1o ACCUMULATOR  BACKGROUND OF THE I R oXF°
Field of. the Invention: The present invention relates to .an

accunul ator constituting part of a refriggrating/air conditioning cireuit -

of an air conditioner, refrigerator and the Tike, in particular for those
that use refrigeration nmachine oil which has little or no solubility in
refrigerant or, which if soluble, hacuulrrerteristic for separating from
refrigerant dependi ng upon tenperature conditions. Description of the

Rel ated Art: An exanpl e of a conventional accunulator will now be
descrj bed: a | ongitudi nal cross sectional view show ng the

structure oﬁAFﬁgRQHy@hQFaﬂgﬁ |N¥§N%i§¥i n Japanese Utility Mdel

Publ i cati on_Na., 5- the drawi ng, a vessel 101 is provided mnth
a suction Sﬁpéd18§ 3%& gnaﬁggharge pi pe 103. Liquid refrigerant 104

The present invention relates to an accumulator
consﬁituting " part of a refrigerating/air conditioning
circuit 6f an air conditioner, refrigerator and the like, in
particular for those that use refrigeration machine oil
which has little or no solubility in refrigerant or, which
if soluble, has a ,characteriétic for separafing from
refrigerant depending upon temperature conditions.
Description of the Related Art: .

~An example of a conventional accumulator will now be
Qescribed. Fig. 22 is a lonQitudinal cross sectional view
showing the structure of the accumulator disclosed. in
Japanese Utility Model Publication No. 5-39409.

In the drawing, a vessel 101 is provided with a suction
pipe 102 and a discharge pipe 103. Ligquid refrigerant 104
and refrigeration machine o0il 105 reside in the vessel 101.
A plurality of. 0il collecting apertures 103a - 103e are
defined in the discharge pipe 103 in a vertical direction
and five holes are defined in this example. The discharge
pipe 103 is provided with a gas inlet 103¢. Symbol U
denotes the flow velocity in the discharge pipe 103.

In a refrigerating/air conditioning circuit to which the
accumulator is assembled, a fluid .containing refrigerant
gas, the 1liquid refrigerant 104 and the refrigeration
machine o0il 105 flows into the wvessel 101 <through rhe
suction pipe 102. The,réfrigerant gas is separated from the

liquid refrigerant in the space in the vessel 101 and the



and refrigeration machine oil 105 reside in the vessel 101. A plurality of
oil cotlecting apertures 103a - 103e are defined in the discharge pipe 103
in a vertical direction and five holes are defined in this exanple. The
di scharge pipe 103 is provided with a gas -inlet 103f. Synbol U
denotes the flow velocity in the di sch_’arzgé pi pe 103. In a
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sol ubl e or in soluble in the liquid refrigerant 104 are even when it
tends to separate from the liquid refrigerant 104 under
certain operating conditions. The refrigeration machine oil
105 in the vessel 101 then separateé from the refrigerant
104 as shown in the drawing and the refrigeration machine
oil 105 with a thipkness h floats on the upper layer of the
liquid refrigerant 104 having a liquid surface height H.
éince the oillcollecting apertures 103a - 103e are disposed
at a plurality of positions in a vertical direction, the
refrigeration machine oil 105 and the liquid refrigérant 104
are sucked into the discharge pipe 103 through the o0il
collecting apertures 103a = 103e and flow in a.mixture with
the refrigerant gas.'

Next, another example of the conventional accumulator
will be shown. Fig. 23 is a longitudinal cross sectional
view showing the structure of the accumulator disclosed in
Japanese Utility Model Laid-Open No. 58-87079 in which the
inner arrangement of the accumulator is different from that
of the above conventional example.

In the drawing, a vessel 106 is provided with a suction
pipe 107 and a discharge pipe iQé;' A plurality of o0il
éollecting apertures 108a - 108e. are defined. in the
discharge pipe 108 in a vertical direction. Liquid
refrigerant 109 and refrigeration machine o0il 110 reside in

the vessel 106.



or in soluble in the liquid refrigerant 104 are even when it tends to
separatse fromthe liquid refrigerant 104 under certain operating
conpditions. The refrigeration machine. oil 105 in the vessel 101 then
separates fromthe refrigerant 104 as _shown in the drawing and the
refrigeration machine oil 105 with a thickness h floats on the upper |ayer

of the -liquid fefrigerant 104.haying a liqui.d surface height H. . Since the
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liquid refrigerant 109 and the refrigeration machine oil 110
having a smaller specific gravity floats on the upper layer
of the liquid refrigerant 109. The o0il collecting apertures
108a - 108e are disposed at a plurality of positions in a
vertical direction and the refrigeration machine oil 110 and
the liquid refrigerant 109 are sucked into the discharge
pipe 108 through the o0il collecting apertures 108a - 108e
and flow in a mixture with the refrigerant gas.

Both the above conventional examples operate similarly
and have the . same problems. The operation of the
conventional example shown in Fig. 22 will be described as
representing the operation of the above examples and the
problems of the example will be described.

The amount of the iiquid refrigerant flowing into the
discharge pipe 103 through the o0il collecting apertures 103a
- 103e is increased by the increase of the flow velocity U
of the' gas flowing in the discharge pipe 103 and the
increase of the amount of the liquid refrigerant residing in
the vessel 101, that is, the increase of the height H of the
liquid refrigerant. Fig. 24 shows flow amount
characteristics when it is assumed that +the gas flow
velocity U is set to a given wvalue and the thickneés h of

the refrigeration machine oil 105 flowing on the upper layer



di scharge pipe 108 in a vertical 'direction. Liquid refrigerant 109
and refrigeration machine oil 110 reside in the vessel 106.

- 3= In a refrigerating/air conditioning circuit to which the

accunul ator is assenbled, a fluid contaiing refrigerant gas, the liquid
refrigerant 109 and the refrigeration machine oil 110 flows into the
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the respective amounts of liquid refrigerant flowing from

the respective o0il collecting apertures 103a - 103e and the
dashed line rising to the upper right shows the sum of the
liquid 'refrigerant flowing from the | respective oil
collecting apertures. |

| As the liquid refrigerant height H increases,. the number
of oil collecting apertures under.the liquid refrigerant 104
increases. At the time, the amount of the 1liquid
refrigerant flowing from the lower o0il collecting apertures
is greater than that flowing from the upper oil collectihg
apertures due to the differences in pressures applied
thereto. Therefore, the total flow amount of the liquid
refrigerant does not increase in proportion to the liquid
refrigerant height H but acceleratively increases as the
height H increases. That is, as the liquid surface height
in the accumulator incfeases, the amount of the refrigerant
104 sucked into the discharge pipe 103 and flowing from the
accumulator increases.

Next, the flow amount of oil will be described. The
saw-tooth-shaped solid .line in Fig. 24 indicating an
'approximately constant flow amount shows the amount of the
fefrigerafioh— machine o0il 105 which £floats on the upper
layer and flows into the discharge pipe 103 through the oil
collecting apertures. Further, Fig. 25 shows a view

explaining the change of the flow amount of the oil. The



and flowin a mxture with the refrigerant gas. Bot h t he above
conventt onal exanples operate simlarly and have the sane problens.

The. operation of the conventional exanple shown in Fig. 22 will be
described as representing the operation of the above exanples and the
probl ens of the exanple will be described. The anmount of the liquid
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in the accumulator, the amount of refrigeration machine oil
residing in the sealed vessel 101 of the accumulator barely
increases or decreases. Normally, therefore, only one or
two o0il collecting apertures are positioned with in the
thickness h of the refrigeration machine oil although this
depends on the intervals between the o0il <collecting
apertures.

Fig. 25A shows a case where the refrigeration machine
oil 105 stays in the range of the oil collecting apertures
103c and 103d and Fig. 25B shows a case where it sfays in
the range of the o0oil collecting aperture 103d although the
thickness h of the refrigeration machine oil is the same as
that of Fig. 25A. That is, the state shown in Fig. 25A or
the state shown in Fig. 25B may be realized depending upon
the change of the liquid refrigerant height H. As a matter
of course, the difference between both states results in a
change of the flow amount of the o0il, where the flow amount
of the o0il in Fig. 25A is greater than that in Fig. 25B.
Therefore, even if the thickness h of the refrigeration
machine oil is given, the amount of the oil flowing into .the
discharge pipe 103 is somewhat changed by the change of the
iiquid refrigerant height H. Actually, although the flow
amount of the o0il tends to change stepwise as shown Fig. 24,
it_is constant in averaée in comparison with the amount of

the liquid refrigerant.



In the drawi ng, the abscissa represents a liquid refrigerant surface
height + H (mm and the ordinate represents an anmount (kg/h) of liquid
refrigerant flowwng into the discharge pipe 103. Further, the dotted |ines
show the respective anounts of liquidorefrigerant flowing from the
respective oil collecting apertures 103a - 103e and the dashed |line rising
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di scharge WH@%éH¥3EﬂKEf|P%ﬁﬁﬂdeQGEEH@erant become mixed with the
refrigerant gas is caused so that the flow amount of the
liquid refrigerant becomes excessive. At this time, the
compressor will suck a large amount of liquid refrigerant
and compress it;. Thus, a liquid compressed state arises, by
which abnormally high pressures are generated. Further,
since the oil supply pump in the compressor sucks the liquid
rgfrigerant and supplies it to bearings and sliding
portions, the bearings wiil not be sufficiently lubricated.
As a result, the sliding portions in the compressor may
become abnormally worn or seized. |

That 1is, the floﬁ amount -of the 1liquid refrlgerant.
derived from the accumulator assembled to the refrlgeratlng
/air conditioning circuit must be smaller than a certain
amount and the flow amount of the refrigeration machine oil
must be larger than a certain amount for the cbmpressor to
operate smoothly. Their 1imit values depend wupon the
refrigerating/air conditioning circuit to which the
accumuiator is assembled.

When, for example, the diameter of the o0il collecting
épertures is made small to reduce the flow amount of the
liquid refrigerant in the conventional arrangement, micro-
machining may be required which is not suitable large-scale

production of ‘the structure. Further, when the apertures



accunul ator i ncreases. Next, the flow amount of oil will be described.
The ~sawtooth-shaped solid line in Fig. 24 indicating an approxi mately
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however, cannot reduce the flow 'amount of the 1liquid
refrigerant.

Further, there is the following problem from the view
pbint of the flow amount characteristics of the oil. That
is, when it is assumed that the oil collecting apertufes are
set a small diameter, alfhough the flow amount of the liquid
refrigerant can be reduced, the flow amount of the oil .is
also reduced. Thus it is difficult to obtain the target
flow amount of the'refrigeration machiﬁe oil. In this case,
sincé a large amount of the o0il stays in_thé accumulator
vessel, the amount of the o0il in the compressor is sharply
reduced.

As. described above, conventional accumulators havé
problems in that it is difficult to prdperly control the
flow amount of the liquid refrigerant and the floﬂ amount of

the refrigeration machine oil.

SUMMARY OF THE INVENTION

The present invention has been achieved with a view
toward solving the problems described above,. and it is an
obfect of the preséht invention to provide an accumulator in
which liquid refrigerant 1is prévented from excessively
flowing from the accumulator even if a large amount of the
liquid refrigerant resides in an accumulator vessel. Also,

refrigeration machine o0il staying in the accumulator can be

n



t hi ckness h of the refrigeration machine oil although this depends on the
I nterval s between the oil collecting apertures. Fig. 25A shows a case
where the refrigeration nmachine oil 105 stays in the range of the oi
collecting apertures 103c and 103d and Fig. 25B shows a case where it
stays in the range of the oil coIIectrha aperture 103d al t hough the
thickness h of the refrigeration machine oil is the sane as that of Fig.
25A. That eif§ecti¥edat eobheghefn ML ASACORPresgost e BASHANiRIF Bhe2s5B

may be real.i.zed depe ng. upo t he cha e of the _liquid refrigerant height
H As a mafit@Retsf ébﬂr%gl I‘?gl&icf 5’%‘&’6%%&80%*”31 at et 2856‘\5[5 Pna
change of w e hg, O e w to 0, I n
Fig. 25A i?ggr glg'([eern%t hanf’[ a]té Fbger%gg{)ﬁ %Eeﬁe]%gr é%régt/%n w| Oémé]lﬂ& bt

t hi ckness Rhef tlliau&afrlreqn:atglmntrmcﬁllm#ul iftgi isfe tdempr@sieér of i & he
oil flowng into the discharge pipe 103 is somewhat changed by the change
of the |i gqupgresksedgeitsdriie heeghat iRy tmmnnﬁﬂdqgarxufh@ughmphetﬂaﬁNthmDunt
of the oil tends to change stepw se as shown Fi IS constant in
aver age | nf@SrparFasAoRi MeaHa aabht ofs tahéelswdaudtrh@rrquér%h&l.lty of

the refrlgeratlng/alr conditioning circuit can be enhanced.

To this end, according to one aspect of the present
invention, there is provided an accumulator, comprising: a
sealed vessel for temporarily storing refrigerant
circulating in a refrigerating/air conditioning circuit; a
suc%ion pipe for introducing the refrigerant into the sealed
vessel; a discharge pipe for discharging thé refrigerant'iﬁ
the sealed vessel; and an o0il collecting pipe held in the
sealed vessel with the lower end thereof closed and having a
plurality of o0il collecting apertures spaced in a vertical
direction and a communication port for communicating with
the discharge pipe, the communication port being disposed in
the vicinity of the lowermost oil collecting aperture of the
0il <collecting pipe or to the downstréam side of the
aperture.

According to another aspect of the present invention,
there is provided an accumulator, comprising: a sealed
vessel for temporarily storing refrigerant cir;ulating in a
refrigerating/air conditioning circuit; a suction pipe for
introducing the refrigerant into the sealed vessel; a
discharge pibe for discharging the refrigerant in the sealed
vessel; a plurality of oil collecting pipes each held at a
different height in the sealed vessel and having a plurality

of o0il collecting apertures spaced in a vertical direction



- 6- As is well known, refrigerant gas fromthe discharge pi pe of an
accunmul ator is sucked by a conpressor in a refrigerating/air .

- conditioning circuit and di scharged-after bei ng conpressed. \When the
refrigeration machine oil which separat&s fromthe liquid refrigerant. is
applied to an accunul at or having a convéntional structure, a phenonena
wherein the liquid refrigerant beconme mxed with the ~refrigerant gas is
caused so tRABE tife fIUPEHERAHELOR tﬁ@rtIlﬁﬁﬁci?%W$?©b?ﬁﬁ%“9ec@#§§ the
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anount of the liquid refrigerant

_ closing refrigerant passages passing through the plurality
of 0il collecting pipes except for the uppermost refrigerant
passage; and a control mechanism for actuatiﬁg the
opening/closing mechanism according to the 1liquid surface
height in the sealed vessel; wherein the. refrigerant
passages are arranged in such a manner that the upper ends
ofvthe 0il collecting pipes except for the'uppermost pipe
are closed, the opening/closing mechanism is actuated by the
control mechanism in accordance with the liquid sﬁrface
height in the sealed vessel and the oil collecting pipes in
operation among the plurality of oi; collecting pipes are

switched. |
According to ‘a still further aspect of the present
invention, there is provided an accumulétor, comprising: a
sealed vessel for temporarily storing refrigerant
circulating in a refrigerating/air conditioning circuit;_a
suction pipe for introducing thé refrigerant into the sealed
vessel; a discharge pipe for discharging the refriéerant in
the sealed vessel; a plurality of oil'collecting pipes held
in the sealed vessel with the upper ends thereof opened and
_having a different length; and a gathering pipe connected to
each of the o0il collecting pipes at a position below the
upper end thereof and. having a communication port fdr

communicating with the discharge pipe.
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- A of Fig. 1A;

Fig. 2A is a longitudinal cross sectional view showing
another accumulator according to the first embodiment;

Fig. 2B is a cross sectional view taken along the line B
- B of Fig. 24;

Fig. 2C is a view explaining the internal flow of liquid
reffigerant and refrigeration machine o0il;

Fig. 3 is a view explaining the internal flow of liquid
refrigerant and refrigeration machine oil according to the
first embodiment;

Fig. 4 is a characteristic graph showing the
relationship between the flow amounts (kg/h) of 1liquid
refrigerant and refrigeration machine o0il and a liquid
refrigerant surface height (mm) according to the first
embodiment;

Fig. 5A is a longitudinal cross sectional view showing
an accumulator according to a second embodiment of the
present invention; |

Fig. 5B is a cross sectional view taken along the line D
- D of Fig. 5A;

Fig. 6A is a longitudinal cross sectional view showing
an accumulator according to a third embodiment of the
préséﬂt invention; |

| Fig. 6B is a cross sectional view taken along the line E

- E of Fig. 6A;



however, cannot reduce the flow anmount of the liquid refrigerant.
Furthery there is the following problemfromthe view point of the flow
amount characteristics of the oil. That is, when it is assunmed that the
oil collecting apertures are set a small,,dianeter, although the flow
anount of the liquid refrigerant can be Teduced, the flow anbunt of the
oil is also.reduced Thus it is difficult to obtain the t
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conventi onaghe agLt!l h968iméay¥e problenms in that it is difficult to
properly control the flow anmount of the liquid refrigerant and the fl ow
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provide-anéﬁgégq%g%€r°£nthe present invention;

Fig. 8A is a longitudinal cross sectional view showing
an o©0il collecting pipe of an accumulator according to a
fifth embodiment of the present invention;

Fig. 8B is an upper plan view of Fig. 8A;

Fig. 9A is a view explaining the flow of 1liquid
ref}igerant and refriéeration machine oil in an oil
collecting pipé having a thin diameter; | '

Fig. 9B 1is a view explaining fhe flow of 1liquid
refrigerant and .refrigeration machine oil ih an oil
collecting pipe having a thick diameter;

Fig. 10A is a longitudinél cross sectional view showing
an accumulator according to a sixth embodiment of the
present invention;

Fig. 10B is a front elevational view of an oil
collecting pipe of Fig. 104;

Fig. 11A is a longitudinal cross sectional viewlshowihg
an accumulator according to a seventh embodiment of the
present invention;

Fig. 11B 1is a cross sectional view taken along the line
F - F of Fig. 114A;

Fig. 12 is a chéracteristic graph showing the
reiationship between the flow amounts (kg/h) of 1liquid
refrigerant and refrigeration machine oil and a' liquid

refrigerant surface height (mm) according to the seventh



which liquid refrigerant is prevented fromexcessively flowing fromthe
accunul-ator even if a large amount of the liquid refrigerant resides in an
accurul ator vessel. Also, refrigerat+a? aachine oil staying in the
accunul ator can be : -8- effectively
collected into a conpressor by machining the dianeter of oil collecting

apertures to.sugh a siz s to resent no, obstacle in operation so that
t he rovvarf’ﬂﬁ’H’t‘sF enﬂfﬂfaq %uREF£%%€r+©%?%Bf°nflomﬁng into the

COMPressor is piSup s i | ing t, £ oy t he
refrigeration %E%Eiﬁgﬁﬁifg ggécggﬁggﬁ*f?ﬁtﬁ%ﬁfgfﬁgil |%§$%f$&?ﬂggﬂgwgkg
refrigeratigig/ aceum@n@itbirondBgoghifili ttsamheeegheACshbodimerd® (d¥ Staed,

according to one aspect of the present invention, there is provided an
accumrul at opresendr ilgiveptionseal ed vessel for tenporarily storing
refrigerant <circulating in a refrigerating/air conditioning circuit; a
suction pipe f&i9ntiIRIutT g ERESFefPCddrRRL VY thik oA ond vERSeling
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Fig. 14A is a longitudinal cross sectional view showing
an accumulator according to a ninth embodiment of the
present invention;

Fig. 14B is a cross sectional view taken along the line
H - H of Fig. 14A;

"Fig. 14C is a view explaining the internal flow of
liquid refrigerant and refrigeration machine o0il of Fig.
144;

Fig. 15A is a longitudinal cross sectional view showing
an accumulator according to 'a tenth embodiment of the
present invention: |

Fig. 15B is a cross sectional wview taken along the line
I - I of Fig. 15A; | |

Fig. 16A is a longitudinal cross sectional view showing
an accumulator according to an eleventh embodiment of the
present invention;

Fig. 16B is a cross sectional view taken along the line
J - J of Fig. 16A;

Fig. 17 is a longitudinal cross sectional view.showing
an accumulator according to a twelfth embodiment of the
present invenfion;

Fig. 18A is a view showing the arrangement of a main

portion of the accumulator of Fig. 17;

Fig. 18B is a cross sectional view taken along the line



t he seal ed vessel; and an oil collecting pipe held in the sealed vessel
with the | ower end thereof closed and having a plurality of oil collecting
apertures spaced in a vertical direction and a conmuni cation port for
conmuni cating with the discharge pipe, 134 he conmuni cati on port being

di sposed in the vicinity of the |owernost oil collecting aperture of the
oi | collecting pipe or to the downstream side of the aperture. '
According to arfot®erFEgpetiAof the present invention, there is provided an

| at ; d. |, _f, t \ t
Teirigerant of M a I | A% 81 oHhatoPXBLAGPANS COAR) (TRIRTLE TP r QU ¢ P8

suction pi ety d 8 oAUChg ABec s L 9Lt th NLRbbAEnaRRLed vessel | a
e tor ar gi ng

di scharge pip I sch: g the refrigerant in the sea yessel,_a
plurality of oigigol l1&® ihg Phpesiaackxpeladndngd tﬂeff@mtmgmf | Rhkhe

seal ed vessel and having a plurality of oil collecting apertures spaced in
a vertical atqumilator according to the twelfth embodiment9-

Fig. 20 is a characteristic graph '~ showing the
relationship between the flow amounts (kg/h) of liquid
refrigeraht and- refrigeration machine o0il and a 1liquid
refrigerant surface height {(mm) .according té thé twelfth
embodiﬁent;

Fig. 21A is a longitudinal cross sectional view showing
an‘accumulator according to a thirteenth embodiment of the
present invention;

‘Fig. 21B is a cross'sectional view taken along the line
L - L of Fig. 21A;

Fig. 22 is a longitudinal cross sectional view showing
an example of a conventional accﬁmulator; |

"Fig. 23 is a longitudinal cross sectional view showing
another éxample of the conventional accumulator;

Fig. 24 is a characteristic g¢graph showing the
relationship between the flow amounts (kg/h) of 1liquid
refrigerant and refrigeration machine oil and a 1liquid
refrigerant surface _ height (mm) according to the
conventional accumulator;

Fig. 25A is a view explaining the change of the flow
amount of oil of the conventional accumulator; and

Fig. 25B is a view explaining the change of the flow

amount of oil of the conventional accumulator.



and a conmmuni cation port for comunicating with the discharge pipe, the
communi cation port being disposed in the vicinity of the | owernost oi
collecting aperture of each of the oil collecting pipes or to the
downstream side of the aperture; an epeni-ng/closing nmechani smfor opening
and closing refrigerant passages passing through the plurality of oil

col | ecting. pi.pes except for the uppernost refrigerant Eassage; and a

control ne R RESRIBTION 9neTHR RRERERREBSEMBOREMENAPsm according to

the liquid surfgce height ip the segled vessel: wherejn refrigerant
passages dre arﬁ%%g%%?%ms‘%%ﬁs aaﬁﬁﬁﬁg%ngh\éto_ ts‘ﬁheé prp%sfgljéﬁdénggﬁ}'ﬁé gii?l '
col | ecting iypespexCerlsckibeld® WAL "PekePbRe 21D Cl08€d, akbBmpanying -
openi ng/ cl osi ng nechanismis actuated by the control mechanism in

accordance dondiingdghe Iliquid surface height in the seal ed vessel and the
oil collecting pipes in operation anong the plurality of oil collecting
pi pes are KiwgstrhmpodimentAccording to a still further aspect of the

| ed

present inventj.on, %hene i's provjded an, accunul at or COﬁPriSingi

Vessel  for  Ridhpollr iFy @ 1RRE1FRAING L FFGEFaReC AN ot F7Y FROHIRG
;2“: ggga'tar}?ﬁ] ?&?ﬁwing{l?gﬁzggia%ocﬂ{i%t;toa SUGHR PlR® dfimedtt F 3gucipg the

present invention. Fig. 1B is a cross sectional view tagen
along the line A - A of Fig. 1A. |

In the draﬁings, a sealed vessel 1 is provided with a
suction pipe 2 and a discharge pipe 3 having a refrigerant
gasvinlet 3a and a communication port 3b. An oil collecting
pipe.4'is disposed in the sealed vessel 1 and provided with
a-pluraiity of 0il collecting apertures 4a - 4h disposed in
a vertical direction and a communication port 4i
communicated with fhe discharge pipe 3. Liquid refrigerant
5 and refrigeration 'machine 0il 6 resides in the sealed
vessel 1. The o0il collecting pipe 4 is 'fixed to the
discharge pipe 3 through a reinforcing member 7. The
communication port 3b and the o0il collecting apertures 4a -
4h are arranged to have, for example, an orifice structure
and basically formed to a circular shape, although they are
arranged likewise when they are not formed in a circular
shape. The communication port 3b is disposed in the
vicinity of the lowermost o©il c¢ollecting aperture 4a -of
nearer to the downstream side of tﬁe refrigerant passage
than the aperture 4a.

Fig. 2A 1is a longitudinal cross sectional view shpwing
another accumulator.according to the first embodimentl Fig.

" 2B is a cross sectional view taken along the line B - B of



vessel ; a discharge pipe for discharging the refrigerant in the seal ed

vessel ;. a plurality of oil collecting pipes held in the sealed vessel with

the upper ends thereof opened and having a different length; and a

gat hering pi pe connected to each of 1theg oil collecting pipes at a position

bel ow t he wupper end thereof and having a communi cation port for

communi cating with the discharge pipe. o )

- 10 - BRI DHSCRI PFoN2EritHR DHAN fxplaining gthe piptegnpdndileygiodal

cross sectional. yi ew show n an. accunulator according .to a first

enbodinenfm;%HU1%qﬁffiﬂ%§ﬁﬁﬁki%@%nf?gﬁfgeraglﬁPgmaiglpg 8*¢ross sectiona

view taken al ong, thgel If€aings A & §hOtidA pipe Bl Gs 28ohAelte@notd udi nal

cross sectional view show ng ~another accumulator according to the first

enbodi ment ;sealed Fv@ss@B 1S.a & aSBsciegt gONplipwi QW iisakbmset beg tLheol ithe B
sealed vessel 13 and is provided with a fefrigerant gas
inlet 9a and a communication port 9b. An oil collecting
pipe 10 is fixed to the discharge pipe 9 and provided with
0il collecting apertures 10a - 10h and a communication port
10i with the discharge pipe 9. .Liquid refrigerant 11 and
refrigeration machine 0il 13 resides in the sealed vessel 1.

In Figs. 1A to 2B, the diameter of the o0il collecting
ape}tures defined in thg oil collecting pipes is set to

"about 1 - '3 mm which causes no obstacle in machining.f :

Although the operation of the embodiment will be
described as to the accumulator arranged as shown in Fig. 2,
the accumulator arranged as shown in Fig. 1 operates in a
similar manner.

The accumulator functions to temporarily store
refrigerant circulating in a refrigerating/air conditioniﬁé
circuit. The refrigerant gas flowing from the suction pipe
8 is separated from the 1liquid refrigerant, the liquia
refrigerant 11 is stored in the sealed vessel 13 to prevent
it from being supplied to a compressor (not shéwn) and the
refrigerant machine oil 12 stored in the sealed vessel 13 is
returned to the compressor. Fig. 2A shows a state where the
fluid of the 'liquid refrigerant 11 and the ‘refrigerant
machine o0il 12 mixed with the refrigerant gas from the
suction pipe 8 is separated therefrom in the sealed vessel

13 and fhe liquid refrigerant 11 and the refrigerant machine

0oil 12 stay in the sealed vessel 13. Since the 1liquid



- Bof Fig. 2A Fig. 2Cis a view explaining the internal flow of
liquid - -refrigerant and refrigeration machi ne oil; Fig. 3 1s a view
explaining the internal flow of |iquid reﬂéigerant and refrigeration
machi ne oil according to the first enbodiment; Fig. 4 S a
characteristic gr aph showng the relationship between the flow

amounts " (kglh), -of liquid refrigerant and refrigerati on nmachine oil and
a liquid (rlg?#ﬁ) soeRt gh‘rfé@é’ ﬁbgghfeffhﬁffaaécd%ﬂ@hb‘%to°1]t he‘anihraé’F

enbodi nent ;. Figq.0A.0:5.a | i tydinal s cr S Lonal. \i. S ' an
oo ar it ithle TeBrubia iyt LORGYT TN 18T IRY SFGHONBorli B SOPVLAG

Fig. 5B is sdI&$svesskional i ey kakaRadkangthahe .l i nesdaity P 8inEkgthaA
Fig. 6Ais a longitudinal cross sectional view showng an accunul ator

according dpecifid hgrdviepbodi nend refrigbeanpr maehtinienvedrit | th; is lekisg.

OB IS A OO an Sthar ot fhe | 1idust *tdsrlerans 11, The redrigerant
machine oil 12 floats on the upper layer of the 1liquid
refrigerant 11.

One function of the accumulator 1is returning the
refrigerant machine o0il 12 to the compressor by sucking it
into the discharge pipe 9 regardless of the amount of liquid
refrigerant 11 residing therein, that is, even if the height
of the liquid refrigerant 11 variés.

In this embodiment, the plurality of o0il coliectiﬁg
apertures 10a - 10h are vertically diéposed along the axis
of the o0il collecting pipe 10 to collect the refrigerant
machine o0il 12 floating on the liquid refrigerant 11'int6
the o0il collecting pipe 10. ‘As shown in Fig. 2B, the
communication port 10i disposed to the lower portion of the
oil collecting pipe 10 is made to communicate with the
communication port 9b disposed in the discharge pipe 9 so
that the liquid refrigerant 11 and the refrigerant machine.
0il 12 in the o0il collecting pipe 10 can be sucked into the
discharge pipe 9. As seen from Fig. 2C, the 1liquid
refrigerant 11 in the o0il collecting pipe 10 is mixed with
_the-refrigerant machine o0il 12ﬁtherein and the refrigerant
machine o0il 12 entering the o0il <c¢olle¢ting pipe 10 is
accompanied b} the flow of the liquid refrigerant 11 in the
oil co;lg;ting pipe_ 10, passes through the communication
ports 10i, 9b and is further sucked into the discharge pipe

9. The refrigerant machine o¢il 12 floating on the upper



Fig. 7Ais a cross sectional view showing the vicinity of the
comunication port of the accunul ator according to the first enbodi nent;
Fig. 7B is a cross sectional view showing a vicinity of a conmnication
port of an accumulator according to a fowth enbodi ment of the present

I nvention; Fig. 8Ais a longitudinal cross sectional view show ng an

oil collectin an .acc nul or acco fift nmbodi nt, .of
t he presem:Q¢%£n$foﬁLe Q1quﬁ FLegn pbgglﬁl i EP ?gFYﬁssgi;H3

Fi 9A t d.or t

Tefh i gor ari o TSTASHRLALS (i (e 48401 kgt Jas! BELEACHAN' 300

di aneter; Nd:gt, 9BHeS 21vkevamsihél %m::ébeeﬂgmeé |d fuitthe r efigugar ant

and refrlgeratlon machine oil in an oil col l ecting pipe having a thick

di aneter; refrieranAlils and otige t vdifmdlgerands machimmabiti el shbid nhe an

accunulator according to a’sixth enbodi nent of the
described. Fig. 3 shows the internal flow and the liquid
surface height in the discharge pipe 9 and the oil
collecting pipe 10, wherein Fig. 3A shows a case where the
liquid surface height H in the sealed veséel 13 is low and
Fig. 3B shows a case where the liqﬁid surface height H is
high.

In the drawings, symbol L denotes the liquid surface
heibht in the oil céllecting pipe 10, symbol L1 corresponds
to the case where the liquid surféce height is low (Fig. 3A)
and symbol L2 corresponds to the case where the 1liquid
surface height is high (Fig. 3B). The pressure in the
communication port 10i drops by A P as compared with that in
the sealed vessel 13 due to the refriéerant gas flowing'ih
the discharge pipe 9. The total flow amount Q of thelliquid
refrigerant 11 and the refrigerant machine oil 12 which flow
in the communication port 10i is shown by Q « v (AP +
0 gﬁ), where p represents liquid density and g'‘represents
gravity acceleration.

The number of oil collecting apertures (10a - 10e) into
which the liquid refrigerant 11 and the refrigerant machine
oil 12 flow is increased by the increase in the 1liquid
surface height H in the sealed vessel 13 to increase the
liquid surface height L in the o0il collecting pipe 10
accordingly. The total flow amount Q of the 1liquid

refrigerant 11 and the refrigerant machine oil 12 which flow

in the communication port 10i is determined by Q o f’(A P +



present invention; Fig. 10B is a front elevational view of an

oil collecting pipe of Fig. 10A Fig. 11A is a longitudinal cross
sectional view showi ng -an accumul ator according to a seventh enbodi nent of
the present invention; Fig. 11Bis gscross sectional view taken al ong
the line F- Fof Fig. 11A Fig. 1 a characteristic graph
showi ng “the. relationship between the flow anmounts (kg/h) of liquid
refrigerant Paf&)refPi §ordt ithe FadHnd loM %ﬂﬂ?%%IQQﬁHQthﬁﬁﬁﬁtﬁﬁd%ts%@Wﬂace
hei ght (mm) .acgQrdi g to vent - 12
- enbodi A8n 18? % d?i%ﬁﬂgﬁ " Fig. 13Ais a longitudina

g;gzgiﬁgﬁ:'gpalH%k%“?g@g%@P?nvgﬂgﬁﬁﬁHﬂHJaéﬁéiQﬁ%%“%ﬂ&hﬁ@ 88 i qui

g. 13Bis Cross secti ona

vi ew t aken Qb@ﬂggbbenhlmmd that of the refrigeration machine oil will
be described.

In the o0il collecting pipe 10 arranged as described
above, when the oil collecting'apertures have the same size
and are disposed at the same intervals, the inflow at the
respective o0il collecting apertures is approximately the
same. As a result, where an 0il collecting aperture 10a and
0il collecting aperture 10b are disposed'as shown in Fig. 3A
thé liquid refrigefant 11 and the refrigerant machine oil 12
respectively flow in approximately equal amounts; Furtheft
in Fig. 3B, where four oil collecting apertures 10a - 10d
are disposed into which the liquid refrigerant 11 flows the
one oil collecting aperture 10e is disposed into which the
refrigerant machine o0il 12 flows, the flow amount of the
refrigerant machine oil 12 ié-approximatery one fifth the
total flow amount Q. The flow amount characteristics of the
refrigerant machine 6il 12 and the liquid refrigerant 11 are
determined as described above. Thus the flow amount of the
liquid refrigerant and the flow amount of the refrigeration
machine oil shown in Fig. 4 can be obtained.

In Fig. 4, the abscissa répresents the liquid surface

: heighf H (mm) of the liquid refrigerant and the ordinate
represents the flow amount from the oil collecting pipe "10
to the discharge pipe 9. When the flow amount
characteristics of the liquid refrigerant obtained by the
embodiment are compared with the flow amount characteristics

of the liguid refrigerant of the conventional accﬁmulator



G- Gof Fig. 13A Fig. 14A is a longitudinal cross sectional view
showi ng- an accunul ator according to a ninth enbodi nent of the present

i nvention; Fig. - 14B is a cross sectional view taken along the |ine
- Hof Fig. 14A Fig. 14C is a 19i 2w explaining the internal
flow of liquid refrigerant and refrigeration nmachine oil of Fig. 14A

Fig. 15Ais a longitudinal cross sectional VIeM/ShOMAng accunulator
according WYm £Bnthig- edflodi Rt foFmers nehapagtapis ﬁ9§ntq§ﬁ1 clearly g

15B is a crcps Sreecrh% onakl VI ew ngenl foJalo) thcﬁ:A:.l ez.llsticé’f Flnqi 12@ is

Fig. 16A i*s ong| udinar” cross sectronal views an accunul

accordi ng té?nb%ﬂiﬁﬁéﬂ‘@”@érﬁ”’@?@'a@'}t QEdLB% Pﬁésefﬂc&é‘é@é‘t'd)ﬁ the flb@-
16B is a cross sectional viewtaken along the line J - J of Fig. 16A

Fig. 17 i smodmingofudihral 1 oqwsé secrigezlant avawdwiv bg aan ﬂwmraléat oIt
according to a twelfth enbodi ment of the
the liquid surface height H.

As described above, since this embodiment is provided
with the o0il collecting pipe having the plurality of oil
collecting apertures vertically spaced therein and the oil
collecting pipe is made to communicate with thé discharge

. pipe through the single orifice-shaped communication
aperture, even 1f the height of the liquid refrigerant in
thevsealed vessel 13 increases, the amount of the 1liquid

"refrigerant sucked into the discharge pipe 9 is not
increased as in the conventional example. Thus excessive
flow of the liquid refrigérant from the accumulator can be
prevented and the refrigefation machine oil remaining, the
accumulator can be effectively collectedlto the compressor.
Therefore, the amount of the liquid refrigerant flowing into
the compressor can be suppressed and the necessary flow
aﬁount 0f the refrigeration machine 0il can be secured. 'As
a result, +the reliability of the refrigerating/air

conditioning circuit can be improved.

Second Embodiment

The arrangement of an oil collecting pipe of a second
embodiment will now be described. Fig. S5A is a longitudinai
cros§ sectional view showing an éccumulator according to the
second embodiment of the present invention. Fig. 5B is a
cross sectional .wview taken along the line D - D of Fig. 5A.
This embodiment makes the reinforcing member for supporting

-the loil collecting pipe in 'the arrangement of Fig. 1A



present invention; Fig. .18Ais a view show ng the arrangenent of a main

portion.of the accunulator of Fig. 17; Fig. 18B is a cross sectional

vi ew taken along the |ine - 13 - K- K
of Fig. 18A; - Fig. 19A is a view e_xgba_i ning the operation of the
accunul ator according to the twelfth enbodrnent; Fig. 19Bis a view

expl ai ning. the operation of the accumulator according to the twelfth
enbodi nent ; unnecegisgry 2for| simplidiagaiciani stilh §haprdrawheg# ngant heil
relati onship between the fl ow anpunts gl‘s&/ h). of quid refrigerant and.

refrigerati SRIASEHIRG oPEP&Nd! h%uPy &FF] g?—!‘f‘ght ?s@rlfué'@el '_ ig_ﬂtf Hhy
soce Sval \EEMISERIS b AL TRE, o cofli AT, fokenaE el oo
of the pregsgaet diNVeddiMsting pipe 16 is fixed to a discharge pipe 17

at the communication port 16b and a fixed point 16c.

The oil collecting pipe 16 is connected to the diséharge
pipe 17 through the communication ports 16a, 17a defined in
theﬁ, respectively. When the plurality of oil collecting
apertures 16a have the same size and are disposed at thé
same ‘intervals, an advantage similar to that of the first
embodiment can be obtained. In addition, since the o0il
coilébting pipe 16 can be fixed without the provision of the
reinforcing membér 7 in Fig. 1A, the arrangement can ?bé
simplified.

Third Embodiment

Next, the structure of an o0il collecting pipe of an
accumulator according to a third embodiment of the present
invention will be described. Fig. 6A is a longitudinal
cross sectional view showing an accuﬁulator accordiné to the
third embodiment of the present invention. Fig. 6B is a
Cross sectionaliview taken along the line E - E of Fig. 6A.

In the drawings, a dischérge pipe 18 is inserted into
the sealed vessel 1‘and provided with a communication port
18a and a gas inlet 18b. An oil collecting pipe 19 °"is
provided with a plurality of oil ¢ollecting apertures 19a.
In this embodiment, the communication port 18a is located at
a high bosifion nearer to the downstream side of a
fefrigerant passage than the oil_ collecting aperture
disposed to the 1lowermost position of the .J—shaped 0il

collecting pipe 19. It also communicates on the J-shaped



Fig. 21Bis a cross sectional view taken along the line L - L of Fig. 21A
Fig. 22 is a longitudinal cross sectional view showi ng an exanple of a
conventi onal accunul at or; Fig. 23 is a longitudinal cross sectional

vi ew showi ng anot her exanple of the copyventional accunul ator; Fi g.

24 is a characteristic graph showng the relationship between
the flow. ampunts (kg/h) of liquid refrigerant and refrigeration
machi ne oi discharde qine t&fsiderwhth §bef@9é cdﬁﬂqgnlng(pwge 1%cabrding
to the caonventional accunul ator; IS a V|em1expla|n|n t he

change of -hAGHf | RPSHMRMt BEABEF offt S he“'t%nv‘éﬂ‘(’?%ﬁﬁl’aﬁccﬁﬁﬁleatcﬁ ahBe
Flg. 258 Isfg'&\é:?erﬁvﬁna?OP snslan tl{%a%han‘g‘e Oflgvpe(arrt];és()yv ;%TP'HP&_JLO]C P' ltf?f the

conventlon§F
DETAI LED DE§§@%P}H§V§§§€TH@ PREFERRED ENMBCDI MENTS ' The enbodi nent s
according to the present invention wll :

The operation will be described below. The disposition

of the communication port 18a at the position shown in the
drawing increases the distance from the gas inlet 18b of the
discharge pipe to the communication port 18a, by whiéh the
pressure loss A P generated in the pipe within the above
range is made lafger_than that in the first embodiment. As
described above, since the tbtal flow amount Q of the liquid
ref}igerant 5 and the refrigerant machine' oil 6 flowing
through the communication port 18a is determined by Q o
v (AP + pgl), the total flow characteristics Q in this
embodiment are increased over those in the first embodiment.
Since the ratio of the refrigeration machine o0il contained
_in the total flow amount Q is the same, the flow amount of
the refrigeration machine o0il 1is also increased by the
increase of the total flow amountlQ.
Although there is an obstacle when the total flow amount
Q is excessively increased as described above, the total
flow amount Q in this embodiment does not increase
acceleratively as in the conventional example. Also, there
is an advantage in that the refrigeration machine 0il can be
increased. | '

" The  total flow amount Q of the liquid refrigerant and
the refrigeration machine o0il can be adjusted by changing
the position where the communication port is connected to
the discharge pipe as described above. That 1is, the

communication port 18a need not be always disposed at the



now be described with reference to the acconpanying draw ngs.

First Enbodi nent Fig. 1A is a longitudinal cross sectional view
showing an accumulator according to first enbodinent of the
present invention. Fig. 1B is a cross seCfional viewtaken along the line
A - Aof Fig 1A In the drawi ngs, a sealed vessel 1 is provided with

a suction piipe 2 and a discharge pipe 3 having a refrigerant gas inlet 3a
and a comuhowermost pardrBion Aefoi theoldissthange pppeed as diospdsedni rthehe
seal ed vessel 1 and provided with a plurality of oil collecting apertures
4a - 4h divspbsel ppbodimepitt jand thei cBarpsherdsdicsa of cbhfudilO¥t iMAntport

4i  communi gat wi th the discharg ipe 3. Liguidrefrigerant 5 and
refrigerati ! Sméﬁf?ﬂﬁr%ﬁr8§P8e§”fng?ﬂeb§ea sé&ésé 9fmmuﬂﬁ§gkﬁqg
col I ecting ¢pi P§i14cot Sectik§dpife 188widhSERR GSschialGe Didd @AM the
reinforcing nenber 7. The  comunication port 3b and the oil collecting
apertures 4aicinitly abg @hkeangacdm stavel fosl bxebphe, apsrourki oe ittr weiyur e
and basically formed to a circul ar shape, although they are arranged

| i kewi se whenbiteyrar @osdtt ifcgr el ithea dovnuppd stream side therefrom.

As a result, this embodiment has an advantage in that the
operating conditions of the refrigerating/air conditioning
circuit to which the accumulator is assembled can optimized
as well as advantages similar to the first embodiment.

Fourth Embodiment

v

The arrangement and | operation of an accumulator
according to a fourth embodiment of the present invention
will be described below. This embodiment relates to the
shape of a communication port and reduces the effect of on
flow amount caused by the viscosity of the fluid.flowing the
communication port. . |

Fig. 7A shows an arrangement where fhe diameter of the
communication port 16b of an oil collecting pipe 16 ié
the same as the diameter of the commuﬁication aperture 17a
of a discharge pipe 17. 'When the oil collecting pipe 16 and
the discharge pipe 17 have the same wall thickness, the
length of the passage in the flow direction corresponds to
twice the wall thickness t of the pipe. Further, Fig. 7B
shows an arrangement where the diameter of the communication
 port 16c of the oil collecting pipe 16 is larger than the
diameter of the communication port 17a of the discharge pipe
17, in which the length of the passage in the flow direction
corresponds to the wall thickness t of the pipe. '

In a comparison of the arrangement of Fig. 7A with that



shape. The comunication port 3b is disposed in the vicinity of
the |l owernost oil collecting aperture 4a or nearer to the downstream side
of the refrigerant passage than the aperture 4a. Fig. 2Ais a

| ongi tudi nal cross sectional view showi ng another accunul ator according to
the first embodinent. Fig. 2B is a crass sectional view taken along.the

line B --B of - 15 - Fig. 2A. - Fig. 2C
s a view expl #igng e iaittdough f the otrob'squs'seictieénageramaancbf the
refrigeration machine oil. In the drawi ngs, a suction e 8.is

connect ed t@@nu%b%l@‘étio‘ye%étsl@re Absi saRe gethp pkength Pﬁsé Fed’aisﬁta@et he
seal od, VessEL 1300 RG] 1 A HSHL I 92 a1l Sy L
o Scharoe 86 107 UHANGA, 4 riglacrbl EeRupE e SR e » M,
and refrigeis¢éoNcyuchlBesoi linl3 tigsi dasrbfgbiiensealodd VEBgel TA, the
resistance of the passage is increased, thus .reducing the
flow amount. On the other hand, when the diameter of one of
the communication~ports 16b or 17a is made larger than that
of the other to substantially reduce the length of the
passage as in Fig. 7B, the change of passage caused by the
effect of viscosity can be suppressed. |
vAlthougﬁ the diameter of communication port 16c¢c is
larger than that of~commuhication port 17a in Fig. 7B, the
diameter of communication port 17a may be larger thah that

of communication port 16c.

Fifth Embodiment

The structure of an " o0il <collecting pipe of an
~accumulator according to a fifth embodiment of the present
invention will be described below. This embodiment is
arranged to more effectively feed the refrigeration machine
oil flowing into the oil collecting pipe.

Fig. B8A is a longitudinal cross sectional view showing
an oil collecting pipe of an accumulator according to the
fifth embodiment of the present invention. Fig. 8B is an
upper plan view of Fig. 8A. The o0il collecting pipe 20 is
provided with a plurality of oil collecting apertures 20a.
A columnar member 21 is held in the vicinity of the center
of the o0il collecting pipe 20 and an annular space 22 is
defined between the inner wall of the 0il collecting pipe 20

and the side surface of the columnar member 21.



In Figs. 1A to 2B, the dianeter of the oil collecting apertures defined in
the oil .collecting pipes is set to about 1 - 3 mmwhich causes no obstacle

i n machi ni ng. Al t hough the operation of the enbodinment will be
described as to the accunul ator arranged as shown in Fig. 2, the

accunul at or

arranged as shown in Fig. 1-oferates in a sinilar nanner.

The accunulator. functions to tenporarily store refrigerant
circulating in ElgéfH%ﬁﬂéﬂﬁn@&m?r%onPVFOMﬁR}akﬂ#QﬂuFheTﬁ@eMQﬁﬁ%kﬂ%ﬁt

as flowin rom tiqQn pipe separ at.ed f om.the |iqui
Dot 1 gor i therginl Ealdecr dne sibate Thereidt drigh (9 S PR ST 3

to prevent
refrigerant

the b (imé%ei'l%%ﬂﬁ'\‘x[%o rﬂeg% n?% Pha R ERTAT d(l'%ﬁmte%'}?‘%"f) Syl he _

machi ne ol hée seal vesse

the conpressompm Ging FiAy .S\Ssifows o echber gnhe thlelicdd 10fcdinedditild dipe

refrigerant
refrigerant

seal ed vesse

11 and the refrigerant machine oil 12 m xed with the .
Zga$d§wnnthecksdammmtqm[n£8absuteﬂ@erujthar&hmoMnawIﬁus

oil 12 sta§¥mpali He PsedgnatemsaePressuresidiciqnance j agting on the oil

collecting pipes 23, 24 where the 1owe; portions of +the
pipes are undef low pressure tb communicate with the
discharge pipes.

Next, how the flowing state changes in relation to the
diameter of the o0il collecting pipe will be described with
regerence to Fig. 9. The minimum diameter of an oil droplet
26 is determined by the surface tension of the-refrigefétiéﬁ
machine o0il 26 and the liquid refrigerant 25. Fig. 9A shows
an arrangement where the diameter of the droplet 26 is
approximately the same as the inside diameter of the pipe
and the liquid refrigerant 25 flows so as to push out the

droplet 26. Since the pressure difference A P acts on the

dfoplet 26 in this state,  the droplet 26 and liquid

" refrigerant 25 form a continuous flow. Since there is a

difference between the specific gravity of the refrigeration
machine oil and that of the iiquid refrigerant, the droplet
26 flows by being pushed downward by the liquid refrigerani
25 although buoyancy acts on the droplet 26. On the other

hand, since the droplet 26 <can move (freely in the

~arrangement of Fig. 9B in which the o0il collecting pipe 24

has a large' diameter, the falling flow velocity of the
droplet 26 is slower than that in Fig. 9A. As described
above, when the diameter of the flow passage of the oil

collecting pipe is approximately as small as the dropléf,

returned to

13 and the liquid refrigerant 11 and the refrigerant machine



- 16 - refrigerant 11 and the refrigerant machine oil 12 have little
solubility, they stay in the |lower portion of the -'sealed vessel 13 in a
separated state. Usually, since the specific gravity of the refrigerant
machine oil 12 is less than that of the liquid refrigerant 11, the
refrigerant machine oil 12 floats on the2gpper layer of the liquid
refrigerant 11. One function of the accunulator is returning the
refrlgeranfthﬁuﬁﬁﬁﬁ#cﬁhoﬁm in Fhe. c%hp?é@sb? EyeéﬁéﬂvnghPFh PRESLLFe the

di schar ge regardl ess of the a Uld refrigerant 11

feot ding v Tet ﬁﬁitt?sm%eveﬁaﬂllf"gfﬂ‘é.ﬁﬂvnw Fdthe |iquid refrigerant 11

varies. 1410 sorbpeidoal st MG bhit add Vol ch) 10! LBBLENG agperiur es
e

10a - 10h are veﬁ?lcally dlsposed a the axi of t ecting
pi pe 10 tosyﬁdixicérmyreéaugeéanhnrmmélmedmdurakaﬂoatmngaﬂgxhe | i@ d

refrigerant 11 into the oil <collecting pipe 10. . As shown in Fig.
2B, the ctmmicht Boif lpoer tpaliagh shosetiangethericowes gpiindniocalt pdpe
to the annular space 22. To achieve the arrangement, for
example, where the cross sectional area of the annular space
22 serving as the flow passage 1s equal to the «cross
~sectional area of a circular pipe having én inside diameter
of 10 mm, a pipe having an inside diameter of 11. 7 mm, for
example, is used as the o0il c¢ollecting pipe 20 and a
colhmnar membér having an outside diameter of 6 mm is fixed
therein. At the time, the diameter of a droplet capable of
passing through the annular space 22 is 2.9 mm. That is,
the slight increase in diameter of the o0il collecting pipe
20 and the provision of the columnar member 21 therein
permit the space in the flow passage to be' adjusted tﬁ.-
correspond to the diameter of the droplet of the
refrigeration machine oi;-while maintaining a large cross
sectional area of the pipe. Therefore, the flowing state of
the droplet 26 will be near the state shown in Fig. ©A, sb
that a state where the droplet can easily £flow against

buoyancy can be realized.

Sixth Embodiment

The struéture of an oil collecting pipe of an
accumulator according to a sixth embodiment of the present
invention will be described below.. This embodiment is
arranged to effectively feed the refrigeration machine oil
flowing into the oil collecting pipe.

.Fig. 10A is a longitudinal cross sectional view showing



oil collecting pipe 10 is nade to conmmuni cate with the conmmunication port
9b di sposed in the discharge pipe 9 so that the liquid refrigerant 11 and
the, refrigerant machine oil 12 in the oil collecting pipe 10 can be sucked
into the discharge pipe 9. As seen fyom Fig. 2C, the liquid
refrigerant 11 in the oil collecting pipe “is mxed wth the refrigerant
machine oil 12 therein and the refrigerant nmachine oil 12 enterin t he
oil collecahn@cpimpelatigr ascarcidipaticedthy tsHxth oembpdinenti qofd the
refrigerant 11 in the o0il collectin | pe 10, Easges throu%h t he .

comuni cati BRESPRFt 4DY8PE18R -and % 1R hkF - AulkeRti RLEVERLOBRLC WdRYe % pe

R T S

- 17 - layer erant "I1 in the sealed vessel 13 is

sucked into therfi sabaagawinge ,9 AW RE DO APOVES is inbe¥tedt _fi@\tfo| @w
anount characteristics of the liquid refrigerant 11 and the refrigerant
machi ne oi | sd@led| velsseldesicr i bAdcomfugicalishowerithe2§ant s ndlisplewdana t he

liquid the lower portion of the discharge pipe 28. A cylindrical
0il collecting pipe 29 is disposed to surround the discharge
pipe 28 to define an annular space between itself and the
discharge pipe 28. A plurality of oil collecting apertures
~29a are disposed in the side surface of'the oil collecting
 pipe 29.
V'The operation of this embodiment will be described
below. 'As in the fifth embodiment, the liquid refrigerant
.11 and the refrigerant machine oil 12 flowing into the
cylindrical oil coliecting pipe 29 through the o0il
collecting apertures 29a flow downward through the annular
space formed between the inner wall of the cylindrical oil
coliecting'pipe 29 and the side surface of the'dischargé
pipe 28. They flow into fhe discharge pipe -28 through "the
communication port 28a disposedlto the lower portidn. The
0oil can easily flow through' the annular space against
buoyancy because the space is made td be approximately as
small as the diameter of an droplet in the flow passage..
Thus, the flow amount of the refrigerant machine oil 12 is
increased and the amount of fhe refrigerant machine oil 12
collected into the compressor can be increased.
In addition, since the length of the communicétion port
2B8a in the direction of flow can comprise the wall thickness
of the diécharge pipe 28, as. described in Fig. 7B, floQ

amount characteristics of the liquid refrigerant 11 and the



surface height in the discharge pipe 9 and the oil collecting pipe 10,
wherein. Fig. 3A shows a case where the 1liquid surface height Hin the
seal ed vessel 13 is low and Fig. 3B shows a case where the |iquid surface

hei ght His high. In the drawi ngs, synbol L denotes the liquid

surface height in the oil collecting pT 10, synbol Ll corresponds to
the case~where the liquid surface height is | ow (Fig. % and synbol L2
correspondsz%F%gﬁﬁ%%éemﬁﬁbiéetﬁé“|kﬁﬂ%ﬁl%%r¢%ﬂ%ndhéibﬁ e pa pigrosdtyy.

3B). The presaﬁre f communi cation port 10i drops by A P as conpared
with that Y57 the 5% %ﬂe essel 13 due to the refrigerant gas flowing in

the di scharge, 898 Babddfmd 2t aI flow amount Q of the liquid refrigerant 11
and the ref il 12 which flow in the conmmunication port
10i is shown byt [esrtangéRent Pot Rrgl)oil WiesElPctERgespnbe | oqui Gn

density and g[err] represents gravity accel eration. The nunber of oi
col | ecti ng apeumuiator 1@eccordiey tata semeohht Abbdduedtr offr ther amesentand
the refrigerant. machi.ne —oil 12 flow.is increased by the increase in the

liquid surf¥HRyhHLn bt%ed§§§lréa’e\¢es§éll°i’3 t o T e&IPiEent odisy
surface mﬂé¥¥3&gé§ Egergigtgg H?CEH¥%é£é§*€éé amount of refrigeration

machine o0il to be collected in a state where a large amount
of the liquid refrigérant and the refrigeration machine oil
resides in the accumulator to increase the amount of
refrigefation machine oil supplied to the compressor so that
thevreliability of the compressor is enhanced.

Fig. 11A is a longitudinal cross sectional view showing
an accumulator according to the seventh embodiment of the
present invention. Fig. 11B is a cross sectional view taken
along the line F - F of Fiq. 11A. In the drawings, an oil
collecting pibe 30 is provided with a plurality of oil
collecting apertures 30a and 30b. The diameter of the oil
collecting apertures 30b are smaller than those of the oil
collecting apertures 30a. For example, the cross sectional
area of an oil collecting aperture 30b is about one fourth
the cross sectional area of the oil collecting aperture 30a.

The operation will be described below. When the
diameter of the upper oil collecting apertures 30a is larger
thah that of the lower o0il collecting apérfures 30b, the
ratio of the amount of the liquid refrigerant flowing from
the 1lower o0il collecting apertures 30b 1is relatively
reduced, so that the flow amount characteristics shown in
Fig. 12 are obtained. 1In Fig. 12, the abscissa represents a

liquid surface height H (mm) and the ordinate represents the



accordi ngly. The total flow anmbunt Q of the liquid refrigerant 11
and the ‘refrigerant machine oil 12 which flow in the communication port
10i i s determned by Q [err] ([err] P +

- 18 - pgL), so that the total flow anpygt_characteristics Q shown in
Fig. 4 can be obtained. - Next, the ratio between the flow anount of the

liquid refrigerant and thaj, of the refrigeration . .nachi | '
described._fI%wIﬂ?%ﬁé}(J*g%Rﬁl%gtfhﬁ BﬁﬁgngEéPréﬁgégég? (éﬁx%{éﬁpgg%%ve,
when the oi k;i Q! RC NG YL Wonhiia tith SR HEE. ke A&1 L SPOsedi Rt
the sane intervals, the inflow at the respective oil collecting apertures

i s approxi mhel JdddweingasRowds the eSldv , ambane zhatisdc tealisddidsngmpeited e
10a and oil collecting aperture 10b are disposed as shown in Fig. 3A the
liquid refrbyetids enbpddmend eafd itder alat tedhliine gihow theshiry i ameynt| ow

Lg] ?22: ?ﬁég%g#&ﬁg@ahﬁgggu% t grtohl r’co&?eg‘.‘:ghg?’%pe\,\pﬁ{geg O?\rav%i I1:he.
same diameter.

As 1s apparent from Fig. 12; according to the
arrangement of this embodiment, both reductions in the flow
amount of the refrigeration machine oil and increases in the
flow amount of the liquid refrigerant can be eased in the
region where the liquid surface height H is high. As a

'mreéult, even if a iarge amount of the liquid refrigerant and
the refrigeration machine o0il remain, the refrigeration
_.machine 0il can be stably supplied to the compressor and the
reliability of the compreésor can be enhanced.

Further, by changing the diameters of the oil collecting
apertures in the upper and lower portions, the flow amount
characteristics of the 1liquid refrigerant 11 and the
refrigerant machine oil 12 flowing into the oil collectiﬁg
pipe 30 can be adjusted.

Eighth Embodiment

The structure of an oil collecting - pipe of an
accumulator according to an eighth embodiment of the present
invention will be described below. This embodiment is
arranged. to relatively increase the amount of fefrigeratioh
machine 0il to be collected in a state where a large amount
of the liquid refrigerant and the refrigeration machiné
resides in the accumulator to increase the amount of
refrigeration machine oil éupplied to the compressor so that

the reliability of the compressor is enhanced.



are disposed into which the liquid refrigerant 11 flows the one oil
collecting aperture 10e is disposed into which the refrigerant nachine oi
12 *fl ows, the flow anount of the refrigekgnt machine oil 12 is
approximately one fifth the total flowafdunt Q The fl ow anount
characteristics of the refrigerant machine oil 12 and the liquid

refrigerant 11 gy dgiel gl Red oy idR/GmM e iy esedbidndevibowsagniny of
the liquid refrigerant and the flow anmount of the refri-geration rmachine
oi | shown ian Fegcududatolte attarding to the Kighth ehbodbhmenssaf the
represents-the liquid surface height H (mm of the liquid refrigerant and
t he ordi natRFeS_Ip cb¥RRE iR f | DI anbdBit 15 rdnFERESoFRPCESPREAt VAGWpIEBEEDO
to the dischar ge Ei.ﬁe 9. n_ tt?g fl.ow, .,ano ng . char ac;tier i.stics
of the |iqRtPHeEs '9er 4RE Sbtaihedf b *he _énbo&i"netrﬂe a2 tohpar e@"wPeh the
fl ow amount. ohar 408 1 $15£531 OIst;E‘PoH&lé'adwi%rbgfréBE%QEtEHS epayenteanal
accumnul at or o . - 19 - shown 1n Fig. 24, the
former. charad efidt3 N5, arenél f@téyval Y between adjacent oil collecting
apertures 31b is made narrower than the interval X between
adjacent oil collecting apertures 31a. For example, the
interval between the o0il collecting apertures 31b is set to
be about 2 cm and the interval between the o0il coilecting
apertures 31a is set to about 3 cm.

*The flow  amount characteristics of the 1liquid
refrigerant 11 and the refrigerant machine o0il 12 flowing
into the oil collectiqg pipe 31 can be adjusted by the
arranging the intervals between the upper o0il collecting
apertures 31b to be narrower than the intervals between the
lower o0il collecting apertures 31a as described above. - For
example, when a large amount of the liquid refrigerant 11
remains, that is, when "the height H of the 1liquid
refrigerant 11 is high, there is a characteristic that a
large amount of the refrigerant machine oil 12 will flow
because the number of the o0il collecting apertures 31b
located in the 1layer of the refrigerant machine o0il
increases. Therefore, similar to the flow amount
characteristics shown by the solid line of Fig. 12, the drop
in the flow amount of the refrigeration machine o0il in
éommunication ports 31c and 2Ba can be reduced in the region
where'the liquid surface height H is high. As a result, a

reduction of the amount of refrigerant machine o0il 12

returned to the compressor can be prevented so that the



different from the | atter characteristics and - this enbodinment can
greatly’ reduce the increase of the flow anount of the liquid

refrigerant caused by an increase of the |iquid surface height H As
descri bed above, since this enbodi nent is(ﬁrovided with the oil collecting
pi pe having the plurality of oil col I ectd g apertures vertically spaced .

t herein andr&ﬁaBH‘%it ol lfe%hkan%ogtlro%%ss%r %s‘ 42 geﬁlrgégg; Ct e wth the

di scharge prpe ngl'eé ~orifice- ontuni cati on
aperture, ENgﬂtthhbngﬁngt of the liquid refrigerant in the sealed
vessel 13“iTicreases, the amount of the liquid refrigerant sucked into the
di scharge pi pe %hes mrudinoreased amnn bhd covldwdtomal epdppl eof Tams
excessive flow of the liquid refrigerant fromthe accumul ator can be

prevent ed aPECHRELREPEI gEcandImaakdi Ae ndinthy abedipenthet AbeumAIME can
D2 ol oCL VERpERLLECLem 10, 400 FOIBIASS 1o LIST o1 by o hepaipilapl 10
pecessery {beRenELED SErkBrlghuide Rl LY AR Mlotith Meaplil S
circuit Canlbethapbﬂledollectlng pipe.

Fig. 14A is a longitudinal cross sectional view showing
an aceumulator according to the ninth _embodiment of the
present invention. Fig. 14B is a cross sectional view taken
along the line H - H of Fig. 14A. Fig. 14C is a view
exﬁlaining_ the internal flow of 1liquid refrigerant and
refrigeration machine o0il of Fig. 14A.

In the drawings, an oil collecting pipe 32 is provided
with the o0il collecting apertures 32a and 32b. These
apertures 32a and 32b are disposed opposite from each other
on the same peripheries in a plurality of combinations:
Liquid refrigerant 33 and' refrigeration machine .oil ‘34
remain in the sealed vessel 27.

The operation of the embodiment will be described. A
plurality of o0il collecting apertures 32a and 32b, two in
this case, are disposed on opposite side of the same
periphery of the o0il collecting pipe 32. The 1liquid
refrigerant 33 flows from. the respective oil collecting
apertures 32a and 32b collide as shown in Fig. 14C.

Since the collision is caused in the flow with in the
0il collecting pipe 32, a turbid state is created in the
liquid refrigerant 33 and the refrigeration machine oil'34
entering from the o0il collecting apertures 32a, 32b to

thereby accelerate the atomization of +the refrigeration



Second Enbodi nent The arrangenment of an oil collecting pipe of a
second * enbodi nent will now be described. Fig. 5A is a longitudinal cross
sectional view showi ng an accunul ator accgiding to the second enbodi nent
of the present invention. Fig. 5Bis a cross sectional view taken al ong
the line D- Dof Fig. 5A. This enbodi nrent nmakes the reinforcing nenber
for SUPPOTlddigh s 402} |3£01 | SEALRORLPEkP; L BPRIEANARERIhObAT 4 HA1L

0 - unnecessary or sinplification _ raw ngs, an o
col lecting da$e1i6 fBowr idwiteard t Rtgdtnedl idintof thd fad edds _nglqu_ld
apertures+16a, a comuni cation port 16b. Also, the oil collecting pipe 16
is fixed tcefdigetanye 33i, pevtign att ties canmema ke opapdiic 126bs hael, a thiexed

poi nt 16c. The oil collecting g pe 16 is connected to the discharge
pi pe 17 tkaﬁEﬁFQ¢E?EkﬁﬁnWﬁ%%}m%n°b réanibg, fi#aeﬁﬁﬁiﬁe8°iﬁha$héﬁﬁ flow
[ﬁngghévgh§%‘ﬂh g%gégé%% génOmLCEQLLGSRi”94 8RR byr §Rc1ashave

a result reductions in the flow amount of the
refrigeration machine oil 12 to be returned to the
compressor can be prevented so that the reliability of the
compressor c¢an be enhanced.

Tenth Embodiment

The structu:e 'of an o0il collecting pipe of an
accumulator according to a tenth embodiment of the present
invention will be described below. This embodiment ‘is
arranged to more promptly feed the refrigeration machine oif
in the o0il collecting pipe.

Fig. 15A is a longitudinal cross sectional view showing
an  accumulator according to the tenth embodiment of the
present invention. Fig. 15B is a cross sectional view taken
along the line I - I of Fig. 15A.

In the drawings, an o0il collecting pipe 35 has an upper
cross sectional wall area larger fhan the lower cross
sectional area. For example, the o0il collecting pipe 35 is
composed of a taper-shaped pipe 'whose- inside 'diameter is
about 5 mm at the upper end and about 10 mm at the lower
end. A plurality of o0il collecting apertures '35a are
.defined in the 0il collecting pipe 35.

Next, the operation of the embodiment will be described.
Although the refrigeration machine oil 34 flowing into the
0il <collecting pipe 35 flows together with the 1liquid

refrigerant 33, generally speaking, as the flow veiocity of



sane intervals, an advantage simlar to that of the first enbodi nent can

be obtained. In addition, since the oil <collecting pipe 16 can be fixed"
wi t hout the provision of the reinforcing nber 7 in Fig. 1A the
arrangenment can be sinplified.. Third En I ment ~ Next, the structure

of an oil collecting pipe of an accumulator according to a third

embodi ment Phe! & 2PCPLer 1 BYEOREOR I L e dﬁfgé' hed- nibhér éﬁén' St e

| ongi tudi nal" “cross 'sectronal view show ng an accunulator according to the
third enbodbient tRE bPBpREREEBYE tACERHQgerdti®n iR Hiha oiT OBF &actponal

view takenr~along the line E - E of Fig. 6A In the drawi ngs, a
di scharge pieé h8rks elasddyt.ed Whem thdeostbatkelleessab piped 3 did dbakmad h a
comuni cation port 18a and a gas inlet 18b. An oil collecting pipe 19

is provideBow PAVE plaur appifoBn oilnsddle ectiafpiffer t @F es1noathe n fixst
erbou! MENt  AREAEREIY SRL! B9R0LhotRR, R WART Sy A BAL RO e
oo oFPE B astiBP e 15 i qf SRR e Lo0l il of
- the pipe than in the upper portion thereof so that its flow
velocity in the pipe is increased. However, sincé the
pressure 1oss in the o0il collecting pipe '35 is increased
when the flow velocity of the liquid refrigerant in the pipe
is high, the flow amount of the refrigeration machine oil 34
flowing from the upper oil collecting apertures is reduced
by the pressure 1loss. Although a suitable pressure loss
must be produced in the orifice-shaped communication ports
28a, 35b to control the total amount of the liquid
réfrigerant flowing to the discharge pipe 28, an excessive
increase in pressure loss in the oil collectihg pipe 35 must
be prevented and the flow velocity in the lower portion of
the o0il collecting pipe 35 must be lowered.

In this embodiment, the change of the inflow velocity to
the o0il collecting pipe 35 can be reduced and the increééé
of the pressure 1loss in the pipe can be prevented by
changing the inside diameter of the pipe in the vertical
direction therebf in correspondence with the flow amount of
the iiquid refrigerant 33 in the pipe.

More specifically, for example, when the o0il collecting
lpipe 35 is coﬁposed'of a taper-~shaped pipe having a diametér
gradually increasing from the upper end to the lower end as
shown in Fig._15, the flow velocity at the lowef portion of

the 0il collecting pipe 35 can be reduced. As a result, a



- 21 - discharge pipe 18 side with the oil collecting pipe 19 at a high
. position nearer to the downstream side of the refrigerant passage
than the Ilowernost portion of the discharge pipe 18. The
operation will be described below. The disgposition of the communi cation
port 18a at the position shown in the draw ng increases the distance from
the gas rnl &EOQSPnOEPEh%low SRAUDBE Pi PEnd Ord PR1 GOFBYIbAA AR 1RQM 011834 DY
which the pressure loss A P generated in the pipe withi.n the above range
is made | argeswih@nihbatthe bhe tbldbcenhgdpipet 35A%and®C pidesdnaeaie,
since thetotal flow amount Q of the liquid refrigerant 5 and the
refrigerant macldhe, osingef Ifdwatdna e tshecawmtinbeafedniforthe fdopw s

determ ned b err] “Jerr] ([err] P.+ P gl), .the total flaqw

characterisY¥£é%£f¥anh£§e gh%%d?ﬁehﬁlaVeaih&Wé s@&aﬁﬁer15hd§eﬁ%?%ﬁﬁ?%ﬁrst

embodi nent . . . S he ratl r ' ti;Qn ' Oi nt:ai n in

The toral iTouBelrkl8 eyl th6u" SpAbBRER! 1Ol T plfie?! knklNa), NG
inside diameter of the pipe, which permits the droplets of
the refrigeration machine o0il 34 to be fed.

Eleventh Embodiment

The structure of an o0il lcollecting pipe of an
accumulator according to an eleventh embodiment of the
present invention will be described below. This embodiment
promptly feeds the refrigeration machine o0il in the oil
collecting pipe by a simple arrangement. '

Fig. 16A is a longitudinal cross sectional view showing
an accumulatbr according to the eleventh-embodiment of the
present invention. Fig. 16B 1is a cross sectional view taken
along the line J - J of Fig. 16A. |

In the drawings, an oil collecting pipe 36 is connected
to the upper portion of an oil collecting pipe 37. The o0il
collecting pipe 36 has a smaller inside diameter than that
of the o0il collecting pipe 37. That is, fhe oil collecting
pipe is composed of, for examplé, pipes arranged in two
stages so that the inside diameter of the lower pipe is
larger than that of the upper pipe. A plurality of oil
collecting apertures 36a and 37a are respectivély defined in
the 0il collecting pipes 36 and 37. .

Next, the operation will be described. The taper-shaped
pipe such as the o0il collecting pipe of the tenth embodiment
presents some difficulties in machining. To cope with this

problem, the o0il collecting pipe of this embodiment ‘is



the refrigeration machine oil is also increased by the increase of the
total flow anount Q Al t hough there is an obstacle when the total flow
anobunt Q is excessively increased as descri bed above, the total flow
amount Qin this enbodi mrent does not increase acceleratively as in the
conventional exanple. Also, there is an3advantage in that the

refrigeratigp-grgbinepy | ARG iddICreases. 36, TB? t @bdlinlg OW A RUPUENQ Of
the liquid refrigerant "and the refrigeration machine oil can be adjusted
by changi ngdiémetppsi asoanwagamplllee ofoanmdireaisiimp 1RO rive tantenect ed to the
di scharge ~ pi pe as described above. That is, the comunication
port 18a need nbn Udal pdys e kipclhat pipe 37 arranged as described,

- 22 - | ower nost ﬁortion of the dis harge p&ﬁﬁnaiﬁfognd.in the  first
enmbodi nent %h’ac?het hardOE | §FF§§'°6‘F h&*ffo & ~ tB¥fRe %‘?%T:h‘é?ge"spi pe
18 can be afl ugted, by, COPUUNLEALERATpLRE Bk +38k, €Ghe2e RisPGnl Sa¥dnt ddX
£
di scharge pipe 'n the
in that the flow velocity in the lower pipe is reduced to
thereby decrease the pressure loss in the pipe. Therefore,
this embodiment achieves an advantage similar to that of the
tenth embodiment. As a result, a drop in the amount of
refrigeration machine oil flowing into the o0il collecting

pipes 36, 37 can be prevented.

Twelfth Embodiment

The structure of an oil collecting pipe of ‘an
accumulator according to a twelfth embodiment of the present
invention will be described below. This embodiment pro#idés
a plurality of oil collecting pipes and controls the "flow
amount of the liquid refrigerant by opening and closing a
communication port with a float structure.

" Fig. 17 is a longitudinal cross sectional view showiig

. an accumulator according to the twelfth embodiment of the

present invention. Fig. 18A is a view showing the

arrangement of a main poftion of the accumulafor of Fig. 17.

Fig. 18B is a cross sectional view taken along the line K -
K of Fig. 18A. |

In the drawings, a discharge pipe 33 is provided with a
communication port 38a. A first oil collecting pipe 39 has
a plurality of oil collecting apertures 39a. A second oil
collecting pipe 40 also. has a plurality Qf oil colleéting
apertﬁres 40a. A float 41 is disposed in the sealed vessel

1. Further, the float 41 moves upward and downward



vicinity of the |owernost oil collecting aperture or at any arbitrary
position on the downward stream side therefrom As a result, this
enbodi ment has an advantage in that the operating conditions of the
refrigerating/air conditioning circuit to3sMid ch the accumul ator is .
assenbl ed can optimzed as well as advantages simlar to the first

embodi tent . g fohd 1Ay EIRBH EHY heiondBs AHEAMNASIIer #fbn HREERLREN o1

an accunul ator according to a ourt h enbodi the present |nvention
will be desggibrd khalowiquibhise trbget spbtt 47el atdest ont herm sb2apBaefing a

communi cation port and reduces the effect of on flow anbunt caused by the
viscosity dtinheole udafiswihyedhto tbanfihpabt #dn pdrein 43 ipi gnseatsidowns

t t he dja f th ' t 1 f I
ooy T S Tl b B R S e R b Ty 0
' t 178 I | 1 ect 1 d
?Egrdgggharge pi pe 1% ﬁsﬁg?ﬁgllgzrf‘é v%cfv%‘be{hégﬁﬁggse%?heetc 11.1?9 Ew?t %rﬂ‘n

passage in ghe fhoWornuAGthA oROIRIP WPk i1y / d M Skh Va]meoavahk &BI e%ﬁgii%dt of
t he pi pe. Further, Fig. 7B shows an arrangenent ere the dianeter of

t he communiwiath ohhepq:rzin 16¢ ahdt hexexutewl bactupug md fdowhivdarsd [moteont han
the association with the motion of the float arm 42. A
communicétion port opening/closing unit 45a is located in
lowef portion of the communication port opening/closing rod
45 and has a function as an opening/closing mechanism. A
recéss 45b is formed in the communication port
dpening/closing rod 45 to remove the portions in contact
with the 0il collecting apertures 39a to prevent the
clogging thereof. The refrigeration machine oil 46 floats
on the liquid refrigerant 47. |

The first o0il collecting pipe 39 and the second oil
collectihg pipe 40 are held at a different height and the
upper end. of the o0il collecting pipe 39 held at a lower
portion is closed. Further, the first oil collecfing pipe
39 communicates with.the discharge pipe 38 at the lower end
thereof through'the communication port 38a and the second
oil'éollecting pipe 40 communicates with the dischafge pipe
38 at the lower end thereof through a communication port
(not shqwn) likewise. | The communication port opening/
closing unit 45a constituting the opening/closing mechanism
and the float 41 constituting a control mechanism for
actuating the opening/closing mechanism in accordance with
the liquid surface height are mounted on the first oil

collecting pipe 39 to open/close the flow passage of



di anmeter of the conmunication port 17a of the discharge pipe 17, in which
the length of the passage in the flow direction corresponds to the wall

t hi tkness t of the pipe. In a conparison of the arrangenent of Fig. 7A
wi th that -36 -- 23 - of Fig. 7B, although
the cross sectional areas of the comunication ports are the sane, the '

llength of tpespagengRt tNolifg ihOWhd FeeiitoBil TolQRERing) diige 3¥A
Therefore, when, for exanple, refrigeration nmachine oil. having a high
viscosity flowbhei nopéheticnr anfertdrits emboHigent7Avilihebe r ke ssiraiied .of
the passage is increased, thus reducing the flow ampunt. On the other
hand, when Fhe. dil 9fesbevwsf aoif@ss thale teemtafedgrbatpont dachingr oida 46

the. paseagt™ds ¥iF FLatHd, oLt LRARHRtoft pabtife TAd68d DOPTE DHTAA of

‘égftcoi'&yi gf‘é‘v@f, SHRRLE3ECFig. 198 LRBWEN ol Rl AL €T tRby CREWENIACAH Y
liquid surface level. In Fig. 19A, the float 41 falls and
the communication port opening/closing rod 45 coupled with
it rises so that the communication port 38a is opened. On
the other hand, in Fig. 19B, the flcat 41 rises by floating
on the refrigeration machine oil 46 and the communication
port opening/closing rod 45 coupled with it falls so that
the communication port 3Ba is closed.

The amount of the liquid refrigerant 47 flowing into the
discharge pipe 38 is changed by the opening and closing 6f
the communication port 38a. Fig. 20 shows the flow amounfr
characteristics when the height of the liguid refrigerant 47
changes. In the drawing, the abscissa represents the height
H (mm) of the 1liquid refrigerant -surface, the ordinate
represents the amount (kg/h) of the fluid flowing from "the
0il collecting pipes 39, 40 through the communication port
38a and H' denotes the height of the lowermost' oil
collecting aperture 40a defined in the second oil collecting
pipe 40. - .

When the height H of the liquid refrigerant 47 is below
H', the liquid refrigerant 47 flows into the discharge pipe
38 through the communication port 38a as in the first
embodiment. - As the height H of the liquid refrigerant
increases, the number of the oil collecting apertures in the
liguid increases so that the flow amount of the 1liquid

refrigerant inéreases._ When the height H of the liquid



| arger than that of conmunication port 17a in Fig. 7B, the dianmeter of

communi cation port 17a may be | arger than that

Fi fth Enbodi nment The structure of an oil collecting pipe of
accunul ator according to a fifth enbodi nent of the present invention wll
be described below. This enbodi nent~ 37s~ arranged to nore effectively

feed the-refg] gfg@%gﬁ JEEPEREeRE! o L OWRE. | M 1 O ofi OB | B PIiRE.

Flg BAis a

Cross sectl onal View s oW ng .an

pi pe of an @p&ygall at ORsACEOr k@10, t e fifflidh erhRAdin®enloOf tHe nriepa™
Fig. 8B is an upper plan view of Fig. 8A. The oil collecting

I nvention.®

cting

of communi cation port 16¢.
-an

pipe 20 is r@fnygelealnw il dedamed | Oy agf shdwroblhedhengdmgeingir es0B0&he A
col ummar

col l ecti ng ptper 2bandd aheaﬁmﬁ|rérge§@etci@r22na@ird%fq>1qbd4Beﬂeyﬁ AR o rrber
wal | of the,oll, collectino fiPg 30 A9 Lhf 2099 3HihaCe L £ M8 QY™

menber

21.

menber 21 is held in the vicinity of the center of the oi

the second o0il collecting pipe 40 at the time it reaches the
liquid surface height H of the liquid refrigerant 47. Thus,
the characteristic as shown in the drawing is obtained.'

Since the communication port 38a is closed when the
height H of the liquid refrigerant 47 rises and H'.< H is
established, the liquid refrige;ant 47 flows only from the
second oil collecting pipe 40. Therefore, the flow amount
of the 1liquidqd refrigeranf 47 increases as the height H of
the liquid refrigerant 47 increases. The flow amount of the
refrigeration machine .0il 46 gradually decreases as the
height H of the liquid refrigerant 47 increases.

That 1is, siﬁce thelflow of the liquid ;éfrigerant into
the discharge pipe 38 is suppressed when the height H of thg
liquid refrigerant 47 1is high, the reliability of the
compressor is improved.

Note, the number of the oil collecting pipes is not
limited to two. - When three or more are provided, the amount
of the liquid refrigerant flowing into the discharge pipe 38
can be more minutely céntrolled. Further, althougﬁ the
communication port 38a is closed by the réd 45 connected to
the float 41 in the above arrangement, the oil collecting
aperture 3%9a may be closed.

Thirteenth Embodiment

The structure of an oil collecting pipe of an

accumulator according to a thirteenth embodiment of the



- 24- Figs. 9A and 9B are views explaining the operation of the oi
col l ecting pipes, wherein Fig. 9A shows a case where the oil collecting
pi pe 23 has a thin dianmeter of about 4 - ? nm and Fig. 9B shows a case
where the oil collecting pipe 24 has a th &k dianeter of about 10 nm In
the draw ngs, synbol A P denotes a pressure difference acting on the oi
collecting B BEane3inddntlehe Jilta |OMCEROFIHEAS HAAOKIC e YT Al LXK

| ow pressure to comruni cate with the | scharge pipes. . Next, how t he
flowing stape ehasgembodimindl i dréhgeddtanebeleett ithe aidfrcinjdmetiog
pipe wll “be described with reference to Fig. 9. The m ni num di aneter of
an oil drophechifié pildeyepnpnédibyg Bhelsunalddey togn<iidn asfl tdpting pipes
refrigeration nmachine oil 26 and the liquid refrigerant 25. Fig. 9A shows
an arrangenBaY¥inger 81 f heranhnet epgbhst nandr opl R12® | 5T oA PG HHIEI VER%e
sanme as the insidg.dianeter of the pipe and the liquid refrigerant 25

fl ows so asr?%pﬁﬁ hVEuP*PRE- droplet 26. Since the pressure difference
[err] P acts ongihe zdﬁoméﬂa2¥%ﬁ?i£@d§n§iaE?osEhgeQEQBh%ﬁ 8 ANGHdWiHd
refrigerant 25 forma continuous flow. Since there is a difference

bet ween t heaspexiduntulgitaod t pfofthbhe reafiddjeteaiti .on Fig. 21B is a cross

sectional view taken along the line L - L of Fig. 21A.

In the drawings, a suction pipe 48 is connecped to the
upper portion of .a sealed vessel 50. A discharge pipe 49
having a communication port 49a is inserted into the sealed
vessel 50. Five: 0il <collecting pipes 51 - 55 having

different lengths are disposed in the sealed vessel 50. The

oil collecting pipes 51 - 55 have open portions 51a - 55a'at
their upper ends. Further, the lower ends of the oil
collecting pipes 51 -~ 55 are gathered into the gathering

pipe 56 which communicates with the communication port 48%a.
Liquid refrigerant 57 resides in the sealed vessel 50.
Refrigeration machine o0il 58 floats on the upper layer of
the liquid refrigerant 57.

Next, the operation of the embodiment will be described. -
The height of the liquid refrigerant 57 is determined by the
amount there of in the accumulator and the amount of the
liquid refrigérant 57 in the accumulator is determined by
the operating conditions of the refrigerating/air
conditioning circuit. Usually, since the operating
tonditions cover a wide range of pressure and temperature
conditions, the height of the liquid refrigerant 57 is not
fixed. Therefore, the height of the refrigerant machine oil

58 floating on the upper layer of the liquid refrigerant.57



naphing oil and that of the liquid refrigerant, the droplet 26 flows by
bei ng pushed downward by the liquid refrigerant 25 although buoyancy acts
on-the droplet 26. On the other hand, since the droplet 26 can nove
freely in the arrangenent of Fig. 9B +mB%hkich the oil collecting pipe 24
has a |large dianmeter, the falling flow velocity of the droplet 26 is

sl ower than d %t'?lghgfixgé-. A, dleserh i been abewse wWhemddetisk apehgthsf
the fl ow passage of the oil collecting pipe is approximately as small as
the dropl elof the oil collecting pipes 51 -. 55 are-f@fmed shepgisee thewn
in Fig. 9A can be created, which permts the droplet 26 to nore easil
fIom{Spmnrfmdri%eraﬁTgpthknﬂmmiki%ﬁrmﬁXL#% sucked chr PRe2BBo9E FhRaOH
specifically realized in the accumulator. In Fig. 8, the shape of a flow
passage i s SHARFEIETT MRSyl indrical pipe to the annul ar spage 22. To

achi eve the arrgngenpnt, . f Qh X! Ene ViRLGihEE WIS B85S LoPRLgaraALOf

t he annul ar space
machine oil 58 is in the vicinity of the upper end of the

0il collecting pipe 53, the refrigerant machine oil 58 flows
into the oil collecting pipe 53 from the open end 53a.
thereof. Further, the liquid refrigerant 57 also flows into
the oil collecting pipes 51, 52 from the open ends 51a, 52a
thereof. The refrigerant machine oil 58 and the 1liquid
refrigerant 57 flowing into the o0il collecting pipes also
flows into the gathering pipe 56 with a pressure 1loss
generated in the communication port 49a similar to the first
embodiment. The flow amount of the 1liquid refriderant is
therefore controlled so that it is not  excessively sucked
into the discharge pipe 49. |
As described above, since a.plurality of o0il collecting
Tpipes each having a different 1length are provided'and the
.fluid flowing into the oil collecting pipes is permitted to
flow into the discharge pipe from the one communication
port, even 1if the surface of the fefrigeration.machine oil"
is indefinite, the flow amount of the refrigeration machine
oil can be secured so that the refrigeration machine oil can
be collected from the accumulatbr into the compressor. As a
result, reductions in the oil in the compressor can be

prevented and the reliability the compressor can be secured.



22 servi.ng as the fl ow passage is equal to the cross sectional area of a

circul ar pipe having an inside dianeter of 10 nm a pipe hmaving—an—inside

dianmeter of 11. 7 mm for exanple, is useds@s. the oil cql t i pe 20 |
and a columar nmenber having an outside dianeter of 6 n-q-mﬁgi’uﬂilﬂ"iu”mb
therein. At the time, the dianmeter of a droplet capable of« #g h
the annularygpaces22LiasM2pO @M That is, the slight increase in dianeter,
of the oil collecting pipe 20 and the provision of the columar nenber 21
therein permt 1.t Ae spaaauliattorhe coampovisiasgsage to be adjusted to
correspond to the dianmeter of the droplet of the refrigeration

machi ne oi | whi Pe RPAEEi nYAZSALlI afge cHYRROTIRLIY ontltomRA die HeI ARt
Thoreiore, LEeClLMe fhese Beps AR 2ol st e i

shown in Fig. S
agai nst  buoyangysgaRiBg peskl 8¢ in®rdduEMPOIHEHe frigerdHt Sidustdy & of

an oil collecting pipe of an accunul ator according to a sixth enbodi nent

of the presesadlednvensedn w ll be described below. This enbodi nent

is arranged to effectively feed the refrigeration machine oil flow ng

into the oil coPl 8éeFhgrgppeipe for discharging the refrigerant in said
sealed vessel; and

an oil collecting.pipe held in said sealed vessel with
the lower end thereof c}oﬁed and having a plurality of oil
collecting apertures spaced in a vertical direction and é
communication port for communicating with said discharge
pipe, said communication port being disposed in the vicinity
of the lowermost o0il collecting aperture of said o0il
collecting pipe or to the downstream side of the aperture.

2. An accumulator according to Claim 1, comprising:

a - columnar membef held in said oil collecting pipe to
thereby form a space serving as the flow passage of the
refrigeration machine oil mixed with the refrigerant between
the inner wall of said oil collecting pipe and the side
surface of said columnar member. _

3. An accumulator according to Claim 1 wherein said oil
collecting pipe is arranged to surround said discharge pipe
and a space serving as the flow ﬁassage of the refrigeration
machine o0il mixed with the refrigerant is formed between the
inner wall of said oil collecting pipe and the side surface .
‘of said discharge pipe.

4. An accumulator according to Claim 1 wherein said oil

collecting apértutes are formed to have at least two

different sizes and the larger oil collecting apertures are



Fig. 10A is a longitudinal cross sectional view showhg—————""""

- 26 +° an accunulator according to the sixth enbodinent _ of t ,
present invention. Fig. 10B is-a front el evational viJ “ g ‘ El“l!!‘
collecting pipe of Fig. 10A I n thestrawi ngs, a dilk i IS

inserted into a sealed vessel 27. A comunication port 28a is disposed

to  the’l ovflsiydd UbdVe e ULNBEHG Pl Ro Phact theYapeetusés. Ol

collecting pipe 29 is disposed to surround the discharge. pipe 28 to
define an annul &. spaceabetmedatbrsedécanditdpe to diGichian g8 pwper28n Athe
plurality of oil collecting apertures  29a are_disposed in the side
surface of tifdefivaldlpetyeely adjpgenigoil colhechbprd afPeh toreshiare of

erbodt 1o, 4J |, 5 OS85 eI f8 40 R LIRSS TR 118 o,
cylindrical jidr£Rld eGhitBIvRIPCaL (Y SO d N YVe ¢Bll €611 NG SPELLLY £F
29a fl ow downward t hrough the annul ar

apertures with a wider interval.

6. An accumulator according .to Claim 1 wherein a
plurality of o0il collecting apertures among said oil
collecting pipes are disposed along the same periphery of
said oil collecting pipe.

7. An-accumulator according to Claim 1 wherein the cfoss
sectional area of the upper portion of said oil collecting
pipe is made smaller than that of the lower portion thereof.

8. An accumulator, comprising:

a sealed vessel for temporarily storing refrigerant
circulating in a refriggrating/air conditioning circuit;

a suction pipé for introducing the refrigerant ihto éaid
sealed vessel;

a discharge pipe for discharging the refrigerant in the
sealed vessél; a

a plurality of oil collecting pipes each held at 'a
different ‘height in said sealed vessel and having a
plurality of oil collecting apertures spaced in a vertical
direction and a communication port for communicating with
said discharge pipe, said communication port being disposéd
in the vicinity of the lowermost oil collecting aperture of
each of said oil collecting pipes or to the downstream side
of the apefture;

an opening/closing mechanism for opening and closihg

refrigerant passages passing through the plurality of oil



space fqQrmed between the inner wall of the cylindrical oir~'CGTT€EFTﬁ§'ﬁipe

29 and'the side surface of the discharge pipe 28. The ' ;
di stharge pipe 28 through the communication port 28aL\m‘&ﬁmi‘“mmﬂﬂ“\ )

| ower portion. The oil can easily flowrfﬂrbugh the a space sagdi nst
buoyancy because the space is made to be approximately as snmall as the

di anet er -of t o1 he f Ss : us lsQW gngpynt e
refrigerantcﬁgéﬁgﬁghgilb?fggs %%ﬁ%éﬁSegggndtgﬁe g#%%ﬁﬁ°g? t he reﬁﬁ%&gﬁgnt
machi ne oi |l pdgsagek! agied into the conpressor can be increased. I n
addition, since the |length of the communication port 28a in the direction
of flow can conpricomtiried vieé¢hamiskndor. aftudieinl sshidgensindadds lomsing

described in Fig. 7B, flow _anount chara&terLstics f the liquid, .
refrigerantmiﬁhgﬂHsTWm?ccordlng to the igquid surface he;gﬂﬁy in said

refrigerant s N LLy12 which depend little on viscosity can be
realized. g%%%?hsﬁgggéfnent

wherein the refrigerant passages are arranged in such a
manner that the upper ends of said oil collecting pipes
except for the uppermost _ pipe are closed, said
opening/closing mechanism is actuated by said control
mechanism in accordance with the liquid surface.height in
said sealed vessel and said oil collecting pipes in
operation among said plurality of o0il collecting pipes are
switched.

9. An accumulator accqrding to Claim 8, comprising:

a columnar member held in said o0il <collecting pipe to
thereby form a space serving as the flow passage of the
refrigeration machine 0il mixed with the refrigerant between
the inner wall of 'said o0il collecting pipe and the side
surfaée of said columnar member.

10. An accumulator according to Claim 8 wherein said oil
collecting pipe is arranged to surround said discharge pipe
and a space serving as the flow passage of the refrigeration
machine o0il mixed with the refrigerant is formed between the
inner wall of said o0il collecting pipe and the side surface
of said discharge pipe.

11. An accumulator according tc Claim 8 wherein said oil
collecting apertures are formed to have at- 1ea$t two
different sizes and the larger oil collecting apertures afe
disposed above the smaller o0il collecting apertures.

12. An accumulator accofding to Claim 8 wherein the



The arrangenent of an oil collecting pipe of an accunul ator according to a

sevent h enbodi ment of the present invention wll | el ow.
This enbodinent is arranged to relatively i ncreaHmlv\Itmﬂm”RmH!ﬂ |
refrigeration machine oil to be collected4dr a state wnere a | ar anount
of the liquid refrigerant and the refrigerati on machine oil resides in the

accumul at’or jirfk d i 19ASEetli8eAMBUNacRht &Y | 861 abLoDnFRGHI® uRids SapPl bed
to the conpressor so that the reliability of the conpressor is enhanced.
Fig. 11A is &t |leegt udiandlemsyidss aettilmabi i ol béwonimg apertecesuvatbra
according to the seventh enbodi nent of the present invention. Fig. 11B is
a cross sectieGFAVeEH ewnitgkddl aPBRg 4herPsae RRovye ofthe goiijacoliecthrg

drawi ngs, an oil, collecting pipe 30.s provided with a plurality of oi

col l ecting &F&FHES éﬁ'g”hn% v&jﬁe_r ]'I‘hteercﬁ)% ter of the oil collecting
.apertures 30b arg smalj enclhamiliere @ledh@i®d o0l bealinngsapghbreer 39a.
For exanple, the cross sectional area of an oil collecting aperture 30b is
about one f@unuiralittye cbssoskct tobdkctalng obpelreumiels canmasy | ngaiaperdil e

30a. The operation wll Dbe described below Wen the
di amet er of coid eg¥iag opires| pEet i hsrpeed updongodths pamgeperiphery of

said oil collecting pipe.

14. An accumulator according to Claim 8 wherein the
cross sectional area of the ubper portion of said oil
collecting pipe is made smaller than that of the lower
portion thereof.

15. An atcumulator, comprising:

a sealed vessel for .temporarily storing refrigerant
circulating in a.refrigerating/air conditioﬁing circﬁit;

a suction pipe for introducing the refrigerant into said
sealed vessel;

a discharge pipe for discharging the refrigerant in the
sealed vessel; |

a plurality'of 0il collecting pipes held in said sealed
vessel with the wupper ends thereof opened and having La
different length; and

a gathering pipe connected to each of said oil
collecfing pipes at a position below the upper end thereof
and héving a communication port for communicating with said

discharge pipe.



than that of the |lower oil collecting apertures 30b, the ratio of the
anmu?t.of the liquid refrigerant flow ngrom the |lower oil collecting
aperfures 30b is relatively reduced, so that the fFow-en — :

characteristics shown in Fig. 12 ageushiagomed. |n Eﬁﬂﬁ'ﬁgﬁﬂtﬁéséﬁgyissa

represents a liquid surface height” H (nm and the brdi naREPLABED esentls t he
- 28 - flow.anpbunt (kglgg of the fluids flowing into the discharge pipe
28 t hrough ABTDRMEHi @Bt THH BEPELBBERE The solid line in the draw ng shows

"the flow anount_characteris i%% obt ai ned, b ﬁhi .enbodi'nent  and éhe dott ed
line shows™the FFofPafSTHRULEt et ji %h%ncéﬂ efﬁéngipﬁﬂﬁlﬁ%t'%b ap@r fur es

have the s ka . : LS € f We- Co{ding ; t he
éé’%l Pekgb1 with ABhb 1%%3' dhaf tREELE liosAFCOLME Q

arrangenment o ?%is enbodfﬁ%nt, Both reductions in the f éal_anountgék t he -

refrigeratimpds machpbereiltancdi neieasesliactheg fdpew tamast sphckle i qai d

refrigerant can be eased in the region where the liquid surface height H

i s high. vertical direction and a communication port for

communicating with a discharge pipe. The communication port
is disposed in the vicinity of the lowermost o0il collecting
aperture or to the downstream side of the aperture.
Therefore, excessive liquid refrigerant flow from the
accumulator 1is prevented even if a large amount of the

liquid'refrigerant resides in the sealed vessel.

v
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result, even if a large amount of the liquid refrigerant and the
refrigeration machine oil remain, the refrigeration machine oil can be
stably supplied to the conpressor and the reliability of the conpressor
can be enhanced. Further, by changing the dianeters of the oi

col lecting apertures in the upper and |l ower portions, the flow anount
characteristi.cs of the liquid refrigerant 11 and the refrigerant machine
oil 12 flowing into the oil collecting pipe 30 can be adjusted. Eighth

Enbodi nent The structure of an oid/24collecting pipe of an
accunul at or according to an eighth enbodi nent of the present invention
will be described below This enbodinment 1is arranged to relatively

i ncrease the amount of refrigeration mnachine oil to be collected in a
state where a |l arge annuntcléil e Ilgﬂkd refrigerant and the refrigeration
machine resides in the ac or ncrease the anount of

refrigeration machine otl supplied to the conpressor so that the
reliability of the conpressor is enhanced. '
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- 29 - Fig. 13Ais a longitudinal cross sectional view show ng an
accunul ator according to the eighth enbodi nent of the present invention.
Fig. 13Bis a cross sectional viewtaken along the line G- Gof Fig. 13A
In the drawings, an oil collecting pipe 31 is provided with oil collecting
apertures 3la and 31b. The interval Y between adjacent oil collecting
apertures 31h is nade narrower than the interval X between adjacent oi

coll ecting apertures 3la. For exanple, the interval between the oi
collecting apertures 31b is - set to be about 2 cmand the interval between
the oil col'lecting apertures 3la is set to about 3 cm The flow
anount characteristics of the Lliquid refrigerant. 1l and the
refrigerant machine oil 12 flowing into2f® oil collecting pipe 31 can be
adjusted by the arranging the intervals between the upper oil collecting
apertures 31b to beFaiﬁerZQAthe I nterval s between the |ower oil
collecting aperture® 3 & | bed above. For exanple, when a |arge
anount of the liquid refrigerant 11 remains, that is, when the height H of
the liquid refrigerant 11 is high, there is a characteristic that a

FIG.2B FIG.2C
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| ar ge anount ‘of the refrigerant machi ne oi
nunber of the oil collecting apertures 31b

refrigerant machine oil increases. Ther ef or e, simlar to
flow anount characteristics shown by the solid line of Fig. 12,
in the fl ow anmount of the refrigeration machine oil in conmunication ports

31c and 28a can be reduced in the region

12 wi Il

is high. As aresult, a reduction of the anount of
oil 12 returned to the conpressor can be prevented so that the
- 30 - reliability of the conpressor can be enhanced.

The structure of an oil collecting pipe of an
ni nth enbodi nent of the present i nvention

machi ne oi I’ in the oil collecting pipe.
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Fig. 14A is a longitudinal cross sectional view show ng an accunul ator
according to the ninth enbodi nent of the present invention. Fig. 14Bis a
cross sectional viewtaken along the line H- Hof Fig. 14A Fig. 14C
is aview explaining the internal flow of liquid refrigerant and

refrigeration machine oil of Fig. 14A In the drawi ngs, an oi
collecting pipe 32 is provided with the oil collecting apertures 32a
and 32b. These apertures 32a and 32b are di sposed opposite from each
other on the sanme peripheries in a plurality of conmbinations Liquid
refrigerant 33 and refrigeration machine oil 34 remain in the sealed
vessel 27. The operation of the emagdgnent will be descri bed. A
plurality of oil collecting apertures 32a and 32b, two in this case, are
di sposed on opposite side of the same periphery of the oil collecting
pi pe 32. The liquid refrigerant 33 flows from the respective oi
collecting apertures 32a and 32b collide as shown in Fig. 14C. Si nce

the collision is caused in the flo 'lgnt oil collecting pipe 32, a
turbid state is created in the Iliquid sige¥ant 33 and the refrigeration

machi ne oil 34
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entering fromthe oil collecting apertures 32a, 32b to thereby accelerate
the atom zation of the refrigeration - 31
- machine oil 34. Since the refrigeration machine oil 34 will easily

fl ow dowmmward together with the flowof liquid refrigerant 33, when it
has a smaller particle size, the refrigeration nmachine oil can be fed
easily so that the flow anount of the refrigeration machine oil 34 can be
increased. As a result, reductions in the flow anount of the

refrigeration machine oil 12 to be returned to the conpressor can be
preventedso that the reliability of the conpressor can be enhanced.

Tent h Enbodi nent The structure of &fR&il collecting pipe of an
accurrul ator -according to a tenth enbodi mrent of the present invention wll
be described below. This enbodinment is arranged to nore pronptly feed

the refrigeration machine oil Fr| Ge SIAOI | ecting pipe.
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Fig. 15A is a longitudinal cross sectional view show ng an accunul ator
according to the tenth enbodi nent of the present invention. Fig. 15B is
a cross sectional viewtaken along the line |l - | of Fig. 15A In the
drawi ngs, an oil collecting pipe 35 hagyagn upper cross sectional wall area
l'arger than the | ower cross sectional area. For exanple, the oi

collecting pipe 35 is conposed of a taper-shaped pi pe whose inside

di ameter is about 5 mm at tFuﬁ Emd about 10 mm at the |ower end.
A plurality of oil «colle ap 35a are defined in the oi
col | ecti ng™pi pe 35. Nex the operation of the enbodinment will be

descri bed. Although the r rigeration machine oil 34 flow |nto the oi
collecting pipe 35 flows tegether with the g~lguid ref ‘gﬁ

general ly speaking, a ow velocity oﬁ

)
--32 - " theliquidrr }nt 33 in the p l‘ls]algher t han the ml, t he
droplets of the refrigeraf | machi ne oil 3¢ ian be
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fed nore easily. Wen the oil collecting pipe 35 is formed to have a
uniforminside dianeter as in the first enbodinent, the flow anount of the
liquid refrigerant in the oil collecting pipe 35 is greater in the |ower
portion of the pipe than in the upper portion thereof so that its flow
velocity in the pipe is increased. However, since the pressure
loss. in the ail collecting pipe 35 is increased when the flow velocity of
the liquid refrigerant in the pipe is high, the flow anount of the
refrigeration machine oil 34 flowing fromthe upper oil collecting
apertures t+s reduced by the pressure loss. Although a suitable pressure
| oss nust be produced in the orifice7f2aped comunication ports 28a, 35b
to control the 'total anmount of the liquid refrigerant flowing to the

di scharge pi pe 28, an excessive increase in pressure |loss in the oi

collecting pipe 35 nust be prevented_and_the flow velocity in the | ower
portion of the oil collecting pi pe-#rtﬁ bﬁ&ered. In this
enbodi ment, the change of the inflow %el toy he oil collecting pipe

35 can be reduced and the increase of the pressure loss in the pipe
can be prevented by changing the inside dianeter of the pipe in the

vertical direction thereof in corresponpe Wﬁth the fl ow anmount of
ﬁ f
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the liquid refrigerant 33 in the pipe. More specifically, for exanple,
when the oil collecting pipe 35 is conposed of a taper-shaped pipe having
a dianeter gradually increasing fromthe upper end to the |ower end as
shown in Fig. 15, the flow velocity at the |ower portion of the oi
col l ecting pipe 35 can be reduced. As a result, a

- 33- drop in the flow anount of the refrigeration machine oil 34 flow ng
into the oil collecting pipe 35 can be prevented. Not e, since floating
droplets cannot be fed if the flow velocity in the pipe is belowa limt
value, it I*'s necessary to secure a certain flow velocity in the pipe, that
is, an inside dianeter of the pipe, which permts the droplets of the
refrigeration machine oil 34 to be fed. Eleventh Enbodi nent The
structure of an oil collecting pipe of accunul ator according to an

el eventh enbodi nent of the present inszﬂ?ion wi |l be described bel ow.

Thi s enbodi nment

FIG.9A FIG.9B
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pronptly feeds the refrigeration machine oil in the oil collecting pipe by
a sinple arrangenent. Fig. 16Ais a longitudinal cross sectional view
showi ng an accunul ator according to the el eventh enbodi nent of the

present invention. Fig. 16B is a cross sectional view taken along the |ine
J - J of Fig. 16A In the drawi ngs, an oil collecting pipe 36 is
connected to-the upper portion of an oil collecting pipe 37. The oi

col l ecting pipe 36 has a smaller inside dianeter than that of the oil
collecting pipe 37. That is, the oil collecting pipe is conposed of, for
exanpl e, pipes arranged in tw stages s@yphat the inside dianeter of the

| ower pipe is larger than that of the upper pipe. A plurality of oi
collecting apertures 36a and 37a are respgectively defined in the oil
col l ecting pipes 36 and 37 Next, the- operation will be described. The
t aper - shaped pipe such aE?it(EEil' cting pipe of the tenth enbodi nent
presents sone difficultie$ i th 4 To cope with this problem the
oil collecting pipe of this enbodinment is

s e—— re

B, . W 4. et i ¥

= 2%
12—

L Ik 2%

T 29

)

A v man wmes.

3

\




- 34 - arranged by connecting pipes 36, 37 having different dianeters as
an exanple of a nore sinple structure. In the oil collecting pipe 37
arranged as described, since the cross sectional area of the |ower portion
is larger than that of the upper portion, there is an advantage in that
the flow velocity in the lower pipe is reduced to thereby decrease the
pressure loss.in the. pipe. Therefore, this enbodi ment achi eves an
advantage simlar to that of the tenth enbodinment. As a result, a drop in
the amount of refrigeration machine oiljpfspwi ng into the oil collecting

pi pes 36, 37 can be prevented. Twel fth Embodi ment The structure of
an oil collecting .pipe of an accunulator according to a twelfth
enbodi ment of the present. invention will be described below This
‘enbodi nent provides a pl collecting pipes and controls the
flow anmount of the |iqui [Erge ] y openlng and closing a
communi cation port with -a float structure. Fig. 17 is a | ongitudinal
cross sectional view show ng
8
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an accunul ator according to the twelfth enbodi nent of the present

i nventi on. Fig. 18A is a view showing the arrangenent of a main
portion of the accurulator of Fig. 17. Fig. 18B is a cross sectional view
taken along the line K- K of Fig. 18A In the drawi ngs, a discharge

pipe 38 is provided with a comunication port 38a. Afirst oil collecting
pi pe 39 has .a plurality of oil collecting apertures 39a. A second oi
collecting pipe 40 also has a plurality of oil collecting apertures 40a. A

float 41 is disposed in the seal ed vessel 1. Further, the float 41
moves upward and downward - 35 -
dependi ng upon the height of the refrigeration machine oil 46 and the

liquid refrigerant 47. A float arm 42 fygesng a pin hole 42a is fixed to
the float 41. Apin 43 is inserted into the pin hole 42a and serves.  as the
fulcrumof the float arm42. A pin 44 is disposed at the end of the fl oat
arm 42. A communi cation port opening/closing rod 45 is coupled wth the
pin 44 and executes an upward/ down rIGon '2




association with the notion of the float arm 42. A

conmmuni cation port opening/closing unit 45a is located in |ower portion of
t he conmmuni cation port opening/closing rod 45 apd has a function as an
openi ng/ cl osi ng nmechanism A recess 45b IS f or med in the-

comuni cation port opening/closing rod 45 to renove the portions in
contact Ww.th.the oil collecting apertures 39a to prevent the clogging
thereof. The refrigeration nachine oil 46 floats on the liquid
refrigerant 47. The first oil col|#M4&ng pi pe 39 and the second oi

col l ecting™pipe 40 are held at a different height and the upper end of the
oil collecting pipe 39 held at a lower portion is closed. Further, the
first oil collecting pipe 39 conmunicates with the discharge pipe 38 at

the lower end thereof thr e ication port 38a and the second
oil collecting pipe 40 conﬁa]G]eSfMt he di scharge pi'pe 38 at the

| ower end thereof through a conmunication port (not shown) |ikew se.
The comunication port opening/ closing unit 45a constituting the
openi ng/ cl osi ng mechani sm and float 41 constituting a control
mechani sm for actuating the ogen g/qgosing mechani smin accordance with
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the liquid surface height are nmounted on the first oil collecting pipe 39
to open/close the fl ow passage of -36 -
refrigerant flowing in the first oil colb Qalng pi pe 39. The operation
of this enbodinent will be descri bed. Z 19A shows a case that the
refrigeration machine oiI 46 and the I|qU|d refrigerant 47 have a | ow

| iquid surface |evel, hows a case that they have a high
|l iquid surface |evel. ’:a 9A | oat 41 falls and the

comuni cati on port openlng | osing rod 5 coupled with it rises so that

t he comunicati on port 38a is -opened. the other hand, in Fig. 19B, the

efrlgeration machine oil 46 and the
rod 45 coupled with it falls so that
~8 " The amount of the Iiquid
harge pi pe 38 is changed by the

tion p%é% 38a Fig. 20 shows the fl ow
FIG.14B

float 41 rises by floating on't
comuni cation port opening/cl os
the communi cation port 38a is clpse

refrigerant 47 flowing into the
opening and closing of the co
-anmount
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characteristics when the height of the liquid refrigerant 47 changes. In
‘the drawi ng, the abscissa represents the height H (mm of the liquid
refrigerant surface, the ordinate represents the anmnount (kg/h) of the
fluid flowng from the oil collecting pipes 39, 40 through the

comuni cation port 38a and H denotes the height of the.lowernost oi

coll ecting aperture 40a defined in the second oil collecting pipe 40.
When the height Hof the liquid refrigerant 47 is below H, the liquid
refrigerant 47 flows into the discharge pigf- 38 through the comruni cation
port 38a as'in the first enbodinent. As R4 height H of the liquid
refrigerant increases, the nunber of the oil collecting apertures in the
liquid increases so that the flow anbunt of the liquid refrigerant

i ncreases. Wen the hei gF li@ t i i d _
-37- refrigerant 47 reakhe . 'ggsdgtnunication port 38a is closed.

As a result, the flow amount of the Iliquid
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refrigerant 47 beconmes 0 as shown in the draw ng. On the other hand, the
refrigeration machine oil. 46 flows into the discharge pipe 38 fromthe oi
col l ecting aperture 40a of the second oil collecting pipe 40 at the tine
it reaches the |liquid surface height Hof the liquid refrigerant 47. Thus,
the characteristic as shown in the drawing is obtained. Since the
comuni cation.port 38a is closed when the height Hof the liquid
refrigerant 47 rises and H < His established, the liquid refrigerant 47
flows only fromthe secbnd oil collecting pipe 40. Therefore, the flow
amount of the liquid refrigerant 47 increases as the height H of the
liquid refrigerant 47 increases. The flow &Rt of the refrigeration
machi ne oil 46 gradually decreases as the height Hof the liquid

refrigerant 47 increases. haty o=6,asi Nnce the flow of the liquid
refrigerant into the dis!E;l piﬂ&E;‘gks suppressed when the hei ght H of
47

the liquid refrigerant is high, the reliability of the
conpressor i s inproved. Note, the nunber of the oil collecting pipes
is not limted to two. Wen theas or nore are provided, the amount of the

e digfharge pi pe 38 can be nore
u

m nutely controlled. Furt he gh the
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comuni cation port 38a is closed by the rod 45 connected to the float 41
I n the above arrangenent, the oil collecting aperture 39a nmay be cl osed.

Thirteent h Enbodi nent The structure of an oil collecting pipe of an
~accurmul ator according to a thirteenth enbodinment of the
- 38 - present invention will be described below. The accunul ator of

this enbodinent is arranged to collect the refrigeration machine oil by
providing a plurality of oil collecting pipes having different |[|engths

and a pipe for gathering the resp6£24ve pipes. Fig. 21Ais a

| ongi tudi tal cross sectional view showing an accunulator of this

enbodi nment . Fig. 21Bis a cross sectional view taken along the line L -
L of Fig. 21A In the drawi ngs, a suction pipe 48 is connected to the

upper portion of a seal ed vessel 50. di ar i pe 49 having a
communi cation port 49a is inserted int tt . 9aﬂ27ﬁ
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vessel 50. Five oil <collecting pipes 51 - 55 having different

| engths are disposed in the seal ed vessel 50. The oil collecting pipes 51
" - 55 have open portions 5la - 55a at their wupper ends. Further, the

|l ower ends of the oil collecting pipes 51 - 55 are gathered into the
gathering pipe 56 which conmuni cates with the conmuni cation port 49a.
Liquid refrigerant 57 resides in the sealed vessel 50. Refrigeration
machine oil 58 floats on the upper layer of the liquid refrigerant 57.
Next, the operation of the enbodinent will be described. The height of the
liquid refrigerant 57 is determ ned by tﬂﬁ' amount there of in the

accunul ator and the anount of the |iqui F&frigerant 57 in the accunul at or
is determ ned by the operating conditions .of t he '
refrigerating/air conditioning circuit. Usual |y, since the
operating conditions cover a wi de range of pressure and tenperature
conditions, the height of the liquid refrigerant 57 is n@é fixed.
Therefore, the height of the refrigerant nachine oil 58 floating on the

upper layer of the liquidr goic {

‘FIG. 18B
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- 39 - is not also fixed. Even in such a case, since the lengths of the
oil collecting pipes 51 - 55 are forned stepwi se, the refrigerant nachine
0il 58 may be sucked fromany of the oil collecting pipes. That is,
‘as shown in the drawi ng, when the refrigerant nachine oil 58 is in the
vicinity of the upper end of the oil collecting pipe 53, the refrigerant
machine otl1 58 flows into the oil collecting pipe 53 fromthe open end 53a
thereof. Further, the liquid refrigerant 57 also flows into the oi

coll ecting pipes 51, 52 fromthe open ends 5la, 52a thereof. The
refrigerant- machine oil 58 and the |iquigd24refrigerant 57 flowing into
the oil collecting pipes also flows into the gathering pipe 56 wwth a
pressure | oss generated in the comrunication port 49a simlar to the first
enbodi ment. The flow anount of the liquid refrigerant is therefore
controlled so that it is not ex¢@ssively sucked into the discharge pipe
49, As descri bed above, simNe a pIngIity of oil collecting pipes

each having a different |engthf-aje ﬂroyi d ?nd'thel flpid flowing into the
oil collecting pipes is permitlted{td N | ' N |
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flow into the discharge pipe fromthe one communication port, even if the
surface of the refrigeration machine oil is indefinite, the flow anpount of
the refrigeration machine. oil can be secured so that the refrigeration

machine oil can be collected fromthe accunulator into the conpressor. As

a result, reductions in the oil in the conpressor can be prevented and
the reliability the conpressor can be secured. WHAT IS CLAI MED
| S: 1. An accurul ator, conpri sing: a seal ed vessel for
tenporarily storing refrigerant circulating in a refrigerating/air
conditionirig circuit; a suction pipe for introducing the refrigerant
into said sealed vessel; a di scharge pipe for discharging the

refrigerant in said sealed vessel; and 19/24an oil collecting pipe held in
sai d sealed vessel with the |ower end thereof closed and having a
plurality of oil '

FIG. 20




collecting apertures spaced in a vertical direction and a comunication
port for comrunicating with said discharge pipe, said communication port
bei ng disposed in the vicinity of the |lowernost oil collecting aperture of
'said oil <collecting pi-pe or to the downstream side of the aperture.

2. An . accumul ator according to Caim1, conprising: a columar nmenber held
in said oil collecting pipe to thereby forma space serving as the fl ow
passage of the refrigeration machine oil mxed with the refrigerant
between the inner wall of said oil coIIEUPan pi pe and the side surface
of said col'umar nenber. 3. An accunul ator according to Claiml
wherein said oil <collecting pipe is arranged to surround said di scharge
pi pe and a space serving as the flow passage of the refrigeration machine
oil mixed with the refriFf;‘rGi szl between the inner wall of said
oil collecting pipe and 8he Is\da of said discharge pipe. 4.
An accunul ator according to Claim1 wherein said oil collecting aperture
are formed to have at least two di-fferent sizes and the |arger oi

coll ecting apertures are
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- 41 - di sposed above the smaller oil collecting apertures. 5. An
accunmul ator according to Claim1l wherein the intervals between adjacent
oil collecting apertures are of at least two lengths and the oil

collecting apertures with a narrower interval are disposed above the oi

collecting apertures with a wider interval. 6. An accunul at or
according to Caim1 wherein a plurality of oil collecting apertures anong
said oil collecting pipes are disposed al ong the sane periphery of said
oil collecting pipe. 7. An accumnul ator according to Claim1l wherein
the cross -sectional area of the upper potf{#¥h of said oil collecting pipe
is made smaller than that of the | ower portion thereof. 8. An

accurul ator, conpri sing: a seal ed vessel for tenporarily storing

refrigerant circulating in a r.efrigFﬁtIigaﬁizaditioni ng circuit;
a suction pipe for introducing the ré&frilg t said seal ed vessel
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a discharge pipe for discharging the refrigerant in the sealed vessel

a plurality -of oil <collecting pipes each held at a different height in
sai d seal ed vessel and having a plurality of oil collecting apertures
spaced in a vertical direction and a comunication port for comunicating
with said discharge pipe, said communication port being disposed in the
vicinity of the |l owernost oil collecting aperture of each of said oil '

coll ecting pipes or to the downstream side of the aperture; an
openi ng/ cl osi ng nmechani sm for opening andaglssi ng refrigerant passages
passi ng through the plurality of oil col | ecting pipes except for
t he uppernost refrigerant passage; and a control mechanismfor.

actuating sai d opening/closing mnmechgem CCOopdmgg to the |iquid surface
height in said sealed vessel; P irG‘ 3 '
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wherein the refrigerant passages are arranged in such a manner that the
upper ends of said oil collecting pipes except for t he upper nost

pi pe are cl osed, said opening/closing mechanismis actuated by said
control nechanismin accordance with the liquid surface height in said
seal ed vessel and said oil collecting pipes in operation anong said
plurality of oil collecting pipes are swtched. 9. An accumnul at or
according to daim8, conprising: a columar nmenber held in said oi
collecting pipe to thereby forma space serving as the flow passage of the
refrigeration machine oil mxed with the refrigerant between the inner

wal | of said oil collecting pipe and the s34 surface of said col umar

menber . 10. An accunul ator according to C aim8 wherein said oi
collecting pipe is arranged to surr d {d discharge pipe and a space
serving as the fl ow passage of the rpfr atdES‘inachine oil mxed with
the refrigerant is formed between the I nnef | "of said oil collecting
pi pe and the side surface of said discharge pipe. 11. An accunul at or

according to Claim8 wherein said oi
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collecting apertures are formed to have at |least two different sizes and
the larger oil collecting apertures are disposed above the smaller oi
col l ecting apertures. 12. An accumul ator according to Claims8
wherein the : i nterval s between adjacent oil collecting apertures
are of at least two lengths and the oil collecting apertures with a _
narrower interval are disposed above the oil collecting apertures with a

wi der interval. 13. An accunul ator according to Claim8 wherein a
plurality of oil collecting apertures anong said oil collecting pipes are
di sposed al'ong the same periphery of said oil collecting pipe. 14.  An
accunul ator according to Caim8 wherein the cross sectional area of the
upper portion of said oil <collecting pipe is nmade smaller than that of the
| ower portion thereof. 15. An accaefakat or, conpri sing: '

FIG. 25A
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a__se_gl ed vessel for tenporarily storing sefrigerant circulati rf@’”’PMIPoJ
refrigérating/air conditioning circuit; a suction pipe for introducing

the refrigerant into said sealed WﬁﬁﬁﬂﬂA¥mi a di scharge pipe for

di scharging the refrigerant in the essel ; a plurality of oi
collecting pipes held in said sealed vessel wth the upper ends

- thereof opgBegraend opaviykg pascliosfureent | ength; and a gathering pipe
connected to each of said oil «collecting pipes at a position bel ow

the upper end tHer eof acndukbatow, aasowddniasdtlient iner tpive Esnhedidcad iy
with said discharge pipe.
- gealed vessel with the lower end thereof closed, the pipe

= has a plurality of o0il collecting apertures spaced in a
vertical direction and a communication port for
communicating with a discharge pipe. The communication port
is disposed in the vicinity of the lowermost oil collécting
aperture or to thé downstream side of the aperture.
Therefore, excessive liquid refrigerant flow from the

accumulator is prevented even if a large amount of the

liquid'refrigerant resides in the sealed vessel.
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sealed vessel (1).

. Fig. LA

ACCUMULATOR

In an accumulator, an oil collecting pipe (4) is held in a sealed vessel (1) with the lower end
thereof closed, the pipe has a plurality of oil collecting apertures (4a-4h) spaced in a vertical
direction and a communication port (4i) for communicating with a discharge pipe (3). The
communication port.(4i) is disposed in the vicinity of the lowermost il collecting aperturc;, (4a)
or to the downstream side of the aperture. Therefore, excessive liquid refrigerant (5) flow from
the accumulator is prevented even if a large amount of the liquid refrigerant (5) resides in the
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