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(54) SCROLL COMPRESSOR

(57) A scroll compressor has a scroll unit (30) that
includes a fixed scroll (32) having a single discharge hole
(50), and an orbital scroll (52) which makes an orbital
movement with respect to the fixed scroll (32), those
scrolls (32, 52) cooperate with each other to form two
transient compression chambers (70, 72) into which a
working fluid is sucked, and then form the transient com-
pression chambers (70, 72) into a final compression
chamber (74) at a center portion of the scroll unit (30),
and the transient compression chambers have a volume
ratio of 0.5 or greater, which expresses the ratio of a
volume of the transient compression chambers (70, 72)
immediately before formation of the final compression
chamber (74) to a suction volume of the transient com-
pression chambers (70, 72) at a time of sucking the work-
ing fluid.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a scroll com-
pressor, and, more particularly, to a scroll compressor
suitable for compression of a working fluid with a high
working pressure.

BACKGROUND ART

[0002] This kind of scroll compressor has a scroll unit
which carries out a series of processes from suction of
a working fluid to discharge thereof through compression
thereof. In detail, the scroll unitincludes a fixed scroll and
an orbital scroll, which respectively have spiral laps to be
engaged with each other, and end plates supporting the
spiral laps. The orbital scroll makes a revolution move-
ment about the axial of the fixed scroll without rotating,
i.e., makes an orbital movement. This increases the
space defined between the fixed and orbital scrolls or the
volume of the compression chamber, thereby allowing
the series of processes to be carried out.

[0003] When the operational speed of the compressor
is varied, the suction pressure and the discharge pres-
sure of the working fluid both change, and this pressure
change may cause excessive compression of the work-
ing fluid. There is known a scroll unit which prevents such
excessive compression of a working fluid (refer to Patent
Document 1, for example). In this scroll unit, a plurality
of communication passages as well as a discharge hole
to discharge the compressed working fluid to a discharge
chamber are formed in the end plate of the fixed scroll.
Specifically, the discharge hole is positioned nearly at
the center portion of the end plate to allow the compres-
sion chamber and the discharge chamber to communi-
cate with each other at the end stage of compression of
the working fluid, while a plurality of the communication
passages are positioned near the discharge hole to allow
the compression chamber and the discharge chamber
to communicate with each other via a valve during com-
pression of the working fluid.

Patent documents 1: Japanese Patent No. 3635826

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0004] By the way, recently, development of the refrig-
eration cycle which has taken into consideration global
environment has progressed. The refrigeration cycle us-
es a working fluid which has a small global warming po-
tential. As an example of this kind of working fluid, there
is natural CO, (carbonic acid) gas. During the operation
of arefrigeration cycle, the operation pressure of the CO,
gas varies according to the outside air condition or the
like. Therefore, the CO, gas may be excessively com-
pressed, and such excessive compression lowers the
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performance of the refrigeration cycle.

[0005] Itis supposed that the use of the technique of
the Patent Document 1 overcomes the excessive com-
pression of the CO, gas. However, the communication
passages and valve of the Patent Document 1 not only
complicates the configuration of the scroll unit but also
increases the manufacturing cost thereof. Because the
compression ratio of the CO, gas changes considerably,
it is necessary to use the discharge valve that can cope
with the change, and this requirement also becomes a
big factor to increase the manufacturing cost of the scroll
unit.

[0006] Itis an object of the present invention to provide
a scroll compressor that can surely prevent excessive
compression of a working fluid by employing a simple
configuration which does not increase the manufacturing
cost.

Means for Solving the Problems

[0007] To achieve the object, a scroll compressor hav-
ing a scroll unit which carries out a series of processes
from suction of a working fluid to discharge thereof
through compression thereof, the scroll unit including a
fixed scroll having a single discharge hole, and an orbital
scroll that makes an orbital movement with respect to the
fixed scroll and forms two transient compression cham-
bers into which the working fluid is sucked, in cooperation
with the fixed scroll, and then forms the transient com-
pression chambers into a final compression chamber at
a center portion of the scroll unit, wherein the transient
compression chambers have a volume ratio of 0.5 or
greater, which expresses a ratio of a volume of the tran-
sient compression chambers immediately before forma-
tion of the final compression chamber to a suction volume
of the transient compression chambers at a time of suck-
ing the working fluid.

[0008] According to the scroll compressor, the volume
ratio of the two transient compression chambers formed
in the scroll unit is kept at 0.5 or greater until the final
compression chamber is formed. Even in the case where
the scroll unit compresses a working fluid with a high
working pressure, therefore, the compression ratio of the
working fluid is suppressed smaller, thus preventing ex-
cessive compression of the working fluid.

[0009] Since the scroll unit merely has a single dis-
charge hole, it is unnecessary to adopt the technique of
the Patent Document 1 or processing a plurality of com-
munication passages with respect to the fixed scroll, and
avalve which opens or closes each of the communication
passages. As a result, the configuration of the scroll unit
becomes simpler and the manufacturing cost becomes
lower.

[0010] The fixed scroll according to the present inven-
tion can include a fixed end plate having the discharge
hole formed therein, a fixed spiral lap projecting from the
fixed end plate toward the orbital scroll, and a volume
ratio determining portion formed as an inner peripheral
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end of the fixed spiral lap and positioned near the dis-
charge hole.

[0011] Specifically, the volume ratio determining por-
tion fills in space near the discharge hole, and has an
outer shape partially surrounding an opening edge of the
discharge hole. The volume ratio determining portion
preferably has an inner wall adjoining the discharge hole,
and an outer wall which connects the inner wall to the
outer wall of the fixed spiral lap, and has an arc shape
projecting outward as viewed in a radial direction of the
fixed spiral lap.

[0012] According to the fixed scroll, the volume ratio
determining portion can easily be obtained by merely
modifying the profile of an existing fixed spiral lap. This
can make the manufacturing cost of the scroll compres-
sor while keeping the performance thereof.

[0013] Further, itis preferable that the volume ratio de-
termining portion have a cavity in which case the weight
reduction of the scroll compressor can be achieved.
[0014] The orhital scroll includes an orbital end plate
facing the fixed end plate, and an orbital spiral lap pro-
jecting from the orbital end plate toward the fixed scroll
and being engaged with the fixed spiral lap, wherein dur-
ing the orbital movement of the orbital scroll, the orbital
spiral lap has an inner peripheral end which periodically
contacts the volume ratio determining portion. Such an
orbital spiral lap can also be easily obtained by merely
modifying the profile of an existing orbital spiral lap.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

Fig. 1 illustrates a longitudinal cross-sectional view
of a scroll compressor according to one embodiment
of the present invention.

Fig. 2 illustrates a front view of a fixed scroll in Fig. 1.
Fig. 3 is a graph showing the relationship between
the pressure in a compression chamber and the vol-
ume ratio when the scroll unit in Fig. 1 is used to
compress a CO, refrigerant.

Fig. 4isadiagramillustrating a compression process
by the scroll unit in Fig. 1.

Fig. 5 illustrates a cross-sectional view of a fixed
scroll according to another embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0016] A compressor 1 in Fig. 1 is inserted into a cir-
culation path for circulating a working fluid in an air con-
ditioner or a heat pump type water heater, etc., and uses,
for example, a CO, refrigerant (hereinafter called "refrig-
erant") as the working fluid. The compressor 1 carries
out suction of the refrigerant from a circulation path, com-
pression of the sucked refrigerant, and discharge of the
compressed refrigerant to the circulation path, thereby
letting the refrigerant circulate in the circulation path.

[0017] More specifically, the compressor 1 has a hous-
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ing 2. The housing 2 includes a cylindrical body portion
4 extending in the up and down direction, and an upper
lid 6 and a lower lid 8 which respectively closes the upper
end and lower end of the body portion 4 airtightly, defining
an airtight chamber inside. The lower portion of the hous-
ing 2 is formed as an oil chamber 9 for storing a lubricant.
[0018] An electric motor 10 is accommodated in the
body portion 4, and has a hollow drive shaft 12 at the
center thereof. When power is supplied to the motor 10,
the drive shaft 12 is rotated in one direction. The upper
end portion of the drive shaft 12 is rotatably supported
by an upper frame 14 via a bearing 16, and the upper
frame 14 is fixed to the body portion 4.

[0019] The lower end portion of the drive shaft 12 is
rotatably supported by a lower frame 18 via a bearing
20, and the lower frame 18 is also fixed to the body portion
4. An oil pump 22 is attached to the lower end of the drive
shaft 12, and is driven by the rotation of the drive shaft
12. When the oil pump 22 is driven, the oil pump 22 sucks
a lubricating oil in the oil chamber 9, and discharges the
sucked lubricating oil into the drive shaft 12 or an oil pas-
sage 24 defined in the drive shaft 12. The oil passage 24
extends in the axial direction of the drive shaft 12, so that
the lubricating oil discharged into the oil passage 24 is
fed through the oil passage 24 toward the upper end of
the drive shaft 12, and is then supplied to each sliding
portion of the motor 10 and a scroll unit to be described
later from the upper end of the drive shaft 12.

[0020] The scroll unit 30 is arranged in the body portion
4, and positioned above the motor 10. The scroll unit 30
carries out a series of processes from suction of the re-
frigerant and discharge thereof through compression
thereof.

[0021] More specifically, the scroll unit 30 includes an
orbital scroll 52 and a fixed scroll 32. The orbital scroll
52 has an end plate 54 and a spiral lap 56 formed integral
with the end plate 54 and projecting toward an end plate
34 of the fixed scroll 32 from the end plate 54. The fixed
scroll 32 has the end plate 34 and a spiral lap 36 formed
integral with the end plate 34 and projecting toward the
end plate 54 of the orbital scroll 52. The spiral laps 34,
56 have spiral shapes to engage with each other, and
the spiral shapes are defined substantially by the invo-
lution.

[0022] When the orbital scroll 52 makes a revolution
movement or an orbital movement with respect to the
fixed scroll 32 without rotating, the spiral laps 36, 56 co-
operate to form a plurality of compression chambers.
More specifically, a compression chamber is formed at
the outer peripheries of the spiral laps 36, 56 by the rev-
olution movement of the orbital scroll 52, and the volumes
of the formed compression chamber decreases as it
moves toward the centers of the spiral laps 36, 56.
[0023] To permitthe orbital scroll 52 to make the afore-
mentioned orbital movement, a boss 66 is formed at the
bottom side of the end plate 54. The boss 66 is rotatably
supported by an eccentric shaft 26 via a bearing 28, the
eccentric shaft 26 projecting integrally from the upper
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end of the drive shaft 12. The rotation of the orbital scroll
52 is inhibited by a plurality of pins 68 which protrude
toward the upper frame 14 from the end plate 54 and are
positioned in holes of the upper frame 14. The orbital
radius of the pins 68 is determined by the holes.

[0024] The fixed scroll 32 is fixed to the upper frame
14, and a discharge chamber 80 is defined in the housing
2 between the end plate 34 of fixed scroll 32 and the
upper lid 6. As shown in Fig. 2, the end plate 34 has a
single discharge hole 50 which is positioned slightly ec-
centric from the center of the end plate 34, and penetrates
the end plate 34.

[0025] As shown in Fig. 1, a discharge valve 82 is at-
tached to the end plate 34, and opens and closes a dis-
charge hole 82. A suction pipe 84 is connected to the
body portion 4 to guide the refrigerant into the body por-
tion 4.

[0026] Given that the suction volume of the CO, refrig-
erant in the scroll unit 30 is expressed by Vc and the
volume of the compression chamber in relation to the
suction volume Vc at the time of discharging the com-
pressed refrigerant from the scroll unit 30 is expressed
by V, the ratio of the volume V to the suction volume Vc
or the volume ratio V/Vc is set to 0.5 or greater.

[0027] This setting of the volume ratio V/Vc is optimal
when a compressor for a heat pump type water heater,
which is recently commercialized, is used to compress a
CO,, refrigerant. Specifically, in the case of the scroll unit
30 of this embodiment, as shown in Fig. 3, when the
compressed refrigerant is discharged from the scroll unit
30, the volume ratio V/Vc=0.5 or smaller is achieved.
[0028] The volume ratio V/Vc=0.5 or greater corre-
spondstothe compressionratio of the refrigerant of about
2.0 or smaller.

[0029] To achieve the volume ratio, the scroll unit 30
of the embodiment has an improved scroll profile. More
specifically, the inner peripheral ends of the orbital side
and fixed side spiral laps of a normal scroll unit cyclically
approach at the center portion of the end plate of the
fixed scroll, and the cycle is set to about 21t (T=180°) in
terms of the orbital angle of the orbital scroll or the crank
angle of the eccentric shaft 26 described above.

[0030] However, while the scroll unit 30 of the embod-
iment has a volume ratio setting portion at the inner pe-
ripheral end of the spiral lap 36 to discharge the com-
pressed refrigerant from the scroll unit 30 at the crank
angle which determines the volume ratio V/Vc to 0.5 or
greater, the position of the inner peripheral end of the
spirallap 56, i.e., the involute starting position of the spiral
lap 56 is determined.

[0031] Specifically, as shownin Fig. 2, the volume ratio
setting portion of the spiral lap 36 is formed as a space
filling potion 38 which increases the volume of the inner
peripheral end of the spiral lap 36, and the space filling
portion 38 fills the space at approximately the center por-
tion of the end plate 34. The space filling portion 38, like
the spiral lap 36, projects toward the orbital scroll 52 from
the end plate 34.
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[0032] In more detail, the outer shape of the space
filling portion 38 is made by an inner wall 40 facing the
discharge hole 50 side and an outer wall 42 with an arc
shape projecting outward in the radial direction of the
spiral lap 36. The inner wall 40 extends toward the dis-
charge hole 50 from the inner peripheral surface of the
spiral lap 36, then surrounds about a half of the opening
edge of the discharge hole 50 (right-hand side of the
opening edge of the discharge hole 50 in Fig. 2), and
then extends toward the outer wall 42 from the discharge
hole 50 to be connected to the terminal end of the outer
wall 42.

[0033] The inner peripheral end of the spiral lap 56 is
formed as aretreatend 58 retreating in the spiral direction
of the spiral lap 56 to avoid interference with the space
filling portion 38. During the orbital movement of the or-
bital scroll 52, as apparent from Fig. 4, the retreat end
58 turns to come close and away from the inner wall 40
of the space filling portion 38 positioned above the dis-
charge hole 50 shown in Fig. 4. At the end stage of the
refrigerant compression process, therefore, the spiral lap
56 and the space filling portion 38 of the spiral lap 36
cooperate to form a final compression chamber 74 which
achieves the compression ratio of the refrigerant corre-
sponding to the volume ratio V/Vc.

[0034] According to the compressor 1, when the drive
shaft 12 is driven, the orbital scroll 52 makes an orbital
movement with respect to the fixed scroll 32 without ro-
tating. Such an orbital movement of the orbital scroll 52
allows the refrigerant in the body portion 4 to be sucked
into the scroll unit 30 from the outer surface of the scroll
unit 30, after which the scroll unit 30 initiates the com-
pression process of the sucked refrigerant.

[0035] As shown in Fig. 4, when the orbital scroll 52 is
at the position of, for example 0° in terms of the rotational
angle of the orbital scroll 52 or the crank angle, the retreat
end 58 of the spiral lap 56 contacts the inner wall 40 of
the space filling portion 38, forming two compression
chambers 70, 72 sandwiching the spiral lap 56. More
specifically, the compression chamber 70 is positioned
outside the spiral lap 56, while the compression chamber
72 is positioned inside the spiral lap 56. Those compres-
sion chambers 70, 72 are completely separated by the
retreat end 58 of the spiral lap 56. With regard to the
volumes of the compression chambers 70, 72, their vol-
ume ratios V/Vc both exceed 0.5.

[0036] The compression chambers 70, 72 appears re-
spectively at two refrigerant intake positions spaced apart
from each other in the diametric direction of the scroll
unit 30, and are moved to positions at the crank angle of
0°.

[0037] When the crank angle of the orbital scroll 52
reaches the position of 90°, the retreat end 58 of the spiral
lap 56 comes nearest to the discharge hole 50. Further,
when the crank angle of the orbital scroll 52 reaches the
position of 180°, the retreat end 58 moves away from the
inner wall 40 of the space filling portion 38, and the com-
pression chambers 70, 72 communicate with each other
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to form one compression chamber 74. As a result, the
refrigerants in the compression chambers 70, 72 are col-
lected into the compression chamber 74.

[0038] Thereafter, as the retreat end 58 of the spiral
lap 56 approaches the inner wall 40 of the space filling
portion 38 again, the volume of the compression chamber
74 is reduced. In the process where the crank angle of
the orbital scroll 52 moves to the position of 270° from
the position of 180°, the volume of the compression
chamber 74 is reduced to arange of 0.5 times the suction
volume Vc or less (see Fig. 3). When the pressure of the
compressed refrigerant in the compression chamber 74
overcomes the cut-off pressure of the discharge valve
82, the discharge valve 82 is opened. At this time, the
compressed refrigerant in the compression chamber 74
is discharged into the discharge chamber 80 via the dis-
charge valve 82. As a result, the discharge pressure of
the refrigerant equivalent to the compression ratio of
about 2.0 or greater is generated.

[0039] Thecompressedrefrigerantdischargedintothe
discharge chamber 80 circulates in the housing 2, and
is then fed out through a discharge pipe 86. The dis-
charge pipe 86 is attached to the upper lid 6 to be con-
nected to the discharge chamber 80. That is, in case of
the embodiment, the discharge chamber 80 is not defined
in the housing 2, and communicates with the inside of
the body portion 4 accommodating the motor 10.
[0040] As apparent from the foregoing description, ac-
cording to the scroll unit 30 of the embodiment, the vol-
ume ratios of the volumes of the compression chambers
70, 72 immediately before the single compression cham-
ber 74 is finally formed from the two compression cham-
bers 70, 72 are set to 0.5 or greater. Therefore, even
when the scroll unit 30 is operated in either the summer
season where the compression efficiency of the refriger-
ant becomes lower or the winter season where the com-
pression efficiency of the refrigerant is high due to a
change in the density of the refrigerant, the discharge
pressure of the refrigerant from the discharge hole of the
scroll unit does not rise excessively, preventing exces-
sive compression of the refrigerant.

[0041] Since the scroll unit 30 needs only the single
discharge hole 50, it is unnecessary to apply the tech-
nigue of the Patent Document 1 to the scroll unit 30. This
eliminates the need for either the processing of a plurality
of communicating passages to the fixed scroll or valves
which open and close the communicating passages. As
a result, the structure of the scroll unit 30 becomes sim-
pler, the operational reliability thereof can be kept high,
and further, the manufacturing cost of the scroll unit 30
becomes lower.

[0042] Further, the elimination of the need for commu-
nicating holes can make the discharge hole 50 larger.
The increased diameter of the discharge hole 50 reduces
the pressure loss in the discharge hole 50, which signif-
icantly contributes to reduction of the power needed by
the scroll unit 30.

[0043] The condition of determining the volume ratio
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V/Vc to 0.5 or greater is achieved merely by forming the
space filling portion 38 at the inner peripheral end of the
spiral lap 36 of the fixed scroll 32 and forming the retreat
end 58 at the inner peripheral end of the spiral lap 56 of
the orbital scroll 52. Therefore, excessive compression
of the refrigerant is prevented merely by modifying the
profiles of the existing spiral laps 36, 56. As a result,
reduction in the manufacturing cost of the scroll unit 30
can be achieved surely while maintaining the perform-
ance of the unit 30.

[0044] The present invention is not limited to the fore-
going embodiment, and can be modified in various forms
without departing from the scope of the invention.
[0045] For example, the space filling portion 38 is not
limited to be solid, but may have a cavity 43 at the center
as shown in Fig. 5. In this case, the weight of the fixed
scroll 32 can be reduced.

[0046] Further, the starting angles of the spiral laps 36,
56 can be delayed by about 10° to about 45° in terms of
the crank angle. In this case, forming the inner peripheral
ends of the spiral laps 36, 56 as retreat ends can achieve
the aforementioned condition of the volume ratio V/Vc.
In addition, the present invention is applicable to an
asymmetrical type of scroll unit which forms compression
chambers 70, 72 with different shapes as well as a sym-
metrical type of scroll unit which forms compression
chambers 70, 72 with similar shapes.

Claims

1. A scroll compressor comprising a scroll unit which
carries out a series of processes from suction of a
working fluid to discharge thereof through compres-
sion thereof, said scroll unit including:

afixed scroll having a single discharge hole; and
an orbital scroll for making an orbital movement
with respect to said fixed scroll and forming two
transient compression chambers into which the
working fluid is sucked, in cooperation with said
fixed scroll, and then forming the transient com-
pression chambers into a final compression
chamber at a center portion of said scroll unit,

wherein the transient compression chambers have
a volume ratio of 0.5 or greater, which expresses a
ratio of a volume of the transient compression cham-
bers immediately before formation of the final com-
pression chamber to a suction volume of the tran-
sient compression chambers at a time of sucking the
working fluid.

2. The scroll compressor according to claim 1, wherein
said fixed scroll includes:

a fixed end plate having the discharge hole
formed therein;
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a fixed spiral lap projecting from the fixed end
plate toward said orbital scroll; and
a volume ratio determining portion formed as an
inner peripheral end of the fixed spiral lap and
positioned near the discharge hole.

The scroll compressor according to claim 2, wherein
the volume ratio determining portion fills in space
near the discharge hole.

The scroll compressor according to claim 2, wherein
the volume ratio determining portion has an outer
shape partially surrounding an opening edge of the
discharge hole.

The scroll compressor according to claim 2, wherein
the volume ratio determining portion has:

an inner wall adjoining the discharge hole; and
an outer wall which connects the inner wall to
the outer wall of the fixed spiral lap, and has an
arc shape projecting outward as viewed in a ra-
dial direction of the fixed spiral lap.

The scroll compressor according to claim 2, wherein
the volume ratio determining portion has a cavity
therein.

The scroll compressor according to claim 2, wherein
said orbital scroll includes:

an orbital end plate facing the fixed end plate;
and

an orbital spiral lap projecting from the orbital
end plate toward said fixed scroll, and being en-
gaged with the fixed spiral lap,

wherein during the orbital movement of said orbital
scroll, the orbital spiral lap has an inner peripheral
end which periodically contacts the volume ratio de-
termining portion.
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