REI@GERATI NG CIRCU T The present invention relates to a refrigerating
circuit usi'ng a refrigerant containing hydr of-t uor ocar bor .
-@onponent Fig. 5 shows an exanple of a conventlonal refr?@éiggagﬂ?ﬁzit
Conventional |y, for.exanple, as shown i-n "Tripologist", vol. é@,l\lo
(1990), pp. 621 to 626, in the case of ddsigning a refrlgeraLJ RANCOMuht h
HFCi34a refrigerant which is hydr of | uorocarbon, compatibility of the

refrigerant and refrigerator oil is one of inportant characteristics, and
PAG (pol yether) or ester refri geRBFRIGBRATING bEmcuigsed. Fig. 5 shoms a

refrigeration unit using HFC134a refrigerant. ‘In Fig. 5  the reference
nuneral 1 represents a conpressor for conpressing refrigerant gas; 2, a
condenser for condensjng high-pressure refrigerant gas ejected fromthe
The present invention relates to a refrigerating circuit
using a refrigerah£ containing hydrofluorocarboh as a main’
component. -
Fig. 5 shows an example of a.conventional refrigeration
unit. | _ ' : Rt
Conventionally,.ﬁof_exahple, as shown in "Tripoiogiét",
vol. 35, No. 9 (1990), pp. 621 to 626, in the case of
designing a refrigeration unit with HFCl34a refrigerant
which is hydrofluorocarbon, compatibility of the refrigerant
and refrigerator oil is one of important characteristics,
and PAG (polyether) or ester refrigerator oil has been used.
Fig. 5 shows a refrigeration unit using HFCl34a refrigerant;
In Fig. 5, the reference numeral 1 represents a compressor
for Compréssing refrigerant gas; 2, a condenser for
condensing hiéh-pressure refrigerant gas ejected from the
compressor l; 3, a capillary tube; 4, an evaporator; 5, a
header having a réfrigeranﬁ quantity adﬁustment function;
and 6, refrigerator oil reserved in the compressor 1 for
lgpgicating a sliding portion of the compressor 1 and
sealing a compression room. PAG 6a or ester refrigerator
oil 6b is used as the refrigerator oil 6.
Next the operation will be described. The refrigerant

compressed by the compressor 1 is ejected into the condenser:



compressor 1; 3, a capillary tube; 4, an evaporator; 5, a header having a
refrigerant quantity adj-ustnment function; and 6, refrigerator oil reserved
in the conpressor 1 for “lubricating a sliding portion of‘the conpressor 1
and sealing a conpression room PAG 6a or ester refrigerator oil 6b is used
assthe refrigerator oil 6. Next the aperation will be described. The
refrigerant conpressed by the conpressor 1is ejected into the condenser

2. Here, nost ofthe lubricating oil 6a or 6b used for sealing the

coftr 51 ong! oorkand “Re8l bF FRE Bl HiE TSR ol il 853, o1

Fﬁ;centage Qéaifﬁgokh?6éoﬂbrggsESLaEBX% LRat RS el %E%Er&é%é”fﬁ“éﬁker
compressor which uses, for example, a high pressure vessel.
That is to say, about 0.5 to 1.0 weight percentage of the
oil 6a or 6b relative to the refrigerant is ejected from the
compressor 1 together with the refrigerant. Having
compatibility or solubility with the refrigerant, the
ejected oil 6a oF6b has enough fluidity to return to the
compréssoi 1 through the.coﬁdenser 2; the capillary tube 3,
the evaporator 4 and the header 5. Accordingly.there is no
case where the lubricating oil 6 disappears from the
compressor 1. 'Therefore, normal lubrication can be
realized. 1In addition, there has been a possibility that
the refrigerant foams in so- called sleeping of the
reftigerant when the compressor 1 is stopped for a long
time.

A conventional refrigeration unit using HFC134a as a
refrigerant has such a configuration as described above. The
polyether 6a used as refrigerator oil has volume resistivity
in a raﬂge of frém 107 to.1010 Q « cm and saturated water
content of about.25;000 ppM, and the ester refrigerator oil

. has improved characteristics such as volume resistivity in a
range of from 10!’ to 10 @ . cm and saturated water content
of about 1,500 ppM. However, they show much deteriorated
characteristics in electric insulation and moisture

absorbing property in comparison with présent CFC12



‘conpressor 1 together with the refri'gerant. Having conpatibility or
solubility with the refri.gerant, the ejected oil 6a or +68B has enough
fluidity to return to the conpressor 1 through the condenser 2, the
capillary tube 3, the evaporator 4 and the header 5. Accordingly there is
no- case where the lubricating oil 6 disappears fromthe conpressor 1.
Therefore, normal lubrication can be realiZéd. In addition, there has been
a possibility that the refrigerant foanms in so- called sleeping of the

refrigerant QS$QL, 1 J Saof fOr l&ﬂﬁnti :
cohventionafggga ig%ﬁ%??%%ﬂuﬁgfﬁhgi%?%ﬁ%?ﬁgh%ég%éﬁre rlgeggngé_ggesuch a
Conflgwat'seasi%ﬂ%af‘tyB%dl%bﬂ\f?-.%ﬁ r y@égfi’:a@ U3gfleds cbftinger iror oi |

has voluime resistivity in a range om 10[err] to 10[err] [err] . cm

g.n|d sat ur at gilo\t 8o PHEN! e R LA GAPM Frebide pelgEingl tbgerator
long- term reliability of a compressor.  As for the moistufe
absorbing property, also on déaling with assembly parts of
the compressor or dealing with the completed compressorf'it
is necessary to.the make saturated water content as small as
~ possible, so that there has been a problem that the dealing
is troublesome. |

There have also been many probléms of dealing on
ﬁanufacture at the time of assembling a refrigerator, such
as reducing the openéd time of a refrigerating circuit. In

-addition, there have been a.problem that-if a large quantity
of water content gets into the refrigerating cnﬁuit,the -

._ production of sludge is accelerated, or the water coptent-is
frozen to close cabillary tubes to cause a cooling fault, or
the like.

In addition, in a conventional refrigeration unit using
HFCl134a as a refrigerant, if the refrigerant has high
moisture -absorbihg propefty, such various problems occur
that it becomes difficult to prevent parts of a compressor
from getting rusty; that a capillary tube or an expansion
valve of a refrigerating air-conditioning appafatus is
closed by-icihg; that mpisture accelefates hyﬁrolysis of
ester oil so as to produce sludge; that moisture accelerates

hydrolysis of polyethylene terephthalate used as insulating



has inproved characteristics such as volune resistivity in a range of from
1012 to 10[err] [err] ..cmand saturated water content ef about 1,500 ppM
Hawever, they show much deteriorated characteristics in electric insulation
and noi sture absorbing property in conparison with present CFCl2
refrigerator oil having characteristics such as volune resistivity of
10[err] [err] . cmand saturated water contéht of about 500 ppM The

insul ation has a problemrelating to long- termreliability of a

CONpPr essor . mA6efPa1t B AOLSEYECsEDEST BbNBrBHARY sluddes0 Whdlad idw, W
assenbly parts of the conpressor or dealing with the “conpl eted conpressor

it is necesspd¥rt ot pLevi@le ERESEAHEHcVREG ofORheNDraTeWHIJE as. possi bl e,

so that there has been a problemthat the dealing :
manufacture, it has been necessary to eliminate moisture in
0oil and moisture in a refrigerant circuit more carefully
thah that in a system uéing CFC12 refrigerant. In'éddition,
in order to increase the moisture capturing ability of a
dryer provided in the refrigerant circuit, there has been a

" problem that it is necessary to pr&vide a larger dryer than

a conventional one. | . .

In addition, in a conventional refrigeration system, a
liquid refrigerant returns intoc a compressor vessel through a
suction inlet at the time of.stopping a compressor, and
lubricating oil in the compressor: is brought into the

‘refrigeration system from the compressor together with the

. ligquid refrigerant at the time of restarting the compressor.
Since the brought lubricating oil is HFCl34a refrigerant
which is low in compatibility, the brought lubricating oil
is difficult to return to the coﬁpressor until the quantity
of flow (=flow rate) becomes a value not smaller than a
predetermined valﬁe. Acco?dingly there has been a problem
that compressor troubles occur due to lack of the
lubricating oil.

SUMMARY OF THE INVENTION

The present invention has been attained to solve the
foregoing problems. It is an object of the present invention

to obtain a refrigerating circuit superior in electric



i's troubl esone. There have al so been many probl ens of dealing on
manuf acture at the time.pf assenbling a refrigerator, suich as reducing the
opened tinme of a refrlgeratlng circuit. 1n addition, there have been a
problemthat if a |large quantity of water content gets into the
refrigerating circuit, the production of sludge is accelerated, or the
wat er content is frozen to close capillarystubes to cause a cooling fault,
or the like. In addition, |{n a conventional refrigeration unit using

"HFC134a asl%sd¥WgﬁEgg&h qjlééy}éwgﬂgﬁggfgg siﬁgg%gg %Résggrﬁ%gﬁbigrblng

property, such variou I'ens occur frcu o~ prevent

parts of a LAMRRRIsAY ftwe QRlgldy! rﬂg@f&t%zv oif "alréy rga{)él:hfw tybg or an
expansi on valve of a, refrlgeratl al r-conditioni apparatus is cl osed by
i cing; thakoﬁ@z@s&b@: Qﬁ%ﬂo@x&atﬂé&ﬂ@/@é@éﬁ}eﬂ %fn a refrigeration system.

According to the present invention,_in thé refrigerating
circuit using a refrigerant containing hydrofluorocarbon as a
main-compoﬁent, of a refrigerant pipe arrangement
constituting the refrigerating cycle, a refrigerant pipe
extending upward from a lower side to an upper side is made
to have an inner diameter ﬁét larger than a value.which makes
oil adhering to the inner wall of the refrigerant pipe rise
when the refrigerant rises in the one pipe or which makes
the flow rate 6f the refrigerant be not smallér than a zero
penetration flow rate.

According to the present invention, in fhe refrigerating
circuit using a refrigerant containing hydrofluorocarbon'as'a
main component, a constituent element of the refrigerating
circuit where the flow rate of the refrigerant is not lérger
than a zero penetration flow rate is designed so as to make
the direction of flow of the refrigerant in the constituent
element be horizoﬁtal or déwnward.

Accordiﬁg to the present invention, in the refrigerating

_cnmdip a header provided in an outlet of an evaporator is
designed so as to make the direction of flow of the
refrigerant downward, and a suction pipe on the lower side of

the outlet of the header is inserted into the header.



ester oil so as to produce sludge; that noisture accel erates hydrol ysis of
pol yet hyl ene terephthal ate used as insul ating mat eri-als of a notor so as
to produce sludge; and so on. In order to prevent these defects, on the
process of manufacture, it has been necessary to elimnate noisture in oi
and noisture in a refrigerant circuit. nore carefully than-that in a system
using CFC12 refrigerant. In addition, in orer to increase the noisture
capturing ability of a dryer provided in the refrigerant circuit, there

has been a probl g %EEQ@ég tlon:h%ﬁ%&%%ﬂﬁﬁt‘thﬁ?E Ta1$a£9 rggfgg Eﬁ?lgg

conventi onal one. In-a COI’]VE,‘ I Ona rrgeratl

liquid refrioghant che! YnRerh3ho vd 15HEP ' SHe eSstidr LD 08Nt Re upper

surface éf the suction pipe inserted to the header is set so
as to cause no trouble against running of a compressor even
.if the quantity of refrigerétor oil reserved in the header
increasés. |

According to the present invention, in the refrigerating

o
u

cipmnx, liquid reserved in é trap portion of the refrigerant
pipe is made to be minimum.-

According to the presént invention, in the refrigerating
circuit, a muffler provided on the suction side of a compressor
makes the direction of flow of the refrigerant'downward, a
pipe on the outle£ lower side is inserted into the muffler,
and a small hole is provided in a lower portion of the pipe
at the inserted portion thereof.

According to the present invention, it is possible to
obtain a'refrigeratingcimnut superior in oil returning to a
compressor and hence high in reliability, even by use of
refrigerator oil having no compatibility with a refrigerant
containing hYdrofluorocarEon as a main component.

According to the present invention, it is possible to
obtain a refrigeratingecircuit superior in oil returning to a
compressor without reserving oil in a pipe arrangement, even
by use of refrigerator oil having no compatibility with a
refrigerant containing hydrofluorocarbon as a main

component.



"suction inlet at the tine.of stopping a conpressor, and lubricating oil in
t he conpressor is brought intoc the refrigeration systénifromthe conpressor
together with the liquid refrigerant at the tine of restarting the
conpressor. Since the brought lubricating oil is HFCl34a refrigerant which
is lowin conpatibility, the brought lulyricating oil is difficult to return
to the conpressor until the quantity of flow (=flow rate) becones a val ue
not smaller than a predeterm ned value. Accordingly there has been a

B anRY b THE ERVERR: GRETRgege et lnsteh Ao REh el "G SPRREEME Yol ve
R T St S Bt S

a refrigerating cir
a refrlgerant containing hydrofluorocarbon as a main

component is reserved in an upper portion of the header.
Accérdingly the refr;gerator oil returns to the compreéso:-
without being reserved in the header as soon as running is
started. ' . '

The refrigerator -circuit accoré?hg to the present
invenfion gives no troubles to the running of the compressor
even if the. refrigerator oil is reserved up to the upper end
surface of a suction pipe inserted into the header.

In the refrigerator circuit according to the present
invention, the refrigerator oil is prevented from being
reserved in a trap portion.

In the refrigerator circuit according to the present
invention, even if a muffler is filled with the refrigerant
and the refrigerator oil, the refrigerant larger in specific
gravity - is reserved in the lower portion while the
refrigerator oil is reserved in the upper portion. Then,
the refrigerant réturns to. the compressor through a small
hole sooner at the time of restarting. Accordingly it is

_ possible to reduce the load caused by suéking oil into the
compressor. |

BRIEF DESCRIPTION OF THE DRAWINGS




i nsul ation and noi sture absorbing property and so high in reliability that
refrigerator oil surely:returns to a conpressor without*¥eing reserved in a
refrigeration system According to the present invention, in the
réefrigerating circuit using a refrigerant containing hydrofluorocarbon as a
maf n conponent, of a refrigerant pipe arrangenent constituting the
refrigerating cycle, a refrigerant pipe eftending upward froma | ower side
to an upper side is nade to have an inner dianeter not |arger than a val ue

splch, ks of | ggheringslg LURsLINRLARRl: B blS o EIEHL PP, URE:
o ! e SELERho DS R TUBERRE, EOAR:BfEET PREREHARY W ARG LF LS ™0
6 of the present invention.
Fig. 2 is a partially detailed diagram of a refrigerant
circuit according to Embodiment 5 of the present.invention.
Fig. 3 is a diagram illustrating the section ofia
cylinder portion of a compressoriaccordiﬁg to the present
_invention. '
Fig. 4 is an explanatory diagram in which a
refrigerating circuit aécdrding to the'present_inventibn is
épplied'to a refrigerator.
-Fig. 5 is a structure diagram of a refrigefation unit
using a conventional refrigerant compressor. |
Fig. 6 is a diagram illustrating the flow of refrigerant

in a condenser and an evaporator in a conventional

refrigerating circuit.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiment 1 ' |

Embodiment 1 of the present invention will be described
with reference té Fig. 1.- In the drawing, the reference
numeral 1 represents a compressor for compressing
refrigerant gas; 2, a condenser for condensing high-pressure
refrigerant gas ejected from the compressor 1;-3, a
capillary tube which is a pressure reducing means; and 4, an
evaporator for evaporéting low-pressure liquefied

refrigerant. The reference numeral 6 represents



“circuit using a refrigerant containing hydrofluorocarbon as a nain
conponent;, a constituent. el enent of the refrigerating <ci‘rcuit where the
flowrate of the refrigerant is not |arger than a zero penetration flow
rate is designed so as to nake the direction of flow of the refrigerant in
the constituent el enment be horizontal or downward. According to the present
invention, in the refrigerating circuit, @ header provided in an outlet of
an evaporator is designed so as to make the direction of flow of the

(he’ hoaoer sPEREHIRRRE a5 R P Al e o1 Iho Ll BuELS ©

venti on, of 1 ¢85 potidh Bt e M B TR 26 TEaPLngg header

compression room. As the refrigerator oil 6, used is hard
alkylbenzene oil or'poly-alpha-olefin oil, which has no

' comﬁatibility with a refrigerant HFCl34a so that the oil and
the refrigerant are in' the form of two-phase separation in a _
liquid portion in the refrigeratingcircuit. Further,'of a

" refrigerant pipe darrangement in the refrigeratingcﬁméﬁibof
the present invention, an ascénding pipe where the. flow of
the refrigerant goes upwards froﬁ the lower side is designed
so as to have an inﬁer diameter which is not largef than a
value in which the flow rate of the refrigerant becomes not
less than a certain flow rate (zero penetration flow rate)
so that refrigerator oil adhering to the inner wall of the
ascending pipe rises against its own gravity.

This zero penetration flow rate is calculaﬁed from the

inner diameter of the pipe and the state values of
air/liquid refrigerant. The zero penetration flow rate ug*
is calculated by use of a Wallis’ experimental equation

shown in Equation 1.

[Equation 1]

Ugs = g - dx -'(-P_——.—L°ié.q‘ g)le-s



"surface of the suction pipe inserted to the header is set so as to cause
no trouble agal nst runni'ng of a conpressor even if the-quantity of

refrigerator oi

i‘nventi on,

in the refrigerating circuit, liquid reserved in a trap porti

of the refrigerant pipe is made to be M@ num According to the present

i nventi on,
side of a
downwar d,

in the refrigerating circuit, a nmuffler provided on the sucti
conpressor makes the direction of flow of the.refrigerant
a pipe on the outlet lower Side is inserted into the nuffler,

a small hole is provided in a4 dgerdpor(gemnvef- ahif-pi pe at the inserted
portion thereof. According to the present invention, it is possible to
obtain a refriggrakkffg:Circuit superior in oil returning to a conpressor

and hence

high in reliability, even by use of _
g: gravitational acceleration (m/sec?)

poil: o0il liquid density (Kg/m*)=867(Kg/m’)
pg: refrigérant gas density (Kg/m’)
dx: pipe inner diameter in the state x (m)

s

Vx: specific volume in the state x (m’/Kg)

o
Eeat

The state x in Equation 1 means a state of running.

The flow rate Ug of the-refrigerant flowing in the pipe

is calculated by Equation 2.

Oil adheres to the inner wall of the pipe by a
frictional force, and a force for the oil to drop down by
its oﬁn gravity acts to the oil. 1If a.rising force for the
refrigerant to flow upward is larger than a combined force
of a force to shear this adhering force and the dropping
force, the oil receives a force from the refrigerant so as
to rise. For this, the condition where the pipe is vertical
is the most difficult, and, for example, the condition of an

oblique up/down relationship is easier.

[Equation 2]
G =SV « N « qv/Vs

Ug = G - Vx/{n(dx/Z)z}

reserved in the header increases. According to the present

on
on

and



refrigerator oil having no conpatibility with a refrigerant containing

hydr of | uor-ocar bon as a rai n conponent. According to the.present invention,
it is possible to obtain a refrigerating circuit superidr in oil returning
to a conpressor without reserving oil in a pipe arrangenent, even by use of
refrigerator oil having no conpatibi}ity‘mﬁth a refrigerant containing

hydr of | uor ocarbon as a mai n conponent. In the refrigerating circuit
according to the present invention, refrigerator oil lighter in specific

T Y estrved i n aboune” Roft rontor TAY Wandert (BB gty the o
refrigerator oilw%%E%&gg to the conpressor - :

G: méss_flow (Kg/s)

SV:_stroke volume of a compressor (m’)

N: rotation number (fps)

nv: volume efficiency

Vs: specific volume of sucked gas (m’/Kg)

1f the refrigerant -flow rate Ug calculated thus is
larger than the zero penetration Ug®, refrigerator oil
adhering to the inner wall of the pipe rises against its own
gravity even in an ascending.pipe, so that the oil is not
reserved in the pipe.' It is therefore necessary.to.make the
pipe inner diameter dx not ' larger than a certain diametér
so that Ug > Ug*. For example, the pipe inner diameter is
not larger than 4.5 mm in a compressor having stroke volume
5 (cc). The pipe inner diameter is not larger than 10 mm in
a compressor having stroke volume 10 (cc). This is the case
of a vertically a;cending_pipe, which is the most difficult
condition. 1In the case of an obliquely ascending pipe, the
condition for oil return gets improved. Further, transient
start-up time or the like before stabilizing the running of
a compressor is so short that there is no problem. The
stroke volume of a compressor is, for example, equivalent to
the volume of a cylinder 16 in a rotary compressor. This

applies to a reciprocating or scrolling compressor.



"without being reserved i.n the header as soon as running.is started The
refrigerator circuit aceording to the present invention- gives no troubles
to the running- of the conpressor even if the refrlgerator oil is reserved
up to the upper end surface of a suction pipe inserted into the header. In
the refrigerator circuit according to the present invention, the
refrigerator oil is prevented from being HBServed inatrap portion. In the
refrigeratorcircuit accordlng to the present i nvention, even if a muffler

(S TiTled with s [efid GrANodithd NEnkel  hgsRate: gkl e KeLiggerant

| arger in specific eserve wer portion mh

refrigerat %ﬁ@ésée% H@gsﬁd[ (i :?]hfr ﬁuﬁ?lﬂahgni a;mea t he refrl gerant.

returns to roug € sooner at the ti me of
restarting. Accordlngly it is

(Equation 3]

- 16 ¢ SVN- v * VxX,au/s
dx {g--(ss7vx-1) ( n * Vs )
S

Now,.let the temperature cenditions be set to
condensation temperature 40°C, evaporation temperature -30°C
and suction temperature 30°C,-and'Vs=0.28652 and Vx=0.02003
are established. Accordingly dx becomes a function of SV as

shown in Equation 4.

[Equation 4]

dx = 0.602 . sy

Let the evaporation temperature be -40°C, and Vs=0.28652
is established. Accordingly dx can be expressed by Equation

5.

[(Equation 5]
dx = 0.493 . sv%¢
(0032] |
Vs represents the specific volume of sucked gas, and Vx

represents the specific volume of condenser inlet gas. The

- 12 =



possible to reduce the | oad caused by sucking oil into the conpressor.

BRI EF DESCRI PTI ON OF THE:DRAW NGS Fig. 1 is a constituent diagramof a
refrigeration unit using a refrigerant conpressor according to Enbodi nents
1 to 6 of the present invention. Fig. 2 is a partially detailed di agram of
a refrigerant circuit according to Enbodi mnent 5 of the present invention.
Fig. 3 is adiagramillustrating the seghjon of a cylinder portion of a
coppressor according to the present invention. Fig. 4 is an explanatory

diagramin 8} §Bwing°tabe8" 8hbhe Ehe Tilidatah Bk 'thd 5L RL SEfd, ' Nvention

diameter at every stroke volume, which was obtained by

Equations 4 and 5 and in which the flow rate in the pipe

" becomes not larger than the zero penetration flow rate.

[(Table 1)
SvV(cc) .
Stroke Volume 3.09 3.57 4.18 4.60 5.00
Te= pipe inner |3.77 [3.99 [4.25 |[4.42 |4.57
-30°C diameter ’
"' : ¢ in (mm] .
flow rate 0.778 | 0.80 0.826 |0.842 | 0.856
(m/s] .
Te= pipe inner |3.08 [3.27 |[3.48 [3.61 |[3.74 |
-40°C diameter
¢ in {mm] '
flow rate 0.703 | 0.724 | 0.747 | 0.761 | 0.775
(m/s)
||SV(cc) - : "
Stroke Volume 5.86 7.14 8.36 9.20 10.0 :
I
Te= pipe inner 4.86 5.26 5.60 5.825 | 6.02
-30°C diameter
¢ in [mm])
flow rate 0.883 | 0.919 |[0.948 | 0.966 | 0.983
[m/s]
Te= pipe inner 3.98 4.31 4.59 4.763 | 4.924
-40°C | diameter
¢ in (mm)
flow rate 0.799 | 0.832 |0.858 | 0.874 | 0.889
(m/s]

This calculation was performed under the condition that

the pipe was arranged vertically, and in the inlet of the

- 13 -



applied to a refrigerator. Fig. 5is a structure diagramof a refrigeration .
uni t, using a conventiondl:refrigerant conpressor. Fig. 6.is a diagram

illustrating the flow of refrigerant in a condenser and an evaporator in a
conventional refrigerating circuit. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS Enbodi ment 1 Enbodi ment 1 of the present invention will be
described with reference to Fig. 1. In the &ﬁamﬁng, the reference nuneral 1
represents a conpressor for. conpressing refrigerant gas; 2, a condenser

for. condensidyghddndeP’ esSH Ry 8{d | S~} f e ressor 1,
3, a capillary tube which fglé prg§§§ﬁ§£$%§u%§%§f%§§ﬁ5?92%5Q4f3§§3t ot
evapor at or EgudamagmaﬁiﬂﬁgIégﬁﬂﬂ§¥§agp | iquefied refrigerant. The

reference nuneral 6 represents

Embodiment 2

Embodiment 2 of the present invention will be described
with reference to Fig. 1. 1In the drawing, the reference
numeral 5 represents a header located in the outlet of an
evaporator 4 and for adjusting the excess and lack of the
quantity of circulatiﬁg. refrigerant caused by the change of
outside air, unit-in load and so on (which is a refrigeraﬁt
liquid reservoir portion for adjusting the excess and lack
of the gquantity of refrigerant and needs a constant inner
volume); 7, a dryer for absorbiné moistufe in_the
refrigerating circuit (which needs a constant ihner vélume in
.order to store a drying agent); and 8,.a muffler provided on.
the suction side of a compressor for the sake of silencing,
and, for example, having a iarge diameter périially (which
needs a constant inner volume in order to have a silencing
effect). The constituent elements of the refrigerating
circuit which are éhus laréer in diameter than the pipe shown
in Embodiment 1 make a flow horizontal or downward in order
to improve oil return to the compressor. There is a case
where the muffler is provided as an accumulator. In a
refrigeration system, for example, a header or a muffler is.

used in some refrigerators, and a muffler is used in some



"refrigerator oil reserved in the conpressor 1 for lubricating a sliding
portion of the conpressgor 1 and for sealing a conpressiign room As the
refrigerator oil 6, used is hard al kyl benzene oil or poly-al pha-olefin oil,
whi ch has no conpatibility with a refrigerant HFCl34a so that the oil and
the refrigerant are in the formof two-phase separation in a |liquid portion
inthe refrigerating circuit. Further, of'® refrigerant pipe arrangenent in
the refrigerating circuit of the present - invention, an ascendi ng pi pe where

fe fl f ‘ ! | [ Lqned s
the 110w of, (e So{1{ a8(@Dt qRssepavet s hheFVLIeahavRh Sty ies gnad so

as to have an inner arger ana value '

flow rate qfsdde efdhded APt cELIESHELL | ess than a certain flowrate
(zero penetration flow rate)
The silencing effect of the muffler is expressed by a
theoretical equation stated in Equation 6. The quantity of -
attenuation of sound TL (dB) shown in this equation depends

on an area ratio.

[Equation 6] ' KRt

TL = 1oiogm-41-{(1 + B y2cos?kL + (m + L) 2sin?kr)
’ m : m

(attenuation of sound)

ml
+ 1Ologm—5 (dB)

where
m=S,/8; m’'=S,/S, f:frequency

c:sound speed k=2nf/c



'so that refrigerator oil adhering to the .inner wall of the ascending pipe
rises against its own gravity. This zero penetration flaow rate is
calculated fromthe inner dianmeter of the pipe and the state val ues of
air/liquid refrigerant. The zero penetration flow rate Ug* i.s cal cul ated by
use of a Wallis' experinmental equation shown in Equation 1. [Equation 1]
Ug* = (g . dx [err] 10 [err] whereil> g: gravitational acceleration
(msecl[err])

*

] L:muffler length
S,;:pipe sectional area on the
L— side of muffler inlet

r
—_—
- s, ° S, S,y - S,:pipe sectional area in the
_— — muffler
S;:pipe sectional area on the
' J side of muffler outlet

Embodiment 3
The outlet side of the evaporator 4 is connected to the
upper side of the.abové-mentioned header 5, and the suction
side - of the compréssorﬁl is connected to the lower sidef A
suction pipe 9 of the compressor 1 is inserted into the
' header 5 and extended upwards so that the refrigerant in the
header 5 flows from the upper side to the lower side. .
As in a con&entional header 5, if the lower side of the
headef 5 is connected to the outlet side of the evaporatof 4.
while the upper side is connected to the suction-side of the
compressor 1, and a refrigerant liquid reservoir portion is
formed by a pipe inserted into the header 5 from the lower
side toward the upper side, oil having no compatibility with
‘refrigerant HFCl34a, such as hard alkylbenzene oil, is
reserved so that the quantity of oil in the compressor 1 is
reduced, giving faults to lubrication or sealing of a
' sliding member. On the contrary, if the flow in the header
5 is turned upside down, refrigerator oil having a lighter

specific gravity than the refrigerant is reserved in a



‘poil: oil liquid density (Kg/nferr])=867(Kg/nferr]) pg: refrigerant gas _
density (Kg/nférr]) dx:-.pipe inner dianeter in the state 'x (nm Vx: specific
volume in the state x (nmerr]/Kg) The state x in Equation 1 means a state
of running. The flowrate Ug of the refrigerant flowing i.n the pipe is

cal cul ated by Equation 2. Ol adheres to the inner wall of the pipe by a
frictional force, and a force for the oiL to drop down by its own gravity
acts to the oil. If a.rising force for t~£ refrigerant to fl ow upward iz

| arger than a conbjned force of a,for¢e to shear this adhering force an
thegdropmlﬁPWEﬁE%#lYﬁe“BP?rr@%EFb@E é“fﬁgée EEARENS 1 & iH@tafsS AR to
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relat'OnSh'EbléhgaééﬁEressor 1l without being reserved in the header 5.

. Embodiment 4
In order to ensure the height of o0il surface in the

compressor even if all the volume:in the header 5 up to the

E Y

et

upper end portion of the above-mentioned inserted suction
pipe -arrangement 9 is filled with refrigerator oil, for
example, in order to locate the oil surface in the upper of
an oil supply mechanism_portion or a sliding member, the
volume of the heade: is made not more thah the volume up to
the upper end portion of the suction pipe arrangement (for
example, the volume of fﬁe header 'up to the upper end
portion of the suction pipe  arrangement is made 40 cé).
Fig. 3 shows this embodiment. 1In Fig. 3, refrigerator oil
22 in a compressor fixed to a traﬁsversal shaft is reserved
so fhat the ldwer end portion . of a wvane 20 is put therein.
Accordingly it is possible to supply oil to a sliding
portion where the'vane 20 %nd a rolling piston 19 contact

with each other.

Embodiment 5
The refrigeration flow in the above-mentioned condenser
2 and the evaporator 4 is made to be not vertical as shown

in Fig. 6 but horizontal as shown in Fig. 2, so that a trap



TEquation 2] G=SV. N. [err]/Vs U = G. W/{[err](dx/2)[err]} - [err]
wherein: G nass flow (Kg/s) SV: stroke volune of a conpressor (nferr]) N
rotati on nunber (rps) [err]v: volunme efficiency Vs: specific volunme of
sucked gas (nferr]/Kg) If the refrigerant flowrate Ug calculated thus is
| arger than the zero penetration Ug*, refrigerator oil adhering to the

i nner wall of the pipe rises against its,qyn

portion is redﬁceg to theﬂhinimum so as to prevent
refrigerator oil from being reserved.

The trap portion means an oil reservoir provided by
bending a pipe of materi;l such as copper, iron, aluminum or
the like into a U-shape on the way of a heat exchanger or on
the way of a straight pipe arrangement;'.Particularly in- the
case where U-shaped portioné are provided vertically.downward

~on the way 6f a heat exchanger or the like, each U-shaped
portion becomes a portion Qhere liquid such as oil, A
refrigerant or the like is reserved as shown in Fig..6. In
éhe present invention, the flow of refrigerant in such a
trap portion is made downward from the upper side to the
lower side, horizontal, or upward. Accordingly it is
possible to restrain the iiquid reserved in.suéh a liquid
reservoir of this portion into the minimum.

‘An example of this will be described with reference to
Fig. 4 in which the refrigerating circuit is applied to a
refrigerator.

In Fig. 4, aithough refrigerant compressed by a
compressor 1 togéther witﬁ oil flows into an evaporating
plate 24, a condénser 2 bonded with the ceiling and side
cabinet of the refrigerator, and a cabinet pipe 28, the
refrigerant flows from the upper to the lower, or
horizontally in a trap portion 21 of this portion;
Accordingly there is no case where the refrigerant is

reserved.



“gravity even in an ascending pipe, so that the oil is not reserved in the
pipe. It- is therefore-necessary to make the pipe inngr: di ameter dx not

| arger than a certain di‘aneter so that Ug > Ug*. For exanple, the pipe
inner dianeter is not larger than 4.5 mmin a conpressor having straoke
volume 5 (cc). The pipe inner diameter is not larger than 10 mMmin a
conpressor having stroke volune 10 (cchhey This is the case of a vertically
ascendi ng pipe, which is the nost difficult condition. In the case of an

bl | h d f | d.
I(gurltﬂ(l;re yt ?;ﬁglqg}ﬁ g’sﬁ?éf?’tg‘?é?’fe‘? ?Pgsno%é'lfﬁgt?%eg%%}%gé ;?- %g;‘isgf‘: ggrf\r/\g runni ng -
f X h h t | Th t,r ok |
of 5 compPR ey TR A3, et var chBS, BAER.ST thee ToE TR ORFANTer 16
in arot ar%oqrprg)raeﬁ;eolr 7 T'Br.sox?ﬂi)éd fn 19 RalRELB £68h' R88%nSY Yith " ¢he

conpr essor.
compressor and a muffler. A trap portion 21 in the cooler

also'has no liquid reservoir, so that oil also returns to
the ﬁompressqr 1 through a header 5 and a muffler 8 together
with the refrigerant.

That. is, in the example of refrigerator, a trap portion -
is in the condenser, a heat exchanger df the evaporator, or
a pipe arrangement in the machine room, and in the case of
an air conditioner, a trap portion is in aﬂ outdoor or
indoor heat exchanger, or in a refrigerant pipe arranggment
in an oﬁtdoor machine. | | |

Although the direction of flow in a trap portion is set
to be  in such a d;rection as to eliminéte a liquid reservoir
in the above description, not to saj, it goes well if the
direction is set to eliminate it in the state of
installation. .

Further, even if the trép portions itself, that is,
U-shaped bent porfiohs, afe inclined slightly upward from
the lower side to the upper side, it is possible to bring

_ the reservoir of 1liquid into the minimum by rgducing the

number of the U-shaped portions.

Embodiment 6



"The pipe arrangenent inner dianeter dx where Ug=Ug* is expressed by
Equation 3 from Equations 1 and 2. [Equation 3] [err] Now, let the
tenperature conditions be set to condensation tenperature 40[err]C,
evaporation tenperature -30[err] C and suction tenperature 30[err]C, and
V§=0. 28652 and Vx=0.02003 are established. Accordingly dx becones a
function of SV as showt in Equation 4. [ZEguation 4] dx 0.602 . SV|err]
Let the evaporatlon t enper ature be -40[err]C and Vs=0. 28652 S

establ i shed. AGRY 2139 -m%)r(lt%.%rr]le%em% B Y FALEM R & suctian

pipe 10 near the compressor 1 so that the refrigerant flows
downward from the upper side to the lower side. The end
portion at the lower side of the pipe is inserted intb the
muffler 8, and within the compressor, the pipe is provided
at its lower side a small hole 18 in a range of from &Ul to
&U2. Even if the compressor.l is.stopped and the muffler 8
is filled with refrigérant and refrigé%Etor oil, the
refrigerant having a larger specific gravity is reserved in
the lower portion while the refrigerator oil is reserved in
the upper portioﬁ. The refrigerant returns to the
compressor 1 through the small hole 18 sooner.at the time of
restarting, so as to reduce the load caused by sucking the

oil into the compressor.

" According to the present idvention, in the refrigerating
cycle using a refrigerant containing hydrofluorocarbon as a
main component, of a refrigerant pipe érrangement-
constituting the refrigerétingcimnut, a refrigerant pipe
extending upward ffom a lo@er side to an upper side is made
to have an inner diameter not larger than a value which

_makesuoil adhering to the inner wall of the refrigerant pipe
rise when the refrigerant rises in the one pipe or which
makes the flow rate of the refrigerant be not smaller than a
zero penetration flow rate. Accordingly it is possible to

obtain a refrigerating circuit superior in oil return to a



"[Equation 5] dx = 0.493 . SV[err] [0032] Vs represents the specific volune
of sucked-gas, and Vx kgpresents the specific volume of::condenser inl et
_gas. The - 12 - followi ng table shows the linmtation of the pipe inner
di ameter at every stroke volune, which was obtained by Equations 4 and 5
and in which the flowrate in the pipe becones not |arger than the zero
penetration flow rate. [Table 1] SV (cc)-@ﬂroke Vol une 3.09
3. 57 4.18 4.60 5..00

compressor and hence high iﬁfreliability, even by use of
refrigerator oil having no'compatibility with refrigerant
containing.hydrofluorocarbon as a main component.

According to the present invention, in the refrigerating
circuit using a refrigerant conteining hydrofluorocarbon as a
main component, a constituent element of the refrigerating
circuit where the flow rate of thelrefrigerant is not larger
than a zero pefietration flow rate is designed so as to make
the direction of flow of. the refrigerant in the constituent
element be horizontal or downward. Accordingly it is
possible to obtain a refrigerating cycle superior in oil
return to a compressor without reserving oil in-a pipe
arrangement, even by ﬁse of refrigeretor oil having no
compatibility with a refrigerant containing
hydrofluorocarbon as 'a main component.

According ro the present invention, in the refrigerating
circuit, a header provided in an outlet of an evaporator is
desighed so as to make the direction of flqw of the
refrigerant -downward, and a suction pipe on the lower side
of the outlet of rhe header is inserted into the header.
Accordingly, refrigerator oil lighter in specific gravity
thep_e refrigerant containing hydrofluorocarbon.as a main
component is reserved in an upper portion of the header so
that the refrigerator oil rerurns to the compressor without

being reserved in the header as soon as running is started.



‘Te= pi pe i nner 3.77 . 3.99 4.25 4.42 4.57 -30[err]C

dianeter [err]-in [m] :ffow rate 0.778 0. 80 0-826 0. 842 0. 856
[ms] Te= pi pe inner 3.08 - 3.27 3. 48 3.61 3.74 -40[err]C
diameter [err] in [m] flowrate 0.703 0.724 0.747 0.761 0.775
SM(cc) Stroke Vol une 5.86 . 7.14  8.36 9.20  10.0 Te="

pi pe inner 4.86 5. 26 5. 60 5.8252_ 6.02 -30[err]C dianeter
[efr] in[m flowrate . 0.883 0.919 0.948 0. 966 0.983 [l s]

LN
According to the present invention, in the refrigerating

circuit, the }ntefnal volume of the header up to the upper
surface of the suction pipe inserted to the header is set so
as to cause no trouble against running of a compressor even
if the quantity of refrigefator oil reserved in the header
increases. Accordingly it is possible to.obtain a
refrigerétorcnmuﬂ:giving no troubles to the'rﬁnning of the
compressor even if the refrigerator oil is reserved up to
the upper end surface of the suction pipe inserted into the
header.

According to the present invention, it is possible to
obtain a refrigerating circuit in which.refrigeraﬁor oil is
not reserved in a trap portion.

According to tﬁe present invention, in the refrigerating
circuit , a muffler provided on the suction side of a compressor
_mékes the direction of flow of the refrigerant downwérd, a

pipe on the outlet lower side is inserted into the muffler,
and a small hole is érovided ih a lower portion of the pipe
at the inserted portion thereof. Accordinély, even if the
muffler is filled.with the.refrigérant and the refrigerator
0il, the refrigerant larger in specific gravity is reserved
_in_the lower side while the refrigerator oil is reserved in
the upper side so that the refrigerant returns to the
compressor through the small hole sooner at the time of
restarting, and it is possible to reduce the load caused by

sucking oil into the compressor.



Te= pi pe i nner 3.98 4.31 ° 4.59 4.763 4,924 -40[err]C

diameter [err] ‘in [mmi tiowrate 0. 799 0. 832 0.858 0. 874 0. 889
[ms] This calcul ation was perfornmed under the condition that the pi pe was
arranged vertically, and in the inlet of the - 13 - o SEEET AKS HEENNE
strictest condition.as the result of calculation in eac "iﬂ% kEPL pdi menj
2 Enbodi nent 2 of the present invention2dill be describe 0
Fig. 1. In the draw ng, the reference '
. : as Been Replaced
T |||| "IN
1. A refrigerating circuit using a refrigerant containing hydrofluorocarbon as a

main component, wherein, ofa refrigerant pipe arrangement constituting said
refrigerating circuit, a refrigerant pipe extending upward from a lower side to an upper
side is made to have an inner diameter not larger than a value which makee oil adhering
to the inner wall of said refrigerant pipe rise When ;aid refijgerant rises in said one

| pipe.

2, A refrigerating circuit according to Claim 1, wherein the inner diameter of said
refrigerant pipe is made not larger than a valué which makes the flow rate of said

refrigerant be not smaller than a zero penetration flow rate.

3. A refrigerating circuit as claimed in Claim 1 or 2 in which'a. constituent element
of said refrigerating circuit where the flow rate of said refrigerant is not larger than a
zero penetration flow rate is designed so as to make the direction of flow of said

refrigerant in said constituent element be horizontal or downward.

4, A reﬁigerating circuit using a refrigerant containing hydrofluorocarbon as a
.main component, wherein a constituent element of said refrigerating circuit where the
flow rate of said refrigerant is not larger than a zero penetration flow rate is designed
se' as to make the direction of flow of said refrigerant in said constituent element be

horizontal or downward.

5. A refrigerating circuit according to Claim 3 or 4, wherein a header provided in

an outlet of an evaporator is designed so as to make the direction of flow of said



‘nuneral 5 represents a header |ocated in the outlet of an evaporator 4 and
for .adj usting t xcess -and lack of the quantity of ci f.cul ati ng.
refrigerant causeﬁwfg of outside air, unit-in load and so on

(which is a refri 'm ervoir portlonfor adj u
H/’ # erant and needs a const anTHISHYHEET N

and | ack, of the quanti
7, a dryer for absorbi ng |§cur*e in th4 refrigerating cirfcuit

a constant inner volune in.order to store a drying agent); and 8, a nuffler
provi ded on the suction side of -a conpressor for the sake of silencing,
and, for ex avi ng ,a |.arge .di aneter partially (which needs a constant

i nner vol u Flranr waidanda 5&‘°§9‘F Bipgionghelomeg side of paid eutleitafisaidnt el ement s

of the refrigeratin l.rcui.t ch are thus larger in diameter than the
pi pe shownhre ﬁgWér’H °fa'ﬁé’ﬁé‘ie£ flow horizontal or downward in order to
i nprove oil return to the conpressor. There is a case

6. - Arefrigerating circuit according to Claim 5, wherein the internal volume of
said header up to the upper surface of said suction pipe inserted to said headEr is set so
as to cause no trouble against running of a compressor even if the quantity of

- refrigerator oil reserved in said header increases.

7. A refrigerating circuit according to any of Claims 3 to 6, wherein a muffler
provided on the suction side of a compressor makes the direction of flow of said
refrigerant downward, a pipe on the outlet lower side is inserted into said muffler, and

a small hole is provided in a lower portion of said pipe at the inserted portion there'of.‘

8. A refrigerating circuit according to any of the preceding claims, wherein liquid
reserved in a U-shaped portion of a trap portion of said refrigerant pipe is made to be a

minimum,

9. _ A refrigeration circuit substantially as herein described with reference to

Figures 1 to 4 of the accompanying drawings.

is Sheet Has Been Replaced
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‘where the muffler is pr-ovided as an accunulator. In a refrigeration system
for -exanpl'e, a header of’a muffler is used in sone refrigerators, and a
nuffler is used in sone’ air conditioner. However, no nmuffler and no
accunul ator are used in sonme air conditioner. The si I enci ng effect of the

muffler is expressed by a theoretical equation stat 'he
guantity of attenuation of sound TL (dB}S shown in t i oul S on
an area ratio. [Equation 6] [err] (attenuation of so n.g)__[‘_’é;r.'.‘rf‘:..':; o
TRACT '
REFRIGERATING CYCLE

In a refrigerating circuit using a refrigerant containing hydrofluorocarbon as a main
component, an ascending refrigerant pipe has an inner diameter not larger than a value .
such that in operation the ﬂow‘rate of the refrigeran£ is not smaller than a zero
penetration flow rate. It is thereby possible to obt‘ain a refrigerating circuit in which oil

6 is entrained in the flow and which is supérior in oil return to the compressor 1 and
hence high in reliability, even using ;eﬁ'igérator oil 6 having no compatibility with the
hydrofluorocarbon refrigerant. |

"Fig.1.

\
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where neS[err]/S[err] m.=S[err]/S[err] f:frequency c:sound speed
k=2[-err]f/c [err] “% L: muffler | ength S1:pipe sectional area on the
side of muffler inlet S2:pipe sectional area in the nuffier S3:pipe
sectional area on the side of nmuffler outlet Enbodi ment 3 The outlet side

of the evaporator 4 is connected to pi upper side of the above-nentioned
header 5, and the suction .

v

FIG. 1

T0 o
COMPRESSOR @ / 21




side of the conpressor 1 is connected to the |ower side. A suction pipe 9
of the conpressor 1 isdidserted into the header 5 and -extended upwards so
that the refrigerant in the header 5 flows fromthe uppér side to the | ower
side. As in a conventional header 5, if the lower side of the header.5 is
connected to the outlet side of the ev Lator 4 while the upper side is
connected to the suction side of the cggg essor 1, and a refrigerant liquid
reservoir portion is forned by a pipe inserted into the header 5 fromthe

| ower side toward the upper side, oil having no compatibility with
refrigerant HFCl134a, such as hard al kyl benzene oil, is reserved so that
the quantity of oil in the conpressor 1 is reduced, giving faults to

| ubrication or sealing of a sliding nmenber. On the contrary, if the flowin

the header 5 is turned. upsi de down, r =ger at@r oil having a lighter
specific gravity than the refrigerant /QE?equﬁed in a

21

L2/ LV

TRAP PORTION
(REMAINING
REFRIGERANT OIL)



conparative upper portion in the header 5, so that as soon as running is
started, the refrigerateor oil surely returns to the codpressor 1 w thout
being reserved in the header 5. Enbodinent 4 In order to ensure the height
of, oil surface in the conpressor even if all the volune in the header 5 up
to the upper end portion of the above;gentioned I nserted suction pipe
arrangenent 9 is filled with refriger b oil, for exanple, in. order to

| ocate the oil surface in the upper of an oil supply nechanismportion or a
sliding nenber, the volune of the healler is made not nore than the vol une
up to the upper end portion of the suction pipe arrangenment (for exanple,
the volune of the header up to the upper end

FG. 4




-portion of the suction pipe arrangenent is made 40 cc). Fig. 3 shows this
enbodinent. In Fig. 3zzrefrigerator oil 22 in a conpréssor fixed to a
transversal shaft is reserved so that the |ower end portion of a vane 20 is
put therein. Accordingly it is possible to supply oil to a sliding portion
where the vane 20 and a rolling piston 19 contact with each other.

Enbodi ment 5 The refrigeration flow i AAfhe above-mentioned condenser 2 and
the evaporator 4 is nmade to be not vertical as shown in Fig. 6 but

hori zontal as shown in Fig. 2, so thdt a trap. portion is reduced to the
m nimum so as to prevent refrigerator oil from being reserved. '

FIG. 5

o
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. .beconmes a

Th.e trap portion nmeans an oil reservoir ro ge‘ % bendi ng a pi pe of
smaterial such as copper, iron, alunmnu into .a- Ushape on the

‘way of a heat exchanger or on the way of tgh i,pe
5oy 0 %ﬂf""” i Bﬁﬂiﬁﬁ@w%ﬁ”

Part i cul &his heptilas Been Replasedrher e U- shap
downwar d m heat exchangeTHISISHEEE HASkBgENdch - ghaped port i

.k i liquid such gs oi | REPLAGHD i ger ant qr [th2 3l i 193
‘feserved as shown I n Fig. 6. In the present 1tnvention, thelfllow of
refrigerant in such a trap portion is mde_downward fromthe upper side to
the | ower side, horizontal, or upward. cordingly it is pdssible 1o
restrain the liquid reserved in such a liquid reservoir of this portion

into the mnimum AnWanseREPt8intdd fshis Wi ll be described with reference to

Fig. 4 1n which theyrgf ietifécaling ty€le’ Githg 4 feffipeldnt Cdnthifing efrigerator —
by drofuorocabon s & man component and 1 rtegeer | [ ) AR WA
oil substantially all of which is insoluble with said refrig-
erant, wherein, of a refrigerant pipe arrangement constitut-
ing said refrigerating cycle, a refrigerant pipe extending
upward from a lower side to an upper side is made to have
an inner diameter not larger than a value which makes oil
adhering to an inner wall of said refngcrant pipe rise when
said refrigerant rises in said one pipe.

- 2. A refrigerating cycle according to claim 1, wherein an
inner diameter of said refrigerant pipe is made not larger
than a value which makes an flow rate of said refrigerant be

- not smaller than 2 zero penetration flow rate.

A rcfngcraung cycle according to claim 1, wherein
liquid reserved in a U—shaped pomon of a trap portion of
said refrigerant pipe is made to be minimum.

4. A refrigerating cycle using a refrigerant containing
hydrofluorocarbon as a main component and a refrigerator
oil substantially all of which is insoluble with said refrig-
erant, wherein a constituent element of said refrigerating
cycle where a flow rate of said refrigerant is not larger than
a zero penetration flow rate is designed so as to make a
direction of flow of said refrigerant in said constituent
element be lateral or downward.

5.A reﬁ'xgeraUng cycle according to claim 4, wherexn a
liquid reservoir portion provided in at least one of an outlet
of an evaporator and a suction side of a compressor is
designed so as to make the direction of flow of said
refrigerant downward, and a suction pipe on a lower side of
said outlet of said liquid reservoir portion is inserted into an
inside of said liquid reservoir portion. '

6. A refrigerating cycle according to claim S, wherein an
internal volume of said liquid reservoir portion up to an
upper surface of said suction pipe inserted to said quuxd
reservoir portion is set so as to cause no trouble against
running of a compressor even if a quannty of refrigerator oil
reserved in said hquxd reservoir portion increases.

7. A refrigerating circuit according to claim 6, wherein at
least one of the liquid refrigerant and the refrigerator oil can
be reserved at a constant amount up to the upper surface of
said suction pipe inserted to the inside of said liquid reser-
voir portion.

8. A refrigerating cycle a’ccordmg to claim 4, wherein
liquid reserved in a U-shapcd portion of a trap portion of
said refrigerant pipe is made to be minimum,




I_g-‘Fi‘g. 4, although refrigerant conpressed by a conpressor 1 together with
o1l flows into an evaporating plate 24, a condenser 2 bo dwith-the

ceiling and side cabinet of the refrigerator, and a cabi neREPIACEMENT SHEET
refrigerant flows fromthe upper to the |ower, or horizont -

vet i ool IITIM B MR " e " ErRi,Sink s seani] : o a |oqo Lot

capillary tubet 23 provirded on t helbhack REPLAGED ef rijger at
provided in a machine roomtogether with the conpressor 4dnd a nuffler. A

-7

trap portion.21 in the cool er al so has-mgy Li qui d reser voif—se—i-hat—ott
also returns to :
9. A refrigerating cycle according to claim 4, wherein a
liquid reservoir portion provided on a suction side of a
compressor has a small hole provided in a lower portion of
said pipe at the inserted portion thereof.
10. A refrigerator comprising:

. This Sheet Has Been Replaced @ refrigerant containing hydrofluorocarbon as a main

T

. patibility with said hydrofluorocarbon; and

a refrigerant pipe arrangement connecting a compressor in
which said refrigerator oil is reserved and a condenser.
to an evaporator. for circulating said refrigerant, and
said refrigerant pipe arrangement including an ascend-
ing pipe having an inner diameter which makes a flow
rate of said refrigerant be not smaller than such a value
that said refrigerator oil adhering to an inner wall ?t' _
said pipe rises against its own gravity when said
refrigerant flows upward from a lower side to an upper

. -side. _

11. A refrigerator comprising:

a refrigerant containing hydroflucrocarbon as a main
component;

a refrigerator oil substantially all of which has no com-
patibility with said hydrofluorocarbon; and :

a refrigerating circuit constituted by connecting a com-
pressor in which said refrigerator oil is reserved aqd a
condenser to an evaporator through a refrigerant pipe,
wherein a pipe of a constitute element of said refrig-
erating circuit where the flow rate of said re&igetfmt
within said pipe is not larger than a zero peaetration
flow rate is designated so as to make a direction of flow

' of said refrigerant in said pipe be lateral or downwa.rd.
" 12. A method of assembling a refrigerant compressing
N ' apparatus having a compressor connected to a refrigerating
ﬂm circuit for circulating a refrigerant containing hydrofluoro-
| carbon as a main component, said refrigerating circuit
having at least a compressor and an evaporator as constitute
elements, the method comprising the steps of:

reserving an oil substantially all of which bas no com-
patibility with said hydrofluorocarbon in said compres-
sor; and

disposing a pipe, of a pipe arrangement connecting a
constitute element of said refrigerating circuit to said
compressor, where a flow rate of said refrigerant within
said pipe is not larger than a zero penetration flow rate

Il compounent;
a refrigerator oil substantially all of which has no com-



the-conpressor 1 through a header 5 and a muffler 8 togeth
Jefrigerant. That is, in the exanple of refrigerator, a tré
‘the condenser, a heat exchanger of the evaporator or a pi
t he mac in_the case of

o M T

gbrefrlgeran

e TECti on
portlon IS sett tao h a direttion as to elimnate a
in the above description, not to say, it es well if the

er with the
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Df
liquid reservoir

Hirection . is set

toelimnate it in the state of |nstallat n. Further, even if the trap

portions itself, thated ﬁﬂaﬂ
upward fromthe | ower; %Eﬁ; Q@&h&ﬁ? 'S possI

ged slightly
e to bring

wherein, of said pxpe arrangement connecting a constitute
element of said refrigerant circuit to said compressor,
an ascending pipe where said refrigerant flows upward
from a lower side to an upper side is constituted by 2
pipe having an inner diameter which makes the flow
rate of said refrigerant be oot smaller than such 2 value
thatsaxdrefngemmroﬂ adhcnngto aa inger wall of .~

said pipe rises against its own gravity.
13. A refrigerating cycle comprising:

anﬁﬁﬂﬂzntGmnzﬁﬁnghydnﬁhngocubonasa:mﬁncnugnmﬂuzndl

refiigerator oil which has no compaﬁbﬂity'wi:h the refrigerant so that the rfrigemator odl

andthem&igeammintheformoftwo-phasesepandonigzﬁqxﬁdporﬁoninthc

refiigerating cyce;

(refrigerating] refrigerator oil and refrigerant are bod circulated; and 2
mmmﬂmrispmﬁdedinaﬁmlmgebemmzmmpmmdm

evzpouinr[oftheci:cuit], whereinnidaccumzﬂmr,_sidmmpmsofandsaid
evaparator are connected via a refrigerant pipe amangement, which is determined in size
and direction so that the refrigerator oil can surely flow to the accumulator;

aninxemalin;lumeofmemmmmrisdete:minedsoasmtbmmy .

umﬂﬂeqpmutanmuungcffhecoummesbrewuzﬁWbcacanndhﬂm@sﬁnalwnhdu=

refiigerator oil and/or the compressor is operated intermittently, and when the

accumulator is filled with refrigerant and refrigerator oil,.
the refrigérarit which has a larger specific gravity than’

the retrigerator oil will settle below the refrigerator oil,:
so0 as to permit the refrlgerant to return to the compressor

-before the refrigerator oil, for reduc.'l.ng a lcff//

as Been Replaced
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thé reservoir of liquid into the m nimum by reducing the
:(%shaped portions. Enbodi nent 6 The above-nenti oned rmf

mmmz%&&ﬁ&
in a suction pipe 10 near the conpr e, et-arrt—10Ws
downward fromt t he GWSIQEETeHASI'ﬁEE%ad po t 02 £t DEC Y7
| over side of tmjllﬂmjl sﬂﬂed i ht ot IREPRAEEP o and in the _
conpr essor, I'ts lower side a snall n a

range of fro_m &U1 to &U2. Even if the cto¥fpressor 1 is stop ed and the

nmuffler 8 is filled W|th refrigerant. and refrigerator oil, YhemetTTger ant
o gor bl e, RBEReRef Bearea By £°5L Rk oE"2e FOUELREL G110k e
ss

said accumulator is prov:.ded near the compressor on a suction
side of the compressor and is located in a suction pipe which
leads to the compressor, so that the refrigerant flows in a
downward direction to the compressor.

14. A refrigerating cycle comprising: |
a refrigerant containing hydroflucrocarbon as a main éomponmt and a
refrigerator oil which has no compatibility with the refrigerant so that the refrigerator o

and the refrigerant are in the form of two-phase separation in a liquid portion in the
refrigerating cycle; wherein,

reﬁxgera.tor oil and refrige:antarebotﬁ circulated, and'

anac.z;umulatorispmvidedin;ﬁnalstzgebedveen-acompressorandan
evaporator, wherein said accumulator, said compressor and said evaporator are
connecwdmarefngemntpxpeamngemmt, wh:chxsdewmunedmsxzeand dxrecuon
so that the refrigerator oil can surely flow to the accumulator;

an intemal volume of the accumulator is determined so as not to Ciuse any
uoubleasamultqflackofoilinthe_eompressorwhenrimningtﬁecompressorbeéause

amﬁdcn:é;nnﬁtyofdxéoilrexnainsinﬂxecomptssorevenifatlastoneof,'

the mm is filled with the refrigerator oil and - This Sheet Has Been Replaced

T

thecomprusorisopuzmdinmmittenﬂy._ | , ,IIII
15.  The refrigerating cycle of claim 14@
| wdreﬁ:gmntpxpeamngemmteompnssanmgmpﬂrm
a zero penetration flow rate, Ug®, of said refrigerant in said ascending pipe
comp_lies with a relationship, | |



the upper portion. The refrigerant returns to the conpressor 1 through the

smal | hole 18 sooner at the tine of restarting, so as tor B
caused by sucking the oil into the conpressor. According t RECLACEMENT SHEET

. invention, in the refrigerating cycle nt clon armaty
hydr of | uorocarbon as a main conponent | %H$ ég;g“ﬁ@%ﬁﬁt pi ar §an e 197
- constituting the refrigerating circul £ eKtendlng .

upward from-a | ower side to an upper side is made to have TeT o armete
not | arger than a val ue whi ch nmaekes oLIszherlng to the inner wall of the
refrigerant pipe rise when the refrigerant rises in the one

mekes the flrow—rate—efthe refrigerant be not smaller than a zero
penetration fl gly it is possibl Q talnarefrlgeratlng
circuit super Mm,mm'm m# rt 0 a Uge=(gdc( Eau Pa'b)o s

=(gdx (867Vx-1)) %S

where, gzsagnnmunonaoaﬂuanon(hds:ﬁ
p.xxsoﬂhqmddumymglm’) 867(Kglm’),
Pg is refrigerant gas deasity (Kg/m?),
dxisaninnerdiameterofﬂxepipeinamﬂex(m),
_-'Vxlsaspecxﬁcvolumemdtesratex( /Kg),and
xisasrateofmmﬁng.
16. “The refrigerating cycle of claim 14" wherein:
said refrigerant pipe arrangement compnss an ascending pxpe having an inner
diameter dx determined by a relationskip, |

deris kes%ifrx-l) ' W:rv":w’ n”
where, g isa gravitation amlmnon (fsec),
dx s the inner diameter of the pipe (m), |
Vx is a specific volume (m*/Kg), | m
Nis 2 roadon e ), \\\I\l\\\lll\\\\\l\l\\ll\

nv is a volume efficiency, and
Vx is a specific volume of sucked gas (m’
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4. A

hydrofluorocarbon as a main component and a refrigerator oil
substantially all of which is insoluble with said refrigerant,
wherein, of a refrigerant pipe _arrangement constituting said
refrigerating cycle, a refrigerant pipe extending upward from a
lower side to an upper side is made to have an inner diameter not
larger than a value which makes oil adhering to an inner wall of
said refrigerant pipe rise when said refrigerant rises in said one

pipe.

2. A refrigerating cycle according to ¢laim 1, wherein an inner
diameter of said refrigerant pipe is made not larger than a value
which makes an flow rate of said refrigerant be not smaller than
a zero penetration flow rate.

3. A refrigerating cycle according to claim 1, wherein liQuid
reserved in a U-shaped portion of a trap portion of said
refrigerant pipe is made to be minimum.

refrigerating c¢ycle -using a refrigerant containing
hydrofluorocarbon as a main component and a refrigerator oil
substantially all of which is insoluble with said refrigerant,

in

wherein a constituent element of said refrigerating cycle where a = -

flow rate of said refrigerant is not larger than a zero
penentration flow rate is designed so as to make a direction of
flow of said refrigerant in said constituent element be lateral or
downward. '

5. A refrigerating cycle according to claim 4, wherein a liquid
reservoir portxon provided in at least one of an outlet of an
evaporator and a suction side of a compressor is designed so as to
make the dlrectlon of flow of said refrigerant downward, and a

mmmwwm
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hydr of | uor ocar bon a

According to the present inventiom,

@ﬁﬁﬁwwme;

hn the refrigeratin provi ded_i ‘b et of an
evaporator is designed{so as iﬂggﬂgﬂﬂﬂxﬁBﬁﬁ of the
refrigerant downwarl, {aBdB agéﬁé% on REELACER . e of the outlet
of the header is insgried into ) a er—Accor di ngly, A vl
lighter in specific gravity than a re.r?beTant contalnlﬁgﬁ'p‘bgﬂmﬁ-%ﬂfigr

hydrofluorocarbon asla | serve u rt

the header 588194t PX: gerdthr s e r fufﬁ% r)ﬁ%%q: & ressgr ivﬁ"{hn

bei ng r esereservoin hponbiewr igs serted rintie nan; s'LI!ﬂlﬁﬁet : salﬂcc’dr‘mlﬂg to
the presentesdMfdis PortiiBnt he refrlgeratlng circuit, the internal volune of
t he header up to the upper .

6. A refrigerating cycle according to claim 5, wherein an
internal volume of said liquid reservoir portion up to an upper
surface of said suction pipe inserted to said liquid reservoir
portion is set so .as to cause no trouble against running of a
compressor even if a quantity of ref:igerator oil reserved in said
liquid reservoir portion increases.

7. A refrigerating circuit according to claim 6, wherein at least
one of the liquid refrigerant and the refrigerator oil can be
reserved at a constant amount up to the upper surface of said
suction pipe inserted to the inside of said liquid reservoir
portion.

8. A refrigerating cycle according to claim 4, wherein liéuid
reserved in a U-shaped portion of a trap portion of said
refrigerant pipe is made to be minimum.

9. A refrigerating cycle according to claim 4, wherein a liquid
reservoir portion provided on a suction side of a compressor has
a small hole provided in a lower portion of said pipe at the
inserted portion thereof.

f : 10. A refrigerating cycle according to claim 1, wherein an
accumulator is provided in a final stage between a compressor and
an evaporator [of the circuit], wherein said accumulator, said
compressor and said evaporator are connected via a refrigerant
pipe, which is determined in size and direction so that the
refrigerator oil can surely flow to the accumulator;

' an internal volume of -the accumulator is determined so as not
to cause any t;oubie agaihst a running of the compressor even if
the accumulator is filled with the refrigerator oil and/or the
compressor is operated intermittently, and when the accumulator is
filled with refrigerant and refrigefato; oil, the refrigerant

il
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surface of the suct'
tr oubl e agalnst run |RE?hA
refrigerator oil regerqre & iincreagepLAgRIordingly it is

possi ble to obtain reﬁ¥ggaf§tﬁm%| clit 'grvimg o troubles to the running
of the conpressor e\jen the refrigerfatgr oil is reserRERIAGEMENTISHEETpper

end surface of the T pl pe insert I nto the header. According to the

present invention, i |s possi bl tain a refrigerating circuit in

whi ch refrlgerator o] not reserved in a.trap portion. According to the

present invidtomasi A largercsprgéfie i FRAELYC Shan m%ﬂrégeﬁﬁawo%’gl Hlidhe

suction si deetf1ed beQBR! €K YerFilkesatde dlil oo as ©b gemitothehrefrigemartant

e ol et 48 YA ot Fatond "R R ptharbd T ot
reducxng a load on the compressor caused by a sucking of
refrigerator oil into the compressor; and
said accumulator is provided near the compressor on a suction side
of the compressor and is located in a suction pipe which leads to
the compressor, so that the refri&érant flows in a downward
direction to the compressor.

0 the header iS set_so as to cause no
dVehs SHEBTGIARUBERN ly Of |

11. a refrigerating ‘cycle according to claim 1, wherein an
" accumulator is provided in a final stage between a compressor and
an evaporator, wherein said accumulator, said compressor and said
evaporator are connected via a refrigerant pipe, which is
determined in size and direction so that the refrigerator oil can
surely flow to the accumulator;
an internal volume of the accumulator is determined so as not
to cause an trouble as a result of lack of oil in the compressor
" when running the compressor because a sufficient quantity of the
oil remains in the compressor even if at least one of,
the accumulator is filled with the refrigerator oil and the
compressor is operated intermittently.

12. The refrigerating cycle of_claim 1 wherein:
a zero penetration flow rate, Ug®, of said refrigerant in 'said
refrigerant pipe complies with a relationship,

(T Wlﬁllﬂlﬂll/



cordingly, even if the nuffler is filled

er at or 0|I t he refrigerant | arger in
TTE! T the refrigerator oi

a ltﬁ: sg Hx BEEF eturns to the

ol restarting, and it

I S possible to rdduse~thre |uad cauged- t@5SUCk|ng oil into the conpressor.

-23- Cains: refrligerating cycle Jdusing a refrigerant containing

hydr of | uor ocar bo s—e—raf n_conponent and a refrigerator oil substantially

all of which is insoluble with said refrigerant, : REPLACEMENT SHEET

at the inserted |

‘with the refri-ge} appLACEMENE SHEET
specific gravityli s+eservedTh {h
Is reserved in the uﬁgﬁr pmdﬁqso t
conpressor through it hol ¢

Ug dx_(p‘£1 pg))os

T - P

= (gdx (867Vx-1)) %3

where, g is a gravitation acceleration (m/sec?),
Paz is oil liquid density (Kg/m’) '357(38151’)
Pg is refrigerant gas deasity (Kg/m),
dx is an inner diameter of the pipe in a stat= X (m),
kaszspemﬁchMumeutmnsuﬂsx( 'IKg), and
X is a state of running.
13. “The refrigerating cycle of claim 1 wheein:

said refrigerant pipe has an inner diameter dx determined
by a relationship,

. 16 - sv&qv-\'fx’z)u
g (867Vx-1) Vs

ox=(

where, g is-a gravitation acceleration (m/sec?),
dx is the inner diameter of the pipe (m),

Vi is 2 specific volame (a/Kg), | N
oo/ 8

szsaspa:ﬁcvuhumaofnu*ndgns(mﬂﬂqn-



wherein, of a refrl gerant pipe arran_g;:_-"rrent constituting sai d
tefri geratl ng cygle..a.ref TPl e” éxtendi ng upward froma | ower side
to an upper sidegts, made 170 SHEEE an inner diageter not |arger than a val ue
which makes oi I} adhecs nETreHeEST HARIBEENef ri ger ant pipe rise
when said refrijgey atgt8 \g{@eg n s | §| one pEALACED. ARERT ACEREFNT SHEETCYCI €
according to clalm ' er of said refrigerant pipe is
made not | arger} t i an flow rate of said refrigerant
be not smaller fhan azero penetr ti rate. 3. A refrigerating
cycl e accordin ﬁ%}%eserved in a U shaped
portion of a trap portlon kﬁ.&%nt pi pe is made to be
mninmum. 4. A refrigerating cyc e accor ing to claim1, wherein an
accunul ator is provided in a final stage between a conpressor and an
evaporator [of the circuit], wherein said accunul ator, said

In a refrigerating circuit using a refrigerant containing hydrofluorocarbon as a main

component, afi ascending refrigerant pipe has an inner diameter not larger than a value

such that in operation the flow rate of the refrigerant is not smaller than a zero

penetration flow rate. It is thereby possible to obtain a refrigerating circuit in which oil

6 is entrained in the flow and which is superior in oil return to the compressar.} and

hence high in reliability, even using r_eﬁigérator oil 6 having no compatibility with the
hydrofluorocarbon refrigerant. '

Fig.1.
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.conpressor and sai d evaporator_are r nnected via a refrigerant pi pe, which
is determned in sifZ ggTso that the refrigerat 0|I can surely
flow to the accumul aﬁg?'j&%@wrﬂgp:?ﬁ vol unme of the accunu

determ ned so as n 0 cau trouble agai nst a runnin _L

conpressor even if fhb acﬂ:uﬁﬁ\‘% B frll? f with the refrigerde hﬁr%
and/or the conpressprlis _operatedinhtermt ently, and when @?gﬁ?ﬁ?UHU|

is filled vhthpeefrlgerant and refrigerator oil, tfﬂ{ﬁhﬂﬁ whi ch has
a | arger specr?l ¢ avity than.the—+efrigerator oil will settle below the
refrigerator ol % as to permt the refrigerant to return to the

conpr essor “bef Br e FEAELFRAIT RS atDCLS | USRI r uTHF 189°3RF oF Y ining
conpr essohydaofddobgcartrmc kasig aofmaisf r cgepatent oiahdi nd orefieigergrassoil and
sai d acougybataheh g1y oyl dfiegfn@ﬁicﬁ hgscme& ShOL ULch WU baldReahel he

conpressor .and.i s ated in . a suction pip Ich e e conpressor,
so t hat tﬁ@eFEFFrgé? nf qq;ghgerpﬁt;iHﬁgﬁhméyaangement constituting  said

refrigerating cycle, a refrigerant pipe extending upward from a
lower side to an upper side is made to have an inner diameter not
larger than a value which makes ©il adhering to- an inner wall of
said refrigerant pipe rise when said refrigerant rises in said one
pipe.

2. A refrigerating cycle according to claim 1, wherein an inner

N\ dizmeter of said refrigerant pipe is made not larger than a value
which makes an flow rate of said refrigerant be not smaller than
a zero penetration flow rate.

3. a refrigerating'cycle according to claim 1, wherein liquid
reserved in a U-shaped portion of a trap portion'_of said -
refrigerant pipe is made to be minimum.
) 4. a refrigerating cycle according to claim 1, wherein an
accumulator is provided in a final stage between a compressor and
an evaporator [of the circuit], wherein said accumulator, said
compressor and said evaporator are connected via a refrigerant
pipe, which is determined in size and direction so that the
refrigerator oil can surely flow to the accumulator;

\,/ an internal volume of the accumulator is determined so as not
to cause any trouble against a running of the compressor even if
the accumulator is filled with the refrigerator oil and/or the
compressor is operated intermittently, and when the accumulator is
filled with refrigerant and refrigerator oil, the refrigerant

- witich has a larger specific gravity than the refrigerator oil will
settle below the refrigerator oil, so as to permit the refrigerant
To return to the compressor before the refrigerator oil, for
reducing a load on the compressor caused by a sucking of
refrigerator oil into the compressor; and . o
said accumulator is provided near the compressor on a suction side
of the compressor and is located in a suction pipe which leads to
tre compressor, so that the refrigerant flows in a downward

direction to the compressor. m .



direction to the conpresset- ﬁg - 5. Arefrigerating cycle according to
claim1l1, wherei n‘angp[ngMﬁi\Ht SHEE provided in a final stage between a
conpressor and an. rdin said accunul ator, said conpressor and

sai d evaporator dr
in size and direcfi
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to ¢cause an troub

runni ng the conpr

the. conpressor even if at
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so that thg r
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because a sufficient quantity of the oi
| east one of, the accumnul at or

remains in
is filled with the

refrigerat8c ohl zafdigkgating cycle according to claim 1,

wherein an
accumulator is provided in a final stage between a compressor and
an evaporator, wherein said accumulator, said compressor and said
evaporator are connected via a refrigerant pipe, which is
determined in size and direction so that the refrigerator oil can
surely flow to the accumulator; '

an internal volume of the accumulator is determined so as not
to cause an trouble as a result of lack of oil in the compressor

" when running the compressor because a sufficient guantity of the

©il remains in the compressor even if at least one of,

the accumulator is filled with the refrigerator oil and the
compressor is operated intermittently.

6. The refrigerating cycle of claim 1 wherein:.

a zero penetration flow rate, Ug*, of said refrigerant in said-
refrigerant pipe complies with a relationship,

: ~-pg
Oge=(gdx ( _p&p_

P

’)ﬂ.s

= (gdx (867Vx-1)) 93

zisztnnﬁ:ﬁnn:c:ﬂ::ﬁnn(kda:ﬁ,

Pa is ol liquid densiry (Rg/nr') = 867(Kg/m),
P§ is refiigerant gas density (Kg/mx),

dx is an innes diameter of the pipe in 2 smt= X (W),

wheze,

"Vkisaspeﬁﬁcvnhunehzﬂuﬁﬂzﬂixcufﬂnn’zﬂdf‘——‘——““—“‘——‘—“
st R A
7. -Thgrﬁsazﬁnzq&‘_’f_dﬁml whereiz: o

said refrigerant pipe has an inner diameter dx determined
¥y a reliationsaip, '



conpressor is operated |ntermttently 6. The refrigerating cycle of claim
"l wherein: a zerg_pene ow rate, Ug, of said refrigerant in said-
refrigerant pi EPQMMENT\ﬁ 2l al rel ationship, [err] where, gis a
gravitation actel ere err]) p[err] is oil liquid density
(Kg/nerr]) = 6(?6%@“%&5 bgli s refyigerant gas density (Kg/nferr]) dx
I's an inner digangt the pipelin a afe x (M. VWx is a specific volune
in the state x|( Kg)~ and x {is a state of running. 7. The

refrigerating erein: said refriger aptpiOBMENTSSHEETI nner

di anreter dx detler a rel ationship.
2 173
e { — 16 . svu-nv-vx),’
- g (887Vx-1) o=Vs

where, giszlmdnﬁdnacﬁdcxzﬁm(mls&’),
dx is the inner diameter of the pipe (m),
Vx is 2 specific valume (x/Kg),
N is 2 roation aumber (ips),
nviszvoh:me:efﬁdmcy, and
in;upedﬁcvo&meafmcbdps(m’mb.-
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-25 - [err] where, - g |s a gravttatlon acceleration (nfsec[err]). dx is

=the inner ‘di ameter of the (¥, Wx is a specific volume (nferr]/Kg), N
is a rotati I-(rps) ------ [[ rrlJv is a volume efficiency, and Vx is a
specific vollUReFdoLdlicked tas \(nerr]/Kg). U-~~~~~~~~
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REFRIGERATING CIRCUIT

In a refrigerating circuit using a refrigerant containing hydrofluorocarbon as a main
component, an ascending refrigerant pipe has an inner diameter not larger than a value
suchﬂlz_iiﬁopemiontheﬂow rate of the refrigerant is not smaller thana zero
penec;ﬁén flow rate. It is thereby possible to obtain 2 refrigerating circuit in which oil
6 is entrained in the flow and which is Supaiorinoﬂretﬁmm the compressac:1 and

— hence high in reliability, even using reﬁig'erator oil 6 having no compatibility with the
hydrofluorocarbon refrigerant.
Fig.l. .



