WO 20047102005 A1 |0 000 00 0 D0 O O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

25 November 2004 (25.11.2004) PCT WO 2004/102005 Al
(51) International Patent Classification’: F04C 29/02, (81) Designated States (unless otherwise indicated, for every
23/00 kind of national protection available): AE, AG, AL, AM,
. L. AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
(21) International Application Number: CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FL,
PCT/IP2004/007133 GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, KE, KG,
(22) International Filing Date: 19 May 2004 (19.05.2004) KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV, MA, MD, MG,
MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, PH,
(25) Filing Language: English PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN,
(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW.

(30) Priority Data:

2003-139770 19 May 2003 (19.05.2003) JP
2003-139771 19 May 2003 (19.05.2003) JP
2003-139772 19 May 2003 (19.05.2003) JP

(71) Applicant (for all designated States except US): MAT-
SUSHITA ELECTRIC INDUSTRIAL CO., LTD.
[JP/JP]; 1006, Oaza Kadoma, Kadoma-shi, Osaka
571-8501 (JP).

(72) Inventors; and
(75) Inventors/Applicants (for US only): HASEGAWA, Hi-
roshi. OKAICHI, Atsuo. NISHIWAKI, Fumitoshi.

(74) Agents: SHIMIZU, Yoshihiro et al.; 3rd Floor, Yashiro
Building, 14-4, Takadanobaba 2-chome, Shinjuku-ku,
Tokyo 169-0075 (JP).

(84

~

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL,, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: COMPRESSOR

12b (7222

2

-

N
q\\\\

N
SN

NN

A\
SANNTAR

l’///

4

AN

N

'S

|

N
7

RN

V/

,
/|

A

7 9
M!W'//I//l///l//lé X
LY, . N

7

ZZ

\
\

2

?
.

=\

X

7777

(57) Abstract: A compressor comprising a hermetical con-
tainer, a compression mechanism disposed in a lower portion
in the hermetical container, a rotational motor disposed in an
upper portion in the hermetical container and having a stator
and a rotor, coil ends provided on upper end lower ends of the
stator, a discharge pipe provided on an upper end of the her-
metical container, and an oil reservoir provided in a lower por-
tion in the hermetical container, in which working fluid com-
pressed by the compression mechanism is introduced into an
upper space of the hermetical container from a gap between the
rotational motor and the hermetical container, and the working
fluid is discharged out from the hermetical container through
the discharge pipe, wherein an open end in the hermetical con-
tainer of the discharge pipe is located inside the upper end coil
end.
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" DESCRIPTION

COMPRESSOR

Technical Field
The present invention relates to a compressor used for a

refrigerator-freezer, an air conditioner and the like.

Background Technigue

A hermetical type rotary compressor is widely used for a
refrigerator-freezer, an air conditioners and the like because it is
small insizeandits structureissimple. Astructure of thehermetical
type rotary compressor such as a rotary compressor and a scroll
compressor is described in a non-patent document 1. The structure
of the hermetical type rotary compressor will be explained with
reference to Figs. 19 and 20 based on a rotary compressor (compressor,
hereinafter). Fig. 19 is a vertical sectional view of a conventional
compressor.

The compressor shown in the drawings comprises a hermetical
container 1, a shaft 2 having an eccentric portion 2a, a cylinder 3,
a roller 4, avane 7, a spring 8, an upper bearing 9 and a lower bearing
10. The compressor also comprises a compression mechanism disposed
in a lower portion of the hermetical container 1, and a rotational
motor having a stator 11 and a rotor 12. The stator 11 is provided
at its upper end lower ends with coil ends 11b and 11d. The rotational
motor is disposed above the hermetical container 1.

A plurality of notches lla are formed in an outer periphery
of the stator 11. The notches lla serve as flow paths for working

fluid.
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The hermetical container 1 is provided at its upper portion
with an introducing terminal 13 which energizing a rotational motor
in the hermetical container 1, and a discharge pipe 14 for introducing
working f£luid from the hermetical container 1 into a refrigeration
cycle. The discharge pipe 14 is in communication with inside the
hermetical container 1. The discharge pipe 14 is located above the
upper coil end 1llb of the stator 11 so that a suction port l4a of the
discharge pipe 14 does not come into contact with the stator 11 and
the rotor 12 of the rotational motor. The hermetical container 1 is
provided at its side surface with a suction pipe 15 for introducing
working fluid from the refrigeration cycle into the compressor.
Refrigeration oil is reserved in an 0il reservoir 16 formed in a bottom
of the hermetical container 1. A cluster 26 is mounted on the
introducing terminal 13, a lead wire 25 from the stator 11 of the
rotational motor is connected to the cluster 26 so that current is
supplied to the rotational motor from the introducing terminal 13.

The operation of the compressor will be explained. TIf the
rotational motor of the compressor is energized to rotate the rotor
12, the roller 4 rotates eccentrically by the eccentric portion 2a,
and capacities of the compressor (not shown) and a suction chamber
5 formed in the cylinder 3 are varied. With this eccentric rotation,
the working fluid is drawn into the suction chamber 5, and compressed
in a compression chamber. The compressed working £luid is mixed with
fog drip (oilmist, hereinafter) of refrigeration oil which is supplied
from the o0il reservoir 16 and lubricates the compression mechanism.
This mixture is discharged into a lower space 17 of the rotational
motor through the discharging hole 9b, and passes through the notches
lla of the stator 11 and a gap 18 between the stator 11 and the rotor

12, and flows into an upper space 19 of the rotational motor.
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The working fluid is discharged oﬁt from the discharge pipe
14, but the refrigeration oil mixed with the working fluid is also
discharged at the same time. Therefore, inthe conventional compressor,
in order to enhance the reli_ability of the compressor and the efficiency
of the refrigeration cycle, the oil is separated from the working £luid
to prevent the refrigeration oil from being discharged out from the
hermetical container 1.

To separate the refrigeration oil from the working £luid, there
is a method to use an oil-separating plate provided on an upper portion
of the rotor 12 as disclosed in a patent document 1. Fig. 21 is a
detailed sectional view of peripheries of the oil-separating plate.
The rotor 12 includes an upper end plate 2la and a lower end plate
21b for closing an insertion hole of a perménent magnet 20. Aplurality
of through holes 12a formed in the rotor 12 in the vertical direction
and an oil-separating plate 23 disposed above exits of the through
holes 1l2a are fixed to the rotor 12 by a fixing member 24. The
oil-separating plate 23 forms an oil-separating space 22 between an
ﬁpper surface of the rotor 12 and the oil-separating plate 23.

In the compressor having such a structure, a portion of working
fluid including oil mist discharged from the compression mechanism
into the lower space 17 of the rotational motor flows into the
oil-separating space 22 through the through holes 12a. The working
fluid is radially discharged from an outer peripheral exit of the
oil-separating plate 23 by a centrifugal force, and the working fluid
is sprayed on the coil end 11b of the stator 11, and the working f£luid
and the oil mist included therein are separated from each other. Only
the working fluid from which the oil is separated flows upward and
is discharged out from the discharge pipe 14 provided in the upper

portion in the hermetical container 1. The refrigeration oil attached
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to the coil end 11b of the stator 11 drops” downward and is returned
intotheoil reservoir 16 formed in the bottomof thehermetical container
1.

(Non-patent document 1)

"Air-Conditioning and Refrigeration handbook", new edition 5,
volume 11, machine”, Air-Conditioning and Refrigeration Institute,
1993, paragraphs 30 to 43
(Patent document 1)

Japanese Patent Application Laid-open No.H8-28476 (paragraph
6, Figs. 1 to 3)

In the conventional compressor, a working fluid flows from the
lower space 17 of the rotational motor to the upper space 19 through
the notches lla formed in the outer periphery of the stator 11 and
the gap 18 between the stator 11 and the rotor 12. In the case of
the compressor shown in Fig. 21, the working £luid passes through the
through holes 12a of the rotor 12. The gap 18 between the stator 11
and the rotor 12 is as narrow as 0.5mm to enhance the efficiency of
the rotational motor. Thus, arate of theworking fluid flowing through
the gap is extremely small. Concerning the through holes 1l2a of the
rotor 12 also, if a cross-sectional area of a laminated core of the
rotor 12 is reduced and amagneticcircuit becomes narrow, theefficiency
of the rotational motor is deteriorated and thus, the through holes
12a can not be increased in size. Thus, the rate of the working fluid
passing through the notches 1la of the stator 11 is extremely increased.

In the conventional compressor having the structure shown in
Fig. 21, only oil can be separated £rom the working £luid passing through
the plurality of through holes 12a formed in the rotor 12 in the vertical
direction, and it is difficult to separate oil fromworking £1luid having

high flow rate and passing through the notches lla formed in the outer
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periphery of the stator 1l.

As shown in Figs. 19 and 20, the cluster 26 disposed in the
upper space 19 is a thin and long rectangular solid and is eccentric
from the axial center of the hermetical container 1. Therefore, there
is generated a force which hinders a turning f£low around a rotation
center axis L in the upper space 19 caused by rotation of the rotor
12. Therefore, the flow velocity of turning flow is slow and uneven.
Thus, the working fluid and the refrigeration oil are not separated
from each other sufficiently.

When the conventional compressor using a working fluid mainly
comprising carbon dioxide is applied to a refrigeration cycle, since
a pressure of the working £fluid discharged from the compression chamber
6 exceeds a critical pressure, the working fluid in the hermetical
container 1 is brought into a supercritical state, meltage of the
refrigeration oil with respect to the working £luid is increased, and
it is difficult to separate oil in the hermetical container 1.

The present invention has been accomplished to solve the above
problems, and it is an object of the invention to obtain a refrigeration
cycle having high efficiency by easily and inexpensively enhancing
the oil-separating efficiency to reduce an amount of refrigeration
0il which is taken out from a hermetical container and to enhance the
reliability of the compressor without deteriorating the efficiency

of a rotational motor.

Disclosure of the Invention

A first aspect of the present invention provides a

compressor comprising: a container; a compression mechanism disposed

in a lower portion of said container; a rotational motor disposed in
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an upper portion of said container, said rotational motor having a
stator and a rotor; a coil end provided on each of upper and lower
ends of said stator; a discharge pipe provided on an upper end of said
container; an oil reservoir provided in a lower portion of said
container; and a gap provided between said rotational motor and said
container, said gap being operable to introduce working fluid, which
is compressed by said compression mechanism, iﬁto an upper space of
said container; wherein the working fluid is discharged from said
container through said discharge pipe; and wherein said discharge pipe
has an open end in said container, the open end being located inside

said coil end provided on the upper end of said stator.

According to this aspect, since the open end in the hermetical container
is located inside the coil end, the working fluid introduced into the
upper space of the container from the gap between the rotational motor
and the container flows from upward to downward toward the inside
of the coil end, and the working fluid introduced into the coil end
flows toward the open end of the discharge pipe. Therefore, when the
flowing direction of the working fluid is changed in this manner, the
0il mist of the refrigeration oil having high density reaches closer
to the rotor than the working £luid. The oil mist of the refrigeration
oilwhichreaches the vicinity of the rotor is separated £rom the working
fluid by centrifugal force by means of the rotational flow caused by

rotation of the rotor, and attaches to the inner peripheral surface



WO 2004/102005 PCT/JP2004/007133

of the coil end. Thus, it is possible to prevent the refrigeration
oil £rom being delivered outside of the hermetical container from the
discharge pipe together with the working f£fluid.

According to the second aspect of the invention, in the compressor
of the first aspect said diséharge pipe has a curved portion in said
container.

According to this aspect, it is possible to position the open
end in the container inside the coil end irrespective of a position
.where the suction port is mounted on the container. Therefore, it
is possible to largely enhancing the flexibility in design of the
compressor. .

According to a third aspect of the invention, in the compressor of

the second aspect , said discharge pipe is provided on a side surface

of said container.

With this aspect, since the discharge pipe passing through the side
surface of the container has the curved portion in the hermetical
container, the open end in the container can easily be located inside
the coil end. Therefore, the oil is separated by the gravity caused
by changing the flowing direction and by the centrifugal force of the
turning £low, and it is possible to prevent the refrigeration oil frorh
being delivered outside the container. Since the upper portion in
the container can freely be used, the flexibility in design of the
compressor can be enhanced.

According to the fourth aspect of the invention, in the compressor
of the first aspect , the openendof saiddischarge pipe insaidcontainer
is disposed to face downstream of a rotational direction of said rotor.

With this aspect, since the open end in the container is opened
toward downstream of a rotational direction of the rotor, the oil mist

of refrigeration oil having high density is prevented from being drawn
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into the discharge pipe, and the oil can be separated £rom the working
fluid more efficiently.

According to a £ifth aspect of the inventién, in the compressor
of the first aspect, the openend of said discharge pipe in said container
is located in a wvicinity of a rotation center axis of said rotor.

With this aspect, since the open end in the container is located
in the vicinity of the rotation center axis of the rotor, working fluid
from which the oil mist is sufficiently separated can be introduced
into the discharge pipe.

According to a sixth aspect of the invention, in the compressor
of the first aspect, an inner diameter of the open end of said discharge
pipe located inside said container is larger than an inner diameter
of said discharge pipe located outside‘of said container.

With this aspect, since an inner diameter of the open end in
the container is increased, the flow velocity of the working £luid
in the vicinity of the open end in the container is reduced, and the
amount of 0il mist drawn together with the working fluid can be reduced.

A seventh aspect of the present invention provides

a compressor comprising: a container; a compression mechanism
disposed in a lower portion of said container; a ro;ational motor
disposed in an upper portion of said container, said rotational motor
having a stator and a rotor; a coil end provided on each of upper and
lower ends of said stator; a discharge pipe provided on an upper end
of said container; an oil reservoir provided in a lower portion of

said container; and a gap provided between said rotational motor and
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said container, said gap being operable to introduce working f£luid,
which is compressed by said compression mechanism, into an upper space
of said container; and a substantially cylindrical dividing member
provided in the upper space of said container and being operable to
divide the upper space into an inner space and an outer space; wherein
said discharge pipe has an open end in said container, the open end
being located inside said substantially cylindrical dividing member;
and wherein the working £1luid is discharged £rom said container through

said discharge pipe.

With this aspect, since the dividing member is provided, the
turning flow of the working £luid generated by the rotor in the inner
space is not dispersed to the outer space, the development of the turning
flow is accelerated, and the oil is sufficiently separated by the
centrifugal force caused by the turning flow. Thus, the oil mist can
attach the inner wall surface of the dividing membér reliably, and
the o0il mist can be returned into the oil reservoir as liquid drop.
Therefore, it is possible to prevent the refrigeration oil £rom being
discharged from the discharge pipe i:ogether with the working £luid.

According toan eighth aspect of the invention, in the compressor
of the seventh aspect, a gap is provided between an upper end of said
dividing member and said container.

With this aspect, a narrow gap is formed in the upper portion
in the hermetical container. Since the working £luid which passed

through the gap spreads and flows downward in the wider inner space,
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the o0il mist having higher density than the working £luid which is
largely affected by the gravity receives a great downward speed
component, and the oil separation is facilitated.

According to a ninth aspect of the invention, in the compressor '
of the seventh aspect, said dividing member is provided with a
communication hole between the inner space and the outer space.

With this aspect, since the dividing member is provided with
the communication hole which brings the inner space and the outer space
into communication with each other, the upper end of the dividing member
can be brought into contact with the upper end surface in the container
and fixed thereto, and the positioning precision of the dividing member
when the compressor is assembled is enhanced.

According to a tenth aspect of thé invention, in the compressor
of any of the seventh aspects, said dividing member is provided inside
said coil end provided on the upper end of said stator.

With this aspect, since the dividing member is provided inside,
theregion of the inner space is reduced, the dispersionof the rotational
motion energy of the turning flow is suppressed, and the working fluid
receives strong centrifugal force. Therefore, theoilmist separation
effect by the centrifugal force is enhanced.

According to an eleventh aspect of the invention, in the
compressor of any of the seventh aspects, said dividing member is
provided outside said coil end provided on the upper end of said stator.

With this aspect, since the dividing member is provided outside,
the coil end having complicated surface shape comes inside the dividing
member. With this, the refrigeration oil attached to the surface of
the coil end is prone to grow into the liquid drop, and the oil separation
effect is enhanced.

According to a twelfth aspect of the invention, in the compressor

10
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of any of the seventh aspects, an inner diameter of an upper portion
of said dividing member is smaller than an inner diameter of a lower
portion of said dividing member.

Withthis aspect, adownward component of force of the centrifugal
force which is in parallel to the inner wall surface of the dividing
member is applied to the liguid drop of the refrigeration oil attached
to the inner wall surface, which reliably allows the liquid drop to
flow and drop downward along the inner wall surface, and the oil
separation effect is enhanced.

According to a thirteenth aspect of the invention, in the
compressor of any of the first aspects, an upper portion of said
container is domical in shape.

With this aspect, since the working fluid is émoothly collected
in the central portion from the outer periphery along the inner surface
of the domical container, the flow velocity of the deviation f£low is
prevented from being léwered, With this the oil-separating effect

by the gravity and the centrifugal force is further enhanced.

A fourteenth aspect of the present invention provides a
compressor comprising: a container; a compression mechanism disposed
in a lower portion of said container; a rotational motor disposed in
an upper portion of said container, said rotational motor having a
stator and a rotor; a coil end provided on each of upper and lower
ends of said stator; a discharge pipe provided on an upper end of said
container; an o0il reservoir provided in a lower portion of said

container; a gap provided between said rotational motor and said

11
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container, said gap being operable to introduce working £luid, which
is compressed by said compression mechanism, into an upper space of
said container; an introduction terminal provided in said container
and being operable to supply electricity to said rotational motor;
and a clustér provided in said container and being adapted to connect
a lead wire from said rotational motor to said introduction terminal;
wherein said cluster is symmetric with respect to an axis thereof,
the axis of said cluster being substantially coincident with a rotation
central axis of said rotatioﬁal motor; and wherein the working fluid

is discharged from said container through said discharge pipe.

With this aspect, the turning flow is generated in the upper
space of the container by the high speed rotation of the rotational
motor, but since the cluster is symmetric with respect to the axis
and the cluster and the rotation center axis of the rotational motor
substantially coincide with each other, the turning flow is also
generated around the cluster. Therefore, the oilmist introduced into
the upper space of the container together with the working fluid is
separated by centrifugal force caused by the turning flow and the oil
mist attaches to the inner wall surface of the hermetical container,
and the oil mist flows and drops downward ad oil drop. Therefore,
the refrigeration oil is prevented from being discharged from the

discharge pipe together with the working fluid.

According to a fifteenth aspect of the invention, in the

12
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compressor of any one of the first aspects, further comprising: an

introduction terminal provided in said container and being operable

to supply electricity to said rotational motor: and a cluster adapted

to connect a lead wire from said rotational motor to said introduction

terminal, wherein said cluster is symmetric with respect to a center

axis thereof, the center axis being substantially coincident with a

rotation center axis of said rotational motor.

With this aspect, the turning flow is generated in the upper
space of the container by the high speed rotation of the rotational
motor, but since the cluster is symmetric with respect to the axis
and the cluster and the rotation center axis of the rotational motor
substantially coincide with each other, the turning flow is also
generated around the cluster. Therefore, the oilmist introduced into
the upper space of the container together with the working fluid is
separated by centrifugal force caused by the turning flow and the oil
mist attaches to the inner wall surface of the container, and the oil
mist £lows and drops downwardadoil drop. Therefore, therefrigeration
0il is prevented from being discharged from the discharge pipe together
with the working fluid.

According to a sixteenth aspect of the invention, in the
compressor of the fourteenth aspect, said cluster is columnar in shape.

With this aspect, the generation effect of the turning flow
around the cluster is enhanced.

According to a seventeenth aspect of the invention, in the

compressor of the fourteenth aspect, said cluster is polygonal columnar

13
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in shape.

With this aspect, the side surface of the polygonal shape becomes
an obstruction, and downward £low along the side surface is generated.
Thus, the effect for downwardly dropping the oil mist as oil drop is
enhanced, and the refrigeration oil is prevented £rom being discharged
from the discharge pipe together with the working £luid.

According to an eighteenth aspect of the invention, in the
compressor of any of the fourteenth aspects, an outer diameter of said
cluster is smaller than an inner diameter of said coil end.

With this aspect, the space of flow is increased, the turning
flow of space inside the coil end is prone to grow to the turning flow
around the cluster.

According to a nineteenth aspect of the invention, in the
compressor of any of the first aspects, carbon dioxide is used as the
working fluid.

With this aspect, carbon dioxide can be used as the working

fluid.

Brief Description of the Drawings

Fig. 1 is a vertical sectional view of a compressor according
to a first embodiment of the present invention;

Fig. 2 is a lateral sectional view of the compressor shown in
Fig. 1 taken along arrows X-X;

Fig. 3 is a vertical sectional view of a compressor according
to a second embodiment of the invention;

Fig. 4 is a lateral sectional view of the compressor shown in
Fig. 3 taken along arrows Y-Y;

Fig. 5 is a vertical sectional view of a compressor according

to a third embodiment of the invention;

14
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Fig. 6 is a lateral sectional view of the compressor shown in
Fig. 5 taken along arrows Z-Z;

Fig. 7 is a vertical sectional view of a compressor according
to a fourth embodiment of the invention;

Fig. 8 is a vertical sectional view of a compressor according
to a fifth embodiment of the invention;

Fig. 9 is a vertical sectional view of a compressor according
to a sixth embodiment of the invention;

Fig. 10 is a vertical sectional view of a compressor according
to a seventh embodiment of the invention;

Fig. 11 is a lateral sectional view of the compressor shown
in Fig. 10 taken along arrows X-X;

Fig. 12 is a vertical sectional view of a compressor according
to an eighth embodiment of the invention;

Fig. 13 is a vertical sectional view of a compressor according
to a ninth embodiment of the invention;

Fig. 14 is a vertical sectional view of a compressor according
to a tenth embodiment of the invention;

Fig. 15 is a lateral sectional view of the compressor shown
in Fig. 14 taken along arrows X-X;

Fig. 16 is a lateral sectional view of the compressor shown
in Fig. 14 taken along arrows Y-Y;

Fig. 17 is a lateral sectional view of the compressor shown
in Fig. 14 taken along arrows Z-Z;

Fig. 18 is a lateral sectional view of a compressor according
to an eleventh embodiment of the invention;

Fig. l9isaverticalsectional viewof aconventional compressor;

Fig. 20 is a perspective view of a cluster of the conventional

compressor; and

15
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Fig. 21 is a detailed sectional view of peripheries of an

oil-separating plate.

Best Mode for Carrying Out the Invention

Several embodiments of the present invention will be explained
below with reference to the drawings.
(First Embodiment)

Fig. 1 is a vertical sectional view of a compressor according
to the first embodiment of the present invention, and Fig. 2
is a lateral sectional view of the coﬁnpressor shown in Fig. 1 taken
along arrows X-X. The compressor of the first embodiment of the
invention has almost the same structure as that of the above-described
conventional compressor, and the same elements are designated with
the samé symbols. |

The compressor of this embodiment comprises a hermetical
container 1, a compression mechanism disposed in a lower portion in
the hermetical container 1, and a rotational motor disposed above the
compression mechanism. The compression mechanism comprises a shaft
2 which can rotate about a rotation center axis L, a cylinder 3 having
a cylindrical surface 3a therein, a roller 4 which is fitted over an
eccentric portion 2a of the shaft 2 and which eccentrically rotates
in tfle cylinder 3 as the shaft 2 rotates, a vane 7 which reciprocates
in a vane groove 3b of the cylinder 3 while a tip end of the vane 7
being in contact with the roller 4 and which divides a space defined
by the cylinder 3 and the roller 4 into a suction chamber 5 and a
compression chamber 6, a spring 8 which is disposed on a back surface
of the vane 7 and which pushes the vane 7 against the roller 4, and
an upper bearing 9 and a lower bearing 10 which support fhe shaft 2.

The upper bearing 9 includes a flow path 9a which is connected to a

16
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suction pipe 15 and which introduces working f£fluid drawing from the
suction pipe 15 into the suction chamber 5, and a discharging hole
9b which discharges working £luid compressed in the compression chamber
6 into the lower space 17 of the rotational motor.

The rotational motor comprises a stator 11 shrinkage fitted
into the hermetical container 1, and a rotor 12 shrinkage fitted to
the shaft 2. The stator 11 is provided at its upper end with a coil
end 11b and at its lower end with a coil end 11d. The stator 11 is
provided at its outer periphery with a plurality of notches 1lla which
bring the lower space 17 and the upper space 19 into communication
with each other. The notches lla serve as flow paths for working fluid.

fhe hermetical container 1 is provided at its upper portion
with an introducing terminal 13 which energizes the rotational motor
in the hermetical container 1, and a discharge pipe 31 which introduces
working £luid from the upper space 19 in the hermetical container 1
into a refrigeration cycle outside the hermetical container 1.
Refrigeration oil is reserved in an oil reservoir 16 formed in a bottom
of the hermetical container 1.

The discharge pipe 31 is iﬁ communication with inside of the
hermetical container 1. A suction port 31a as an open end of the
hermetical container is located at inner side of an upper coil end
11b of the stator 11, i.e., below an upper end surface 1llc of the coil
end 1llb. The discharge pipe 31 is a straight pipe, and is mounted
on an upper portion of the hermetical container 1 at a location closer
to a center than an inner diameter of the coil end 11b. Thus, the
introducing terminal 13 is mounted at a position of the upper portion
of the hermetical container 1 where the mounting of the discharge pipe
31 is not hindered. In this embodiment, the through holes 12a (see

Fig. 11) of the rotor 12 by the same oil-separating plate method as

17
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that of the conventional technique is not provided.

Next, the operation of the compressor having the above~-described
structure will be explained. The working fluid is introduced from
the suction pipe 15 into the suction chamber 5 through the f£low path
9aprovided in the upperbearing 9. If therotationalmotor isenergized
and the shaft 2 which is integral with the rotor 12 is rotated, the
roller 4 eccentrically rotates, the capacities of the suction chamber
5 and the compression chamber 6 are varied. With this, the working
fluid is drawn and compressed. When a discharge valve (not shown)
of the discharging hole 9b is opened, oil mist which is supplied from
the oil reservoir 16 and which lubricated the compression mechanism
is mixed into the compressed working fluid, and this mixture is
discharged into the lower space 17 of the rétational motor. Theworking
£luid in the lower space 17 passes through notches lla formed in the
outer periphery of the stator 1l as gaps between the rotational motor
and the hermetical container 1, and through a gap 18 (air gap) between
the stator 11 and the rotor 12, and flows into the upper space 19 of
the rotational motor. The working fluid is separated from the
refrigeration oil in the upper space 19, and is discharged from the
discharge pipe 14.

This oil-separating operation will be explained. As described
above, the working fluid including oil mist discharged from the
compression mechanism into the lower space 17 of the rotational motor
passes through the notches lla of the stator 11 and the gap 18 between
the stator 11 and the rotor 12, and moves into the upper space 19 of
the rotational motor. At that time, since the gap 18 is extremely
narrow, the rate of working fluid passing through the notches lla of
the stator 11 becomes extremely large.

The working fluid which passed through the notches lla of the
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stator 11 flows upward to the vicinity of the coil end 11b of the stator
11 and then, flows toward a central portion of the hermetical container
1 through an upper portion of the coil end 11b. Thereafter, the working
fluid flows downward toward the suction port 3la of the discharge pipe
31 which is disposed inside the coil end 11b and directed downward.
Whentheworkingfluidisdrawnintothesuctionport31aofthedischarge
pipe 31, the working fluid again flows upward. At that time, the oil
mist having high density drop downward due to gravity, and reaches
closer to an upper surface 12b of the rotor 12 as compared with the
working f£luid.

Since the upper surface 12b of the rotor 12 is rotational
immediately below the suction port 3la of the discharge pipe 31, the
working fluid £lows such as to turn due to the viscosity, and as closer
to the upper surface 12b of the rotor 12, the turning flow velocity
is increased. Therefore, the oil mist has higher density than the
working £luid and the oil mist reaches a region where the flow velocity
of the turning flow in the vicinity of the upper surface 12b of the
rotor 12 is greater. Thus, the oilmist attaches to an inner peripheral
surface of the stator 11 or the coil end 11lb by the centrifugal force
and becomes liquid drop and is returned to the oil reservoir 16 formed
in the bottom of the hermetical container 1. In the state which the
refrigeration oil is separated from the working f£luid which is less
affected by the turning flow, the working fluid is introduced info
the suction port 3la of the discharge pipe 31.

The suction port 3la is located inside the coil end 11b in this
embodiment as described above. Therefore, when the working fluid
flowing from the notches lla toward the suction port 31la flows through
the upper space 19 upward, downward and upward, the gravity acts on

the oil mist, and when the working fluid entering into the coil end
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11b and coming into contact with the rotor 12 turns together with the
rotor 12 by the viscosity, the centrifugal force is applied to the
0il mist and the refrigeration oil is separated from the working fluid.
With this, an amount of the refrigeration oil delivered to the
refrigeration cycle out £rom the compressor together with the working
fluid can be reduced. The refrigeration oil is not attached to an
inner wall of a heat excﬁanger tube of a ﬁeat exchanger, and it is
possible to prevent the heat exchanging efficiency from being
deteriorated. An amount of refrigeration oil in the oil reservoir
16 can always be maintained constantly, and it is possible to enhance
the reliability and efficiency of the compressor.

Further, it is only necessary to extend the discharge pipe and
to locate the suction port inside the coil end close to the upper end
of the stator. Therefore, oil can be separated easily only with slight
change, and it is possible to provide a compressor extremely
inexpensively.

(Second Embodiment)

A compressor according to the second embodiment of the present
invention has the same structure as that of the compressor of the first
embodiment as shown in Figs. 1 and 2 except the discharge pipe and
the introducing terminal. The same elements are designated with the
same symbols.

Fig. 3 is a vertical sectional view of a compressor according
to the second embodiment of the invention, and Fig. 4 is a lateral
sectional view of the compressor shown in Fig. 3 taken along arrows
Y-Y. The compressor of this embodiment comprises the hermetical
container 1, the compression mechanism disposed at a lower portion
in the hermetical container 1 and having the shaft 2, the cylinder

3, the roller 4, the vane 7 and the 1like. The compressor also comprises
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therotationalmotor disposedabove the compressionmechanismandhaving
the stator 11, the rotor 12 and the like. Refrigeration oil is reserved
in the 0il reservoir 16 formed in the bottom of the hermetical container
1. Inanupper portionof thehermetical container 1, there are provided
the introducing terminal 13 for energizing the rotational motor in
the hermetical container 1, and the discharge pipe 32 for introducing
the working £luid from the hermetical container 1 into the refrigeration
cycle.

The discharge pipe 32 extends into the hermetical container
1, and has a curved portion 32b inside the hermetical container 1.
A suction port 32a of the discharge pipe 32 is located inside the coil
end 11b on the upper end of the stator 11. The suction port 32a of
the discharge pipe 32 is located closer tb an inner peripheral surface
of the coil end 11b than a central portion of the hermetical container
1. The suction port 32a extends diagonally downward toward
substantially the downstream in the rotation direction of the upper
surface 12b of the rotor 12. In this embodiment, the through holes
12a (see Fig. 11) of the rotor 12 is not provided.

The oil-~separating operation of the compressor having the above
structure will be explained. The working fluid including oil mist
discharged from the compression mechanism into the lower space 17 of
the rotational motor passes through the notches lla of the stator 11
and the gap 18 between the stator 11 and the rotor 12 and moves to
the upper space 19 of the rotational motor. At that time, since the
gap 18 is extremely narrow, the rate of working fluid passing through
the notches lla of the stator 1l becomes extremely large.

The working fluid which passed through the notches lla of the
stator 11 flows upward to the vicinity of the coil end 11b of the stator

11 and then, flows toward a central portion of the hermetical container
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1 through an upper portion of the coil end 11b. Thereafter, the working
fluid flows downward toward the suction port 32a of the discharge pipe
32 which is disposed inside the coil end 11b. Then, the working f£luid
is drawn into the suction port 32a and again flows upward. Since the
suction port 32a of the discharge pipe 32 extends diagonally downward
as in the first embodiment, the oil-separating effect of the
refrigeration 0il when the flow of the working £luid is changed from
downward to the upward can be obtained.

If the working f£luid reaches the vicinity of the suction port
32a of the discharge pipe 32, since the upper surface 12b of the rotor
12 is rotational immediately below the suction port 32a, the working
fluid turns by the viscosity. Since the suction port 32a of the
discharge pipe 32 is directed downstream of the turning flow, when
the turning flow is drawing from the suction port 32a, the direction
of the flow is abruptly changed from the downstream direction to the
upstream direction with respect to the turning flow. At that time,
theoilmist havinghighdensity flows further downstreamby the inertial
force and at the saxhe time, the oil mist attaches to the inner peripheral
surface of the coil end 11b and becomes liquid drop by the centrifugal
force of the turning flow, and the oil mist is returned to the oil
reservoir 16 formed in the bottom of the hermetical container 1 by
the gravity. In the state which the refrigeration oil is separated
from the working fluid which is less affected by the turning flow,
theworking £luidis introducedinto the suctionport 32a of thedischarge
pipe 32.

According to the second embodiment, since the suction port 32a
is located inside the coil end 11b and is opened toward the downstream
of the rotational direction of the rotor 12, the oil-separating effect

is further enhanced as compared with the first embodiment by the change
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of flowing direction of the working £luid, and by the gravity and the
centrifugal force appliedtotheoilmistwhichturns, andbythe inertial
force applied to the oil mist when the flowing direction of the working
fluid is changed from the downstream flowing to the upstream f£lowing.
Withthis, it ispossible to further suppress the amount of refrigeration
oil deliveredtothe refrigerationcycleoutside the compressortogether
with the working fluid. The yrefrigeration oil is not attached to an
inner wall of a heat -exchanger tube of a heat exchanger, and it is
possible to more efficiently prevent the heat exchanging efficiency
from being deteriorated. An amount of refrigeration oil in the oil
reservoir 16 can always be maintained constantly, and it is possible
to further enhance the reliability and efficiency of the compressor.

Since the discharge pipe 32 has the curved portion 32b, it is
possible to position the suction port 32a inside the coil end 1l1b
irrespective of a position where the suction port 32a is mounted on
the hermetical container 1. Therefore, it is possible to give a high
priority to the position of the introducing terminal 13 and the like
in the upper portion in the hermetical container 1, and the flexibility
in design can largely be enhanced. For example, it is unnecessary
to deviate the mounting position of the introducing terminal 13 so
that the introducing terminal 13 does not hinder the discharge pipe
31 unlike the first embodiment, and the introducing terminal 13 can
be disposed in the center of the container.

(Third Embodiment)

A compressor according to the third embodiment of the present
invention has the same structure as that of the compressor of the second
embodiment as shown in Figs. 3 and 4 except the discharge pipe. The
same elements are designated with the same symbols.

Fig. 5 is a vertical sectional view of a compressor according
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tothe thirdembodiment of the invention, andFig. 6 isalateral sectional
view of the compressor shown in Fig. 5 taken along arrows %-Z. The
compressor of this embodiment comprises the hermetical container 1,
the compression mechanism disposed at a lower portion in the hermetical
container 1 and having the shaft 2, the cylinder 3, the roller 4, the
vane 7 and the like. The compressor also comprises the rotational
motor disposed above the compression mechanism and having the stator
11, the rotor 12 and the like. Refrigeration oil is reserved in the
oil reservoir 16 formed in the bottom of the hermetical container 1.
In an upper portion of the hermetical container 1, there are provided
the introducing terminal 13 for energizing the rotational motor in
the hermetical container 1, and the discharge pipe 33 for introducing
theworking fluid from the hermetical container 1l into the refrigeration
cycle.

The discharge pipe 33 extends into the hermetical container
1, and has a curved portion 33b inside the hermetical container 1.
A suction port 33a of the discharge pipe 33 is located inside the coil
end 11b on the upper end of the stator 11. The suction port 33a of
the discharge pipe 33 is disposed in the vicinity of the rotation center
axis I. of the rotor 12 and is directed diagonally downward. In this
embodiment, the through holes 12a (see Fig. 11) of the rotor 12 is
not provided.

This oil-separating opération will be explained. As described
above, the working fluid including oil mist discharged from the
compression mechanism into the lower space 17 of the rotational motor
passes through the notches lla of the stator 11 and the gap 18 between
the stator 11 and the rotor 12, and moves into the upper space 19 of
the rotational motor. At that time, since the gap 18 is extremely

narrow, the rate of working fluid passing through the notches lla of
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the stator 11 becomes extremely.large.

The working £luid which passed through the notches lla of the
stator 11 £lows upward to the vicinity of the coil end 11b of the stator
11 and then, flows toward a central portion of the hermetical container
1 through an upper portion of the coil end 11b. There;tfter, the working
fluid flows downward toward the suction port 33a of the discharge pipe
33 located inside the coil end 11b. Then, the working f£luid is drawn
into the suction port 33a which is direcred diagonally downward and
again f£lows upward. With this change in flowing direction, the oil
mist having high density drops downward by the gravity, and the
refrigeration oil is separated.

If the working fluid reaches the vicinity of the suction port
33a of the discharge pipe 33, since the ﬁpper surface 12b of the rotor
12 is rotational immediately below the suction port 33a, the working
fluid turns by the viscosity. At that time, since the oil mist has
higher density than that of theworking fluid, the oilmist moves outward
by the centrifugal force, the oil mist attaches to the inner peripheral
surface of heat exchanger stator 11 or the coil end 11b and becomes
liquid drop, and is returned to the oil reservoir 16 formed in the
bottom of the hermetical container 1. Since the suction port 33a of
the discharge pipe 33 is located at substantially the central portion
in the turning flow in the vicinity of the rotation center axis L,
the o0il mist which is largely affected by the centrifugal force is
removed substantially completely, and the refrigeration oil is
separated from the working fluid which is less affected by the
centrifugal force, and the working fluid is introduced into the suction
port 33a of the discharge pipe 33.

The oil-separating efficiency by the centrifugal force will

be further enhanced if the following structure (not shown) is employed.
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That is, the introducing terminal 13 is disposed on the upper end of
the hermetical container 1, the discharge pipe 33 passes through from
the center of the upper portion of the hermetical container 1, and
the suction port 33a is straight in shape and is located inside the
coil end 1lb.

According to this embodiment, the suction port 33a is located
inside the coil end 11b. With this structure, the oil mist can be
removed by the gravity of the change of flowing direction. Further,
since the suction port 33a is opened in the vicinity of the rotation
‘center axis L of the rotor 12, the working fluid from which the oil
mist is sufficiently removed canbe drawnby the effect of the centrifugal
force of the turning flow. Thus, the oil-separating operation is
furtherfacilitatedascmmparedwiththefirstembodiment. With this,
it is possible to further suppress the amount of refrigeration oil
delivered to the refrigeration cycle outside the compressor together
with the working fluid. The refrigeration oil is not attached to an
inner wall of a heat exchanger tube of a heat exchanger, and it is
possible to more efficiently prevent the heat exchanging efficiency
from being deteriorated. An amount of refrigeration oil in the oil
reservoir 16 can always be maintained constantly, and it is possible
to further enhance the reliability and efficiency of the compressor.
(Fourth Embodiment)

A compressor according to the fourth embodiment of the present
invention has the same structure as that of the compressor of the first
embodiment as shown in Figs. 1 and 2 except the discharge pipe and
the introducing terminal. The same elements are designated with the
same symbols.

Fig. 7 is a vertical sectional view of a compressor according

to the fourth embodiment of the invention. The compressor of this
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embodiment comprises the compression mechanism disposed at a lower
portioninthehermetical containerlandhavingthe shaft 2, thecylinder
3, the roller 4, the vane 7 and the 1like. The compressor also comprises
the rotationalmotor disposedabove the compressionmechanismandhaving
the stator 11, the rotor 12 and the 1ike. Refrigeration oil is reserved
in the 0il resexrvoir 16 formed in the bottomof the hermetical container.
The introducing terminal 13 for energizing the rotational motor in
the hermetical container 1 is provided in an upper portion of the
hermetical container 1. The hermetical container 1 is provided at
its side surface with a discharge pipe 34 for introducing working £1luid
from the hermetical container 1 into the refrigeration cycle. The
discharge pipe 34 passes through the side surface of the hermetical
container 1, and has a curved portion 34b. A suction port 34a as an
open end of the hermetical container is located inside the coil end
11b of the stator 11. In this embodiment; the through holes 12a (see
Fig. 11) of the rotor 12 is not provided.

According to the compressor of the fourth embodiment having
such a structure, since the suction port 34a of the discharge pipe
34 is located inside the coil end 11b as in the first embodiment, the
same effect as that of the first embodiment can be obtained of course
and thus, detailed explanation thereof will be omitted.

In the compressor of this embodiment, the discharge pipe 34
passes through the side surface of the hermetical container 1, an upper
portion in the hermetical container 1 can be used freely, and layout
of the introducing terminal 13 is not limited. When the compressor
is mounted in the refrigeration cycle, even if a high pressure side
pipe is directed laterally, the discharge pipe 34 can be connected
directly, and there is effect that the structure of the refrigeration

cycle becomes simple. In other words, the flexibility in design of
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the compressor can largely be enhanced.

The same effect as that of the second embodiment can be obtained
if the following structure is employed. That is, in the compressor
of the fourth embodiment, the suction port 34a of the discharge pipe
34 is disposed closer to the inner peripheral surface of the coil end
11b than the central portion of the hermetical container 1 as in the
second embodiment, and the suction port 34a is directed toward
substantially the downstream in the rotation directioh of the upper
surface 12b of the rotor 12.

In the compressor of the fourth embodiment, the same effect
as that of the third embodiment can be obtained if the suction port
34a of the discharge pipe 34 is disposed in the vicinity of the rotation
center axis L as in the third embodimeht.

(Fifth Embodiment)

A compressor according to the £ifth embodiment of the present
invention has the same structure as that of the compressor of the first
embodiment as shown in Figs. 1 and 2 except the discharge pipe. The
same elements are designated with the same symbols.

Fig. 8 is a vertical sectional view of a compressor according
to the f£ifth embodiment of the invention. The compressor of this
embodiment comprises the compression mechanism disposed at a lower
portioninthehermetical containerlandhavingthe shaft2, thecylinder
3, the roller 4, the vane 7 and the like. The compressor also comprises
the rotationalmotor disposed above the compressionmechanismandhaving
the stator 11, the rotor 12 and the like. Refrigerationoil is reserved
in the 0il reservoir 16 formed in the bottomof the hermetical container.
In an upper portion of the hermetical container 1, there are provided
the introducing terminal 13 for energizing the rotational motor in

the hermetical container 1, and the discharge pipe 35 for introducing
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the working £luid from the hermetical container 1 intotherefrigeration
cycle.

The discharge pipe 35 is mounted in an upper portion of the
hermetical container 1 closer to the center thereof than an inner
diameter of the coilend 11lb, and passes through the hermetical container
1. A suction port 35a of the discharge pipe 35 is located inside the
coil end 11b of the stator 11. The discharge pipe 35 is straightvpipe
having a step, i.e., an inner diameter of the discharge pipe 35 in
the vicinity of tﬁe suction port 35a is enlarged. In this embodiment,
the through holes 12a (see Fig. 11) of the rotor 12 is not provided.

According to the compressor of the £ifth embodiment having such
a structure, since the suction port 35a of the discharge pipe 35 is
located inside the coil end 11b as in the firsf embodiment, the same
effect as that of the first embodiment can be obtained of course.

As the flow velocity of the working £luid at the suction port
35a is greater, the refrigeration o0il near the suction port 35a is
more prone to be drawn together with the working fluid before the
refrigeration oil is separated from the working £luid by the gravity
and the centrifugal force. However, since the inner diameter of the
discharge pipe 35 in the vicinity of the suction port 35a is enlarged,
the flow velocity of the working fluid in the vicinity of the suction
port 35a of the discharge pipe 35 is smaller as compared with a case
in which the inner diameter is enlarged. Therefore, the amount of
0il mist which is drawn together with the working fluid can be reduced,
and the refrigeration oil-separating effect of the first to third
embodiments can further be enhanced.

The same effect as that of the second embodiment can be obtained
if the following structure is employed. That is, in the compressor

of the fifth embodiment, the suction port 35a of the discharge pipe
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35 is disposed closer to the inner peripheral surface of the coil end
11b than the central portion of the hermetical container 1 as in the
second embodiment, and the suction port 35a is directed diagonally
downward toward substantially the downstream in the rotation direction
of the upper surface 12b of the rotor 12.

In the compressor of the fifth embodiment, the same effect as
that of the third embodiment can be obtained if the suction port 35a
of the discharge pipe 35 is disposed in the vicinity of the rotation
center axis L as in the third embodiment and the discharge pipe 35
is directed diagonally downward.

(Sixth Embodiment)

A compressor according to the sixth embodiment of the present
invention has the same structure as that of,the compressor of the second
embodiment as shown in Figs. 3 and 4 except the hermetical container
and the discharge pipe. The same elements are designated with the
same symbols.

Fig. 9 is a verticalrsectional view of a compressor according
‘to the sixth embodiment of the invention. According to the compressor
of this embodiment, the compression mechanism comprising the shaft
2, the cylinder 3, the roller 4, the vane 7 and the like is disposed
in a lower portion in a hermetical container 36, and the rotational
motor comprising the stator 11 and the rotor 12 is disposed in an upper
portion in the hermetical container 36. Refrigeration oil is reserved
in the oil reservoir 16 formed in the bottom of the hermetical container
36. Fach of the upper portion of the bottom (including inner surface
of the container) of the hermetical container 36 is domical in shape
which comprises a combination of a peripheral r-portion 36a having
a smaller diameter and an inner R-portion 36b having a larger diameter.

The introducing terminal 13 for energizing the rotational motor
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in the hermetical container 36 and a discharge pipe 37 for introducing
working £1luid from the hermetical container 36 into the refrigeration
cycle are provided in an upper portion of the hermetical container
36. The discharge pipe 37 passes through the hermetical container
36, and the suction port 37a is located inside the coil end 11lb on
the upper end of the stator 1l.

According to the compressor of the sixth embodiment having such
a structure, since the suction port 37a of the discharge pipe 37 is
located inside the coil end 11b as in the first embodiment, the same
effect as that of the first embodiment can be obtained of course.

The working f£luid which passed through the notches 1lla of the
stator 11 flows upward to the vicinity of the coil end 11b of the stator
11 and then, passes through the upper poftion of the coil end 11b and
flows toward the center of the hermetical container 36. Here, since
at least the upper portion of the hermetical container 36 is domical
in shape, the working fluid flows toward the center of the hermetical
container 36 along the r-portion 36a and the R-portion 36b, and it
ispossible toprevent the flowvelocity frombeing lowered. Therefore,
after that, the downward flow velocity toward the suction port 37a
of thedischargepipe 37 located inside thecoilendllbisalsoincreased.
When the working £1luid is drawn into the suction port 37a of the discharge
pipe 37, the £low of the working fluid is again changed into the upward
flow, but the oil-separating effect by the gravity and the centrifugal
force at that time can further be enhanced.

Since the hermetical container 36 is domical in shape, the
refrigeration cycle is a supercritical cycle of working £luid having
carbon dioxide as main composition. Thus, even when a pressure in
the hermetical container 36 is extremely high, the strength of the

hermetical container 36 can be maintained and safety can be secured.
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In the compressors of the first to sixth embodiments, working
fluid having the environment-friendly carbon dioxide as main
composition, the working fluid in the hermetical container 1 or 36
is in the supercritical state, and the meltage of the refrigeration
oil with respect to the working fluid is increased. Thus, the
oil-separatingeffect obtained by the gravity and the centrifugal force
is enhanced, and the object of the present invention can be achieved.
(Seventh Embodiment)

Fig. 10 is a vertical sectional view of a compressor according
to the seventh embodiment of the invention, and Fig. 11 is a lateral
sectional view of the compressor shown in Fig. 10 taken along arrows
X-X. The compressor according to the seventh embodiment of the present
invention has almost the same structure as that of the conventional
compressor. The same elements are designated with the same symbols.

The compressor of this embodiment comprises the hermetical
container 1, the compression mechanism disposed in a lower portion
in the hermetical container 1, and the rotational motor disposed in
an upper portion in the hermetical container 1. The compression
mechanism comprises the shaft 2 capable of rotational around the
rotation center axis L, the cylinder 3 having the cylindrical surface
3a therein, the roller 4 fitted over the eccentric portion 2a of the
shaft 2 and eccentrically rotational inside the cylinder 3 with the
rotation of the shaft 2, the vane 7 which reciprocates within the vane
groove 3b of the cylinder 3 while a tip end of the vane 7 being in
contact with the roller 4 and which divides a space defined by the
cylinder 3 and the roller 4 into the suction chamber 5 and the compression
chamber 6, the spring 8 which is disposed on a back surface of the
vane 7 and which pushes the vane 7 against the roller 4, and the upper

bearing 9 and a lower bearing 10 which support the shaft 2. The upper
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bearing 9 includes a flow path 9a which is connected to the suction
pipe 15 and which introduces working f£luid drawing from the suction
pipe 15 into the suction chamber 5, and the discharging hole 9b which
discharges working fluid compressed in the compression chamber 6 into
the lower space 17 of the rotational motor.

Tﬁe rotational motor comprises the stator 11 shrinkage fitted
into the hermetical container 1, and the rotor 12 which is shrinkage
fitted to the shaft 2 and rotates in the inner periphery of the stator
11. The stator 11 is provided at its upper end with the coil end 11b
and at its lower end with the coil end 11d. The stator 11 is provided
at its outer periphery with a plurality of notches lla which bring
the lower space 17 and the upper space 19 into communication with each
other. The notches lla serve as flow paths for working £fluid.
Refrigeration oil is reserved in the oil reservoir 16 formed in the
bottom of the hermetical container 1.

A thin cylinder 41 as a dividing member is fitted over the coil
end 11b formed on the upper end of the stator 11, and an upper space
19 of the rotational motor is divided by the thin cylinder 41 into
an inner space 19a and an outer space 19b. This thin cylinder 41 is

- made of insulative Teflon (registered trademark), and its thickness
of about lmm. The thin cylinder 41 has a bent portion 4l1a formed in
the vicinity of the upper end surface llc of the coil end 11b. An
inner diameter of the bent portion 41a of the thin cylinder 41 is reduced
toward its top, and a gap 44 serving as a flow path of the working
fluid is formed between an upper end 41b of the thin cylinder 41 and
an upper end surface la of the hermetical container 1.

The introducing terminal 13 for energizing the rotational motor
in the hermetical container 1 and the discharge pipe 40 for introducing

the working £fluid from the upper space 19 in the hermetical container
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1 into the refrigeration cycle are provided in an upper portion in
the hermetical container 1. The discharge pipe 40 passes through the
hermetical container 1, and has a curved portion 40b inside the
hermetical container 1. A suction port 40a of the discharge pipe 40
as an open end of the hermetical container is located below the gap
44 inside the thin cylinder 41 (i.e., inside the inner space 19a).
That is, the suction port 40a is disposed at a lower position than
the upper end 41b of the thin cylinder 41. The suction port 40a of
the discharge pipe 40 is disposed in the vicinity of the rotation center
axis L of the rotor 12 and is directed diagonally downward. Therefore,
the introducing terminal 13 is mounted at a position where the mounting
of the discharge pipe 40 provided on the upper portion of heat exchanger
hermetical container 1l isnothindered. I.n thisembodiment, the through
holes 12a (see Fig. 6) of the rotor 12 by the same oil-separating plate
method as that of the conventional technique is not provided.
Next, the operation of the compressor having the above-described
structure will be explained. The working fluid is introduced from
the suction pipe 15 into the suction chamber 5 through the flow path
9aprovided in the upper bearing 9. Iftherotationalmotor isenergized
and the shaft 2 which is integral with the rotor 12 is rotated, the
roller 4 eccentrically rotates, the capacities of the suction chamber
5 and the compression chamber 6 are varied. With this, the working
fluid is drawn and compressed. When a discharge valve (not shown)
of the discharging hole 9b is opened, oil mist which is supplied from
the 0il reservoir 16 and which lubricated the compression mechanism
is mixed into the compressed working fluid, and this mixture is
discharged into the lower space 17 of the rotational motor. Theworking
fluid in the lower space 17 passes through notches lla formed in the

outer peripheryof the stator 11 as gaps between the hermetical container
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1 and the rotational motor formed on the outer periphery of the stator
11, and through a gap 18 (air gap) between the stator 11 and the rotor
12, and flows into the upper space 19 of the rotational motor. The
working £luid is separated from the refrigeration oil in the upper
space 19, and is discharged from the discharge pipe 14.

This oil-separating operation will be explained. As described
above, the working fluid including oil mist discharged from the
compression mechanism into the lower space 17 of the rotational motor
passes through the gap 18 between the stator 11 and the rotor 12 and
the notches 1lla of the stator 11, and moves into the inner space 19%9a
and the outer space 19b of the upper space 19 of the rotational motor.
At that time, since the gap 18 is extremely narrow, the rate of working
fluid passing through the notches 1la of the stator 11 becomes extremely
large.

The working £luid which flowed into the outer space 19b of the
thin cylinder 41 through the notches lla of the stator 11 passes through
the gap 44 between the upper end 41b of the thin cylinder 41 and the
upper end surface la in the hermetical container 1, and flows into
the inner space 19a of the thin cylinder 41. The working £luid in
the inner space 19a of the thin cylinder 41 is drawn into the suction
port 40a located below the gap 44, and is discharged into the outside
refrigeration cycle. Since the rotor 12 rotates at high speed in the
inner space 19a of the thin cylinder 41, a turning flow around the
rotation center axis L is generated in the working f£luid in the inner
space 19a of the thin cylinder 41.

The oil-separating operation and its effect will be explained
in detail.

The thin cylinder 41 is fitted over the coil end 1lb and the

upper space 19 of the rotational motor is divided into the inner space
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19a and the outer space 19b of the thin cylinder 41. Therefore, it
is possible to limit the flow path of the working fluid which f£lowed
into the upper space 19 through the notches 1la of the stator 11.

That is, since there is provided the thin cylinder 41 which
divides the upper space 19 into the inner space 19a and the outer space
19b, it is possible to prevent the turning flow of the inner space
19a of the thin cylinder 41 from being dispersed to the outer space
19b of the thin cylinder 41. Thus, attenuation of rotational motion
energy is suppressed. Therefore, it becomes easily to maintain the
turning flow velocity of the inner space 19a of the thin cylinder 41
in a portion of the coil end 11b higher than the upper end surface
1llc, and strong centrifugal force is applied to the working fluid and
0il mist which flow toward the suction port 40a provided in a lower
portion of the gap 44 through the gap 44 between the upper end 41b
of the thin cylinder 41 and the upper end surface la in the hermetical
container 1. Thérefore, the o0il mist having higher density than the
working £luid attaches to the inner side surface of the thin cylinder
41 and becomes liquiddrop. Since the the liquiddrophashigherdensity
than the working £luid, the liquid drop flows lower than the working
fluid and is separated from the working fluid.

Since the gap 44 is provided between the upper end 41b of the
thin cylinder 41 and the upper end surface la in the hermetical container
1, the working £luid which passed through the notches lla of the stator
11 and which includes oil mist flows upward to the vicinity of the
upper end of the hermetical container 1 through the outer space 19b
and then, passes through the gap 44 and flows into the inner space
19a of the thin cylinder 41. The gap 44 is formed immediately below
the.upper end surface la in the hermetical container 1 and the inner

space 19a of the thin cylinder 41 spreads below the gap 44. Thus,
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the working fluid which flowed into the inner space 19a of the thin
cylinder 41 forms a £low having downward £low velocity component while
enlarging the flow width. The o0il mist mixed into the working fluid
which £lows downward receives downward flow velocity component from
the peripheral working fluid. Since the oil mist has higher density
than the working fluid and gravity acting on the refrigeration oil
is greater than gravity acting on the working fluid; the 0il mist has
greater downward velocity component than the working f£luid. Thus,
the 0il mist flows downward of the working £luid and is separated f£rom
the working £luid. That is, since the working fluid flows into the
inner space 195 of the thin cylinder 41 through the gap 44 between
the upper end 41b of the thin cylinder 41 and the upper end surface
la in the hermetical container 1, the oil mist is separated from the
working fluid. |

In this embodiment, since the discharge pipe 40 passes through
the hermetical container 1 and the suction port 40a of the discharge
pipe 40 is located lower than the gap 44 at the inner space 19a of
the thin cylinder 41, the working fluid flowing into the inner space
19a from the gap 44 flows more downward toward the suction port 40a.
Thus, the oil mist receives strong downward external force from the
working £1luid, and the oil mist is prone to be separated from the working
fluid. The suction port 40a of the discharge pipe 40 opens diagonally
downward, and the flowing direction of the working fluid drawn into
the suction port 40a is abruptly changed £rom downward to upward. Thus,
the oilmistwhich is attractedby the suctionport 40a and flows downward
has higher density and greater inertial force than the working f£luid.
Thus, the oil mist downwardly f£lows into the upper surface 12b of the
rotor 12 without changing the flowing direction to the upward. The

working f£luid having lower density and smaller inertial force than
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the refrigeration oil is drawing into the suction port 40a. Thus,
the working f£luid and the oil mist are separated from each other.

Since the rotor 12 is rotational in the inner space 19a of the
thin cylinder 41, the turning flow is generated in viscosity in the
vicinity of the upper surface 12b of the rotor 12. As the working
fluid in the inner space 19a of the thin cylinder 41 reaches the vicinity
of the upper surface 12b of the rotor 12 by a shearing force received
from the turning flow, the flow velocity component in the rotational
direction is increased. In a portion of the coil end 11b higher than
the upper end surface llc, a region which receives heat exchanger
influence of the turning flow is increased to the inner side surface
of the thin cylinder 41 fitted over the coil end 11b and thus, the
flow velocity in the rotational direction of the working fluid is
abruptly reduced. However, since the inner side surface of the thin
cylinder 41 is cylindrical in shape, the loss of the flow velocity
in the rotational direction of the working fluid given by the inner
side surface of the thin cylinder 41 higher than the upper end surface
llc of the coil end 1llb becomes extremely small.

Further, since a higher portion of bent portion 41la of the thin
cylinder 41 has smaller inner diameter, an external force acting toward
the inner side surface of the thin cylinder 41 by the centrifugal force
of the working f£luid which rotates inside is applied to the liquid
drop of the refrigeration oil attached to the upper portion of the
bent portion 4la of the thin cylinder 41. A component of force
perpendicular to the inner side surface of the thin cylinder 41 of
the external force acting torward the inner side surface of the thin
cylinder 41 is in balance with a reaction force from the inner side
surface of the thin cylinder 41, but there remains a component of force

which is parallel to the inner side surface of the thin cylinder 41.
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Therefore, a downward force which is in parallel to the inner side
surface of the thin cylinder 41 acts on the liquid drop of the .
refrigeration oil attached to the upper portion of the bent portion
41a of the thin cylinder 41, and the downward flow of the working £1luid
is accelerated.

0il mist which is not attached to the inner side surface of
the thin cylinder 41 and is not drawn into the suction port 40a of
the discharge pipe 40 has higher density than the working fluid in
a lower portion of the suction port 40a of the discharge pipe 40, the
0il mist reaches nearer to the upper surface 12b of the rotor 12 than
the working fluid. ‘

Since the thin cylinder 41 is fixed to the outer side of the
coil end 11b, oil mist_which received greater turning flow velocity
and greater centrifugal force in the vicinity of the upper surface
12b of the rotor 12 attaches to the coil end 11lb which comprises a
plurality of copper wires and provided at its surface with complicated
bumps and dips. Therefore, the oil mist is prone to gfow into the
liquid drop and the oil mist is separated f£rom the working £luid easily.

With the above effect, the refrigeration oil which grew into
the liquid drop from the fog drip and which was separated from the
working £luid passes through the gap 18 between the stator 11 and the
rotor 12 by the gravity, and is returned into the oil reservoir 16
formed in the bottom of the hermetical container 1. The working fluid
having smaller centrifugal force caused by turning flow than the
refrigeration oil and collected to the center of the inner space 19a
of the thin cylinder 41 is introduced into the suction port 40a of
the discharge pipe 40 in a state where the refrigeration oil is separated
from the working fluid.

As described above, in this embodiment, an amount of the
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refrigeration oil delivered to the refrigeration cycle out from the
compressor together with the working fluid can be reduced. The
refrigeration oil is not attached to an inner wall of a heat exchanger
tube of aheat exchanger, anditis possible toprevent the heat exchanging
efficiency from being deteriorated. An amount of refrigeration oil
in the oil reservoir 16 can always be maintainéd constantly, and it
is possible to enhance the reliability and efficiency of the compressor.

In this embodiment, the thin cylinder 41 is fitted over the
coil end 11b, the gap is provided between the upper end of the thin
cylinder 41 and the upper end surface in the hermetical container 1,
and the discharge pipe 40 is éxtended and its suction port 40a is located
inside the thin cylinder 41. Therefore, the effect of this embodiment
can easily be obtained only by slightly changing the conventional
compressor, and the compressor is extremely inexpensive.

(Eighth Embodiment)

Fig. 12 is a vertical sectional view of a compressor according
to the eighth embodiment of the invention. The compressor according
to the eighth embodiment of the present invention has the same structure
as that of the compressor of the seventh embodiment as shown in Figs.
10 and 11 except the thin cylinder. The same elements are designated
with the same symbols. Explanation of the same structure and effect
as those of the seventh embodiment will be omitted.

In the compressor of this embodiment, a thin cylinder 42 as
a dividing member is fitted into the coil end 11b on the upper end
of the stator 11, and the upper space 19 of the rotational motor is
divided by the thin cylinder 42 into the inner space 19a and the outer
space 19b. An inner diameter of an inner side surface of the thin
cylinder 42 is reduced from its lower end toward the upper end. A

gap 44 is provided between the upper end 42b of the thin cylinder 42
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and the upper end surface la in the hermetical container 1.

Nest the oil-separating operation of the thin cylinder 42 and
its effect will be explained.

The rotational motion energy caused by shrinkage fit is given
to the working £luid in the inner space 19a of the thin cylinder 42
by a turning £low generated in the vicinity of the upper surface 12b
of the rotor 12, and the turning £low is generated in the working fluid.
However, by fitting the thin cylinder 42 into the coil end 11b, a region
of the inner space 19a is reduced as compared with a case in which
the thin cylinder 42 is fitted over the coil end 11b and thus, the
dispersion of the rotational motion energy is suppressed. Thus, as
compared with the seventh embodiment, the turning flow velocity of
the inner space 19a of the thin cylinder 42 is increased as a whole.
The working £luid which flowed into the inner space 19a from the gap
44 of the upper end 42b of the thin cylinder 42 receives stronger
centrifugal force than the seventh embodiment. Therefore, oil mist
is prone to attach to the inner side surface of the thin cylinder 42
due to a difference in centrifugal force caused by difference in density
between the working fluid and the refrigeration oil, ‘!:he growth of
the oil mist into the liquid drop is facilitated, and the refrigeration
oil is separated from the working fluid easily.

Since the thin cylinder 42 is fitted into the coil end 11b,
there is no obstruction in the thin cylinder 42 which limits the
flexibility in shape of the thin cylinder 42. Therefore, the inner
diameter of the inner side surface of the thin cylinder 42 can further
be reduced from its lower end toward its upper ends as compared with
the compressor of the seventh embodiment. Thus, the component of force
perpendicular to the inner side surface of the thin cylinder 42 of

the centrifugal force applied to the liquid drop of the refrigeration
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oil attached to the inner side surface of the thin cylinder 42 is brought
into balance with the reaction force from the inner side surface of
the thin cylinder 42, and there remains a component of force which
is parallel to the inner side surface of the thin cylinder 42 of the
centrifugal force applied to the liquid drop of the refrigeration oil
attached to the inner side surface of the thin cylinder 42. Therefore,
the downward £low of the liquid drop of the refrigeration oil attached
to the inner side surface from the lower end to the upper end of the
thin cylinder 42 is accelerated, and the refrigeration oil is returned
intotheoilreservoir 16 formedinthe bottomof thehermetical container
1 more easily as compared with the compressor of the seventh embodiment.

In addition to the above-described effect, the eighth embodiment
can obtain the effect of the seventh embodiment of course.

As described above, in this embodiment, an amount of the
refrigeration oil delivered to the refrigeration cycle out from the
compressor together with the working fluid can be reduced. The
refrigeration oil is not attached to an inner wall of a heat exchanger
tube of aheat exchanger, and it is possible toprevent theheat exchanging
efficiency from being deteriorated. An amount of refrigeration oil
in the oil reservoir 16 can always be maintained constantly, and it
is possible toenhance the reliability and efficiency of the compressor.
(Ninth Embodiment)

Fig. 13 is a vertical sectional view of a compressor according
to the ninth embodiment of the invention. The compressor according
to the eighth embodiment of the present invention has the same structure
as that of the compressor of the seventh embodiment as shown in Figs.
10 and 11 except the thin cylinder. The same elements are designated
with the same symbols. Explanation of the same structure and effect

as those of the seventh embodiment will be omitted.
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In the compressor of this embodiment, a thin cylinder 43 as
a dividing member is fitted into the coil end 1llb on the upper end
of the stator 11, and the upper space 19 of the rotational motor is
divided by the thin cylinder 43 into the inner space 19a and the outer
space 19b. At that time, an upper end of the thin cylinder 43 is brought
into contact with the upper end surface la in the hermetical container
1 and fixed thereto. A plurality of communication holes 45 are formed
in the upper portion of the thin cylinder 43 as flow paths for working
fluid which brings the inner space 19a and the outer space 19b into

. communication with each other. A flange 43a extending inside the thin
cylinder 43 from a lower inner side surface of the thin cylinder 43
is provided in the vicinity of the upper surface 12b of the rotor 12.
The inner space 19a of the thin cylinder 43 is divided by the flange
43a into an upper space 19a' and a lower space 19c. A flow path 46
which brings the upper space 19a' and the lower space 19c¢ into
communication with each other is formed in a center of the flange 43a.

Next, the oil-separating operation of the thin cylinder 43 and
the flange 43a and its effect will be explained.

Since the inner space 19a and the outer space 19b divided by
the thin cylinder 43 are in communication with each other through the
plurality of communication holes 45 formed in the upper portion of
the thin cylinder 43, the upper end of the thin cylinder 43 can be
brought into contact with the upper end surface la in the hermetical
container 1 and fixed thereto. Therefore, the positioning precision
of the dividing member in the vertical direction when the compressor
is assembled is enhanced irrespective of the installation place of
the dividingmember inside oroutside the coil end. If thethincylinder
is provided outside the coil end, the possibility of contact with the

thin cylinder and the rotor which rotates at high speed is lowered,
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damage caused by contact between the thin cylinder and the rotor is
prevented, and a compressor having high reliability can be provided.

The flange 43a extending toward the rotation center axis L is
provided on the inner periphery of the thin cylinder 43, the inner
space 19a of the thin cylinder 43 is divided by the flange 43a into
the upper space 19a' and the lower space 19c, and the flow path 46
for bringing the upper space 19a' and the lower space 19c into
communication with each other is formed in the center of the flange
43a. Therefore, in the lower space 19c of the thin cylinder 43, strong
centrifugal force acting outwardly from the rotation center axis L
is applied to the working fluid which receives the rotational motion
energy by viscosity £rom the upper surface 12b of the rotational rotor
12. The working fluid on which the strong centrifugal force acts £lows
in the radial direction towardthe inner side surface of the thincylinder
43 through the lower space 19c between the flange 43a and the upper
surface 12b of the rotor 12, and flows downwardly through the gap 18
between the rotor 12 and the stator 11 along a corner formed between
the flange 43a and the inner side surface of the thin cylinder 43.

At that time, since the working fluid flows outwardly in the
vicinity of the rotation center axis L of the ﬁpper surface 12b of
the rotor 12, the pressure is lowered, and the working fluid flows
into the lower space 19c¢ of the flange 43a through the flow path 46
from the upper space 19a' of the flange 43a. Thus, since the thin
cylinder 43 is fitted into the coil end 1lb and the working fluid is
allowed to flow into the inner space 19a of the thin cylinder 43 f£rom
the upper portion of the thin cylinder 43, fog drip and liquid drop
of the refrigeration oil separated £rom the working £1uid and collected
into the lower portion of the upper space l9a' of the flange 43a are

forcibly returned into the oil reservoir 16 formed in the bottom of
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the hermetical container 1 from the f£low path 46 of the flange 43a
through the the lower space 19c and the gap 18 between the rotor 12
and the stator 11. Since the fog drip and liquid drop of the
refrigeration oil collected into the lower portion of the upper space
19a' of the flange 43a are forcibly returned into the oil reservoir
16 in this manner, it is possible to further prevent the concentration
of the oil mist of the upper space 19a' of the flange 43a from being
lowered, and to prevent the refrigeration oil from being discharged
from the compressor.

Although the flange 43a is formed on the inner periphery of
the thin cylinder 43, it is possible to independently provide the f£lange
on the inner periphery of the upper end coil end (this structure is
not shown). By thesameeffectas thatof thisembodiment, itispossible
to forcibly return the fog drip and liquid drop of the refrigeration
0il in the vicinity of the flange into the oil reservoir £rom the lower
space formed by the flange.

In addition to the above-described effect, the ninth embodiment
can obtain the effect of the seventh and eighth embodiments of course.

As described above, in this embodiment, an amount of the
refrigeration oil delivered to the refrigeration cycle out from the
compressor together with the working fluid can be reduced. The
refrigeration oil is not attached to an inner wall of a heat exchanger
tube of aheat exchanger, anditispossible toprevent the heat exchanging
efficiency from being deteriorated. An amount of refrigeration oil
in the oil reservoir 16 can always be maintained constantly, and it
is possible to enhance the reliability and efficiency of the compressor.

In in the compressor of any of the seventh to ninth embodiments,
the working f£luid in the hermetical container 1 is brought into the

supercritical state using working fluid comprising
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environment-friendly carbon dioxide, and the meltage of the
refrigeration oil with respect to the working £luid is increased. The
oil-separating effect is enhanced by effect of the thin cylinder 41
and the like.

(Tenth Embodiment)

Fig. 14 is a vertical sectional view of a compressor according
to a tenth embodiment of the invention, Fig. 15 is a lateral sectional
view of the compressor shown in Fig. 14 taken along arrows X-X, Fig.
16 is a lateral sectional view of the compressor shown in Fig. 14 taken
alongarrows Y-YandFig. 17 is a lateral sectional viewof the compressor
shown in Fig. 14 taken along arrows Z-Z. The compressor according
to the tenth embodiment of the present invention has almost the same
structure as that of the conventional compressor. The same elements
are designated with the same symbols.

The compressor of this embodiment comprises the hermetical
container 1, the compression mechanism disposed in a lower portion
in the hermetical container 1, and the rotational motor disposed in
an upper portion in the hermetical container 1. The compression
mechanism comprises the shaft 2 capable of rotational around the
rotation center axis L, the cylinder 3 having the cylindrical surface
3a therein, the roller 4 fitted over the eccentric portion 2a of the
shaft 2 and eccentrically rotational inside the cylinder 3 with the
rotation of the shaft 2, the vane 7 which reciprocates within the vane
groove 3b of the cylinder 3 while a tip end of the vane 7 being in
contact with the roller 4 and which divides a space defined by the
cylinder 3 and the roller 4 into the suction chamber 5 and the compression
chamber 6, the spring 8 which is disposed on a back surface of the
vane 7 and which pushes the vane 7 against the roller 4, and the upper

bearing 9 and a lower bearing 10 which support the shaft 2. The upper
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bearing 9 includes a flow path 9a which is connected to the suction
pipe 15 and which introduces working fluid drawing from the suction
pipe 15 into the suction chamber 5, and the discharging hole 9b which
discharges working £luid compressed in the compression chamber 6 into
the lower space 17 of the rotational motor.

The rotational motor comprises the stator 11 shrinkage fitted
into the hermetical container 1, and the rotor 12 which is shrinkage
fitted to the shaft 2 and rotates in the inner periphery of the stator
11. The stator 11 is provided at its upper end with the coil end 11b
and at its lower end with the coil ehd 11d. The stator 11 is provided
at its outer pei‘iphery with a plurality of notches 1lla which bring
the lower space 17 and the upper space 19 into communication with each
other. The notches 1lla serve as flow paths for working fluid.
Refrigeration oil is reserved in the oil reservoir 16 formed in the
bottom of the hermetical container 1.

The hermetical container 1 comprises three elements, i.e., an
upper shell 50, a barrel shell 51 and a 1lower shell 52. The hermetical
container 1 is formed by welding. An introducing terminal 54 for
energizing the rotational motor in the hermetical container 1 is
disposed in the center of the upper shell 50. A columnar cluster 55
is mounted on the introducing terminal 54 in the hermetical container
1 such that a mounting gap is not substantially generated, and the
stator 11 of the rotational motor is energized through the lead wire
25. This columnar cluster 55 is provided in the upper central portion
of the hermetical container such that a center axis of the cluster
55 substantially coincides with the rotation center axis L of the
rotational motor. An outer diameter of the cluster 55 is smaller than
an inner diameter of the coil end llb on the upper end of the stator

11.
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A discharge pipe 53 is provided on a side surface of an upper
portion of the hermetical container 1 (upper shell 50) for introducing
the working £luid into the refrigeration cycle outside the hermetical
container 1 from the upper space 19 in the hermetical container 1.
The discharge pipe 53 passes through the hermetical container 1 from
a side surface of the upper shell 50. The discharge pipe 53 is formed
at a lower position than a lower surface of the cluster 55. A suction
port 53a of the discharge pipe 53 as an open end into the hermetical
container projects from an inner wall surface of the hermetical
container 1.

A carbon dioxide refrigerant which is a natural refrigerant
is used as the working fluid. In this embodiment, the through holes
12a (see Fig. 8) of the rotor 12 by the same oil-separating plate method
as that of the conventional technique is not provided.

Next, the operation of the compressor having the above-described
structure will be explained. The working fluid is introduced from
the suction pipe 15 into the suction chamber 5 through the flow path
9aprovided in the upper bearing 9. If therotationalmotor isenergized
and the shaft 2 which is integral with the rotor 12 is rotated, the
roller 4 eccentrically rotates, the capacities of the suction chamber
5 and the compression chamber 6 are varied. With this, the working
fluid is drawn and compressed. When a discharge valve (not shown)
of the discharging hole 9b is opened, oil mist which is supplied from
the oil reservoir 16 and which lubricated the compression mechanism
is mixed into the compressed working fluid, and this mixture is
discharged into the lower space 17 of the rotationalmotor. Theworking
fluid in the lower space 17 passes through notches lla formed in the
outer periphery of the stator 11 as gaps between the rotational motor

and the hermetical container 1, and through a gap 18 (air gap) between
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the stator 11 and the rotor 12, and flows into the upper space 19 of
the rotational motor. The working fluid is separated from the
refrigeration oil in the upper space 19, and is discharged from the
discharge pipe 14.

This oil-separating operation will be explained. As described
above, the working fluid including oil mist discharged from the
compression mechanism into the lower space 17 of the rotational motor
passes through the notches lla of the stator 11 and the gap 18 between
the stator 11 and the rotor 12, and moves into the upper space 19 of
the rotational motor. At that time, since the gap 18 is extremely
narrow, the rate of working fluid passing through the notches lla of
the stator 11 becomes extremely large.

The working fluid includin§ the oil mist passing through the
notches lla of the stator 11 flows into the upper space 19 of the
rotational motor along a wall surface of the hermetical container 1
(barrel shell 51 and the upper shell 50) and then, the working fluid
flows downward toward the inner space of the coil end 11b along a side
surface of the cluster 55 disposed in the center of the upper shell
50.

Since the rotor 12 of the rotational motor is rotational at
high speed, a shearing force caused by the upper surface 12b of the
rotor 12 is applied to the downward flow of the working fluid, and
turningflowaround the rotationcenteraxisLof therotorl2isgenerated.
At that time, since the cluster 55 is columnar in shape which is symmetric
with respect to the rotation center axis L, the turning flow around
the cluster 55 is further prone to be generated, and the flow velocity
of the turning flow is uniformly increased. Therefore, the working
fluid and the refrigeration oil are separated by a centrifugal force

caused by a difference in density therebetween, the oil mist moves
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toward the outer peripheral portion of the turning flow, and attaches
to the inner wall surface of the upper shell 50 and becomes oil drop.
The oil drop drops downward and is returned into the oil reservoir
16 formed in the bottom of the hermetical container 1.

The working £luid which flowed to the inner space of the coil
end 11b on the upper end of the stator 11 and which includes the oil
mist turns and flows in the inner space of the coil end 1llb, and the
oil mist is separated £rom the working fluid by the centrifugal force,
the oil mist attaches to the inner peripheral surface of the coil end
11b and becomes oil drop and drops downward, and the oil drop is returned
to the pil reservoir 16 formed in the bottom of the hermetical container
1.

The working fluid from which the oil mist is separated flows
around a region close to the center of the turning f£low which is away
from an inner wall surface of the hermetical container 1. Since the
suction port 53a projects from the inner wall surface of the hermetical
container 1 and the suction port 53a is inserted into this region in
this embodiment, most of refrigeration oil is separated £rom the working
£luid which flowed into the discharge pipe 53 and discharged from the
compressor.

Since the discharge pipe 53 is lower than the lower surface
of the cluster 55, the £low of the working fluid £lowing into the upper
space 19 is shut off by the side surface of the cluster 55, and the
working £luid does not flow into the suction port 53a of the discharge
pipe 53 directly. Further, since the cluster 55 is disposed in the
introducing terminal 54 such that a mounting gap is not generated and
thus, the working fluid which flowed into the upper space 19 does not
pass through the mounting gap between the cluster 55 and the introducing

terminal 54. Therefore, the turning flow is not disturbed.
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The hermetical container 1 is divided into the upper shell 50,
the barrel shell 51 and the lower shell 52. Therefore, the discharge
pipe 53 and the introducing terminal 54 can be bonded to the upper
shell 50 previously, or the compression mechanism and the rotational
motor can be fitted to the barrel shell 51. Therefore, the assembling
operation of the compressor is facilitated. The outer diameter of
the cluster 55 is set smaller than the inner diameter of the coil end
11b. Therefore, there is effect that a space for flowing is increased,
and the turning £low of the inner space of the coil end 11b can easily
be developed into turning flow around the cluster 55.

As described above, in this embodiment, an amount of the
refrigeration oil delivered to the refrigeration cycle out from the
compressor together with the working £luid can be reduced extremely.
Therefore, the refrigeration oil is not attached to an inner wall of
a heat exchanger tube of a heat exchanger, and it is possible to prevent
the heat exchanging efficiency from being deteriorated. An amount
of refrigeration oil in the oil reservoir 16 can always be maintained
constantly, and it is possible toenhance the reliabilityandefficiency
of the compressor.

To prevent the global warming, it is proposed to employ, as
a refrigerant, a carbon dioxide refrigerant which is a natural
refrigerant having lower worming coefficient. If the carbon dioxide
refrigerant is used as the working fluid, a pressure of the compressed
working £fluid becomes extremely high, amixing rate of the refrigeration
oil into the working fluid is increased, and it becomes difficult to
separafe the oil from the working fluid. In this regard, according
to this embodiment, since the turning flow around the columnar cluster
55 is accelerated, it is possible to easily separate the working f£luid

and the oil mist from each other.
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In the tenth embodiment, only the cluster 55 and the discharge
pipe 53 are changed and oil can easily be separated with slight change.
Therefore, there is effect that the compressor can be providedextremely
inexpensively.

In the compressor of the tenth embodiment, the radial gap between
the cluster 55 and the upper shell 50 of the hermetical container 1
is equal to or smaller than the outer diameter of the cluster 55, the
turning flow around the cluster 55 can further be accelerated and thus,
the oil-separating efficiency can be enhanced. For example, if the
outer diameter of the columnar cluster 55 is 28mm and the inner diameter
of the upper shell 50 is about 84mm or less, it is possible to remarkably
reduce the amount of refrigeration oil delivered to the refrigeration
cycle outside the Compressor.

The £low velocity of the turning flow is increased as the inner
diameter of the hermetical container 1 is smaller. Thus, the
oil-separating effect by the turning flow becomes higher. The
oil-separating effect can be enhanced only by forming the cluster 55
into the columnar shape and by allowing the discharge pipe 53 to pass
through the side surface of the upper shell 50. Therefore, the tenth
embodiment can easily be applied to the compressor with the hermetical
container 1 having the outer diameter as extremely small as about 80mm
or less.

The discharge pipe 53 passes through the side surface of the
upper shell 50 in the compressor of the tenth embodiment. If the height
of the upper shell 50 is reduced and the height of the barrel shell
51 is increased, the discharge pipe 53 can pass through the side surface
of the barrel shell 51, and the same effect can be obtained also in
this structure (not shown).

(Eleventh Embodiment)
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A compressor of the eleventh embodiment is the same as the
compressor of the tenth embodiment shown in Figs. 14, 15 and 16. A
vertical sectional view of the compressor of the eleventh embodiment
is the same as that shown in Fig. 14. Fig. 18 is a lateral sectional
view of a compressor according to the eleventh embodiment of the
invention taken along arrows Z-%Z in Fig. 14. The same elements are
designated with the same‘symbols. Explanation of the same structure
and effect as those of the tenth embodiment will be omitted.

The eleventh embodiment is the same as the tenth embodiment
except a discharge pipe 63, an introducing terminal 64, and a hexagonal
columnar cluster 65 mounted on the introducing terminal 64. The
hexagonal columnar cluster 65 is mounted on the introducing terminal
64 disposed in the center of the upper shell 50 such that almost no
mounting gap is generated, and the stator 11 of the rotational motor
is energized through the lead wire 25. The cluster 65 is provided
in an upper central portion in the hermetical container 1 such that
acenter axisof thecluster 65 substantiallycoincideswith therotation
center axis L of the rotational motor. A side surface 65a of the
hexagonal columnar cluster 65 is opposed to the notches lla formed
in the stator 11. An outer diameter of the hexagonal columnar cluster
65 is smaller than an inner diameter of the coil end 11b on the upper
end of the stator 11.

The discharge pipe 63 pass through a side surface of the upper
shell 50 and extends into the hermetical container 1, and the discharge
pipe 63 is located lower than a lower surface of the cluster 65. A
suction port 63a of the discharge pipe 63 as an open end in the hermetical
container projects from an inner wall surface of the hermetical
container 1. A hydrocarbon refrigerant which is a natural refrigerant

is used as the working fluid.
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The oil-separating operation will be explained. The working
fluid including oil mist discharged from the compression mechanism
into the lower space 17 of the rotational motor passes through the
notches 11la of the stator 11 and the gap 18 between the stator 11 and
the rotor 12, and moves into the upper space 19 of the rotational motor.
At that time, since the gap 18 is extremely narrow, the rate of working
fluid passing through the notches lla of the stator 11 becomes extremely
large.

The working fluid including the oil mist passing through the
notches lla of the stator 11 flows into the upper space 19 of the
rotational motor along a wall surface of the hermetical container 1
(barrel shell 51 and the upper shell 50). Thereafter, the side surface
65a of the cluster 65 disposed in the central portion of the upper
shell 50 becomes an obstruction, and a downward £low toward the inner
space of the coil end 11lb along the side surface 65a is generated.
At that time, the side surface 65a of the cluster 65 is opposed to
the flow of the working £luid which flows from the notches lla of the
stator 11 and which includes the oil mist. Since the side surface
65a of the cluster 65 is flat as compared with the tenth embodiment,
especiallythedownwardflowhavingnocomponentintheéircumferential
direction toward the inner space of the coil end 11b is accelerated.
Especially the polygonal side surface becomes an obstruction, and the
effect for dropping the 0il mist downward as the oil drop is enhanced.

Since the rotor 12 of the rotational motor is rotational at
high speed, a shearing force caused by the upper surface 12b of the
rotor 12 is applied to the downward flow of the working fluid, and
turning flow around the rotation center axis Lis generated. At that
time, since the cluster 65 is hexagonal columnar in shape which is

symmetric wither respect to the rotation center axis L, the turning

54



WO 2004/102005 PCT/JP2004/007133

flow around the cluster 65 is further prone to be generated without
being hindered, and the £low velocity of the turning flow is uniformly
increased. Therefore, the working fluid and the refrigeration oil
are separated by a centrifugal force caused by a difference in density
therebetween, the oil mist moves toward the outer peripheral portion
of the turning flow, and attachgs to the inner wall surface of the
upper shell 50 and becomes oil drop. The oil drop drops downward and
is returned into the oil resefvoir 16 formed in the bottom of the
hermetical container 1.

The working £luid which flowed to the inner space of the coil
end 11lb on the upper end of the stator 11 and which includes the oil
mist turns and flows in the inner space of the coil end 11b, and the
0il mist is separated from the working fluid by the centrifugal force,
the oil mist attaches to the inner peripheral surface of the coil end
11b and becomes oil drop and drops downward, and the oil drop is returned
to the 0il reservoir 16 formed in the bottom of the hermetical container
1.

The working £luid from which the oil mist is separated flows
around a region close to the center of the turning flow which is away
from an inner wall surface of the hermetical container 1. Since the
suction port 63a projects from the inner wall surface of the hermetical
container 1 and the suction port 63a is inserted into this region in
this embodiment, most of refrigeration 0il is separated fromthe working
f£luid which flowed into the discharge pipe 63 and discharged from the
compressor.

Since the discharge pipe 63 is lower than the lower surface
of the cluster 65, the f£low of the working £luid flowing into the upper
space 19 is shut off by the side surface of the cluster 65, and the

working £luid does not flow into the suction port 63a of the discharge
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pipe 63 directly. Further, since the cluster 65 is disposed in the
introducing terminal 64 such that a mounting gap is not generated and
thus, the working fluid which flowed into the upper space 19 does not
pass through the mounting gap between the cluster 65 and the introducing
terminal 64. Therefore, the turning flow is not disturbed.

Tn this embodiment, like the tenth embodiment, the hermetical
container 1 is divided into three. Therefore, the discharge pipe 63
and the introducing terminal 64 can be' bonded to the upper shell 50
previously, or the compression mechanism and the rotational motor can
be fitted to the barrel shell 51. Therefore, the assembling operation
of the éompressdr is facilitated. The outer diameter of the cluster
65 is set smaller than the inner diameter of thecoilend1llb. Therefore,
there is effect that the inner space of the coil end 11b is increased,
and the turning flow of the inner space can easily be developed into
turning f£low around the cluster 65.

As described above, in this embodiment, an amount of the
refrigeration oil delivered to the refrigeration cycle out from the
compressor together with the working f£luid can be reduced extremely.
Therefore, the refrigeration oil is not attached to an inner wall of
a heat exchanger tube of a heat exchanger, and it is possible to prevent
the heat exchanging efficiency from being deteriorated. An amount
of refrigeration oil in the 0il reservoir 16 can always be maintained
constantly, and it is possible toenhance the reliabilityandefficiency
of the compressor.

To prevent the global warming, it is proposed to employ, as
arefrigerant, ahydrocarbon refrigerant which is anatural refrigerant
having lower worming coefficient. I£ the hydrocarbon refrigerant is
used as the working fluid, it is necessary to take the combustible

nature of the refrigerant into consideration and to reduce the amount
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of refrigerant to be charged into the refrigeration cycle for enhancing
the safety, and it is required to reduce the compressor in size.
According to this embodiment, the oil-separating efficiency can be
enhanced only by forming the cluster 65 into the hexagonal columnar
shape and by allowing the discharge pipe 63 to pass through the side
surface of the upper shell 50. This embodiment can easily be applied
to the compressor with the hermetical container 1 having the outer
diameter as extremely small as about 80mm or less. Thus, according
to this embodiment, even if the compressor is small in size using
combustible hydrocarbon refrigerant, it is possible to easily reduce
the amount of o0il to be discharged.

The amount of oil can easily be reduced only by slightly changing
the cluster 65 and the discharge pipe 63 and thus, it is possible to
provide an extremely inexpensive compressor.

Although the cluster 65 has the regular hexagonal columnar shape
intheeleventhembodiment, any shapes (not shown) other than the regular
hexagonal columnar can also be employed, and the same effect can be
obtained only if the cluster is symmetric with respect to the center
axis of the cluster, and the center axis of the cluster substantially
coincides with the rotation center axis L of the rotationalmotor (i.e.,

rotor 12).

Industrial Applicability
The compressor of this invention is used for a refrigeration
cycle such as a refrigerator-freezer or an air conditioner. Carbon

dioxide is preferably used as the working fluid.
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CLAIMS

1. A compressor comprising:

a container;

a compression mechanism disposed in a lower portion of said
container;

arotational motor disposed in an upper portion of said container,
said rotational motor having a stator and a rotor;

a coil end ﬁrovided on each of upper and lower ends of said stator;

‘a discharge pipe provided on an upper end of said container;

an oil reservoir provided in a lower portion of said container;
and

a gap provided between said rotational motor and said container,
said gap being operable to introduce working £1luid, which is compressed
by said compression mechanism, into an upper space of said container;

wherein the working fluid is discharged from said container
through said discharge pipe; and

wherein said discharge pipe has an open end in said container,
the open end being located inside said coil end provided on the upper
end of said stator.

2. The compressor according to claim 1, wherein said
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discharge pipe has a curved portion in said container.

3. The compressor according to claim 2, wherein said
discharge pipe is provided on a side surface of said container.

4. The compressor according to claim 1, wherein the open
end of said discharge pipe in said container is disposed to face
downstream of a rotational direction of said rotor.

5. Thg compressor according to claim 1, wherein the open
end of said discharge pipe in\said.container is locéted in a vicinity
of a rotation center axis of said rotor.

6. The compressor according to claim 1, wherein an inner
diameter of the open end of said discharge pipe located inside said
containeris1argerthaﬁaninnerdiameterofsaiddischargepipelocated
outside of said container.

7. A compressor comprising:

a container;

a compression mechanism disposed in a lower portion of said
container;

arotational motor disposed in an upper portion of said container,

said rotational motor having a stator and a rotor;
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a coil end provided on each of upper and lower ends of said stator;

a discharge pipe provided on an upper end of said container;

an oil reservoir provided in a lower portion of said container;
and

a gap provided between said rotational motor and said container,
said gap being operable to introduce working flgid , which is compressed
by said compression mechanism, into an upper space of said container;
and

a substantially cylindrical dividingmember provided in the upper
space of said container and being operable to divide the upper space
into an inner space and an outer space;

wherein said discharge pipe has an open end in said container,
the open end being located inside said substantially cylindrical
dividing member; and

wherein the working fluid is discharged from said container
through said discharge pipe.

8. The compressor according to claim 7, wherein a gap is
providedbetween anupper end of saiddividingmember and said container.

9. The compressor according toclaim 7, whereinsaiddividing
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member is provided with a communication hole between the inner space
and the outer space.

lo0. The compressor accordingtoclaim 7, wherein saiddividing
member is provided inside said coil end provided on the upper end of
said stator.

11. The compressor accordingtoclaim 7, whereinsaiddividing
member is provided outside saié coil end provided on the upper end
of said stator.

12. The compressor according to claim 7, wherein an inner
diameter of an upper portion of said dividing member is smaller than
an inner diameter of a lower portion of said dividing member.

13. The compressor according to claim 1, wherein an upper
portion of said container is domical in shape.

14. A compressor comprising:

a container;

a compression mechanism disposed in a lower portion of said
container;

arotational motor disposed in an upper portion of said container,

said rotational motor having a stator and a rotor;
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a coil end provided on each of upper and lower ends of said stator;

a discharge pipe provided on an upper end of said container;

an oil reservoir provided in a lower portion of said container;

a gap provided between said rotational motor and said container,
said gap being operable to introduce working £1luid, which is compressed
by said compression mechanism, into an upper space of said container;

an introdugtion terminal provided in said container and being
operable to supply electricity to said rotational motor; and

a cluster provided in said container and being adapted to connect
a lead wire from said rotational motor to said introduction terminal;

wherein said cluster is symmetric with respect to an axis thereof,
the axis of said cluster being substantially coincident with a rotation
central axis of said rotational motor; and

wherein the working fluid is discharged from said container
through said discharge pipe.

15. The compressor according to claim 1, further comprising:

an introduction terminal provided in said container and being

operable to supply electricity to said rotational motor; and

a cluster adapted to connect a lead wire from said rotational
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motor to said introduction terminal, wherein said cluster is symmetric
with respect to a center axis thereof, the center axis being
substantially coincident with arotation center axis of said rotational
motor.

16. The compressor accordingtoclaiml4, wherein saidcluster
is columnar in shape.

17. The compressor according toclaiml14, wherein said cluster
is polygonal columnar in shape.

18. The compressor according to claim 14, wherein an outer
diameter of said cluster is smaller than aﬁ inner diameter of said
coil end.

19. The compressor according to claim 1, wherein carbon
dioxide is used as thé Qorking fluid.

20. The compressor according toclaim 7, wherein an upper portion

of
said container is domical in shape.

21. The compressor according to claim 7, further comprising:

an introduction terminal provided in said container and being

operable to supply electricity to said rotational motor; and
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a cluster adapted to connect a lead wire from said rotational

motor to said introduction terminal, wherein said cluster is symmetric

with respect to a center axis thereof, the center axis being

substantially coincident with arotation center axis of said rotational

motor.

22, The compressor according to claim 7, wherein carbon dioxide

is

used as the working fluid.

23. The compressor according to claim 14, wherein carbon dioxide

is

used as the working fluid.
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