué {hat

handl es a repl acenent of the inflamuable refrigergnt HCFC22 enpl oyéd for
air conditioner. For instance, the refrigerant

54.8°C, HFC125 at -48.6°C and HFC134a at -26.2°C. Since

HFC32 and HFC125 boil at much'lower temperatures than
HFCl134a, the gaseous refrigerant formula in the refrigerant
circuit is more abundant with HFC32 and HFC125 than the
liquid refrigerant formula. As a result, the gaseous
refrigerant in contact with the refrigerating oil in the
compressor has a relatively low boiling point and is hard to
liquefy, whereby the transfer of the refrigerant into the
compressor is suppressed. Therefore, if a non-azeotropic
mixed refrigerant is used, the amount of its transfer into
the compressor is small even if the refrigerating oil used
has low solubility and is smaller in specific gravity than
the liquid refrigerant; hence, only a small amount of the
liquid refrigerant will stay on the bottom of the compressor
and one can shorten the duration of time for which the liquid
refrigerant is supplied to the sliding part of the compressor
so as to reduce the efficiency of its lubrication when the
refrigerant circulating system is restarted after prolonged
shutdown.

The percent transfer is expressed by the following:

Percent transfer = (the amount of refrigerant
transfer to the compressor)/(the amount of refrigerant
filling in the refrigerant circulating system) x 100 (%)

The transfer is allowed to keep on by the force:
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poi nt measuring nethod, JIS K2265. Th " ari son

of oil's specific gravity in the foregoing expl , in the case of

a Ap = (the pressure in the liquid refrigerant
reservoir in the refrigerant circuit) - (the pressure in the
compressor)

The presence of Ap is a prerequisite. 1In the
equation, pressure is determined by the characteristics of
the refrigerant and the temperature. With a single or
azeotropic refrigetants, refrigerant’s transfer is promoted
as the following At increases:

At = (the temperature in the liquid refrigerant
reservoir in the refrigerant circuit) - (the temperature in
the compressor)

Even if At = 0, refrigerant’s transfer will occur if
a8 highly soluble refrigerating oil is used.

Hence, there will be no transfer of the refrigerant
if it has no solubility at all with the refrigerating oil and
if At = 0.

With a single or azeotropic refrigerants, their
transfer will start if At > 0 and, eventually, all liquid
refrigerant will be transferred to the low-temperature side.

With a non-azeotropic mixed refrigerant, the gas
composition differs from the liquid composition even if
At > 0 and, hence, the amount of refrigerant that is
eventually transferred will vary with the magnitude of At.
The amount of eventual transfer is determined by the
difference between gas and liquid compositions and the

foregoing description of the difference in boiling point was
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intended to explain this fact. It should also be noted that
the difference between gas and liquid compositions is
affected by the species of mixed refrigerants, mixing ratio,
ligquid-gas ratio (i.ef, temperature and pressure),
temperature profile and the solubility of refrigerating oil.
To take an example, a non-azeotropic HFC32/HFCl134a
mixed refrigerant is described below with reference to Fig.
13. Assume here that the two connected vessels are held in
an atmosphere of -2.5°C. If one of the vessels contains a
liquid refrigerant with an HFC32/HFCl34a ratio of 25:75 in
wt% (assuming the liquid refrigerant reservoir in the
refrigerant circuit), the gas composition in the other wvessel
to which the first vessel is connected (assuming the
compressor) will be 46:54 in wt% for HFC32/HFC134a; since the
pressures in the two vessels are equal to each other at
3.7 kg/cm’G, no refrigerant’s transfer will occur. Then
suppose that the temperature in the gas-containing vessel
(i.e., equivalent to the compressor) is reduced from -2.5°C
down to -7.5°C. If the refrigerant were a single or
azeotropic mixed refrigerant, it would be transferred
continuously since the pressure on the low-pressure side is
always low and, eventually, all liquid refrigerant would be
transferred. 1In fact, however, the mixed refrigerant is non-
azeotropic, so even if not all of the liquid refrigerant is
transferred, part of the gas refrigerant in the compressor

will be liquefied and, as shown in Fig. 13, the pressure in
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azeotropic (HFCl43a boils at -47.7[err]C and HFC12

-48.1[err] C). The "non-azeotropic m xed rgf t hat
the conditions for the vapor of the refrigerant to\bgcone W th

pressures and tenperatures used. It shou
(critical solubility

the low-temperature vessel can become equal to that in the
high-temperature vessel, with the HFC32/HFCl134a ratio being
41:59 by wt% in the liquid composition and 63:37 by wt% in
the gas composition; hence, there will be no further transfer
of the refrigerant. One might say that refrigerant’s
transfer can also take place due to the diffusion of the
vapor phase but the diffusion rate of the vapor phase is
generally so slow that it is by no means significant for
practical purposes. |

As discussed above, refrigerant’s transfer is
improved irrespective of the kind of refrigerating oil as
long as the refrigerant used is a non-azeotropic mixed
refrigerant. It should, however, be noted that the
solubility of the refrigerating oil is also a factor to
refrigerant’s transfer and it can be further suppressed by
using oils having no soiubility. As far as refrigerant’s
transfer is concerned, there is no difference in merit
between heavy and light oils but oils having no solubility,
especially light ones, will prove very effective in assuring
system reliability.

The foregoing discussion may be summarized as
follows.

(1) O0il having no solubility and single or
azeotropic refrigerants: All liquid refrigerant will be

transferred if At > 0 (no transfer will occur if At = 0).
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refrigerating oil thCh ablieﬁaVLng Egesaiﬂgﬁlity and non-azeotropic

refrigerants: Liquid refrigerant will be transferred if

At > 0 but not all of it will be transferred if At is small.
The transfer of refrigerant is further restricted compared to
the case of using a soluble oii.

In the embodiment, the refrigerating machine oil
essentially contains chlorofluorocarbon polymer, ox
perfluorocarbon polymer, or perfluoroalkyl polyether.

In the above-described embodiments, the refrigerant
mixture containing refrigerants HFC32, HFC125 and HFCl134a is
employed. This non-azeotropic three-refrigerant mixture is
most suitable in efficiency, performance, pressure and safety
as a replacement of a refrigerant HCFC 22 which is employed
mainly for air conditioners and the use of which is to be
decreased or inhibited because of its environmental
pollution.

The refrigerant mixture containing HFC32 is much
higher in efficiency and in performance than that which
contains no HFC32. The refrigerant HFC32 is inflammable when
isolated; however, it becomes practically nénflammable when
mixed with the refrigerants HFC125 or HFCl34a which is
nonflammable with a certain mixing ratio. Therefore, the
refrigerant mixture is safe. In order to further improve the
safety of the refrigerant mixture, the percentage of HFC32 in
it should be decreased; however, in this case, the efficiency

is decreased as much. Hence, in the case where the margin of
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shut down.

safety is maintained unchanged, it is preferable to use a
non-soluble oil. That is, in the case where the non-soluble
oil is employed, the percentage of HFC32 can be made larger
than in the case where no non-soluble o0il is employed.
Therefore, a refrigerant mixture high in efficiency can be
prepared.

The system of the invention is of the technique that
handles a replacement of the inflammable refrigerant HCFC22
employed'for air conditioner. For instance, the refrigerant
mixture (azeotropic) containing the inflammable refrigerant
HFCl43a may be used as a replacement of a refrigerant R502
which is employed for a refrigerating system for instance in
refrigerators.

The non-flammability of a refrigerating machine oil
can be determined according to whether or not it has a flash
point specified by the flash point measuring method, JIS
K2265.

The reference for comparison of oil’s specific
gravity in the foregoing explanation is, in the case of a
mixed refrigerant, the specific gravity of the liquid
refrigerant for the composition of the mixed refrigerants in
the refrigerant circuit.

It should also be mentioned that an aﬁeotropic
refrigerant also exists even for a mixture containing an
inflammable refrigerant. Consider, for example, a mixture of

two refrigerants, HFCl43a which is inflammable and HFC125;
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In addition; the saturated noisture ANCEMEThe " SETY

refrigerating oil is held-at small value, so noistyre—eeRtrol thatjis

conparable to the prior art level is sufficient to] ks
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stand in air atnosphere at a tenperatufe of 30[err]C and at a

the two refrigerants boil at close temperature and are held
to be azeotropic (HFCl43a boils at -47.7°C and HFC125 boils
at -48.1°C).

The "non-azeotropic mixed refrigerant" is such that
the conditions for the vapor of the refrigerant to become
identical with its liquid composition does not exist at any
point within the ranges of pressures and temperatures used.

It should also be noted that CST (critical solubility
temperature) is none other than the temperature for
separation into two layers as specified in JIS K2211 (p.
106). The description of the test method as specified in JIS
K2211 refers to the "oil fraction range of 5 to 60 wt%" and
this is because CST usually has a maximum value within that
range. The maximum value is designated UCST (uppermost
critical solubility temperature).

The refrigerant circulating system of the invention
uses a non-azeotropic mixed refrigerant and, therefore, even
if one uses a refrigerating oil which, at least in the range
of ambient temperatures for the use of the system, assumes a
smaller value of specific gravity than that of a liquid
refrigerant as measured at the same temperature under the
corresponding saturated vapor pressure, he or she can shorten
the duration of time for which the liquid refrigerant is
supplied to the sliding part of the compressor so as to
reduce the efficiency of its lubrication when the system is

restarted after prolonged shutdown.
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refrigerating oil is held at small value, so moisture control
that is comparable to the prior art level is sufficient to
assure more-than-comparable levels of gquality.

The saturated moisture content is defined by the
following procedure: a sample refrigerating oil is left to
stand in air atmosphere at a temperatufe of 30°C and at a
relative humidity of 85% and the change in the moisture
content of the oil is measured over time and the value which
is approached infinitely by the measured_values is designated
the "saturated moisture content".

The above-described refrigerator oils may be used
satisfactorily as they are, without additives. However,
their characteriétics such as wear resistance, load
resistance and thermal stability may be improved by adding
one or some of the additives such as an oxidation inhibitor,
extreme pressure additive, wear preventing agent, thermal
stability improving agent, and deforming agent.

The oxidation inhibitor is of a hinderd phenol group,
amine group, or sulfur group. Examples of the oxidation
inhibitor are 2, 6-di-t-butyl-4-methylphenol; 4, 4'-
methylenebis (2, 6-di-t-butylphenol); 2, 2'-thio-bis (4-
methyl-6-t-butylphenol); trimethyl hydroguinone; p, p’-
diactyl-diphenylamine; 3, 7-diactylphenthiazine;
alkylphenothiazine-l-carboxylate; phenyl-2-naphthylamin; 2,

6-di-t-butyl-2-dimethyl-p--cresol; 5-ethyl-10, 10'-
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d% géR?ipXL_ za £§é9 and afﬁyxldlshlflge, each of which is

used as much as 0.2 to 5% by weight.

Examples of the extreme pressure additive and the
wear preventing agent are ester phosphate, ester phosphite,
alkyl- or aryl-phosphorothionate, halogeno-hydrocarbon,
halogenated carbonic acid, dialkyl- or diaryl-dithiophosphate
metallic acid, dialkyldithiocalbamic acid metallic salt, and
oil-soluble molybdenum sulfide containing compound, each of
which is used as much as 1 to 30% by weight.

An example of the thermal stability improving agent
is an epoxy compound, which is used as much as 0.2 to 5% by
weight.

Examples of the deforming agent are dimethyl
polysiloxane, and carboxylic metal salt, each of which is
used as much as 0.001 to 0.1% by weight.

The refrigerant circulating system of the invention
designed as described above mainly uses a refrigerant which
essentially contains hydrofluorocarbon, and a refrigerating
machine oil which shows slight solubility with a liquid
refrigerant when condensed and non-solubility or low
solubility when evaporated{ Therefore, the system is high in
electrical insulation and in moisture resistance, and is high
in reliability since the oil is smoothly returned into the
compressor.

In the refrigerant ciréulating system, the

refrigerant lead-out pipe extended from the accumulator has a
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‘plurality of oil returning holes. Therefore, a large

quantity of refrigerating machine oil is not pooled in the
accumulator; that is, the refrigerating machine oil is
positively returned to the compressor, and an excess of
refrigerant can be stored depending on the load.

In the system, the refrigerating machine oil of the
compressor is held in the refrigerant space on the high
pressure side, which reduces the mixing percentage of the
refrigerating machine oil which mixes with the discharged gas
to flow in the system. Thus, the system of the invention is
high in reliability and excellent in heat exchange
effectiveness.

Furthermore, in the system, the back flow preventing
mechanism for preventing the back flow of gas from the
compressor to the evaporator is provided between the
evaporator and the compressor, which eliminates the
difficulty that, when the compressor is not in operation, the
gas leaking from the high pressure side flows through the
suction pipe to the evaporator to increase the temperatures
of the latter and its relevant components, and therefore the
power consumption is reduced as much. In this'connection,
the o0il can be positively returned through a plurality of oil
returning holes formed in the refrigerant lead-out pipe
extended from the accumulator.

Furthermore, in the system of the invention, the

mixing percentage of the refrigerating machine oil with the



metal lic aci d, dialkyldi thi ocal bami ¢ acid metallic salt RELACEMHNF ET
nnlybdenunrsulflde cont ai ni ng conpound, each of which §i s used as nuchlag 1
to 30% by wei ght. _ An exanpl e of the thermal stgbifli22NOY199§ N
agent is an epoxy conpound, which is used as nuch as 0. 4 to 5% by weijght.
Exanpl es of the deform ng agent are dinmethyl polysiloqar lijc
metal salt, each of which is used as nBéh as 0.001 to{0. 1@6by wei ght .

The refrigerant circulating systemof the invention g

gas discharged from the compressor is reduced, so that the

refrigerating machine oil flowing in the system is positively
returned to the compressor. Thus, the system is high in
reliability. When this is combined with the oil returning
technique that an oil is returned through a plurality of oil
returned holes formed in the refrigerant lead-out pipe
extended from the accumulator, the o0il can be more positively
returned to the compressor.

In the system, the oil separator is provided on the

'discharge side of the compressor to reduce the mixing
percentage of the refrigefating machine oil with the
discharged gas. Therefore, the system is high both in
reliability and in heat exchange effectiveness. When this
technique is combined with the above-described o0il returning
technique, then the oil can be more effectively returned into
the compressor.

The system has the control valve between the
evaporator and the compressor, and the control means for
closing the control valve when the compressor is not in
operation. Therefore, when the compressor is not in
opefation, the control valve can be closed to prevent the
flow from the evaporator to the compressor, which eliminates
the difficulty that the compressor is insufficiently
lubricated so that for instance the shaft is seized.

In the 5ystem, the refrigerant essentially contains

hydrofluorocarbon, and the refrigerating machine oil is non-
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the evaporation side and is substantially equal in specific

weight to the liquid refrigerant. Hence, the system is high
both in electrical insulation and in moisture resistance.

Furthermore, the system according to another aspect
of the invention uses the refrigerant which essentially
contains hydrofluorocarbon, and the refrigerating machine oil
wﬁich is non-soluble or slightly soluble with the liquid
refrigerant on the evaporation side and is larger in specific
weight than the liquid refrigerant. Hence, the system is
high both in electrical insulation and in moisture
resistance. Thelcompressor sealing and lubricating functions
are greatly stabilized, and the electrical insulation and the
moisture resistance are both improved. Furthermore, the
refrigerating machine oil is less allowed to flow in the
system, and even when it flows in the system, it is
positively returned into the compressor. Thus, the system of
the invention is high in reliability.

The molecule of a hydrofluorocarbon is composed of
hydrogen (H), carbon (C) and fluorine (F) atoms, so in orxrder
to manufacture refrigerating oils having greater values of
specific gravity, it is at least necessary to provide atoms
having atomic weights at least larger than fluorine.

However, substances composed of large atomic weights are
generally expensive. On the other hand, light refrigerating

oils of the type used in the present invention can be
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manufactured at low cost since substances composed of H, C
and O atoms will suffice.

If a refrigerant is used together with a
refrigerating oil of low solubility, the dissolution of the
refrigerant into the refrigerating oil will not increase even
if the temperature of the oil or the refrigerant in contact
with it approaches the saturation point of the latter at the
pressure of the atmosphere in which the refrigerating oil is
placed. Consequently, the viscosity of the liguid being
supplied to the sliding part is maintained at a sufficiently
high level to reduce the chance of the occurrence of seizure
and other troubles in the sliding part.

Speaking also of the case of using a refrigerating

' 0il of low solubility, the part of the oil which leaks out of
the o0il seal portion towards the suction side of the
compression space contains only a small amount of refrigerant
and, hence, the loss due to a second expansion and
compression in the compression cycle is sufficiently reduced
to prevent the drop in efficiency.

If a non-azeotropic mixed refrigerant system is used,
it is acceptable to use a iefrigerating oil which, at least
in the range of ambient temperatures for the use of the
refrigerant circulating system, assumes a smaller value of
specific gravity than that of a liquid refrigerant as
measured at the same temperature under the corresponding

saturated vapor pressure. During shutdown of the compressor,
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preventing the back flow of gas fromthe conpressarto the—avapaetdr |S
provi ded bet8ﬁ§9 LNfestricted amount of the refrigerant will be

transferred from the evaporator or the condenser into the

compressor on the bottom of which it will stay as a liquid

refrigerant. As a result, one can shorten the duration of

time for which the liquid refrigerant is supplied to the

sliding part of the compressor so as to reduce the efficiency

of its lubrication when the system is restarted after

prolonged shutdown.

The refrigerant circulating system of the invention

insures that the refrigerating oil which is used for

compressor lubrication, sealing and other purposes will flow

out in small quantities to the condenser, throttle mechanism

and evaporator; at the same time, the compressor will

discharge only a limited amount of oil

and, hence, the

refrigerating oil that has flowed out can positively be

returned to the compressor, thereby preventing the drop in

the heat-exchange efficiency of the condenser and the

evaporator.

The refrigerant circulating system of the invention

insures that the refrigerating oil which is used for

compressor lubrication, sealing and other purposes will flow

out in small quantities to the condenser, throttle mechanism

and evaporator; at the same time, the refrigerating oil that

has flowed out can positively be returned to the compressor,

thereby preventing the drop in the heat-exchange efficiency

of the condenser and the evaporator.
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Furthernore, in the fygtfg}rlgé gh{ngfpéﬁfgtlﬁaesystem of the invention

insures that the refrigerating oil which is used for

compressor lubrication, sealing and other purposes and which
has flowed out to the condenser, throttle mechanism and
evaporator can positively be returned to the compressor,
thereby preventing the drop in the heat-eﬁchange efficiency
of the condenser and the evaporator.

The refrigerant circulating system of the invention
has yet another advantage in that even if the refrigerant is
released into the air atmosphere on account of .a certain
trouble or the like and even if there is an ignitable heat
source nearby, the refrigerant will not catch fire and, as a
result, one can avoid hazards such as the occurrence of
disastrous fire.

Further, the refrigerant circulating system of the
invention uses a nonflammable refrigerating oil and, hence,
it will not ignite even if it is released as a mist into the
air atmosphere.

In the system of the invention, the refrigerant
mixture is scarcely dissolved in the refrigerating machine
0il. Therefore, when the refrigerant mixture is used which
contains a plurality of refrigerants at least one of which is
inflammable, the mixing ratio of the refrigerant mixture in
the refrigerant circulating cycle scarcely changes from the
mixing ratio which it had before put in the refrigerant

circulating cycle and was detected non-flammable. Hence, the
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system is free from the difficulty that the refrigerant
mixture is partially dissolved in the refrigerating machine
oil, so that its mixing ratio changes into a value with which
the refrigerant mixture is inflammable. Thus, the
refrigerant mixture is maintained nonflammable. Therefore,
even when the refrigerant mixture is discharged into the air
by accident, and there is an igniting source near it, it will
never be ignited, and therefore no fire is caused thereby.
That is, the refrigerant circulating system of the invention
is high in safety.

Furthermore, in the system of the invention, the
refrigerant mixture is substantially not dissolved in the
refrigerating machine o0il. Therefore, when the refrigerant
mixture is used which contains a plurality of refrigerants at
least one of which is inflammable, the mixing ratio of the
refrigerant mixture in the refrigerant circulating cycle
scarcely changes from the mixing ratio which it had before
put in the refrigerant circulating cycle and was confirmed
non-flammable. Hence, the system is free from the difficulty
that the refrigerant mixture is partially dissolved in the
refrigerating machine oil, so that its mixing ratio changes
into a value with which the refrigerant mixture is
inflammable. Thus, the refrigerant mixture is maintained
nonflammable. Furthermore, the refrigerating machine o0il is
nonflammable, and therefore even when the refrigerant mixture

is discharged into the air by accident, and there is an
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therefore no fire will be caused thereby. Thus, the
refrigerant circulating system of the invention is high in
safety.

Hydrofluorocarbons (HFC) are promising refrigerants
that could replace CFCl12 and HCFC22 which are on the list of
materials that need be used less or totally disused in view
of the environmental problems they have caused. However,
such hydrofludrocarbons do not contain chlorine atoms in the
molecule, so unlike CFC1l2 and HCFC22 which have chlorine
molecules, they are not expected to offer such as advantage
that the sliding part of the compressor which is placed under
boundary lubrication conditions forms a compound such as iron
chloride on the metal surface, thereby improving in wear
resistance.

Further, ester oils having high solubility with
hydrofluorocarbons have low extreme pressure quality (high-
pressure viscosity index) and, hence, increase the chance for
the sliding part of the compressor to be subjected to the
boundary lubrication conditions, as compared to paraffinic or
naphthenic oils which have heretofore been employed in the
refrigerant circulating system that uses CFC12 or HCFC22 as
the refrigerant.

Therefore, refrigerant circulating systems that use
hydrofluorocarbons as refrigerants, particularly in the case

where soluble ester oils are employed as refrigerating oils,
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sliding part of the compressor.l This problem, however, can
be solved by using slightly soluble oils.

Being designed as described above, the refrigerant
circulating system of the invention is excellent both in
electrical resistance and in moisture resistance, and high in
reliability.

Having the structural features described hereinabove,
the invention offers the advantage of providing a refrigerant
circulating system of high reliability and efficiency that is
capable of suppressing the escape of an oil from the
compressor in the system and which insures smooth o0il return
so that the oil will not collect or stay in any unsuitable
areas.

The refrigerant circulating system of the invention,
being constructed as described above, is high in safety being
free from a fear that it may cause a fire.

Having the structural features described hereinabove,
the invention offers the added advantage of providing a
system of high reliability that is free from any
abnormalities in the sliding part of compressor even if the

system is restarted after prolonged shutdown.
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WHAT IS CLAIMED 1IS:

.

1. A refrigerant circulating system which comprises
the interconnection of:

a compressor that uses a hydrofluorocarbon based
single or mixed refrigerant and which draws in a gaseous
refrigerant optionally containing a liquid refrigerant while
discharging it as a high-pressure gaseous refrigerant;

a throttle mechanism for reducing the pressure of a
liguid refrigerant optionally containing a gaseous
refrigerant;

a condenser for condensing the high-pressure gaseous
refrigeraht discharged from said compressor; and

an evaporator for vaporizing the liquid refrigerant
or gas-liquid phase refrigerant leaving said throttle
mechanism, and in which system a refrigerating oil is
contained either within said compressoi provided in said
system or in a separate tank or the like, at least part of
said refrigerating oil being exposed to said refrigerant for
performing the function or lubrication, sealing or the 1like,
characterized in that said refrigerating oil has such a
solubility that the weight factor of dissolution thereof in
the liquid refrigerant is 0.5 to 7% under the condensing
pressure and temperature conditions.

2. A refrigerant circulating system which comprises

the interconnection of:
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wei ght to the quuid refrigerant. Hence, the syste RE{In gh' botTﬁEET

el ectrical insu "éture resi st ance. , the
system accordin m’mm!’fmﬂ&w&éi of the inventio rant
whi ch essentially of | uor ocar bon, and

machi ne oil which is non-soluble or sléghtly sol ub

refrigerant on the evaporation side and is larger ih spepific wei ght{ t han
the liquid refrigerant. Hence, the systemis high trTTerectrical

insulation and in mojstyure resishance; Jhe, coplESSRIng 2t  19-808her
| ubri cating functions “°"P ' :

fluoropropane, fluoroethane, fluorosilane or fluorosulfur
based single or mixed refrigerant and which draws in a
gaseous refrigerant optionally containing a liquid
refrigerant while discharging it as a high-pressure gaseous
refrigerant;

a throttle mechanism for reducing the pressure of a
liquid refrigerant optionally containing a gaseous
refrigerant;

a condenser for condensing the high-pressure gaseous
refrigerant discharged from said compressor; and

an evaporator for vaporizing the liquid refrigerant
or gas-liquid phase refrigerant leaving said throttle
mechanism, and in which system a refrigerating oil is
contained either within said compressor provided in said
system or in a separate tank or the like, at least part of
said refrigerating oil being exposed to said refrigerant for
performing the function of lubrication, sealing or the like,
characterized in that said refrigerating oil has such a
solubility that the weight factor of dissolution thereof in
the liquid refrigerant is 0.5 to 7% under the condensing
pressure and temperature conditions.

3. A refrigerant circulating system according to
claim 1 or 2, wherein the refrigerant is a mixture of
refrigerants at least one of which is in an inflammable

refrigerant.
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are greatl y '@Hﬂm&w and-the el ectrical insulati on eR@PLh@F\I!RNTsSHEET

resi stance.. H Furthernore, the refrigdgr ng nach1ﬁé @

i's less allowe system and even when ift flg\&% _
system it is p03|t|vely returned into the conpressor. e syste

the invention is high inreliability. 63 The ol ec
hydr of | uorocarbon is conposed of hydrogen (H), carbon (C) and quorlne @(F)
atons, so in order to nmanufacture refrigerating oils hewag-greater values

of specific gravityy italsep;LERSht "EELaRA¥iHY BYOYLACaBEBMing to

claim 1 or 2, wherein the refrigerating oil has a smaller

value of specific gravity than said liquid refrigerant.

5. A refrigerant circulating system according to
claim 4, wherein the refrigerating oil is based on at least
one member of the group consisting of alkylbenzenes, poly-
alpha-olefins, paraffinic oils, naphthenic oils, polyphenyl-
ethers, polyphenylthioethers, and chlorinated paraffins.

6. A refrigerant circulating system according to
claim 4, wherein the refrigerant is a mixture éf non-
azeotropic refrigerants.

7. A refrigerant circulating system according to
claim 4, wherein the refrigerating oil is such that, at least
in the range of ambient temperatures for the use of said
system, it assumes a smaller value of specific gravity than
that of the liquid refrigerant as measured at the same
temperature under the corresponding saturated vapor pressure
and wherein the refrigerant is a non-azeotropic mixed
refrigerant.

8. A refrigerant circulating system according to
claim 1 further comprising an accumulator provided with a
lead-out pipe for leading the refrigerant out of said
accumulator, said lead-out pipe having a plurality of holes
which are different in height as measured from the bottom of

said accumulator.
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havi ng at om c wei ght s-at-+east |arger than fluorine.

conposed of |Hﬁns are generally expensi __Q;Fthe OSEEBT
hand Ilght ﬂmﬂmf‘m”m“ﬁ | s of the type used in th¢ present invent|op
can 55  manuf acful ed® @NAVo19%60s

Si nce substances conposed of H, C 64

"2

9. A refrigerant circulating sysfem according to
claim 3 wherein a backflow preventing mechanism is provided
between said evaporator and sid compressor, or between a
four-way valve provided in said system and a pipe connected
to the suction side of said compressor, or between said
accumulator and said pipe connected to the suction side of
said compressor.

10. A refrigerant circulating system according to
claim 1 or 2, wherein the refrigerating oil has a greater
value of specific gravity than the liquid refrigerant.

11. A refrigerant circulating system'according to
claim 10, wherein the specific gravity of the refrigerating
oil is such ;hat, in the temperature range of -20°C to +60°C,
it assumes a greater value than the specific gravity of the
liquid refrigerant as measured at the same temperature under
the corresponding saturated vapor pressure.

12. A refrigerant circulating system according to
claim 10, wherein the refrigerating oil is based on a
chlorofluorocarbon polymer, perfluorocarbon polymer,
perfluoroalkylpolyether, modified silicone or a chlorinated
aromatic compound.

13. A refrigerant circulating system according to
claim 10 wherein the refrigerant is a mixture of refrigerants
at least one of which is inflammable.

14. A refrigerant circﬁlating system according to

claim 1 or 2 wherein the bottom of the compressor to contain

is Sheet Has Becn Rerlaced
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and O atoms will suffice. If a refrigerantfif; with a
refr.igerati ngmhmﬂlitﬁiwsol ubility, the dissoluti OIR@LWE@SEEQ} ant

into the refr HMIWHHI not increase even | f]the tenperatyrg of
the oil or th g contact with it apprpach@R2NO¥ 1986 urlatli on
point of the latter at the pressure of 6bhe atnospherge in which the
refrigerating oil is placed. Consequently, the visgosrty—of~the T quid
being supplied to the sliding part is maintained af a sufficiently_tigh

level to redyce Lhe chance of 4P 9ECULIEnGE 8581 FHER is located on the

(@)

high-pressure side of said compressor or said system.

15. A refrigerant circulating system according to
claim 1 or 2 wherein means for separating the refrigerating
oil having a greater specific gravity than the gaseous
refrigerant is incorporated in said compressor so that the
weight factor of the presence of the refrigerating oil being
discharged from said compressor as part of the high-pressure
gaseous refrigerant is not higher than the weight factor of
dissolution of the refrigerating oil in the liquid
refrigerant under the condensing pressure and temperature
conditions.

16. A refrigerant circulating system according to
claim 1 or 2 wherein an oil separator is connected to the
discharge side of said compressor.

17. A refrigerant circulating system according to
claim 1 or 2 wherein the refrigerating oil has no solubility
or only slight solubility such that the weight factor of
dissolution of said refrigerating oil in the ligquid
refrigerant under the evaporating pressure and temperature

condition is 0 to 2%.

18. A refrigerant circulating system which comprises

the interconnection of:

a compressor that draws in a gaseous refrigerant
optionally containing a liquid refrigerant while discharging

it as a high-pressure gaseous refrigerant;
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and other troubles in the sliding part. Sp
of using_a refrigerating oil of lowsolubility, th

| eaks out
conpres&

seal portion towards the suctko
. 'F E, &"ﬂ ionly a small anount of réf
t he | oss due xpansi on and ée6onpression}i

cycle is suffrcrently reduced to prevent the drop i§gn efficiency.

NS YT oTHRARRH case
“of the or Whi ch

gigimv 1@Bd hence,

t he conpressi oh

| f a non-azeotropic m xed refrlgerant systenris used—itls-aceeptrabdle tO

use a refrigerating or

hrotéig mechanlsm for reducing the pressure of a
liquid refrigerant optionally containing a gaseous
refrigerant;

a condenser for condensing the high-pressure gaseous
refrigerant discharged from said compressar; and

an evaporator for vaporizing the liquid refrigerant
or gas-liquid phase refrigerant leaving said throttle
mechanism, and in which system a refrigerating oil for
performing the function of lubrication, sealing or the like
is contained either within said compressor provided in said
system or in a separate tank or the like, part or all of said
refrigerating oil being exposed to the refrigerant
atmosphere, characteriied in that the refrigerant is a
mixture of HFC32, HFC125 and HFCl34a, that said refrigerating
oil has such a solubility that the weight factor of
dissolution thereof in the liquid refrigerant is 0.5 to 7%
under the condensing pressure and temperature conditions, and
that said refrigerating oil has a smaller value of specific
gravity than said liquid refrigerant.

19. A refrigerant circulating system according to

claim 13 wherein the refrigerating oil is nonflammable.

20. A refrigerant circulating system which comprises

the interconnection of:
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in the range of anbient tenperatures for the use of

circul ati ng
of aliquid
correspond|
56

n_m_

ssor,

system assunes _a snaller value of spe ﬁbAGEM$k QH t hat
mmum:‘mu\! amﬁeasured at the sane terg rat ure under h
r

pressure. During shutlddgwn2@NOWA9%o
67

o

wora

a compressor that draws in a gaseous refrigerant
optionally containing a liquid refrigerant while discharging
it as a high-pressure gaseous refrigerant;

a throttle mechanism for reducing the pressure of a
liquid refrigerant optionally containing a gaseous
refrigerant;

a condenser for condensing the high-pressure gaseous
refrigerant discharged from said compressor; and

an evaporator for vaporizing the liguid refrigerant
or gas-liquid phase refrigerant leaving said throttle
mechanism, and in which system a refrigerating oil for
performing the function of lubrication, sealing or the like
is contained either within said compressor provided in said
system or in a separate tank or the like, part or all of said
refrigerating oil being exposed to the refrigerant
atmosphere, characterized in that said refrigerant is a
hydrofluorocarbon based mixture of non-azeotropic
refrigerants, and that said refrigerating oil is lighter than
said liquid refrigerant and dissolves only slightly in the
latter.

21. A refrigerant circulating system which comprises
the interconnection of:

a compressor that draws in a gaseous refrigerant
optionally containing a liquid refrigerant while discharging

it as a high-pressure gaseous refrigerant;
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; : g r-‘."‘-_ﬂg‘
onIy arestrlc muw t‘refrlgerant will b R@LA@E?‘-erred f+o t he
evapor at or mmﬁm | o the conpressor o trm?‘b‘ottom of wWhilch it

will stay as a I*i gbi d* refrlgerant As a result, o

dur ati on of

cap % t1996 t he
time for which the liquid refrigerant |sjsupplied to tih

sliding part of the conpressor so as to &&duce the pf S
| ubrication when the systemis restarted after prolonged shutdown.
The refrigerant circul ating systen1of the inventi ont—+msures ( hat the
refrigerating oil which is use

a throttle meéhanlsm for reducing the pressure of a
liquid refrigerant optionally containing a gaseous
refrigerant;

a condenser for condensing the high-pressure gaseous
refrigerant discharged from said compressor; and

an evaporator for vaporizing the liquid refrigerant
or gas-liquid phase refrigerant leaving said throttle
mechanism, and in which system a refrigerating oil for
performing the function of lubrication, sealing or the like
is contained either within said compressor provided in said
system or in a separate tank or the like, part or all of said
refrigerating oil being exposed to the refrigerant
atmosphere, characterized in that said refrigerant is a non-
azeotropic mixed refrigerant based on at least one member of
the group consisting of fluoroamine, fluoroether,
fluoropropane, fluoroethane, fluorosilane or fluorosulfur and
thaf said refrigerating oil is lighter than said liquid
refrigerant and dissolves only slightly in the latter.

22. A refrigerant circulating system according to
claim 20 or 21 wherein at least one constituent of the mixed
refrigerant is an inflammable refrigerant.

23. A refrigerant circulating system which comprises
the interconnection of:

a compressor that draws in a gaseous refrigerant
optionally containing a liquid refrigerant while discharging

it as a high-pressure gaseous refrigerant;
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conpressor |ubrication, sealing and other purposes will- flow out in small
quantities to the. condenser throttle mechani sm and BA@Fgmpn&QﬂEE?

same ti me m‘ﬁg di scharge only a limt ' of o+ nd,
hence, l“m qm that has flowed out canjp srné Née(

returned t conpr esor, - thereby pré&denting the drdpli '996

heat - exchange efficiency of the condenser and the evdpdrator. The
refrigerant circulating systemof the invention insurles that the

refrigerating oil which is used for
a throttle mechanism for reduCLng the pressure of a

liquid refrigerant optionally containing a gaseous
refrigerant;

a condenser for condensing the high-pressure gaseous
refrigerant discharged from said compressor; and

an evaporator for vaporizing the liquid refrigerant
or gas-liquid phase fefrigerant leaving said throttle
mechanism, and in which system a refrigerating oil for
performing the function of lubrication, sealing or the like
is contained either within said compressor provided in said
system or in a separate tank or the like, part or all of said
refrigerating oil being exposed to the refrigerant
atmosphere, characterized in that said refrigerant is a
mixture of refrigerants at least one of which is inflammable
and that said refrigerating oil is lighter than said liquid
refrigerant and dissolves only slightly in the latter.

24. A refrigerant circulating system according to
claim 23 wherein the refrigerating oil is nonflammable.

25. A refrigerant circulating system according to
claim 20, 21 or 23 wherein the temperature for separation
into two layers, one being the refrigerant and the other
being the refrigerating oil, is equal to or highexr than the
condensing temperature.

26. A refrigerant circulating system which comprises

the interconnection of:
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conpressor |ubrication,

quantities t hrottl e mechanism and eja
sanme tine, IC'H“ Ima ﬂr" %H that has flowed out da

returned to the conpressos,

heat - exchange effici ency

sealing and ot her purposes wl|

her eby. pﬁgventlng t he drd
of the conde and the eva

noe

REPDACEMT ™ RHEER

ator ; at T

21 PAINOV 96 °

orjat or

a compressor that draws in a gaseous refrigerant
optionally containing a liquid refrigerant while discharging
it as a high-pressure gaseous refrigerant;

a thfottle mechanism for reducing the pressure of é
liquid refrigerant optionally containing a gaseous
refrigerant;

a condenser for condensing the high-pressure gaseous
refrigerant discharged from said compressor; and

an evaporator for vaporizing the liquid refrigerant
or gas-liquid phase refrigerant leaving said throttle
mechanism, and in which system a refrigerating oil for
performing the function of lubrication, sealing or the like
is contained either within said compressor provided in said
lsystem or in a separate tank or the like, part or all of said
refrigerating oil being exposed to the refrigerant
atmosphere, characterized in that said refrigerant is based
on the hydrofluorocarbon, that said refrigerating oil has a
small value of specific gravity than said liquid refrigerant
and that a maximum of the temperature for separation into two
layers, one being said refrigerating oil and the other being
said liquid refrigerant, is equal to or higher than the |
condensing temperature.

27. A refrigerant circulating system which comprises

the interconnection of:
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57 The refrigerant circulating systemof t REPb&@B%FBﬁ“HEEt'eS

h is used for conpre s{T‘Tubrlcatlon

turnmmﬁ

that the refrigerating oil whic

mhich has fl owed out |t

tsﬁﬁloit ??eagcﬁ;ummwnmmmg"n or canggosi tively be|ré

conpressor, théreby 'prdventi hg:the dr I n the heat -}ex
of the condenser and the evaporator.

The refrlgerant C|rculat| §9

system of the invention

a compressor that draws in a gaseous refrigerant

Fengy

optionally containing a liquid refrigerant while discharging

it as a high-pressure gaseous refrigerant;

a throttle mechanism for reducing the pressure of a

liquid refrigerant optionally containing a gaseous

refrigerant;

a condenser for condensing the high-pressure gaseous

refrigerant discharged from said compressor; and

an evaporator for vaporizing the liquid refrigerant

or gas-liquid phase refrigerant leaving said throttle

mechanism, and in which system a refrigerating oil for

performing the function of lubrication, sealing or the like

is contained either within said compressor provided in said

system or in a separate tank or the like, part or all of said

refrigerating oil being exposed to the refrigerant

atmosphere, characterized in that said refrigerant is based

on at least one member of the group consisting of

fluorocamine, fluorocether, fluoropropane, fluoroethane,

fluorosilane or fluorosulfur, that said refrigerating oil has

a smaller value of specific gravity than said liquid

refrigerant, and that a maximum of the temperature for

separation into two layers, one being said refrigerating oil

and the other being said liquid refrigerant, is equal to or

higher than the condensing temperature.
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has yet ‘anot her advantage in that even if the refri

gﬁi.’;‘? f’ e , A

the air atnns account of a certain troubl %Egé. Ti'Ke: ; ven
if there is 4 Eﬁ@ﬂ@ﬂ"’ﬁlj H" source nearby, the r¢f erant will ho
catch fire an one can avoi d hazards|spuci? 280¥h®cclirf ence

of disastrous fire. Further, t refrigerapt{ C|rcul ating sysgem of

the invention uses a nonflamuabl e refrigerati ng oi| and, hence, Tt M|
not ignite even if it is released as a mst into th |

28. A refrigerant circulating system according to

claim 1, 2, 18, 20, 21, 23, 26 or 27 wherein a saturated

water content of said refrigerating oil is less than 300ppM.
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In the systemof the invention, the refrigerant m xtur
dissolved in the refrigerating machine oil. Therefore,
refri gerant nm%%ﬂkﬁﬂkﬁmﬁ ,hich  contains a plurality jof
| east one of fmabl e, the,mxing ratio of
m xture in %’m lm‘; circul ati ng “cycl e scarcely
m xing ratio fore put in the refrigerant
and was detected non-fl ammuabl e.' Hence, the

APRMENT SHEET
refrigerants a%
e 2ANGY, %%
hanges froomthe
crrculrating cycl ¢

REFRIGERANT CIRCULATING SYSTEM

ABSTRACT OF DISCLOSURE

A refrigerant circulating system that uses a highly
polar refrigerant, as typified by a hydrofluorocarbon-based
one, and a refrigerating oil that has slight solubility with
a liquid refrigerant on the condensation side. And, a
refrigerant circulating cycle that uses a highly polar
refrigerant, as typified by a hydrofluorocarbon-based one,
and a refrigerating oil that has a slight solubility with a
liguid refrigerant and which has a greater specific gravity
than the liquid refrigerant. Thereby, it is provided a high
electrical insulation and moisture resistance, good oil

return to the compressor, and high reliability.

FIGURE 1



58 systemis free fromthe difficulty that the refrigerant mxtur

partially dissolved in the refrigerating machine oil, so t nsmﬁb
rati o changes into a value with which the refrigerant HA@E\ AN
i nfl ammabl e. _Thus, the refrigerant mixture is nmaintain ‘tanmmabl g !
Therefore, even-when the refrigerant niixture is dischar iﬁﬂoﬂh‘ﬂ‘) i ry
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by accident, and there is-an igniting source near it, it
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never be ignited, and therefore no fire is caused thereby. That is, the
refrigerant circulating systemof the invention is high in safety.
Furthernore, in the systemof the invention, the refrigerani#Afxture is
substantially not dissolved in-the refrigerating machi pe-Qid SATker
when the refrigerant mixture is used w# ch contai e Al | ty of

refrigerants at |east one of which is inflamabf ,iﬁ'Q '

; @;1 xi ngagatijo of the
Wel yichanges

refrigerant mixture in the refrigerant circul ati N
fromthe mxing ratio which it had before

FIG. 2
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put in the refrigerant circulating cycle and was confirnmed non-flammable.
Hence, the systemis free fromthe difficulty that the refrigerant mxture

i's partially di.ssolved i-n-the=refrigerating nmachine
m xing ratio changes into a value with which the ref
I nfl ammabl e. Thus, the refrigerant ni xt uBe i s nai ntai
Furthernore, the refrigerating machine oil is nonfla
even when the refrigerant mxture is discharged intp
and there is an
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59 igniting source near it, it will never be ignited, and therefore no
fire will be caused thereby. Thus, the refrigerant .circul atlng system of

the invention is high in safety. Hydr of | uor ogaLhae Py

prom si ng ref--.Ll ger ants that could replace CFCl12 and t, 'Jr Wk “‘v*%iﬁ‘:

the |ist of A A ..--1
22N0V 996

i T |

l'"

1

/
.
.
.-

SINENNERNINEBEN
FTTTTTTTTTITTTITIT T

e ———— e

FI

] - V



materials that need be used less or totally disused i
envi ronnent al probl ens they have caused. However, su
do not contain chlorine atons in the nolecule, so un

whi ch have ‘chl orine.  nolecules, they are not expected |\t
advant age ~that the sliding part of the 5onpressor whilc
boundary lubrication conditions fornms a conpound such
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CFC12 a
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i's pl aced

the nmetal surface, thereby inproving in wear resistange.
ester oils having high solubility with
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hydr of | uor ocar bons have | ow extrene pressure qual ity (high-
viscosity index) and, hence, increase the chance for
the conpressor to be subjected to the boundary I ubr
conpared to paraffinic or naphthenic oils which hav gﬁretoforegﬁse
enpl oyed in the refrigerant.circulating systemthat |u es2@NOY 1

as the refrigerant. Therefore, refrigerant filrculating s em
that use hydrofluorocarbons as refrigerants, particu| av-y-i e case}
where soluble ester oils are enployed as refrigerating oils,
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60 have encountered a problemw th the wear
Thi s problem however,
Bei ng designed as descri hRE

part of the conpressor.
slightly soluble oils.

refrigerant circulating systemof the invention is excelj

resi stance of the
be so

FIG. 7
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electrical resistance and in noisture resistance, and high in reliability.
Havi ng the structural features described herei nabove, the inventj S
t'he advantageé of --providing a refrigerant circulating s Mpﬂg'hQHEET
reliability and efficiency that..is capable of suppressi “‘escape-of %
oil fromthe conpressor in the system dhd which insure noot h, Qi Iwgéeturn
so that the oil will not collect or stay in any unsuitall Zﬂé@ i
The refrigerant circulating systemof the invention,
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bei ng constructed as described above, is high in safety being free froma
fear that it may cause a fire. Havi ng the structural features
descri bed herei nabove, “the invention offers the added advant age~efes
providing a sydtem of high reliability that is free fremmmmym: "
abnormalities in the sliding part “of corfressor even \R Qb
restarted after prolonged shutdown.
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- 61 - What is clainmed is: 1. Arefrigerant circukating system
conprising: a conpressor that -uses a hydrofl uorocarbon
m xed refrigerant and which draws in a gascous refri
liquid refrigerant while dis- chargiaﬁ it as a high-fdrd8%ure gaseous
refrigerant: a condenser positionéd dowdstream of said{c npgqgﬂ@V‘w98(M
condensi ng the high-pressure gaseous refrigerant di sgh rged from said
conpressor: a throul e mechani sm positioned downstream e=cotr="aenger
for reducing a pressure of a liquid refrigerant | eavipg sai d condenser.
and an evaporator positioned downstream of said throule ani sm for
vaporizing the liquid refrigerant or a gas-liquid phase refrigerant

| eaving said throule mechani sm and in which systema refrigerating oi
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contained within one of said conpressor provided in sai
separate tank at |east part of said refrigerating oi

FEPLACPMENT SHERT)

el g -exposed t o1

said refrigerant -for perform ng the function of at |east :on
| ubrication or -sealing, wherein said refrigerating oil EMWU
bility that a weight factor of dlssolutﬁon thereof in th IJqu1d

refrigerant is 0.5 to 7% under condenS|ng pres- sure d tenperatufe
conditions. and the refrigerant Is a mxture of refrige
of which is an i nfl ammabl e refrigerant. A refrigerant C|rculat|ng

system conprising: a conpressor that uses a fluoroam ne. fluoroether. fluo-
r opr opane, fl uoroethane, fluorosilane or fluorosulfur based single or

m xed refrigerant and which draws in a gaseous refrigerant containing a
liquid refrigerant whil e discharging it as a high-pressure gaseous
refrig- erant: a condenser positioned downstream of said conpressor for
condensi ng the high-pressure gaseous refrigerant di scharged fromsaid
conpr essor
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a throttle mechani sm positioned downstream of said con- denser for
reducing a pressure of a liquid refrigerant | eavi ng sai d condenser, and
an evaporator positioned-downstream of said throttle mechani sm f or
vapori zing-the liquid refrigerant or a gas-liquid g L@l O T
| eaving said throttle mechaniism andlZn which syst
S contained within one of said conpressor provide§i g - 24 )
said systemor in a separate tank, at |east part of daiid Ngy%ig rating
oil being exposed to said refrigerant for ‘;3 ' :
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perform ng the function of at |east one of l|ubrication.or seal i ng,

wherein said refrigerating oil has such a sol u- bili
factor of dissolution thereof in the liquid refrige
under the condensing pressure and tenperature condi

refriger- ant is a mxture of refrﬂ%erants at | east {one ?gmv
fg accord

an i nflammabl e refrigerant. 3. Arefrigerant circul ati
toclaim1l or 2. wherein the refrigerating oil has a snall
specific gravity than said liquid refrigerant. 4. A refyrigerant
circulating systemaccording to claim3. wherein the refrk
based on at | east one nenber of the group consisting of alkylbenzenes

pol y- al pha-ol efins. paraffinic oils. naphthenic,0ils. polyphenylethers.

pol yphe- nylthioethers. and chlorinated paraf (&35 5. A refrigerant
circulating systemaccording to claim3. V\/nerg tme refrigerant is a

m xture of nonaeotropic refrig- erants. mm i gerant circulating
system according to claim3. wherein the reergeiailng oil is such that, at

| east in the range,
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of anbient tenperatures for .the use of said system it assunes a snaller
val ue of specific gravity than that of the liquid refrigerant as neasured
at the sane tenperature under the correspondi ng sat ur at eq—vadje -
and wherein the refrigerant a non-azeotropic m xed refri dQEFRALEMEMNE AT
refrigerant circulating systen1accordiﬂé-to claim3 furt er‘tﬁhpr|5|ng aﬂ
accunul ator provided with a | ead-out pipe for |eading thefrke Qﬁg ROVM996 ut
of said accunul ator, said | ead-out pipe having a pluralit} ol es whi ch
are different in height as neasured froma bottom of said a“ﬁnﬂ'!aLU|

8. Arefrigerant circulating systemaccording to claim4. fwherein a

backf | ow preventi ng nmechanismis provi ded between sai d evaporator and said
conpressor, or between a four-way valve provided in a first connecting
portion . between said evaporator And said conpressor and a second
connecting portion provided between the conpressor and the condenser, or
between sai d accumul ator and said pipe connected to a suction side of sai d
conpressor. 9. A ng system according to claim1 or
2, wherein the reffifrgera |ng (o] as reater val ue of specific
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g-ravity than the liquid refrigerant. 10. A refrigerant circulating
system according to claim9. wherein the specific gravity of the

refrigerating oil is such that. in the tenperature range gde Lebrelmenmlreale

+60[err] C ,- th refrigerating oil assungs a greater val ue REH;A,W”S’EG’C‘"EE'F

- 63 - gravity of the liquid refrigera?ﬁ as neasured at }hg=same

t enperature under the correspondi ng saturated vapor pres-|shr il A
nmp p g p p > t%ezNOV 1_1996

refrigerant circulating systemaccording to claim9 where
refrigerating oil is based on a chlorofl uorocar-
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bon pol yner. perfluorocarbon polyner, perfluoroal kyl poly- ether. nodified
silicone or a chlorinated aromati c com pound. 12. Arefriger
circulating system according to claim9. wherein the r¢
m xture of refrigerants at |east one of, which is inflan
refrigerant circulating systan1accorm|ﬁ§to claim1l1 or {2, g

of the conpressor to contain the refrigerating oil or ship Qﬁbﬂ f89 ankk §i s
| ocated on a high- pressure s”de of said conpressor or pajd system

A refrigerant circulating systemaccording to claiml o , erein means
for separating the refrigerating oil having a greater specifi

t he gaseous refrigerant is incorporated in said conpressor so that a melght
factor of the presence of the refrigerating oil being discharged fromsaid
conpressor as part of the high-pressure gaseous refrig- erant is not higher

whereln otlt am

than the weight factor of dissolution of the refrigerating oil in the
liquid refrigerant under the condens- ing pressure and tenperature
condi tions. 15. Arefrigerant circulating systemaccording to claim1

FIG. 16
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or 2, wherein an ‘

conpresser.

2, wherein the refri gerating oil has no sol ubility or:-only =slight

1

UpiTar £ TFC?

circul ati ng systemaccoidingito claiml ‘or

me%ML‘!H connected to a discharge sudeofsaud -

sol ubi lity such that-the weight--factor of dissolufion of said.reérigerating
oil in the Iiquid refsigerant tuntler an evaporating pressure -and tenperature

condition is O to 2%

conpri si ng:
ing a liquid refrigerant while di schar@i ng it as a.high- .....pr es;gﬁlzvg

0 29 17. A refrigerant circulating system .. .. .,
a conpréessorthar—draws_jn a gaseous refrigerant contain-

gaseous refrigerant ypa, '?c&?ﬁgﬁq .er positioned downstream of -sai d”.. "

conpr essor
di scharged. from sai

for

condensi ng the hi gh pressure gascous refrigerant
b corrrgnrgeeﬁ rc,"culalé(‘qi H&bﬂf‘é"ﬁb"éﬁ%ﬁ-sm posi ti oned
downst r eam fr om sai @ compressenthansiess § dydraftwcocagben pasesissingleof a i quid
rcfrigerant

or mixed refrigerant and which draws in a gaseous
refrigerant containing a liquid refrigerant while dis-
charging it as a high-pressure gaseous refrigerant:

a condenser positioned downstream of said compressor
for condensing the high-pressurc gaseous refrigerant
discharged rom said compressor;

a throttle mechanism positioncd downstrcam of said con-
denser [or reducing a pressure of a liquid rcfrigcrant
leaving said condenser; and ’

an evaporator positioned downstream of said throttlc
mechanism for vaporizing the liquid rcfrigerant or a
gas-liguid phase refrigerant leaving said throttle
mechanism, and in which system a refrigerating oil is
contained within one of said compressor provided in
said system or in a separate tank at lcast part of said
refrigerating oil being exposed to said rcfrigerant for
performing the function of at least one of lubrication or
sealing, whereia said refrigerating oil has such a solu-
bility that a weight factor of dissolution thereof in the
liquid refrigerant is 0.5 to 7% under condensing pres-
sure and temperature conditions, and the refrigerant is
a mixture of refrigerants at least one of which is an
inflammable refrigerant. ,

2. A refrigerant circulating system comprising:

a compressor that uses a fluoroamine, fluoroether. fluo-
ropropane. fluoroethane, fluorosilane or fluorosulfur
based single or mixed refrigerant and which draws in a
gaseous refrigerant containing a liquid refrigerant
while discharging it as a high-pressurc gaseous refrig-
erant:

a condenser positioned downsueam of said compressor
for condensing the high-prassure gaseous rcfrigerant
discharged from said compressor:

a throttle mechanism positioned downstream of said con-
denser for reducing a pressure of a liquid refrigerant
leaving said condenser; and

an evaporator positioned downstream of said throtde
mechanism for vaporizing the liquid refrigerant or a
gas-liquid phase refrigerant leaving said throwle
mechanism. and in which system a refrigerating oil is

-contained within one of said compressor provided in

This Sheet Has Been Replaced
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- 64-- 18. A ref,_J,gerant circul ating system according.. Lo claim12.

wherein the refrl |s nonf | ammabl e. -19:; AT efEi jer ant
circulating im a corrpressor that dra B in gaseous
refrigerant c sng* a liquid refri gw_ant_‘"wl’ii_Le-wdr seftarging it as a

hi gh- pressure gaseous refrigerant; a condenser positioned downstream
of said conpressor for condensi ngGZt he hi gh-pressure gaseous refrigerant

di scharged from sai ssor chani sm itioned
downst ream of said %’F‘i System Y lr‘l‘s%rs WS?‘W‘@%C?‘[F&T‘ fs%rre of aliquid

refrigerant | e FFIPIFTERTE OH oPRIRS SEPOSSH P 53-1 remocran

pe orrnmo the function of at least one of lubrication or
sealing, wherein said rcfrigerating oil has such a solu-
bility that a weight factor of dissolution thereof in the
liquid refrigerant is 0.5 to 7% under the condensing
pressure and temperature conditions, and the refriger-
ant is a mixwure of refrigerants at least onc of which is
an inflammable refrigerant.

3. A refrigerant circulating system according to claim 1 or

- 2, wherein the refrigerating oil has a smaller valuc of
specific gravity than said liquid refrigerant.

4. A rcfrigerant circulating system according to claim 3.
wherein the refrigerating oil is based on at least onc member
of the group consisting of alkylbenzenes, poly-alpha-olefins.
paraffinic oils. naphthenic oils, polyphenylcthers. polyphe-
nylthiocthers, and chlorinated paraffins.

5. A refrigerant circulating system according to claim 3,
whercin the refrigerant is a mixture of nonazeotropic refrig-
crants.

6. A refrigerant circulating system according to claim 3,
wherein the refrigerating oil is such that, at lcast in the range .
of ambicnt tcmpcratures for the usc ol said system, il
assumncs a smaller value of specific gravity than that of the
liquid rcfrigerant as measured at the same tempcerature undcer
the corresponding saturated vapor pressurc and wherein the
refrigerant is a non-azcotropic mixed refrigerant.

7. A refrigerant circulating system according to claim 3
furthcr comprising an accumulator provided with a lcad-out
pipe for lcading the refrigerant out of said accumulator, said
lcad-out pipc having a plurality of holes which arc different
in hcight as mcasured {rom a bottom of said accumulator.

8. A refrigerant circulating system according to claim 4,
wherein a backflow preventing mechanism is provided
betwecen said evaporator and said compressor, or between a
four-way valve provided in a first connecting portion
between said evaporator and said compressor and a second
connecting portion provided between the compressor and
the condenser, or between said accumulator and said pipe ”IIII
connected to a suction side of said compressor.

9. A refrigerant circulating system according to claim 1 or
2, wherein the refrigerating oil has a greater value of specific
gravity than the lquId refrigerant.

10. A refrigerant circulating system according to claim 9.
wherein the specific gravity of the rcfnveraunv oil is such
that, in the temperature range of -20° C. to +60° C.. the
refrigerating oil assumes a greater valuc than the specific

This Sheet Has Been Replaced




an evaporator positioned downstream of said throttle
vaporizing the liquid refrigerant or a
| eavi ng said throttle

oil for
seallnglsco ' al

mechani sm f or
gas-liquid phase refrigerant
mechani sm and in which systema refrigerating

tion of at |east one of lubrication or
ml WE of sai d corrpressor provided in said

systemor in a *separate"taﬂk part or of said-refrigerati ng oi |

bei ng exposed to a refrigerant sphere vvherem sai‘d ef i S
a hydrof | uor o- car bon based mxtur of nonazeq’)tropl metbEh

and said refrigerating oil is lighter than said |iquro—— ¥e .L.L_.g_erpant and

di ssolves only slightly in the latter.

system conpri si ng:

This Sheet Has Been R,

20. Arefrigerant circulating

a conpressor that draws in a gaseous refrigerant
cont ai n- i ng a gravguy ofréerligedaefrigirnieasiingasaragi ay the samea hi gh-
pressure gasenus rteﬁnpt:muanmnder the corresponding saturated vapor pres-

sure.

11. A refrigerant circulating system according to claim 9,
wherein the rcfnoeraunc oil is based on a chlorofluorocar-
bon polymer, perﬂuorocaroon polymer, pefﬂuoroalkylpoly-
ether. modified silicone or a chlorinated aromatc com-
pound.

12. A refrigerant circulating system according to claim 9,
wherein the refrigerant is a mixture of refrigerants at least
one of which is inflammable. "

13 A refrigerant circulating system according (o claim 1
or 2, whersin a bottom of the compressor to contain the
refrigerating oil or said separate tank is located on a hign-
pressure side of said compressor or said system.

14. A rafrigerant circuiating system according to claim 1
or 2. wherein means for separating the refrigerating oil
having a greater specific gravity than the gaseous refrigerant
is incorporated in said compressor so that a weight factor of
the presence of the refrigerating oil being. discharged from
said compressor as part of the high-pressure gaseous refrig-
erant ts not higher than the weight factor of dissolution of the
efrigerating oil in the liquid refrigerant under the condens-
ing pressure and temperature conditions.

15. A refrigerant circulating system according to claim 1
or 2, wherein an oil separator is connected to a discharge
side of said compressor.

16. A refrigerant circulatng system according to claim 1
or 2, wherein the refrigerating oil has no solubility or only
slignt solubility such that the weight factor of dissolution of
said refrigerating oil in the liquid refrigerant under an
evaporaling pressure and temperature condition is 0 to 2%

17. A refrigerant circulating system comprising:

a compressor that draws in a gaseous refrigerant contain-
ing a liquid refrigerant while discharging it as a high-
pressure gaseous rcfrigerant;

a condenser positioned downstream of said compressor
for condensing the high pressurc gascous rcirigerant
discharged from said compressor;

a throttle mechanism positioned downstream from said

condenser for reducing a pressure of a liquid refrigerant ¢

T
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- 65 a condenser

denser for red u0|ng a pressure of aliquid refrlgerant-f

posi ti oned downstream of said conpressor

for

ni sm posi tioned downstream of said con-

eavi NG sai d

condensi ng t ﬂlmml'ﬂ"mﬁﬂwﬂlgaseous refrigerant di scharged from said
conpr essor ;

condenser; and

mechani sm for vaporizing the liquid refrigerant Of &

an evaporator positppned downstream of' "

’Hriatit e
I qui d phase

refrigerant | eavi nigaviagdaithreordanscr: andnechani sm and in whi ch™system a
refrigerating oi hnf&aporato®Pobitiottd HdviesticdC loff Ofi@fihab €ast one of
nRERliad fos Jaaahahoemcvn d r}cfm{ﬂ Gapd compr essor
P e s H N i SRR AE ol 1S ot

| ubrication or

refrigerating oil

el n oSged t |1g,}l
mcchanism, and in w systeth a rc nzcratmo oil for

performing the function of at lcast onc of lubrication or
scaling is containcd within onc of said compressor
providced in said systcm or in a scparatc tank, part or all
of said refrigerating oil being exposed to the refrigerant
atmosphere, wherein the refrigerant is a mixture of
HFC32, HFC123 and HFCl134a, said rcfrigerating oil
has such a solubility that a weight factor of dissolution
thereofl in the liquid refrigerant is 0.5 to 7% under
condensing pressure and temperawure conditions, and
said rcfrigerating oil has a smaller valuc of specific
gravity than said liquid refrigerant.
18. A refrigerant circulating system according to claim 12,

wherein the refrigerating oil is nonflammable.

19. A refrigerant circulating system comprsing:

a compressor that draws in a gascous refrigerant contain-
ing a liquid refrigerant while discharging it as a high-
pressure gaseous rcfrigerant;

a condenser positioned downstream of said compressor
for condensing the high-pressure gaseous refrigerant
discharged from said compressor;

a throttle mechanism positioned downstream of said con-
denser for reducing the pressure of a liquid refrigerant
leaving said condenser; and

an evaporator positioned downstream of said throttle
mechanism for vaporizing the liquid refrigerant or a
gas-liquid phase refrigerant leaving said throtile
mechanism, and in which system a refrigerating oil for
performing the function of at least one of lubrication or
sealing is contained within one of said compressor
provided in said system or in a separate tank, part or all
of said refrigerating oil being exposed to a refrigerant
atmosphere, wherein said refrigerant is a hydrofiuoro-
carbon based mixture of nonazeotropic refrigerants,
and said refrigerating oil is lighter than said liquid
refrigerant and dissolves only slightly in the later.

20. A refrigerant circulating system comprising:

a compressor that draws in a gaseous refrigerant contain-
ing a liquid refrigerant while discharging it as a high-
pressure gaseous refrigerant;
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at nosphere. whe
refrigerant bas
fl uor oam ne, fl
or fluorosul fur
refrigerant and
circulating sys

rein said refrigerant is a non-azeotro-

pic m xed

ed on at_least one nenber of t he group consi sting of

A refrigerant

uor oet | ﬁm\ ropropane, fluoroethane, fluorosilane
““\l“ﬁ !@A'\ ‘ igerating oil is:li‘ghterithan; 5;@'_g?| i qui d
" 3
C

onty slightly in the latter.

t eém according to claim19 or 20, wher 61 i at—t+east—one

constituent of the mxed refrig- cra is an inflanmabl e refrigerant. 22.
A refrigerant circulating systemconprising: = a conpressor that draws in a
gaseous refri cecamdensenpasiponed downsigeam| ¢lgsaid qostpregf@ant whil e

di scharging it der ohdepsing the hpglepmssureggaseous refefgeraner ant : a condenser

positi oned down
hi gh- pressure %
athrottle nec
reduci ng a pres

Hscharged§ from shid @ORIPRESOF; for fcondensi gg t he
S rart. d4r sal conpressor;
de5ele m%&;{awsgﬁgg%xg\%dsfi Pgﬁm&%ﬁﬁgﬁ%@n@: denser for

I1Sm )
SEPSFToROT TR P PERSITGeiah diaui

an evapor at or pd&IMing seid CRIWEEsseaRdof said throttle
an evaporator positioned downstream of said throttle

mechanism for vaporizing the liquid refrigerant or a
gas-liquid phase refrigerant leaving said throttle
mechanism. and in which system a refrigerating oil for
performing the function of at least one of lubrication or
scaling is contained within one of said compressor
provided in said system or in a separate tank. part or all
of said refrigerating oil being exposed to refrigerant
atmospherc, wherein said refrigerant is a non-azeotro-
pic mixed refrigerant based on at least one member of
the group consisting of fluoroamine, fluorocther. fluo-
ropropane, fluorocthane, fluorosilane or fluorosulfur
and said refrigerating oil is lighter than said liquid
rcfrigerant and dissolves only slightly in the later.

21. A rcfrigerant circulating system according to claim 19

or 2

0, wherein at least one constituent of the mixed refrig-

erant is an inflammable refrigerant. .
22. A rcfrigerant circulating systcm comprising:
a comprcssor that draws in a gascous refrigerant contain-

ing a liquid rcfrigcrant whilc discharging it as a high-
prcssurc gascous rcfrigerant;

a condcnser positioncd downstrcam of said compressor

for condensing the high-pressurc gascous refrigerant
discharged {rom said compressor;

a throttlc mechanism positioned downstream of said con-

denscr for reducing a pressurc of a liquid rcfrigerant
leaving said condenser;

an cvaporator positioned downstrcam of said throttle

mechanism for vaporizing the liquid refrigerant or a
gas-liquid phasc refrigerant leaving said throttle
mechanism, and in which system a refrigerating oil for
performing the function of at least one of lubrication or
sealing is contained within one of said comprcssor
provided in said system or in a separate tank, part or all
of said refrigerating oil being exposed to refrigerant
atmosphere, wherein said refrigerant is a mixture of
refrigerants at least one of which is inflammablc and
said refrigerating oil is lighter than said liquid refrig-
erant and dissolves only slightly in the latter.

reingstAthg sai d condenser:

This Sheet Has Been
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mechani sm for vaporizing the-liquid refrigerant oria

..;'j . gas- | Il{:ﬁl

und phase

refrigerant |eavin ' m nmechani sm and i n,-whi cfy; system a
refrigerating oi “‘“‘B “\ Rmﬂ m ng the function_of. at . leastoneof
. I'mg s tontained within one of said conpressor

| ubricati on or

provided in said systemor in a sepagate tank, part or all

refrigerating oil

a

a

of said

bei ng exposed to refrigerant at nosphere, wherein

sai d refrigeran3jA refrigesdnuteculiting sysidthté@dingnoeladm 2xast one of which is

i nfl ammabl e aRgherein the #kFigedurigl6il 3 hoeNfhinabk. | i ghter than said liquid

refrig- er 341 A 3o gBtan® Bl i RN Ysteth a8lUrlidhg'tB cldif 19,at ter.

: 20 or 22, wherein a temperature for separation into two
layers, one being the refrigerant and the other being the
refrigerating oil, is equal to or higher than a condensing
temperaturc.

25. A refrigerant circulating system comprising:
a compressor that draws in a gaseous refrigerant contain-

ing a liquid refrigerant while discharging it as a high-
pressure gaseous refrigerant;

condenser positioned downstream of said compressor

for condensing the high-pressure gaseous refrigerant
discharged from said compressor;

throttle mechanism positioned downstream of said con-
denser for reducing a pressure of a liquid refrigerant
leaving said condenser; and

an evaporator positioned downstream of said throttle

w

mechanism for vaporizing the liquid refrigerant or a
gas-liquid phase refrigerant leaving said throttle
mechanism, and in which system a refrigerating oil for
performing the function of at least one of lubrication or
sealing is contained within one of said compressor
provided in said system or in a separate tank, part or all
of said refrigerating oil being exposed to a refrigerant
atmosphere, wherein said refrigerant is based on

hydrofluorocarbon, said refrigerating oil has a smaller:

value of specific gravity than said liquid refrigerant and
a maximum of a temperature for separation into two
layers, one being said refrigerating oil and the other
being said liquid refrigerant, is equal to or higher .than
a condensing temperature;

hercin a saturated water content of said refrigerating oil
is less than 300 ppM.

26. A-refrigerant circulating system comprising:
a compressor that draws in a gaseous refrigerant contain-

ing a liquid refrigerant while discharging it as a high-
pressurc gascous refrigerant:

a condenscr positioned downstream of said compressor

for condensing the high-pressurc gaseous refrigerant
discharged from said compressor:

a throttle mechanism positioned downstrcam of said con-

denser for reducing the pressure of a liquid refrigerant
leaving said condenser; and

This Sheet Has Been Replaced
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REPLACEMENT SHEET 23. A refrigerant circulating systemaccording to claim
22. wherein the refrigerating oil is nonflanmabl e. 24. A refrigerant
circulating systemaccording to claim19, 20 or 22;":wherein a tenperature
for separation into two | ayers; ‘one being the refrl gera ""a'nd\..t hg ot her

?g:rggrgilﬁr;efrlger@m“ C““H\“m qual to or

conpressor that d aMgaéeotus ref ri gerant contain- it ng a_ |fI qui d
refrigerant while discharging it as a high- pressure gaseous
refrigerant; a condenser positioned downstream of said conpressor
for condensing the high-pressure gaseous refrigerant di scharged from
sai d conpressoan evapotaontpositiomed hdwwsstrqaasidfi exiddihdodest r eam of said con-
denser for reducmechaninefoswaponking theqliquldr effizgenast a | eaving said
condenser, and gANiQMAPPhAEC rdFRBERhONRAVHGWNGI] eamd @k said throttle
mechani sm for vapeed4idg, ddin Wﬂfé'hcgygﬁﬁ{hg@fh%mau?lr dil for

performing the function of at least one of lubrication or

scaling is containcd within one of said compressor

provided in said system or in a separate tank, part or all

of said refrigerating oil being exposed to a refrigerant

atmosphere, wherein said refrigerant is based on at least

one member of the group consisting of fluoroamine,

fluorocther, fluoropropane, fluoroethane, fluorosilane

or fluorosulfur, said refrigerating oil has a smaller value

of specific gravity than said liquid refrigerant. and a

maximum of a temperature for separation into two

layers, one being said refrigerating oil and the other

being said liquid refrigerant, is equal to or higher than

a condensing temperature;

wherein a saturated water content of said refrigerating oil

is less than 300 ppM.

27. A refrigerant circulating system according to claim 1,
2,17,19, 20, or 22 wherein a saturated water content of said
refrigerating oil is less than 300 ppM.

28. A refrigerant circulating system according to claim 2,
wherein a backflow preventing mechanism is provided -
between said evaporator and said compressor, or between a
four-way valve provided in a first connecting portion
between said evaporator and said compressor and a second
connecting portion provided between the compressor and
_the condenser, or between said accumulator and said pipe

- connected (o a suction side of said compressor.
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gas I |qu d phase refri gerant Iea_V| ng said thrott chani sy epgyesi flas
whi ch sy);tem a refrigerdting . I‘ for \\Hﬂ!ﬂﬂl!ﬁ!ﬁ“%ﬁunct I on of at
l-east ! oréye of I ubrication or . . ‘'seal i ng in one of said
corrpres or: . provi elescl in sal d_systemor in a separate tank, part or all
of said refr| gerating oi | "being’ ‘exposed t@ha refrigerant at nosphere,
Wnerel nisaid:refri- gerantu_[ sqrbased on ydr of I uor ocar bonRERIAGEMENT SHEET
refri geratlng oi---"has..a:- srml ek . value of specific gravity than said
liquid refrigerant aWhatis clagmadixs:um of a tenperature for separation into

t wo | ayers, onelbeirafrigeran dieltauggr Bisteny comprasimg:t he ot her ~ being
sai d |iquid refrigeranbny 'réss ,qua | bt £F mm%&oéﬂsa? based én ndensi ng

t enperat ure; V\herel& rlgerating oi |
is less than 300 ppM . CJI‘C% corrprisi ng a
”" |ng aliquid

conpressor that draws reﬁn%‘e ‘s&%%‘:?‘%ﬁ @ japihfe Eéﬁt
refrigerant while di sc‘?ﬂ%’%‘ﬂﬁgl 2§ 23u4Bhr PFRSgHTe ZaSCOUbr"‘éf%raé“gaseous

refrigerant = a conderoedemsesigosiidadd dowstieeanudisaiatsmprrpiressor
for condensing the high-pressurc gascous refrigerant
discharged from said compressor:

a throttle mechanism positioned downstream of said con-
denser for reducing a pressure of a liquid refngeram
leaving said condenser; and

an evaporator positioncd downstrcam of said throttle
mechanism for vaporizing the liquid refrigerant or a
gas-liquid phase refrigerant leaving said throttle
mechanism. and in which system a refrigerating oil is
contained within one of said compressor provided in
said system or in a separate tank at lcast part of said
rcfnverannc oil being exposed to said reirigerant for
pcrformmv the function of at least one of lubrication or
sealing, wherein said refrigerating oil has such a solu-
bility that a weight factor of dissolution thereof in the
liquid rcfnccram is 0.5 to 7% under condensing pres-
sure and temperature conditions. and the rcfnzcram is
a mixture of refrigerants at least one of which is an
inflammable rcfn'gcram.

2. A refrigerant circulating system comprising:

a compressor that uses a fluoroamine. fluoroether. fluo-
ropropane. fluoroethane, fluorosilane or fluorosulfur
based single or mixed refrigerant and which draws ina
gaseous refrigerant containing a liquid refrigerant
while discharging it as a high-pressurc gaseous refrig-
erant:

a condenser positioned downstream of said compressor
for condensing the high-pressure gaseous refrigerant
discharged from said compressor:

a throttle mechanism positioned downstream of said con-
denser for reducing a pressure of a liquid refrigcrant
leaving said condenser; and

an evaporator positioned downstream of said throtle
mechanism for vaporizing the liquid refrigerant or a
gas-liquid phase refrigerant leaving said throule
mechanism. and in which system a refrigerating oil is
contained within onc of said compressor provided ig

1
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for condensing the high-pressure gaseous refrigerant di scharged from

sai d conpressor; chani sm posi ti oned downstream of said con-
denser for re “Hﬁl“ ‘\ﬂtms“g“ree of a liquid refrigerant | eavi ng said
condenser; an * an evaporator positioned downstream of said
throttle - 62 - REPLACEMENT SHEET

said system or in a separate tank. at least part of said
refrigerating oil being cxposed to said refrigerant for
performing the function of at least one of lubrication or
sealing. wherein said refrigerating oil has such a solu-
bility that a weight factor of dissolution thersof in the
liquid refrigerant is 0.5 10 7% under the condensing
pressure and temperature conditions. and the refriger-
ant is a mixwre of refrigerants at least onc of which is
an inflammable refrigerant.

3. A refrigerant circulating system according to claim 1 or
2, wherein the refrigerating oil has a smaller valuc of
specific gravity than said liquid refrigerant.

4. A refrigerant circulating system according to claim 3.
wherein the refrigerating oil is based on at least onc member
of the group consisting of alkylbenzenes, poly-alpha-olefins.
paraffinic oils. naphr.hcmc oils. polyphenylethers. polyphe-
nylthwcthcrs and chlorinated paraffins.

5. A refrigerant circulating system according to claim 3.

whercin the refrigerant is a mixture of nonazcotropic refrig-
crants.

6. A refrigerant circulating system according to claim 3,
wherein the refrigerating oil is such that, at lcast in the range .
of ambicnt tcmperaturcs for the usc of said system, it
assumcs a smaller value of specific gravity than that of the
liquid refrigerant as measured at the same temperature under
the corrcspondmg saturated vapor pressure and whercin the
refrigerant is a non-azcotropic mixed refrigerant.

7. A rcfngcram circulating systcm according to claim 3

" further comprising an accumulator provided with a lcad-out
pipc for lcading the refrigerant out of said accumulator, said
lcad-out pipc having a plurality of holcs which are different
in hcight as measurcd from a bottom of said accumulator.

8. A refrigerant circulating system according to claim 4,
wherein 2. backflow preventing mechanism is provided
between said evaporator and said compressor, or between a
four-way valve provided in a first connecting portion

.between said evaporalor and said compressor and a second
connccting portion provided between the compressor and -

the condenser, or between said accumulator and said pipe
connected to a suction side of said compressor.

9. A refrigerant circulating system according to claim 1 or
2, wherein the refrigerating oil has a greater Value of specific
gravity than the hquxd rcfnzeram

10. A refrigerant circulating system according to claxm 9,
wherein the specific gravity of the refnzcraunc oil is such
that, in the temperature range of —20° C. to +60° C.. th

refrigerating oil assumes a greater value than the specifi¢ REPLACEMENT SHEET
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mechani sm for _vapor.i zi ng the liquid refrigerant or a gas-liquid phase

refrigerant tle mechani sm and in which system a
refrigerating ﬂmm;m“m” ‘m Hmorm ng the function of at |east one of
M

| ubrication or ¢c scalmng i ¢ contained within one of sai dR'qumﬁ;n-éa’EﬂﬁrSHEET
provided in said systemor in a separate tank, part or all of said
refrigerating oil being exposed to a ref?i%efant at nosphere, wherein
said refrigerant is based on at | east one nenber of the group

consi sting of fluor oa?am y of the filquid aefrigrant’ sienensufignne thd kapeoet hane,
fluorosilane péntk futider U Gofreépgonden shmeaiel | vapas pressel | er
val ue of specifig ,g_.raw ty than said liquid Trefrigerant and a

mexi mum of a tenperat ureuf Rrrﬁ‘% ﬁ it s¢s‘£‘9n a 501&1&”‘&5 Staide bei ng
n a

S EerLgerar i g g'h'w dHid ghmine o chiftbfludoesd. ger ant, i's

saturated water conte ?olgme P 30 " ﬁgrﬁuor élgb an 300
ppM 27. A refri ger aﬁ‘ltf‘ cﬁ?%‘éﬂnﬁg ?f t X ac{@é ﬁ?’ﬁa f‘éﬁ'& Sy ,' 2. 17,
19. 20, or 22 wherein PPU88t ur ated wat er content of said

12. A refrigerant circulaung system according to claim 9
wherein the refrigerant is 2 mixture of refrigerants at least
one of which is inflammable.

13. A refrigerant circulating system according to claim 1
or 2, whersin 2 bottom of the compressor to contain the
refrigerating oil or said separate tank is located on a high-
pressure side of said comprassor or said system.

14. A refrigerant circulating system according to claim 1
or 2. wherein means for separating the rcfnocratmc oil
having a greater specific gravity than the gaseous refrigerant
is incorporated in said compressor so that a weight factor of
the presence of the refrigerating oil being discharged from
said compressor as part of the high-pressures gaseous refrig-
erant is not higher than the weight factor of dissolution of the
refrigerating oil in the liquid refrigerant under the condens-
ing pressure and temperature conditions.

1: A refrigerant cxrculaune system according to claim 1
or 2, wherein an oil separator is connected t0 2 dxscharvc
side of said compresser.

16. A refrigerant circulating system according to claim 1
or 2, wherein the refrigerating oil has no solubility or only
sligit solubility such that the weight factor of dissolution of
said refrigerating oil in the liquid refrigerant under an
evaporating pressure and tempcraturs condition is 0 to 2%.

17. A refngeram circulating system comprising:

a compressor that draws in a gaseous refrigerant contain-
ing a liquid refrigerant while discharging it as a high-
pressure gaseous refrigerant:

a condenser positioned downstream of said compressor
for condensing the high pressurc gascous reirigerant
discharged from said compressor;

a throttle mechanism positioned downstream from said
condenscr for reducing a pressure of a liquid refrigerant
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refrigerating oil is less than 300 ppM 28. Arefrigerant circulating
system accordi-ng to claim2, wherein a backflow preventing nmechanism is

provi ded between sai rator and said conpressor, or between a four-way
val ve provj \‘\\h C\@“‘ﬁonnecti ng portion between said evaporator and
sai d comrm\ ecdnd connecting portion provided beiweeR-:Rer oliceT
conpr essor ¢t hé condenser, or betweerb%ai d accumul at or ah’d“"séi"d"pTSe -

connected to a suction side of said conpressor.
REPLACEMENT SHEET

18. A refrigerant circulating system according to claim 12,

wherein the refrigerating oil is nonflammable.

19. A refrigerant circulating system comprising:

a compressor that draws in a gaseous refrigerant contain-
ing a liquid refrigerant whilc discharging it as a high-
pressure gaseous rcfrigerant;

a condenser positioned downstream of said compressor
for condensing the high-pressure gaseous refrigerant
discharged from said compressor:;

a throttle mechanism positioned downstream of said con-
denser for reducing the pressure of a liquid refrigerant
leaving said condenscr; and

an evaporator positioned downstream of said throttle
mechanism for vaporizing the liquid refrigerant or a
gas-liquid phase refrigerant leaving said throttle
mechanism, and in which system a refrigerating oil for
performing the function of at least one of lubrication or
sealing is contained within one of said compressor
provided in said system or in a separate tank, part or all
of said refrigerating oil being exposed to a refrigerant
atmosphere, wherein said refrigerant is a hydrofiuoro-
carbon based mixture of nonazeotropic refrigerants,
and said refrigerating oil is lighter than said liquid
refrigerant and dissolves only slightly in the latter.

20. A refrigerant circulating system comprising:

a compressor that draws in a gaseous refrigerant contain-
ing a liquid refrigerant while discharging it as a high-
pressure gasenus refrigerant;
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a condenser positioned downstream of said compressor
for condensing the high-pressure gaseous refrigerant
discharged from said compressor;

a throttle mechanism positioned downstream of said con-
denser for reducing a pressure of a liquid refrigerant
leaving said condenser; and

an evaporator positioned downstream of said throttle
mechanism for vaporizing the liquid refrigerant or a
gas-liquid phase refrigerant leaving said throttle
mechanism. and in which system a refrigerating oil for
performing the function of at least one of lubrication or
scaling is contained within one of said compressor
provided in said systcm or in a separate tank. pan or all
of said refrigcrating oil being exposed to refrigerant
atmospherc. wherein said refrigerant is a non-azeotro-
pic mixed refrigerant based on at least one member of
the group consisting of fluoroamine. fluorocther. fluo-
ropropanc, fluorocthanc, fluorosilane or fluorosulfur
and said refrigerating oil is lighter than said liquid
refrigerant and dissolves only slightly in the lauer.
21. A refrigeramt circulating system according to claim 19
or 20, whercin at lcast one constituent of the mixed refrig-
erant is an inflammable refrigerant. -
22, A refrigerant circulating system comprising:
a compressor that draws in a gascous refrigerant contain-
ing a liquid refrigcrant whilc discharging it as a high-
pressurc gascous refrigerant:
a condenser positioned downstrcam of said compressor
for condcnsing the high-pressurc gascous refrigerant
discharged from said compressor:; .

a throttic mechanism positioned downstream of said con-
denser for reducing a pressure of a liquid refrigerant
leaving said condenser:;

an cvaporator positioncd downstrcamn of said throtle
mechanism for vaporizing the liquid refrigerant or a
gas-liquid phasc refrigerant leaving said throtilc
mechanism, and in which system a refrigerating oil for
performing the function of at least one of lubrication or
sealing is contained within one of said comprecssor
provided in said system or in a scparate tank, part or all
of said refrigerating oil being exposed to refrigerant
atmosphere, wherein said refrigerant is a mixture of
refrigerants at least one of which is inflammable and
said refrigerating oil is lighter than said liquid refrig-

erant and dissol nly slightly in the:latter.
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23. A refrigerant circulating system according to claim 22,
wherein the refrigerating oil is nonflammable.

24. A refrigerant circulating system according to claim 19,
20 or 22, wherein a temperature for separation into two
layers. one being the refrigerant and the other being the
refrigerating oil. is equal to or higher than a condensing
temperaturc.

25. A refrigerant circulating system comprising:

a compressor that draws in a gaseous refrigerant contain-
ing a liquid refrigerant while discharging it as a high-
pressure gaseous refrigerant;

a condenser positioned downstream of said compressor
for condensing the high-pressure gaseous refrigerant
discharged from said compressor:

a throttle mechanism positioned downstream of said con-
denser for reducing a pressure of a liquid refrigerant
leaving said condenser; and

an evaporator positioned downstream of said throttle
mechanism for vaporizing the liquid refrigerant or a
gas-liquid phase refrigerant leaving said throtile
mechanism, and in which system a refrigerating oil for
performing the function of at least one of lubrication or
sealing is contained within one of said compressor
provided in said system or in a separate tank, part or all
of said refrigerating oil being exposed to a refrigerant
atmosphere, wherein said refrigerant is based on
hydrofluorocarbon, said refrigerating oil has a smaller
value of specific gravity than said liquid refrigerant and
a maximum of a temperature for separation into two
layers, onc being said refrigerating oil and the other
being said liquid refrigerant, is equal to or higher than
a condensing temperature;

whercin a saturated watcr content of said refrigerating ol
is less than 300 ppM.

26. A-refrigerant circulating system comprising:

a compressor that draws in a gaseous refrigerant contain-
ing a liquid refrigerant while discharging it as a high-

* pressurc gascous refrigerant.

a condenscr positioned downstream of said compressor

for condensing the high-pressurc gaseous refrigerant
discharged from said compressor:

a throttle mechanism positioncd downstream of said con-
denser for reducing the pressurc of a liquid refrigerant
leaving said condenscr; and '
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an cvaporator positioncd downstrcam of said throtte
mechanism for vaporizing the liquid rcfrigerant or a
gas-liquid phasc refrigerant leaving said .throule
mechanism. and in which system a rcfrigerating oil for
performing the function of at least one of lubrication or
scaling is containcd within one of said compressor
provided in said system or in a separate tank, par or all
of said rcfrigerating oil being exposed to a rcfn erant
atmosphere, “wherein said refrigerant is based on at least
one member of the group consisting of fluoroamine,
fluorocther, fluoropropane. fluorocthane, fluorosilanc
or fluorosulfur, said refrigerating oil has a smaller value
of specific gravity than said liquid refrigerant. and 2
maximum of a temperature for separation into two
laycrs. one being said refrigerating oil and the other
being said liquid refrigerant, is equal to or higher than
a condensing temperature;

wherein a saturated water content of said refrigerating oil

is less than 300 ppM.

27.A refrigeram circulating system according to claim 1.
2.17, 19, 20, or 22 wherein a saturated water content of saxd e
refrigerating oil is less than 300 ppM. S

28. A refnoerant circulating system according to claim 2,
wherein a backflow preventing mechanism is provided
beiween said evaporator and said compressor, or between a
four-way valve provided in a first connecting portion
between said evaporator and said compressor and a second
connecting portion provided between the compressor and
the condenser, or between said accumulator and said pipe

- connected to-a suction sidc of said compressor.
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REFRIGERANT CIRCULATING SYSTEM

ABSTRACT OF DISCLOSURE

A refrigerant circuiating system that uses a highly
polar refrigerant, as typified by a‘hydrofluérocarbon-based
one, and a refrigerating oil that has slight solubility with
a liquid refrigerant on the condensation side. And, a
refrigerant circulating cycle that uses a highly polar
refrigerant, as typified by a hydrofluorocarbon-based one,
and a refrigerating oil that has a slight solubility with a
liquid refrigerant and which has a greater specific gravity
than the liquid refrigerant. Thereby, it is provided a high
electrical insulation and moisture resistance, good_dil

return to the compressor, and high reliability.

FIGURE 1
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