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(54) SCROLL FLUID MACHINE

(57) The present invention is to provide a scroll fluid
machine capable of reliably introducing an intermedi-
ate-pressure refrigerant during a compression process
and improving the efficiency of a compressor. A scroll
compressor (1) includes a fixed scroll (18) and an orbiting
scroll (19); after sealing of a compression chamber (20)
is started, a first region is set in which a volume change
of the compression chamber (20) is gradual or substan-
tially constant; a wall body (18b) and a wall body (19b)
include a first wall-body inclined part in which heights of
the wall bodies (18b) and (19b) continuously increase
from an outer peripheral side to an inner peripheral side
in a spiral direction; an end plate (18a) and an end plate
(19a) include a first end-plate inclined part in which a
tooth bottom opposite to a tooth tip of the first wall-body
inclined part is inclined according to an inclination of the
first wall-body inclined part; and at least a part of the first
region is set by positions and shapes of the first wall-body
inclined part and the first end-plate inclined part.
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Description

[Technical Field]

[0001] The present invention relates to a scroll fluid
machine.

[Background Art]

[0002] In general, a scroll fluid machine is known, in
which a fixed scroll member and an orbiting scroll mem-
ber each having a spiral wall body provided on an end
plate are meshed with each other and an orbiting and
revolving motion is performed to compress or expand a
fluid. A scroll compressor in the scroll fluid machine is an
apparatus that compresses a refrigerant circulating in a
refrigeration cycle applied to an air conditioner, for ex-
ample.
[0003] As a refrigeration cycle, a two-stage compres-
sion refrigeration cycle may be used in which a refrigerant
is compressed in two stages to improve performance of
a heat pump and improve the coefficient of performance
(COP). In the two-stage compression refrigeration cycle,
an economizer (gas-liquid separator) is provided be-
tween two expansion valves to introduce a refrigerant
that has an intermediate-pressure from the economizer
in the middle of a compression process. Such a refriger-
ation cycle is also referred to as a gas injection cycle or
an economizer cycle.

[Citation List]

[Patent Literature]

[0004] [PTL 1] Japanese Unexamined Patent Applica-
tion, Publication No. 2006-312898

[Summary of Invention]

[Technical Problem]

[0005] In order to realize the above-described two-
stage compression refrigeration cycle, one of the follow-
ing three types is required as a structure of the compres-
sor. (1) In a two-stage compressor in which a high-stage
compression portion and a low-stage compression por-
tion are housed in a single compressor, an intermediate-
pressure refrigerant is introduced between a discharge
side of the low-stage compression portion and a suction
side of the high-stage compression portion. (2) Two sin-
gle-stage compressors with only one compression por-
tion are connected in series, and an intermediate-pres-
sure refrigerant is introduced between a discharge side
of the low-stage compressor and a suction side of the
high-stage compressor. (3) In a single-stage compressor
with only one compression portion, an intermediate-pres-
sure refrigerant is introduced in the middle of a compres-
sion process of the compression portion.

[0006] In the case of (1) described above, since the
two-stage compressor, which houses the high-stage
compression portion and the low-stage compression por-
tion therein, is required, the structure of the single com-
pressor becomes complicated. In the case of (2) de-
scribed above, since two compressors are required, a
system constituting the refrigeration cycle becomes com-
plicated and the size of the system becomes large. In the
case of (3) described above, the volume of the compres-
sion chamber decreases and the compression of the re-
frigerant proceeds even when the intermediate-pressure
refrigerant is being introduced in the compression por-
tion. Therefore, the pressure of the refrigerant in the com-
pression chamber increases, and the difference from the
pressure of the refrigerant before introduction decreases,
so that a sufficient amount of refrigerant may not be in-
troduced. In this case, it is not possible to sufficiently
improve performance of the heat pump and improve the
COP.
[0007] In PTL 1 described above, a wall-body stepped
part is formed at an upper edge of a wall body of a scroll
compressor, and, on the wall body, a higher part is formed
to have a higher height from the wall-body stepped part
toward a center in a spiral direction and a lower part is
formed to have a lower height toward an outer peripheral
end. An end-plate stepped part is formed on one side
surface of an end plate on which the wall body is erected,
and, on the one side surface, a low surface part is formed
to have a lower surface from the end-plate stepped part
toward a center in the spiral direction and a high surface
part is formed to have a high surface toward the outer
peripheral end. The end-plate stepped part is formed at
a position opposite to the wall-body stepped part. A fluid
supply portion (injection port) is provided in a region of
the low surface part in the vicinity of the end-plate stepped
part to supply a fluid having a pressure higher than a fluid
pressure in a compression chamber into the compression
chamber.
[0008] In the configuration of PTL 1, when the com-
pression chamber moving toward the center in the spiral
direction passes through the wall-body stepped part and
the end-plate stepped part, a volume of the compression
chamber is gradually reduced, or the volume is in-
creased. The fluid supply portion is provided in a region
of the low surface part in the vicinity of the end-plate
stepped part.
[0009] In PTL 1, an interval from a time when the seal-
ing of the compression chamber is started by the orbit of
an orbiting scroll member (when the suction is closed) to
a section set as a section where the volume of the com-
pression chamber is gradually reduced or the volume is
increased is short. For this reason, when the refrigerant
is introduced into the compression chamber, the pres-
sure in the compression chamber quickly increases to
an intermediate pressure (injection pressure), so that a
compression period with the pressure after introduction
becomes long and useless compression power is gen-
erated.
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[0010] With the wall-body stepped part and the end-
plate stepped part as boundaries, the lower part and the
higher part are switched or the high surface part and the
low surface part are switched from the outer peripheral
end side in the spiral direction toward the center, so that
the change in volume is adjusted only by the height and
position of the step. Therefore, it is difficult to provide a
section where the volume is substantially constant, and
the degree of freedom is low during setting of an orbiting
angle range of the section where the volume is substan-
tially constant.
[0011] The present invention has been made in view
of such circumstances, and an object thereof is to provide
a scroll fluid machine capable of reliably introducing an
intermediate-pressure refrigerant during a compression
process or an expansion process.

[Solution to Problem]

[0012] In order to solve the above-described problems,
a scroll fluid machine of the present invention employs
the following solutions.
[0013] A scroll compressor according to an aspect of
the present invention includes: a first scroll member in
which a first wall body having a spiral shape is provided
on a first end plate; and a second scroll member in which
a second wall body having a spiral shape is provided on
a second end plate disposed so as to face the first end
plate, the second scroll member being configured to per-
form a relative orbiting and revolving motion such that
the second wall body is meshed with the first wall body
to form a sealed space, wherein after sealing of the
sealed space is started, a first region is set in which a
volume change of the sealed space is gradual or sub-
stantially constant, at least one of the first end plate and
the second end plate includes a first wall-body inclined
part in which a height of the wall body continuously in-
creases from an outer peripheral side to an inner periph-
eral side in a spiral direction, at least one of the first wall
body and the second wall body includes a first end-plate
inclined part in which a tooth bottom opposite to a tooth
tip of the first wall-body inclined part is inclined according
to an inclination of the first wall-body inclined part, and
at least a part of the first region is set by positions and
shapes of the first wall-body inclined part and the first
end-plate inclined part.
[0014] With such a configuration, the first scroll mem-
ber and the second scroll member relatively perform an
orbiting and revolving motion, and the second wall body
is meshed with the first wall body to form the sealed
space. Then, after the sealing of the sealed space is start-
ed by the orbiting and revolving motion, the first region
is set in which the volume change of the sealed space is
gradual or substantially constant.
[0015] The height of the wall body in the first wall-body
inclined part continuously increases from the outer pe-
ripheral side to the inner peripheral side in the spiral di-
rection, and the tooth bottom of the first end-plate inclined

part opposite to the tooth tip of the first wall-body inclined
part is inclined according to the inclination of the first wall-
body inclined part. Thus, the width of the sealed space
decreases according to the spiral shape of the wall body
during the orbiting and revolving motion, and the height
of the sealed space, that is, the distance between the
opposing surfaces of the end plates increases. Accord-
ingly, at least a part of the first region where the volume
change of the sealed space is gradual or substantially
constant is set by the positions and the shapes of the
first wall-body inclined part and the first end-plate inclined
part. As the fluid sucked from the outer peripheral side
is directed toward the inner peripheral side, the pressure
in the sealed space is kept substantially constant in the
first region.
[0016] Further, the height of the wall body continuously
increases, so that fluid leakage can be reduced com-
pared with the conventional stepped scroll fluid machine
in which a stepped part is provided on the wall body and
the tooth bottom.
[0017] The inclinations of the first wall-body inclined
part and the first end-plate inclined part are not limited
to a smoothly connected inclination, but may include a
form that is visually recognized as being continuously
inclined as viewed in the entire first wall-body inclined
part in which small steps are connected in the form of
steps. The first wall-body inclined part and the first end-
plate inclined part may be provided on both the first scroll
member and the second scroll member, or may be pro-
vided on any one of both scroll members. When one wall
body is provided with the first wall-body inclined part and
when the other end plate is provided with the first end-
plate inclined part, the other wall body and one end plate
may be flat, or may have a shape combined with the
stepped shape of the related art.
[0018] In the aspect of the invention, a fluid supply por-
tion may be provided on the first end plate or the second
end plate to supply a fluid having a pressure higher than
a fluid pressure in the sealed space into the sealed space,
and the fluid supply portion may be provided in the first
region.
[0019] With such a configuration, the fluid supply por-
tion is provided on the first end plate or the second end
plate, and the fluid supply portion supplies the fluid having
the pressure higher than the fluid pressure in the sealed
space into the compressor chamber. Then, since the fluid
supply portion is provided in the first region where the
volume change of the sealed space is gradual or sub-
stantially constant, the fluid can be supplied to the sealed
space while the pressure difference from the fluid to be
supplied is maintained at a predetermined value or more
in the process where the increase in pressure in the
sealed space is gradual or substantially constant.
[0020] In the aspect of the invention, a second region,
in which a volume of the sealed space decreases, may
be set before the first region, and a third region, in which
the volume of the sealed space decreases, may be set
behind the first region.
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[0021] With such a configuration, when the scroll fluid
machine is applied as a scroll compressor, the second
region, in which the volume of the sealed space decreas-
es, is set before the first region, so that the pressure in
the sealed space increases as the fluid moves toward
the inner peripheral side in the second region before the
first region. The pressure-increased fluid moves toward
the inner peripheral side in the first region, the pressure
in the sealed space is kept substantially constant. Then,
since the third region, in which the volume of the sealed
space decreases, is set behind the first region, the pres-
sure in the sealed space increases again as the fluid
moves toward the inner peripheral side in the third region
behind the first region.
[0022] In the aspect of the invention, at least one of
the first wall body and the second wall body may include
a second wall-body inclined part in which a height of the
wall body continuously decreases from the outer periph-
eral side to the inner peripheral side in the spiral direction,
at least one of the first wall body and the second wall
body may include a second end-plate inclined part in
which the tooth bottom opposite to the tooth tip of the
first wall-body inclined part is inclined according to an
inclination of the second wall-body inclined part, and at
least a part of each of the second region and the third
region may be set by positions and shapes of the second
wall-body inclined part and the second end-plate inclined
part.
[0023] With such a configuration, the height of the wall
body in the second wall-body inclined part decreases
from the outer peripheral side to the inner peripheral side,
and the tooth bottom of the second end-plate inclined
part opposite to the tooth tip of the second wall-body in-
clined part is inclined according to the inclination of the
second wall-body inclined part. Accordingly, at least a
part of the each of the second region and the third region
where the volume of the sealed space decreases is set
by the positions and the shapes of the second wall-body
inclined part and the second end-plate inclined part.
Thereby, as being directed toward the inner peripheral
side, the fluid sucked from the outer peripheral side is
not only compressed by the reduction of the width of the
sealed space corresponding to the spiral shape of the
wall body, but also further compressed by the reduction
of the height of the sealed space, that is, the distance
between the opposing surfaces of the end plates. As a
result, three-dimensional compression can be made, and
a small size can be realized.
[0024] In the aspect of the invention, a height of a tooth
tip at an outer peripheral side end of the second wall-
body inclined part disposed closer to the outer peripheral
side compared with the first wall-body inclined part may
be equal to a height of a tooth tip at an inner peripheral
side end of the first wall-body inclined part.
[0025] With such a configuration, the ends on both
sides with the first wall-body inclined part and the second
wall-body inclined part sandwiched therebetween are
measured, and thus it is possible to suitably measure the

dimension of the first scroll member or the second scroll
member.
[0026] In the aspect of the invention, a height of a tooth
bottom at an outer peripheral side end of the second end-
plate inclined part disposed closer to the outer peripheral
side compared with the first end-plate inclined part may
be equal to a height of a tooth bottom at an inner periph-
eral side end of the first end-plate inclined part.
[0027] With such a configuration, the ends on both
sides with the first end-plate inclined part and the second
end-plate inclined part sandwiched therebetween are
measured, and thus it is possible to suitably measure the
dimension of the first scroll member or the second scroll
member.
[0028] In the aspect of the invention, tip seals may be
provided at the tooth tips of the first wall body and the
second wall body, respectively, to seal the fluid by con-
tacting with the tooth bottoms opposite to the tooth tips.
[0029] With such a configuration, when both the scroll
members perform the relative orbiting and revolving mo-
tion, the positions of the tooth tips of the first/second wall-
body inclined parts and the positions of the tooth bottoms
of the first/second end-plate inclined parts are relatively
shifted by an orbiting diameter (the orbiting radius32). A
gap (tip clearance) between the tooth tip and the tooth
bottom varies due to the positional displacement of the
tooth tip and the tooth bottom. In order to prevent the
fluid leakage due to the influence of the change in the tip
clearance, the tip seals are provided on the tooth tips of
the first wall body and the second wall body.
[0030] In the aspect of the invention, a coating may be
provided on at least one of the tooth tips of the first wall
body and the second wall body and the tooth bottoms
opposite to the tooth tips.
[0031] With such a configuration, the coating is provid-
ed on at least one of the tooth tips of the first wall body
and the second wall body and the tooth bottoms opposite
to the tooth tips, and thus it is possible to compensate
the machining variation of the inclined part, which is dif-
ficult to obtain the machining accuracy, by the film thick-
ness of the coating. Thereby, it is possible to further pre-
vent the fluid leakage.
[0032] In the aspect of the invention, wall-body flat
parts, which do not change in height, may be provided
on outermost peripheral parts and/or innermost periph-
eral parts of the first wall body and the second wall body,
and end-plate flat parts corresponding to the wall-body
flat parts may be provided on the first end plate and the
second end plate.
[0033] With such a configuration, when the tooth tip of
the wall body is inclined, it is difficult to set measurement
points and to improve measurement accuracy. There-
fore, the flat parts are provided on the outermost periph-
eral parts and/or the innermost peripheral parts of the
wall body and the end plate, so that the shape measure-
ment is performed with high accuracy. Thereby, it be-
comes easy to manage the size and tip clearance of the
scroll shape.
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[0034] In the aspect of the invention, the wall-body flat
parts and the end-plate flat parts may be provided over
a region of 180° around a center of the first scroll member
or the second scroll member.
[0035] With such a configuration, since the wall-body
flat part and the end-plate flat part are provided over the
region of 180°, the flat parts on both sides from the center
of the first scroll member or the second scroll member
can be measured. Thus, it is possible to suitably measure
the dimensions of the scroll members.
[0036] When the range of the flat part greatly exceeds
180°, the region where the first/second wall-body inclined
part or the first/second end-plate inclined part are pro-
vided decreases and the slope angle of the inclined part
becomes large. When the slope angle becomes large,
the amount of change in the tip clearance due to the
orbiting diameter at the time of orbiting and revolving mo-
tion becomes large, and the fluid leakage may become
large. Accordingly, the wall-body flat part and the end-
plate flat part are preferably within the region of 180°.
However, the region of 180° is not strict, and an angle
slightly exceeding 180° is allowed within a range where
the fluid leakage does not increase.

[Advantageous Effects of Invention]

[0037] According to the present invention, since the
region is set where the volume change of the sealed
space is gradual or substantially constant, the interme-
diate-pressure refrigerant can be reliably introduced dur-
ing the compression process, and the pressure increase
in the sealed space can be prevented. When the scroll
fluid machine is applied as a scroll compressor, the effi-
ciency of the compressor can be improved. Since the
height of the wall body continuously increases, fluid leak-
age can be reduced compared with the conventional
stepped scroll fluid machine in which a stepped part is
provided on the wall body and the tooth bottom.

[Brief Description of Drawings]

[0038]

[Fig. 1] Fig. 1 is a configuration diagram illustrating
a refrigeration cycle according to an embodiment of
the present invention.
[Fig. 2] Fig. 2 is a partially longitudinal sectional view
illustrating a principal part of a scroll compressor ac-
cording to the embodiment of the present invention.
[Fig. 3] Fig. 3 is a longitudinal sectional view illus-
trating a fixed scroll of the scroll compressor accord-
ing to the embodiment of the present invention, and
is a sectional view taken along a line III-III of Fig. 4.
[Fig. 4] Fig. 4 is a plan view illustrating the fixed scroll
according to the embodiment of the present inven-
tion.
[Fig. 5] Fig. 5 is a plan view illustrating tooth tips of
wall bodies and end plates of the fixed scroll accord-

ing to the embodiment of the present invention.
[Fig. 6] Fig. 6 is a side view illustrating a state in
which the wall bodies and the end plates of the fixed
scroll according to the embodiment of the present
invention are expanded in a spiral direction.
[Fig. 7] Fig. 7 is a longitudinal sectional view illus-
trating an orbiting scroll of the scroll compressor ac-
cording to the embodiment of the present invention,
and is a sectional view taken along a line VII-VII of
Fig. 8.
[Fig. 8] Fig. 8 is a plan view illustrating the orbiting
scroll according to the embodiment of the present
invention.
[Fig. 9] Fig. 9 is a plan view illustrating tooth tips of
wall bodies and end plates of the orbiting scroll ac-
cording to the embodiment of the present invention.
[Fig. 10] Fig. 10 is a side view illustrating a state in
which the wall bodies and the end plates of the or-
biting scroll according to the embodiment of the
present invention are expanded in a spiral direction.
[Fig. 11A] Fig. 11A illustrates a tip seal gap of the
scroll compressor according to the embodiment of
the present invention, and is a side view illustrating
a state where the tip seal gap is relatively small.
[Fig. 11B] Fig. 11B illustrates the tip seal gap of the
scroll compressor according to the embodiment of
the present invention, and is a side view illustrating
a state where the tip seal is relatively large.
[Fig. 12] Fig. 12 is a graph illustrating a relation be-
tween a volume of a compression chamber and an
orbiting angle, and a graph illustrating a relation be-
tween a pressure of the compression chamber and
the orbiting angle.

[Description of Embodiment]

[0039] Hereinafter, an embodiment according to the
present invention will be described with reference to the
drawings.
[0040] As illustrated in Fig. 1, a refrigeration cycle 10
includes a scroll compressor 1 that compresses a refrig-
erant (fluid), a condenser 2 that radiates heat of the com-
pressed refrigerant to the outside, a first expansion valve
3 that is provided on a high pressure side to decompress
the refrigerant flowing out from the condenser 2, an econ-
omizer (gas-liquid separator) 4 that separates the de-
compressed refrigerant into a liquid refrigerant and a gas
refrigerant, a second expansion valve 5 that is provided
on a low pressure side to further decompress a liquid
refrigerant, an evaporator 6 that causes the decom-
pressed refrigerant to absorb heat, and an injection flow
passage 7 that guides the gas refrigerant from the econ-
omizer 4 to the scroll compressor 1.
[0041] The scroll compressor 1 is a hermetic type com-
pressor, and includes a housing 11 having a hermetically
sealed space therein, a scroll compression mechanism
12 that is disposed in the housing 11 and compresses a
refrigerant taken in the hermetically sealed space, a ro-
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tating shaft that transmits a rotational force to the scroll
compression mechanism 12, and an electric motor that
revolves an orbiting scroll 19 of the scroll compression
mechanism 12 through the rotating shaft, as main com-
ponents, as illustrated in Fig. 2.
[0042] The housing 11 has a bottom sealed by a lower
cover, and includes a vertically elongated cylindrical in-
termediate cover 13 at an upper part of the lower cover.
A discharge cover 14 and an upper cover 15 are provided
at an upper part of the intermediate cover 13 to hermet-
ically seal the housing 11, and a discharge chamber 16,
from which compressed high-pressure gas is dis-
charged, is formed between the discharge cover 14 and
the upper cover 15.
[0043] The scroll compression mechanism 12 is incor-
porated in the housing 11, and the electric motor including
a stator and a rotor is installed below the scroll compres-
sion mechanism. The stator is fixedly installed in the
housing 11, so that the electric motor is incorporated,
and the rotating shaft is fixed to the rotor.
[0044] The scroll compression mechanism 12 includes
a fixed scroll 18 fixedly installed in the housing 11 and
the orbiting scroll 19 that is slidably supported and is
meshed with the fixed scroll 18 to form a compression
chamber 20.
[0045] A suction port (not illustrated), which sucks a
refrigerant, is formed in a side surface of the housing 11
to communicate with the sealed space, and a discharge
port 15a is formed on a top side of the upper cover 15 to
communicate with the discharge chamber 16 and dis-
charge compressed refrigerant gas.
[0046] The scroll compression mechanism 12 sucks
refrigerant gas, which is sucked into the housing 11
through a suction pipe and the suction port, from a suction
port 21 on an outer peripheral side opened to the inside
of the housing 11 into the compression chamber 20, and
compresses the sucked refrigerant gas. The compressed
refrigerant gas is discharged into the discharge chamber
16 through a discharge port 22 provided at a central part
of the fixed scroll 18 and a discharge port 23 provided in
the discharge cover 14, and is further sent out to the
outside of the compressor through a discharge pipe 24
provided in the upper cover 15 and communicating with
the discharge chamber 16.
[0047] The discharge cover 14 is provided with an in-
jection pipe 25 that penetrates the upper cover 15, and
an intermediate-pressure refrigerant is introduced from
the outside into the compression chamber 20 of the scroll
compression mechanism 12 through the injection pipe
25. The refrigerant is supplied to the compression cham-
ber 20 through the injection pipe 25 and an injection port
(a fluid supply portion) 26.
[0048] A reed valve 27, which is a thin plate member,
is provided in an outlet of the discharge port 22, and
opens and closes the discharge port 22. The reed valve
27 regulates a flow of the refrigerant in only one direction.
The reed valve 27 is provided, so that the refrigerant flows
from the compression chamber 20 toward the discharge

chamber 16.
[0049] As illustrated in Fig. 2, the fixed scroll 18 in-
cludes a substantially disk-shaped end plate (a first end
plate) 18a and a spiral wall body (a first wall body) 18b
erected on one side surface of the end plate 18a. As
illustrated in Fig. 2, the orbiting scroll 19 includes a sub-
stantially disk-shaped end plate (a second end plate) 19a
and a spiral wall body (a second wall body) 19b erected
on one side surface of the end plate 19a. The respective
spiral shapes of the wall bodies 18b and 19b are defined
using, for example, an involute curve or an Archimedean
spiral curve.
[0050] The fixed scroll 18 and the orbiting scroll 19 are
meshed with each other in a state where centers O1 and
O2 thereof are separated by an orbiting radius ρ and
phases of the wall bodies 18b and 19b are shifted by
180°, and are assembled such that slight clearances (tip
clearances) in a height direction are present between
tooth tips and tooth bottoms of the wall bodies 18b and
19b of the both scrolls 18 and 19 at room temperature.
Consequently, between the both of the scrolls 18 and 19,
a plurality of pairs of the compression chambers 20 sur-
rounded by the end plates 18a and 19a and the wall bod-
ies 18b and 19b are symmetrically formed with respect
to the centers of the scrolls. The orbiting scroll 19 revolves
around the fixed scroll 18 by a rotation preventing mech-
anism such as an oldham ring (not illustrated).
[0051] As illustrated in Fig. 2, the inclination of the tooth
tip in the wall bodies 18b and 19b and the inclination of
the tooth bottom in the end plates 18a and 19a are set
such that a distance L between opposing surfaces of both
the end plates 18a and 19a facing each other continu-
ously decreases or increases from the outer peripheral
sides to the inner peripheral sides of the spiral wall bodies
18b and 19b.
[0052] As illustrated in Figs. 3, 5, and 6, on the wall
body 18b of the fixed scroll 18, a wall-body flat part 18b1,
a second wall-body inclined part 18b2, a wall-body flat
part 18b3, a first wall-body inclined part 18b4, a wall-body
flat part 18b5, a second wall-body inclined part 18b6, and
a wall-body flat part 18b7 are provided in this order from
the outer peripheral side to the inner peripheral side. As
illustrated in Figs. 3, 4, and 6, on the tooth bottom of the
fixed scroll 18, an end-plate flat part 18a1, a second end-
plate inclined part 18a2, an end-plate flat part 18a3, a
first end-plate inclined part 18a4, an end-plate flat part
18a5, a second end-plate inclined part 18a6, and an end-
plate flat part 18a7 are provided in this order from the
outer peripheral side to the inner peripheral side.
[0053] As illustrated in Figs. 7, 9, and 10, on the wall
body 19b of the orbiting scroll 19, a wall-body flat part
19b1, a second wall-body inclined part 19b2, a wall-body
flat part 19b3, a first wall-body inclined part 19b4, a wall-
body flat part 19b5, a second wall-body inclined part
19b6, and a wall-body flat part 19b7 are provided in this
order from the outer peripheral side to the inner peripheral
side. As illustrated in Figs. 7, 8, and 10, on the tooth
bottom of the orbiting scroll 19, an end-plate flat part
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19a1, a second end-plate inclined part 19a2, an end-
plate flat part 19a3, a first end-plate inclined part 19a4,
an end-plate flat part 19a5, a second end-plate inclined
part 19a6, and an end-plate flat part 19a7 are provided
in this order from the outer peripheral side to the inner
peripheral side.
[0054] Each of the wall-body flat parts 19b1, 19b3,
19b5, and 19b7 provided on the wall body 19b of the
orbiting scroll 19 has a constant height from the outer
peripheral side to the inner peripheral side. In other
words, a dimension in an axial direction passing through
the center 02 (see Fig. 2) of the orbiting scroll 19 is con-
stant. Hereinafter, heights of the wall body and the tooth
bottom mean the dimensions in the axial direction pass-
ing through the centers O1 and O2, respectively.
[0055] As illustrated in Fig. 10, the wall-body flat parts
19b1 and 19b7 having the constant height are provided
on the outermost peripheral side and the innermost pe-
ripheral side of wall body 19b of the orbiting scroll 19,
respectively. These wall-body flat parts 19b1 and 19b7
are provided over a region of 180° (for example, 180° or
more and 360° or less, and preferably 210° or less)
around the center 02 (see Fig. 2) of the orbiting scroll 19,
as illustrated in Fig. 8.
[0056] Similarly, the end-plate flat parts 19a1 and 19a7
having a constant height are provided on the tooth bottom
of the end plate 19a of the orbiting scroll 19. These end-
plate flat parts 19a1 and 19a7 are also provided over a
region of 180° (for example, 180° or more and 360° or
less, and preferably 210° or less) around the center 02
of the orbiting scroll 19.
[0057] Similarly to the orbiting scroll 19, as illustrated
in Fig. 4, the fixed scroll 18 is also provided with the wall-
body flat parts 18b1 and 18b7 and the end-plate flat parts
18a1 and 18a7. The wall-body flat parts 18b1 and 18b7
and the end-plate flat parts 18a1 and 18a7 are also pro-
vided over a region of 180° (for example, 180° or more
and 360° or less, and preferably 210° or less) around the
center O1 of the fixed scroll 18.
[0058] As illustrated in Fig. 10, the height of the first
wall-body inclined part 19b4 provided on the wall body
19b of the orbiting scroll 19 continuously increases from
the outer peripheral side to the inner peripheral side. As
illustrated in Fig. 6, on the tooth bottom on the end plate
18a of the fixed scroll 18 facing the tooth tip of the first
wall-body inclined part 19b4, the first end-plate inclined
part 18a4 is provided to be inclined according to the in-
clination of the first wall-body inclined part 19b4. Similar-
ly, as illustrated in Fig. 6, the first wall-body inclined part
18b4 provided on the wall body 18b of the fixed scroll 18
also continuously increases from the outer peripheral
side to the inner peripheral side, and as illustrated in Fig.
10, on the tooth bottom on the end plate 19a of the orbiting
scroll 19 facing the tooth tip of the first wall-body inclined
part 18b4, the first end-plate inclined part 19a4 is provid-
ed to be inclined according to the inclination of the first
wall-body inclined part 18b4. The length in the spiral di-
rection of the first wall-body inclined parts 18b4 and the

19b4 and the length in the spiral direction of the first end-
plate inclined parts 18a4 and 19a4 are 20° or more, and
preferably 180° or more around the centers O1 and O2,
respectively.
[0059] Thus, the width of the compression chamber 20
decreases according to the spiral shapes of the wall bod-
ies 18b and 19b during an orbiting and revolving motion
of the orbiting scroll 19, and the height of the compression
chamber 20, that is, the distance between the opposing
surfaces of the end plates 18a and 19a increases. Ac-
cordingly, at least a part of the first region where the vol-
ume change of the compression chamber 20 is gradual
or substantially constant is set by the positions and the
shapes in the spiral direction (for example, the inclination
angle and the length in the spiral direction) of the first
wall-body inclined parts 18b4 and 19b4 and the first end-
plate inclined parts 18a4 and 19a4. As the fluid sucked
from the suction port 21 on the outer peripheral side is
directed toward the inner peripheral side, the pressure
in the compression chamber 20 is kept substantially con-
stant in the first region.
[0060] Only one first wall-body inclined part 18b4 or
19b4 or one first end-plate inclined part 18a4 or 19a4 is
provided in the spiral direction, so that the first region
may be set, or a plurality of first wall-body inclined parts
18b4 and 19b4 or a plurality of first end-plate inclined
parts 18a4 and 19a4 are provided in series, so that the
first region may be set. When the plurality of first wall-
body inclined parts 18b4 and 19b4 or the plurality of first
end-plate inclined parts 18a4 and 19a4 are provided in
series, the first region is set with different inclination an-
gles of the respective inclined parts and with the wall-
body flat part or the end-plate flat part interposed there-
between.
[0061] The end plate 18a of the fixed scroll 18 is pro-
vided with the injection port 26 that supplies a refrigerant
having a pressure higher than the pressure of the fluid
in the compression chamber 20 into the compression
chamber 20. When the orbiting scroll 19 makes an orbit-
ing and revolving motion and the tooth tip of the wall body
19b of the orbiting scroll 19 moves over and overlaps the
injection port 26, the communication between the com-
pression chamber 20 and the injection port 26 is closed.
On the contrary, when the tooth tip of the wall body 19b
of the orbiting scroll 19 moves from the injection port 26
to open the injection port 26, the compression chamber
20 and the injection port 26 communicate with each other.
The injection port 26 is provided in the first region where
the volume change of the compression chamber 20 de-
scribed above is gradual or substantially constant. Thus,
it is possible to supply the refrigerant into the compres-
sion chamber 20 while maintaining the pressure differ-
ence with the refrigerant supplied from the injection port
26 at a predetermined value or more in the process where
the pressure change in the compression chamber 20 is
gradual or substantially constant. In the first region, an
injection process of the intermediate-pressure refrigerant
is performed.
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[0062] The heights of the second wall-body inclined
parts 19b2 and 19b6 provided on the wall body 19b of
the orbiting scroll 19 continuously decrease from the out-
er peripheral side to the inner peripheral side. On the
tooth bottom on the end plate 18a of the fixed scroll 18
facing the tooth tips of the second wall-body inclined parts
19b2 and 19b6, the second end-plate inclined parts 18a2
and 18a6 are provided to be inclined according to the
inclinations of the second wall-body inclined parts 19b2
and 19b6. Similarly, the second wall-body inclined parts
18b2 and 18b6 provided on the wall body 18b of the fixed
scroll 18 also continuously decrease from the outer pe-
ripheral side to the inner peripheral side, and on the tooth
bottom on the end plate 19a of the orbiting scroll 19 facing
the tooth tips of the second wall-body inclined parts 18b2
and 18b6, the second end-plate inclined parts 19a2 and
19a6 are provided to be inclined according to the incli-
nations of the second wall-body inclined parts 18b2 and
18b6.
[0063] Thus, the width of the compression chamber 20
decreases according to the spiral shapes of the wall bod-
ies 18b and 19b during the orbiting and revolving motion
of the orbiting scroll 19, and the height of the compression
chamber 20, that is, the distance between the opposing
surfaces of the end plates 18a and 19a decreases. Ac-
cordingly, at least a part of each of a second region and
a third region where the volume of the compression
chamber 20 decreases is set by the positions and the
shapes in the spiral direction (for example, the inclination
angles and the lengths in the spiral direction) of the sec-
ond wall-body inclined parts 18b2, 18b6, 19b2, and 19b6
and the second end-plate inclined parts 18a2, 18a6,
19a2, and 19a6. As being directed toward the inner pe-
ripheral side, the refrigerant sucked from the suction port
21 on the outer peripheral side is not only compressed
by the reduction of the width of the compression chamber
20 corresponding to the spiral shapes of the wall bodies
18b and 19b, but also further compressed by the reduc-
tion of the height of the compression chamber 20, that
is, the distance between the opposing surfaces of the
end plates 18a and 19a. As a result, three-dimensional
compression can be made, and a small size can be re-
alized.
[0064] The second region, in which the volume of the
compression chamber 20 decreases, is set before the
first region in the moving direction of the compression
chamber 20 accompanying the orbiting and revolving
motion of the orbiting scroll 19, and the third region is set
behind the first region in the moving direction of the com-
pression chamber 20. The second region is a region from
when the wall bodies 18b and 19b are meshed with each
other on the outer peripheral side to form the compres-
sion chamber 20 and are closed until the first region starts
to be set. The third region is a region from when the first
region is completed until the discharge of the com-
pressed refrigerant is finished from the discharge port 22.
[0065] Since the second region, in which the volume
of the compression chamber 20 decreases, is set before

the first region, the pressure in the compression chamber
20 increases as the refrigerant moves toward the inner
peripheral side in the second region before the first re-
gion. The pressure-increased refrigerant moves toward
the inner peripheral side in the first region, the pressure
in the compression chamber 20 is kept substantially con-
stant. Then, since the third region, in which the volume
of the compression chamber 20 decreases, is set behind
the first region, the pressure in the compression chamber
20 increases again as the refrigerant moves toward the
inner peripheral side in the third region behind the first
region. A low-stage compression process is performed
in the second region, and a high-stage compression proc-
ess is performed in the third region. The gradual volume
change or the substantially constant volume change of
the compression chamber 20 in the first region means
that the volume change is gradual or substantially con-
stant compared with the volume change of the compres-
sion chamber 20 in the second region or the third region.
[0066] As described above, a two-stage compression
refrigeration cycle is realized in which the refrigerant is
introduced from the economizer 4 through the injection
flow passage 7 and the injection port 26 during the com-
pression process of the scroll compression mechanism
12. Between the second region and the third region where
the volume of the compression chamber 20 decreases,
the first region, in which the volume change of the com-
pression chamber 20 is gradual or substantially constant,
is provided, and the intermediate-pressure refrigerant
can be introduced from the economizer 4 during the com-
pression process of the scroll compression mechanism
12 in the single-stage scroll compressor 1 including only
one scroll compression mechanism 12.
[0067] In the present embodiment, the meaning of
"continuous" in the first wall-body inclined parts 18b4 and
19b4, the first end-plate inclined parts 18a4 and 19a4,
the second wall-body inclined parts 18b2, 18b6, 19b2,
and 19b6, and the second end-plate inclined parts 18a2,
18a6, 19a2, and 19a6 is not limited to a smoothly con-
nected inclination, but may include a form that is visually
recognized as being continuously inclined as viewed in
the entire inclined part in which small steps inevitably
generated during manufacturing such as machining or
additive manufacturing (AM) are connected in the form
of steps. Note that a large step such as a so-called
stepped scroll is not included.
[0068] A coating is provided on the first wall-body in-
clined parts 18b4 and 19b4, the first end-plate inclined
parts 18a4 and 19a4, the second wall-body inclined parts
18b2, 18b6, 19b2, and 19b6, and the second end-plate
inclined parts 18a2, 18a6, 19a2, and 19a6. Examples of
the coating include manganese phosphate treatment and
nickel phosphor plating.
[0069] As illustrated in Figs. 6 and 10, the height of the
tooth tip at the outer peripheral side ends 18b8 and 19b8
of the second wall-body inclined parts 18b2 and 19b2
disposed closer to the outer peripheral side compared
with the first wall-body inclined parts 18b4 and 19b4 may
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be equal to the height of the tooth tip at the inner periph-
eral side ends 18b9 and 19b9 of the first wall-body in-
clined parts 18b4 and 19b4. Thereby, it is possible to
measure one ends 18b8 and 19b8 and the other ends
18b9 and 19b9 with the first wall-body inclined parts 18b4
and 19b4 and the second wall-body inclined parts 18b2
and 19b2 sandwiched therebetween, and it is possible
to suitably measure the dimension of the fixed scroll 18
or the orbiting scroll 19.
[0070] As for the end plates 18a and 19a, as illustrated
in Figs. 6 and 10, the tooth bottom height at the outer
peripheral side ends 18a8 and 19a8 of the second end-
plate inclined parts 18a2 and 19a2 disposed closer to
the outer peripheral side compared with the first end-
plate inclined parts 18a4 and 19a4 may be equal to the
tooth bottom height at the inner peripheral side ends 18a9
and 19a9 of the first end-plate inclined parts 18a4 and
19a4. Thereby, it is possible to measure one ends 18a8
and 19a8 and the other ends 18a9 and 19a9 with the first
end-plate inclined parts 18a4 and 19a4 and the second
end-plate inclined parts 18a2 and 19a2 sandwiched ther-
ebetween, and it is possible to suitably measure the di-
mension of the fixed scroll 18 or the orbiting scroll 19.
[0071] A tip seal is provided in the tooth tip of the wall
body 18b of the fixed scroll 18. The tip seal is made of
resin, and contacts with the tooth bottom of the end plate
19a of the opposite orbiting scroll 19 to seal the fluid. The
tip seal is housed in a tip seal groove 18d formed in the
tooth tip of the wall body 18b in a circumferential direction.
Similarly, a tip seal groove 19d is also formed in the tooth
tip of the wall body 19b of the orbiting scroll 19, and a tip
seal is provided in the tip seal groove 19d.
[0072] When the scrolls 18 and 19 perform a relative
orbiting and revolving motion, the positions of the tooth
tip and the tooth bottom are relatively shifted by an orbit-
ing diameter (the orbiting radius ρ32). In the inclined
part, the tip clearance between the tooth tip and the tooth
bottom varies in response to the positional displacement
of the tooth tip and the tooth bottom. For example, Fig.
11A illustrates a small tip clearance T, and Fig. 11B il-
lustrates a large tip clearance T. Even when the tip clear-
ance T changes due to the orbiting motion, the tip seal
28 is pressed from the back surface toward the tooth
bottom of the end plate 19a by the compressed fluid, and
thus can follow up and perform sealing.
[0073] The scroll compressor 1 described above op-
erates as follows.
[0074] The orbiting scroll 19 revolves around the fixed
scroll 18 by a driving source such as an electric motor
(not illustrated). Thus, the fluid is sucked from the outer
peripheral side of each of the scrolls 18 and 19, and the
refrigerant is taken into the compression chamber 20 sur-
rounded by the wall bodies 18b and 19b and the end
plates 18a and 19a.
[0075] First, after the wall bodies 18b and 19b are
meshed with each other on the outer peripheral side to
form the compression chamber 20 and are closed, the
refrigerant in the compression chamber 20 is com-

pressed in the second region as moving from the outer
peripheral side to the inner peripheral side, and the pres-
sure in the compression chamber 20 increases as illus-
trated in Fig. 12. The compressed refrigerant moves to
the first region, and the refrigerant moves toward the in-
ner peripheral side in the first region. Then, the interme-
diate-pressure refrigerant is supplied to the compression
chamber 20 from the economizer 4 through the injection
pipe 25 and the injection port (fluid supply portion) 26. In
the first region, as illustrated in Fig. 12, the pressure
change in the compression chamber 20 is gradual or sub-
stantially constant, and the fluid can be supplied to the
compression chamber 20 while the pressure difference
from the refrigerant supplied from the economizer 4 is
maintained at a predetermined value or more.
[0076] Thereafter, the refrigerant moves to the third
region, the refrigerant is compressed as moving toward
the inner peripheral side in the third region, and the pres-
sure in the compression chamber 20 increases again as
illustrated in Fig. 12. The compressed refrigerant is finally
discharged from the discharge port 22 formed in the fixed
scroll 18.
[0077] As described above, according to the scroll
compressor 1 of the present embodiment, the following
operational effects are obtained.
[0078] Since inclination is provided in which the dis-
tance between opposing surfaces of the end plates 18a
and 19a continuously decreases from the outer periph-
eral side to the inner peripheral side of the wall bodies
18b and 19b, three-dimensional compression can be
made, and a small size can be realized.
[0079] Since inclination is provided in which the dis-
tance between opposing surfaces of the end plates 18a
and 19a continuously increases from the outer peripheral
side to the inner peripheral side of the wall bodies 18b
and 19b, after the sealing of the compression chamber
20 is started, the first region is set in which the volume
change of the compression chamber 20 is gradual or
substantially constant. Since the injection port 26 is pro-
vided in the first region, it is possible to reliably supply
the refrigerant into the compression chamber 20 while
maintaining the pressure difference with the supplied re-
frigerant at a predetermined value or more in the process
where the pressure change in the compression chamber
20 is gradual or substantially constant.
[0080] Since inclination is provided in which the dis-
tance between opposing surfaces of the end plates 18a
and 19a continuously decreases from the outer periph-
eral side to the inner peripheral side of the wall bodies
18b and 19b, three-dimensional compression can be
made, and a small size can be realized.
[0081] Further, the inclined part continuously increas-
es or decreases, so that fluid leakage can be reduced
compared with the conventional stepped scroll fluid ma-
chine in which a stepped part is provided on the wall body
and the tooth bottom.
[0082] Since the tip seal 28 is provided at the tooth tip
of each of the wall bodies 18b and 19b, even when the
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tip clearance T (see Figs. 11A and 11B) between the
tooth tip and the tooth bottom in the inclined part changes
according to the orbiting motion, the tip seal can be made
to follow up, and fluid leakage can be prevented.
[0083] The coating is provided on the wall bodies 18b
and 19b and/or the end plates 18a and 19a. Thus, it is
possible to compensate the machining variation of the
inclined part, which is difficult to obtain the machining
accuracy, by the film thickness of the coating, and it is
possible to further prevent the fluid leakage.
[0084] The wall-body flat parts 18b1, 18b7, 19b1, and
19b7 and the end-plate flat parts 18a1, 18a7, 19a1, and
19a7 are provided on the outermost peripheral parts and
the innermost peripheral parts of the wall bodies 18b and
19b and the end plates 18a and 19a. Thus, it is possible
to avoid the difficulty of setting measurement points and
increasing measurement accuracy when the tooth tip of
the wall body is inclined, and to perform shape measure-
ment with high accuracy. Then, it becomes easy to man-
age the size and tip clearance of the scroll shape.
[0085] Since the wall-body flat parts 18b1, 18b7, 19b1,
and 19b7 and the end-plate flat parts 18a1, 18a7, 19a1,
and 19a7 are provided over the region of 180°, the flat
parts on both sides from the centers 01 and 02 of the
scrolls 18 and 19 can be measured. Thus, the shape
dimension of the fixed scroll 18 or the orbiting scroll 19
can be favorably measured.
[0086] When the range of the flat part greatly exceeds
180°, the region of the inclined part decreases and the
slope angle ϕ of the inclined part becomes large. When
the slope angle ϕ becomes large, the amount of change
in the tip clearance T due to the orbiting diameter at the
time of orbiting and revolving motion becomes large, and
the fluid leakage may become large. Accordingly, the
wall-body flat parts 18b1, 18b7, 19b1, and 19b7 and the
end-plate flat parts 18a1, 18a7, 19a1, and 19a7 are within
the region of 180°. However, the region of 180° is not
strict, and an angle slightly (for example, about 30°) ex-
ceeding 180° is allowed within a range where the fluid
leakage does not increase.
[0087] The slope angle ϕ of the inclined part is set to
be constant in the circumferential direction in which the
spiral wall bodies 18b and 19b extend. Thus, the tip clear-
ance T due to the orbiting diameter at the time of orbiting
and revolving motion can be made equal at each position
of the inclined part, and the fluid leakage can be prevent-
ed.
[0088] In the present embodiment, the first wall-body
inclined parts 18b4 and 19b4, the first end-plate inclined
parts 18a4 and 19a4, the second wall-body inclined parts
18b2, 18b6, 19b2, and 19b6, and the second end-plate
inclined parts 18a2, 18a6, 19a2, and 19a6 are provided
on both the scrolls 18 and 19, but may be provided on
any one of both the scrolls.
[0089] Specifically, when one wall body (for example,
the wall body 19b of the orbiting scroll 19) is provided
with the first wall-body inclined parts 19b4 and the second
wall-body inclined parts 19b2 and 19b6 and when the

other end plate (for example, the end plate 18a of the
fixed scroll 18) is provided with the first end-plate inclined
part 19a4 and the second end-plate inclined parts 19a2
and 19a6, the other wall body 18b and one end plate 19a
are flat.
[0090] It is possible to adopt a shape combined with
the stepped shape of the related art, that is, a shape
combined with a shape in which the first end-plate in-
clined part 18a4 and the second end-plate inclined parts
18a2 and 18a6 are provided in the end plate 18a of the
fixed scroll 18 and a step is provided in the end plate 19a
of the orbiting scroll 19.
[0091] In the present embodiment, although the wall-
body flat parts 18b1, 18b7, 19b1, and 19b7 and the end-
plate flat parts 18a1, 18a7, 19a1, and 19a7 are provided,
the flat part on the inner peripheral side and/or the outer
peripheral side may not be provided, and the second wall-
body inclined parts 18b2 and 19b2 may be provided to
extend over the entire wall bodies 18b and 19b.
[0092] Although the scroll compressor is described in
the present embodiment, the present invention is appli-
cable to a scroll expander used as an expander.

[Reference Signs List]

[0093]

1 scroll compressor
2 condenser
3 first expansion valve
4 economizer
5 second expansion valve
6 evaporator
7 injection flow passage
10 refrigeration cycle
11 housing
12 scroll compression mechanism
13 intermediate cover
14 discharge cover
15 upper cover
15a discharge port
16 discharge chamber
18 fixed scroll
18a end plate
18a1 end-plate flat part
18a2 second end-plate inclined part
18a3 end-plate flat part
18a4 first end-plate inclined part
18a5 end-plate flat part
18a6 second end-plate inclined part
18a7 end-plate flat part
18a8 outer peripheral side end
18a9 inner peripheral side end
18b wall body
18b1 wall-body flat part
18b2 second wall-body inclined part
18b3 wall-body flat part
18b4 first wall-body inclined part
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18b5 wall-body flat part
18b6 second wall-body inclined part
18b7 wall-body flat part
18b8 outer peripheral side end
18b9 inner peripheral side end
18d tip seal groove
19 orbiting scroll
19a end plate
19a1 end-plate flat part
19a2 second end-plate inclined part
19a3 end-plate flat part
19a4 first end-plate inclined part
19a5 end-plate flat part
19a6 second end-plate inclined part
19a7 end-plate flat part
19a8 outer peripheral side end
19a9 inner peripheral side end
19b wall body
19b1 wall-body flat part
19b2 second wall-body inclined part
19b3 wall-body flat part
19b4 first wall-body inclined part
19b5 wall-body flat part
19b6 second wall-body inclined part
19b7 wall-body flat part
19b8 outer peripheral side end
19b9 inner peripheral side end
20 compression chamber
21 suction port
22 discharge port
23 discharge port
24 discharge pipe
25 injection pipe
26 injection port
27 reed valve
28 tip seal

Claims

1. A scroll fluid machine comprising:

a first scroll member in which a first wall body
having a spiral shape is provided on a first end
plate; and
a second scroll member in which a second wall
body having a spiral shape is provided on a sec-
ond end plate disposed so as to face the first
end plate, the second scroll member being con-
figured to perform a relative orbiting and revolv-
ing motion such that the second wall body is
meshed with the first wall body to form a sealed
space, wherein
after sealing of the sealed space is started, a
first region is set in which a volume change of
the sealed space is gradual or substantially con-
stant,
at least one of the first wall body and the second

wall body includes a first wall-body inclined part
in which a height of the wall body continuously
increases from an outer peripheral side to an
inner peripheral side in a spiral direction,
at least one of the first end plate and the second
end plate includes a first end-plate inclined part
in which a tooth bottom opposite to a tooth tip
of the first wall-body inclined part is inclined ac-
cording to an inclination of the first wall-body in-
clined part, and
at least a part of the first region is set by positions
and shapes of the first wall-body inclined part
and the first end-plate inclined part.

2. The scroll fluid machine according to claim 1, where-
in
a fluid supply portion is provided on the first end plate
or the second end plate to supply a fluid having a
pressure higher than a fluid pressure in the sealed
space into the sealed space, and
the fluid supply portion is provided in the first region.

3. The scroll fluid machine according to claim 1 or 2,
wherein
a second region, in which a volume of the sealed
space decreases, is set before the first region, and
a third region, in which the volume of the sealed
space decreases, is set behind the first region.

4. The scroll fluid machine according to claim 3, where-
in
at least one of the first wall body and the second wall
body includes a second wall-body inclined part in
which a height of the wall body continuously decreas-
es from the outer peripheral side to the inner periph-
eral side in the spiral direction,
at least one of the first wall body and the second wall
body includes a second end-plate inclined part in
which the tooth bottom opposite to the tooth tip of
the first wall-body inclined part is inclined according
to an inclination of the second wall-body inclined
part, and
at least a part of each of the second region and the
third region is set by positions and shapes of the
second wall-body inclined part and the second end-
plate inclined part.

5. The scroll fluid machine according to claim 4, where-
in
a height of a tooth tip at an outer peripheral side end
of the second wall-body inclined part disposed closer
to the outer peripheral side compared with the first
wall-body inclined part is equal to a height of a tooth
tip at an inner peripheral side end of the first wall-
body inclined part.

6. The scroll fluid machine according to claim 4 or 5,
wherein
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a height of a tooth bottom at an outer peripheral side
end of the second end-plate inclined part disposed
closer to the outer peripheral side compared with the
first end-plate inclined part is equal to a height of a
tooth bottom at an inner peripheral side end of the
first end-plate inclined part.

7. The scroll fluid machine according to any one of
claims 1 to 6, wherein
tip seals are provided at the tooth tips of the first wall
body and the second wall body, respectively, to seal
the fluid by contacting with the tooth bottoms oppo-
site to the tooth tips.

8. The scroll fluid machine according to any one of
claims 1 to 7, wherein
a coating is provided on at least one of the tooth tips
of the first wall body and the second wall body and
the tooth bottoms opposite to the tooth tips.

9. The scroll fluid machine according to any one of
claims 1 to 8, wherein
wall-body flat parts, which do not change in height,
are provided on outermost peripheral parts and/or
innermost peripheral parts of the first wall body and
the second wall body, and
end-plate flat parts corresponding to the wall-body
flat parts are provided on the first end plate and the
second end plate.

10. The scroll fluid machine according to claim 9, where-
in
the wall-body flat parts and the end-plate flat parts
are provided over a region of 180° around a center
of the first scroll member or the second scroll mem-
ber.
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