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(54) REFRIGERANT COMPRESSOR AND VALVE UNIT

(57) A refrigerant compressor and a valve unit having
a check valve structure that reduces recompression loss
and noise, that is not limited by the installation position
and the installation method, and that has excellent re-
sponsiveness are provided. A refrigerant compressor (a
scroll-type compressor (10)) (10) includes an injection
port that communicates with a compression chamber
(37) through a through-hole (28) and introduces fluid from
the outside into the compression chamber (37); and a
check valve (60) provided at the through-hole (28). The
check valve (60) is composed of a reed valve (62) that
is provided in the through-hole (28) parallel to the axial
direction thereof and opens and closes in a direction per-
pendicular to the axial direction.
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Description

{Technical Field}

[0001] The present invention relates to refrigerant
compressors and valve units used in refrigeration, air-
conditioning apparatuses, etc.

{Background Art}

[0002] For example, a scroll-type compressor used in
refrigeration, air-conditioning apparatuses, etc., includes
a fixed scroll and an orbiting scroll disposed such that
spiral-shaped wall members, having a spiral shape, are
meshed with each other. By causing the orbiting scroll
to perform orbital revolution movement relative to the
fixed scroll, the volume of a compression chamber
formed between the spiral-shaped wall members is grad-
ually reduced to compress refrigerant in the compression
chamber.
[0003] Some of such compressors employ an injection
cycle to improve the efficiency and the performance of
the refrigeration cycle, in which refrigerant is subjected
to two-stage expansion between a condenser and an
evaporator, and the refrigerant at an intermediate pres-
sure is injected into the compression chamber of the com-
pressor (for example, see Patent Literature 1).
In compressors employing the injection cycle, refrigerant
is injected into the compression chamber of the compres-
sor through an injection port communicating with the
compression chamber, by utilizing the difference be-
tween the pressure in the compression chamber and the
pressure of the refrigerant to be injected. The injection
port has a check valve that prevents backflow of the re-
frigerant to reduce recompression loss and noise.

{Citation List}

{Patent Literature}

{PTL 1}

[0004] Japanese Unexamined Patent Application,
Publication No. Hei 9-105386

{Summary of Invention}

{Technical Problem}

[0005] However, the above-described check valve is
provided in an end plate of the fixed scroll and has a
configuration in which a coil spring, a ball or spool, and
a stopper constituting the check valve are disposed in
sequence in the injection port, in the axial direction there-
of, and perform an opening/closing operation in the axial
direction. Therefore, a space in the axial direction for al-
lowing the ball or spool to perform an opening/closing
operation in the axial direction needs to be ensured. Ac-

cordingly, installation of a check valve, even though the
check valve uses a ball or spool, inevitably increases the
thickness of the end plate of the fixed scroll.
In addition, in general, check valves using a ball or spool,
described above, are considered to have poor respon-
siveness and reliability compared with check valves us-
ing a reed valve, and are required to be improved in re-
sponsiveness, etc. However, in reed valves, because it
is necessary to install a long, plate-like valve body, there
are limitations on the installation position and installation
method. Thus, when the reed valves are employed, there
is room for improvement in the installation position and
installation method.
[0006] The present invention has been made in view
of the above-described circumstances, and an object
thereof is to provide a refrigerant compressor and a valve
unit having a check valve structure that reduces recom-
pression loss and noise, that is not limited by the instal-
lation position and the installation method, and that has
excellent responsiveness.

{Solution to Problem}

[0007] To solve the above-described problems, the re-
frigerant compressor and the valve unit of the present
invention employ the following solutions.
That is, a refrigerant compressor of the present invention
is equipped with a housing; a compression mechanism
provided in the housing and having a compression cham-
ber that compresses refrigerant taken thereinto and dis-
charges the refrigerant; and an injection port communi-
cating with the inside of the compression chamber
through a through-hole provided in the compression
mechanism to introduce the intermediate-pressure re-
frigerant from the outside into the compression chamber.
The refrigerant compressor includes a check valve pro-
vided at the through-hole, the check valve being provided
in the through-hole parallel to the axial direction thereof
and being composed of a reed valve that opens and clos-
es in a direction perpendicular to the axial direction.
[0008] The check valve provided at the injection port
is composed of a reed valve that is provided in the
through-hole in the compression mechanism, parallel to
the axial direction thereof, and opens and closes in the
direction perpendicular to the axial direction. Thus, limi-
tations on the installation position and installation method
for installing the check valve, which is composed of a
reed valve, are eliminated. This enables a reed valve,
which has excellent responsiveness and reliability, to be
employed as the check valve, and, by preventing back-
flow of refrigerant with this check valve, recompression
loss and noise can be reduced, and the compression
efficiency can be increased. Furthermore, because the
reed valve opens and closes in the direction perpendic-
ular to the axial direction of the through-hole, there is no
need to ensure a space in the axial direction for the open-
ing/closing operation of the valve. Thus, it is easy to en-
sure the installation space.
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[0009] The above-described refrigerant compressor of
the present invention may be configured such that the
compression mechanism is a scroll-compression mech-
anism that is securely installed in the housing and in-
cludes a fixed scroll having a spiral-shaped wall member
provided upright on one side surface of an end plate; and
an orbiting scroll having a spiral-shaped wall member
provided upright on one side surface of an end plate, the
spiral-shaped wall member of the orbiting scroll being
meshed with the spiral-shaped wall member of the fixed
scroll to form the spiral-shaped compression chamber,
the compression mechanism compressing the refriger-
ant taken into the compression chamber by an orbital
revolution movement of the orbiting scroll and then dis-
charging it to a discharge chamber through a discharge
port. The refrigerant compressor may include: the injec-
tion port that communicates with the inside of the com-
pression chamber through the through-hole provided in
the end plate of the fixed scroll to introduce the refrigerant
from the outside into the compression chamber; and the
check valve provided at the through-hole, the check valve
being composed of the reed valve.
[0010]  In this configuration, the check valve provided
at the injection port is composed of a reed valve that is
provided in the through-hole in the end plate of the fixed
scroll, parallel to the axial direction thereof, and opens
and closes in the direction perpendicular to the axial di-
rection. Thus, limitations on the installation position and
installation method for installing the check valve, which
is composed of a reed valve, are eliminated. This enables
a reed valve, which has excellent responsiveness and
reliability, to be employed as the check valve, and, by
preventing backflow of refrigerant with this check valve,
recompression loss and noise can be reduced, and the
compression efficiency can be increased. Furthermore,
because the reed valve opens and closes in the direction
perpendicular to the axial direction of the through-hole,
there is no need to ensure a space in the axial direction
for the opening/closing operation of the valve. Thus, the
end plate of the fixed scroll does not need to be increased
in thickness to ensure the space.
[0011] The above-described refrigerant compressor of
the present invention may be configured such that the
fixed scroll has a ring-like protrusion formed on the other
side surface of the end plate and fitted into a discharge
cover defining the discharge chamber, the through-hole
is provided at the position corresponding to the protru-
sion, and the reed valve is provided in the through-hole.
[0012] In this configuration, by providing the through-
hole at the position corresponding to the protrusion
formed on the other side surface of the end plate of the
fixed scroll and providing the reed valve in the through-
hole, the reed valve having a long, plate-like valve body
can be installed in the through-hole penetrating through
the end plate of the fixed scroll, parallel to the axial di-
rection thereof, while keeping the thickness of the end
plate small.
[0013] Any one of the above-described refrigerant

compressors of the present invention may be configured
such that the reed valve has a plate-like reed valve one
end of which serves as a fixed end and the other end of
which serves as a free end, and the other end of the reed
valve is provided so as to open and close in a direction
perpendicular to an orbital axis of the orbiting scroll.
[0014] In this configuration, because the reed valve
can open and close in the direction perpendicular to
wraps of the fixed scroll and orbiting scroll, it becomes
unnecessary to ensure a space in a direction parallel to
the wraps for allowing the reed valve to perform an open-
ing/closing operation (the axial direction of the through-
hole).
[0015] The above-described refrigerant compressor of
the present invention may be configured such that, in the
reed valve, a direction connecting the one end serving
as the fixed end and the other end serving as the free
end is parallel to the axial direction of the through-hole
in the protrusion.
[0016] In this configuration, the reed valve is provided
such that the other end serving as the free end opens
and closes in the direction perpendicular to the orbital
axis of the orbiting scroll. Furthermore, the direction con-
necting the one end serving as the fixed end and the
other end serving as the free end is parallel to the axial
direction of the through-hole in the protrusion. Thus, it is
easy to ensure that the reed valve has a large length from
one end to the other end, even in a small space. Accord-
ingly, the limitations on the installation position and in-
stallation method can be relaxed.
[0017] Any one of the above-described refrigerant
compressors of the present invention may be configured
such that, in the scroll-compression mechanism, the
height of the spiral-shaped wall members of the fixed
scroll and orbiting scroll is larger on the outer circumfer-
ence side than on the inner circumference side to enable
compression in the circumferential direction and height
direction of the spiral-shaped wall members.
[0018] In this configuration, by making the scroll-com-
pression mechanism a compression mechanism that can
perform compression in the circumferential direction and
height direction of the spiral-shaped wall members, a
high compression ratio can be achieved. In addition, even
if the pressure difference increases, by forming the check
valve provided at the injection port from a reed valve with
excellent responsiveness and reliability, backflow of the
refrigerant can be effectively prevented. Thus, it is pos-
sible to reduce the refrigerant leakage, reduce the rec-
ompression loss as much as possible, and increase the
compression efficiency.
[0019] Any one of the above-described refrigerant
compressors of the present invention may be configured
such that the scroll-compression mechanism includes: a
multi-port communicating with the inside of the compres-
sion chamber, provided in the end plate of the fixed scroll
at a position on the outer circumference side of the dis-
charge port in a spiral direction, through which the com-
pressed gas is discharged to the discharge chamber
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when the pressure in the compression chamber exceeds
a preset pressure; and a multi-port valve provided on the
other side surface of the end plate to open and close the
multi-port.
[0020] In this configuration, even in the scroll-com-
pression mechanism configured to include the multi-port
and the multi-port valve, by reducing the installation
space for the check valve provided at the injection port,
the installation of the multi-port valve can be made easy.
Accordingly, an over-compression prevention function of
the multi-port can be easily added.
[0021] The present invention may also be regarded as
a valve unit. A valve unit of the present invention is pro-
vided at a hole through which fluid flows in an axial di-
rection from one end toward the other end. The valve
unit includes: a unit body that is inserted into the hole
and forms an inflow space and an outflow space for the
fluid at one end and at the other end; a communication
hole formed in the unit body, allowing the inflow space
and the outflow space to communicate with each other;
and a reed valve, with a plate-like shape, provided so as
to close the communication hole, one end of which serves
as a fixed end and the other end of which serves as a
free end, the reed valve opening the communication hole
when the pressure exerted by the fluid moves the other
end away from the communication hole. In the reed valve,
a direction connecting the one end serving as the fixed
end and the other end serving as the free end is parallel
to the axial direction of the hole.
[0022] In such a valve unit, it is easy to ensure that the
reed valve has a large length from one end to the other
end, even in a small space. Accordingly, the limitations
on the installation position and installation method can
be relaxed. The above-described valve unit may be wide-
ly used as a discharge valve, a multi-port valve, a relief
valve, a capacity control valve, etc., that are used for
various purposes, besides the check valve for the injec-
tion port of the refrigerant compressor.

{Advantageous Effects of Invention}

[0023] According to the refrigerant compressor of the
present invention, limitations on the installation position
and installation method for installing the check valve,
which is composed of a reed valve, are eliminated, and,
by employing a reed valve, which has excellent respon-
siveness and reliability, the function of the check valve
can be improved. Accordingly, by preventing backflow of
refrigerant with this check valve, recompression loss and
noise can be reduced, and the compression efficiency
can be increased. Furthermore, because the reed valve
opens and closes in the direction perpendicular to the
axial direction of the through-hole, there is no need to
ensure a space in the axial direction for the opening/clos-
ing operation of the valve. Thus, it is easy to ensure the
installation space.
[0024] According to the valve unit of the present inven-
tion, it is easy to ensure that the reed valve has a large

length from one end to the other end, even in a small
space. As a result, responsiveness of the reed valve can
be increased.

{Brief Description of Drawings}

[0025]

{FIG. 1} FIG. 1 is a longitudinal sectional view of a
scroll-type compressor, which is an example of a re-
frigerant compressor according to an embodiment
of the present invention.
{FIG. 2A} FIG. 2A is a plan view of a fixed scroll,
showing a state in which a valve unit is mounted.
{FIG. 2B} FIG. 2B is a sectional view of a portion
provided with the valve unit, showing a state in which
the valve unit is mounted.
{FIG. 3A} FIG. 3A is a perspective view of the valve
unit.
{FIG. 3B} FIG. 3B is a perspective view of the valve
unit.
{FIG. 4A} FIG. 4A is a plan view of a fixed scroll,
showing another example of a state in which the
valve unit is mounted.
{FIG. 4B} FIG. 4B is a sectional view of a portion
provided with the valve unit, showing another exam-
ple of a state in which the valve unit is mounted.
{FIG. 5A} FIG. 5A is a plan view of the fixed scroll,
showing another example of a state in which the
valve unit is mounted.
{FIG. 5B} FIG. 5B is a sectional view of a portion
provided with the valve unit, showing another exam-
ple of a state in which the valve unit is mounted.

{Description of Embodiments}

[0026] An embodiment of the present invention will be
described below with reference to the drawings.
FIG. 1 is a sectional view showing the configuration of a
scroll-type compressor 10, which is an example of a re-
frigerant compressor according to this embodiment.
In FIG. 1, in the scroll-type compressor 10, a sealed in-
ternal space is formed by an upper housing 11, a middle
housing 12, and a lower housing (not shown). The upper
housing 11 and the middle housing 12 are connected,
with the outer circumferential end of a discharge cover
13 interposed therebetween. The discharge cover 13 di-
vides the internal space of the housing to form a dis-
charge chamber 38 in the upper housing 11 and an intake
chamber 40 in the middle housing 12.
[0027]  An outlet tube 39 for discharging refrigerant is
provided in the wall surface of the upper housing 11 to
allow the discharge chamber 38 to communicate with the
outside and discharge the refrigerant to, for example, an
outdoor heat exchanger (condenser). Furthermore, the
sealed space in the middle housing 12 accommodates
a fixed scroll 20 fitted into a recessed wall surface of the
discharge cover 13 and an orbiting scroll 30 having an-
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other spiral-shaped wall member 32 that is meshed with
a spiral-shaped wall member 22 provided upright on an
end plate 21 of the fixed scroll 20.
[0028] As shown in FIG. 1, the fixed scroll 20 and the
orbiting scroll 30 according to this embodiment have a
stepped portion in the top surface of the spiral-shaped
wall member 22 and in the bottom surface of the spiral-
shaped wall member 32, respectively, at a predetermined
position in the spiral direction. In the top surface of the
spiral-shaped wall member, the top surface on the outer
circumference side of the stepped portion in the axial
direction is high, and the top surface on the inner circum-
ference side of the stepped portion is low. Furthermore,
in the bottom surface of the spiral-shaped wall member,
the bottom surface on the outer circumference side in
the axial direction is low, and the bottom surface on the
inner circumference side is high. Thus, the height of the
spiral-shaped wall members 22 and 32 is larger on the
outer circumference side than on the inner circumference
side, thereby forming a scroll-compression mechanism
capable of compression in the circumferential direction
and height direction of the spiral-shaped wall members
22 and 32.
[0029] A protruding boss 33 is formed on an end plate
31 of the orbiting scroll 30, and a shaft 34 having an
eccentric pin 36 for causing the orbiting scroll 30 to per-
form orbital revolution movement is connected to the
boss 33 through a bearing 35. Although the shaft 34 is
configured to be connected to the rotor of an electric mo-
tor accommodated at the lower part of the middle housing
12 to drive the compressor, the configurations thereof
will not be shown and descriptions thereof will be omitted.
[0030] The fixed scroll 20 has the above-described end
plate 21 and the spiral-shaped wall member 22 provided
upright thereon. A discharge port 23 for discharging com-
pressed refrigerant is provided at substantially the central
portion of the end plate 21, and it penetrates through the
end plate 21 and communicates with a compression
chamber 37 formed by the spiral-shaped wall members
22 and 32. The discharge port 23 is open to the discharge
chamber 38 and is formed such that it is substantially
coaxial with a second discharge port 13a formed in the
discharge cover 13. Furthermore, a discharge valve 14
is provided at an opening, on the discharge chamber 38
side, of the second discharge port 13a formed in the dis-
charge cover 13.
[0031] A ring-like protrusion 25 that can be fitted into
the recess in the discharge cover 13 is formed on the
surface of the end plate 21 opposite the surface on which
the spiral-shaped wall member 22 is provided upright. O-
rings 19a and 19b are provided on the outer circumfer-
ential portion of the protrusion 25. By fitting the protrusion
25 into the recess in the discharge cover 13 with these
O-rings 19a and 19b therebetween, a back pressure
chamber 15 surrounded by the discharge cover 13 and
the protrusion 25 of the fixed scroll 20 is formed, and the
air-tightness of the back pressure chamber 15 and the
intake chamber 40 is ensured.

[0032] The above-described discharge port 23 is open
to the back pressure chamber 15, and the back pressure
chamber 15 communicates with the discharge chamber
38 through the second discharge port 13a. Furthermore,
a plurality of through-holes (multi-ports) 27a communi-
cating with the compression chamber 37 are provided in
the back pressure chamber 15, at positions on the outer
circumference side of the discharge port 23 in the spiral
direction. These multi-ports 27a have a multi-port valve
27 composed of a reed valve.
[0033] As shown in FIGS. 1, 2A, and 2B, a through-
hole 50 is formed in the discharge cover 13, at a prede-
termined position in a recess to which the ring-like pro-
trusion 25 of the fixed scroll 20 is fitted. An end of an
injection tube 51 penetrating through the upper housing
11 from the outside is connected to the through-hole 50.
Refrigerant at an intermediate pressure between the con-
denser and evaporator of the refrigeration cycle system,
configured by using the scroll-type compressor 10, is in-
troduced into the injection tube 51.
[0034] On the other hand, a through-hole 28 having a
circular cross section and penetrating from top to bottom
to communicate with the compression chamber 37 is
formed in the protrusion 25. This through-hole 28 is
formed at a portion between the outer circumferential por-
tion and the central portion of the spiral-shaped wall
members 22 and 32. The compression chamber 37 has
an intermediate pressure that is higher than the low-pres-
sure refrigerant taken into the compression chamber 37
and lower than the high-pressure refrigerant compressed
and discharged from the discharge port 23 eventually.
The inside diameter of this through-hole 28 is constant
up to a portion at a predetermined depth and is reduced
at a position at the predetermined depth where a stepped
portion 28a is formed. This through-hole 28 serves as an
injection port. Then, a valve unit (check valve) 60 is pro-
vided in the through-hole 28.
[0035] As shown in FIGS. 2A, 2B, 3A, and 3B, the outer
shape of the valve unit 60, as a whole, is substantially
cylindrical corresponding to the inner shape of the
through-hole 28. The valve unit 60 includes a unit body
61, a reed valve 62, a valve holding member 63, and
stopper 64.
[0036] The unit body 61 has a valve face surface 61a
on which the reed valve 62 is disposed. The valve face
surface 61a is formed parallel to the axis of the through-
hole 28, in other words, parallel to the orbital axis of the
orbiting scroll 30. Furthermore, a flat portion 61b parallel
to the valve face surface 61a is formed on the outer cir-
cumferential surface of the unit body 61. A through-hole
65 that penetrates the valve face surface 61a and the flat
portion 61b facing the inner wall surface of the through-
hole 28 is formed in the unit body 61. The plate-like reed
valve 62 is disposed along the valve face surface 61a so
as to close the through-hole 65 with one end 62a thereof.
This reed valve 62 is held such that the other end 62b is
sandwiched between the valve holding member 63 and
the unit body 61.
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[0037] The valve holding member 63, the reed valve
62, and the unit body 61 are fixed integrally by the stopper
64. The valve holding member 63, the reed valve 62, and
the unit body 61 have holes 66, 67, and 68 formed so as
to be located coaxially, into which the stopper 64 is in-
serted. The pinshaped stopper 64 is inserted into these
holes 66, 67, and 68. The stopper 64 can be fixed to the
holes 66 and 68 by, for example, press-fitting. Other than
press-fitting, the stopper 64 can be fixed by screwing, by
forming a threaded groove in the outer circumferential
surface of the stopper 64 and by forming threaded
grooves in the holes 66 and 68. Other than the above,
the stopper 64 may be prevented from falling off by form-
ing a continuous ring groove in the circumferential direc-
tion in the hole 66 at a position near the head of the
stopper 64, and fitting a C-shaped ring into the ring
groove.
[0038] The reed valve 62 sandwiched between the
valve holding member 63 and the unit body 61 at the
other end 62b, as described above, can deform in a can-
tilever-like manner such that the other end 62b serves
as a fixed end and the one end 62a serves as a free end.
At this time, the reed valve 62 can be deformed by the
external force from a state in which it extends along the
valve face surface 61a and closes the through-hole 65
in a direction in which the one end 62a moves away from
the valve face surface 61a toward the valve holding mem-
ber 63. At this time, the valve holding member 63 me-
chanically restricts the amount of deformation of the reed
valve 62 in the direction away from the valve face surface
61a. Therefore, the valve holding member 63, while being
integrated with the reed valve 62 and the unit body 61
by the stopper 64, preferably has a curved surface 63a
on the surface facing the reed valve 62, which conforms
to the shape of the reed valve 62 when it is deformed
with the other end 62b serving as the fixed end.
[0039] Herein, the through-hole 65 is formed such that
it has the axis extending in the direction perpendicular to
the valve face surface 61a, i.e., in the direction perpen-
dicular to the axis of the through-hole 28 and the orbital
axis of the orbiting scroll 30. Then, the flat portion 61b
forms a space (inflow space) S1 between the inner cir-
cumferential surface of the through-hole 28 and the valve
unit 60, and the space S1 communicates with the
through-hole 50 through a gap formed between the pro-
trusion 25 of the fixed scroll 20 and the recess in the
discharge cover 13. Furthermore, in the valve holding
member 63, flat portions 63b and 63b are formed on both
sides of the curved surface 63a, forming a space (outflow
space) between the inner circumferential surface of the
through-hole 28 and the valve holding member 63. This
space communicates with the compression chamber 37.
Accordingly, the pressure of the refrigerant sent from the
injection tube 51 into the space S1 opens the reed valve
62, allowing the refrigerant to flow into the compression
chamber 37.
[0040] This valve unit 60 can be fixed to the through-
hole 28 by, for example, press-fitting, to ensure the seal-

ing property. Furthermore, other than press-fitting, the
valve unit 60 can be fixed to the through-hole 28 by screw-
ing, by forming threaded grooves in the outer circumfer-
ential surfaces of the unit body 61 and valve holding
member 63 and by forming a threaded groove in the inner
circumferential surface of the through-hole 28. In such a
case, an adhesive or a threadlocking adhesive is prefer-
ably used to prevent the valve unit 60 from loosening and
to ensure the sealing property. Other than these, as
shown in FIGS. 4A and 4B, a fixing bolt 70 may be
screwed in near the through-hole 28 to hold the head of
the valve unit 60 with a flange portion 71 at the head of
the fixing bolt 70. Furthermore, as shown in FIGS. 5A
and 5B, the shape of the valve unit 60 may be partly
changed. That is, instead of the flat portion 61b, a hole
80 extending in the axial direction and connecting to the
through-hole 65 may be provided in the unit body 61 to
form the space S1, and an O-ring 81 may be provided
between the outer circumference of the unit body 61 and
the through-hole 28 to ensure the sealing property.
[0041] The scroll-type compressor 10 according to this
embodiment, having the above-described configuration,
operates as follows. By driving an electric motor (not
shown), the orbiting scroll 30 is driven through the shaft
34, the eccentric pin 36, the bearing 35, the boss 33, etc.
The orbiting scroll 30, while being prevented from self
rotation, performs orbital revolution movement on the cir-
cular orbit of the orbital revolution radius. As a result, the
refrigerant gas enters the intake chamber 40 from the
outside and is taken into the compression chamber 37
formed by the fixed scroll 20 and the orbiting scroll 30 on
the outer circumference side.
[0042] Then, as the volume of the compression cham-
ber 37 is decreased by the orbital revolution movement
of the orbiting scroll 30, the refrigerant gas, while being
compressed in the circumferential direction and height
direction of the spiral-shaped wall members 22 and 32,
reaches the central portion, passes through the dis-
charge port 23, the back pressure chamber 15, and the
second discharge port 13a, pushes up the discharge
valve 14, is discharged into the discharge chamber 38,
and is then discharged outside through the outlet tube
39. Furthermore, depending on the operating conditions,
when the pressure in the compression chamber 37 rises
early and exceeds the preset pressure before communi-
cation with the discharge port 23 is established, the multi-
port valve 27 opens. Thus, the compressed gas is dis-
charged through the multi-ports 27a to the back pressure
chamber 15, preventing over-compression.
[0043]  During this time, when it has a pressure equal
to or larger than a predetermined value, the refrigerant
sent from the injection tube 51 opens the reed valve 62
and is injected into the compression chamber 37 at an
intermediate pressure. As is known, the efficiency and
the performance of the refrigeration cycle can be im-
proved by this injection effect. This reed valve 62 serves
as a check valve that blocks the flow of refrigerant from
the compression chamber 37 toward the through-hole 28.
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[0044] As described above, the scroll-type compressor
10 according to this embodiment provides the following
advantages.
The valve unit 60 constituting the check valve of the in-
jection port is installed in the through-hole 28, in the axial
direction thereof, which is provided in the protrusion 25
for fitting the fixed scroll 20 to the discharge cover 13.
This eliminates the need to ensure a special space for
providing the valve unit 60. Thus, the dead volume can
be reduced. As a result, the recompression loss can be
reduced, increasing the compression efficiency. At the
same time, the opening/closing operation of the reed
valve 62 of the valve unit 60 becomes quicker, whereby
the check valve function can be improved. Furthermore,
because there is no need to ensure a special space for
providing the valve unit 60, it can contribute to a reduction
in size of the scroll-type compressor 10.
[0045] Furthermore, the reed valve 62 of the valve unit
60 opens and closes in the direction perpendicular to the
axis of the through-hole 28 and the orbital axis of the
orbiting scroll 30. That is, because the length direction
of the reed valve 62 (the length in the direction in which
the one end 62a, serving as the free end, and the other
end 62b, serving as the fixed end, are connected) is par-
allel to the axis of the through-hole 28 and the orbital axis
of the orbiting scroll 30, it is easy to ensure that the reed
valve 62 has sufficient length. As a result, it becomes
possible to increase the responsiveness of the reed valve
62, whereby the check valve function can be improved.
[0046] Furthermore, by making the reed valve 62 open
and close in the direction perpendicular to the axis of the
through-hole 28 and the orbital axis of the orbiting scroll
30, there is no need to ensure a space required for an
opening/closing operation in the axial direction of the
through-hole 28. Accordingly, the thickness of the end
plate 21 of the fixed scroll 20 can be restricted. Further-
more, because the through-hole 28 in which the valve
unit 60 is installed is provided at a position corresponding
to the protrusion 25 formed on the other side surface of
the end plate 21 of the fixed scroll 20, the length in the
axial direction of the through-hole 28 in which the valve
unit 60 having the plate-like long reed valve 62 is installed
can be ensured by the protrusion 25. Accordingly, the
valve unit 60 having the reed valve 62 can be installed
in the end plate 21 without particularly increasing the
thickness of the end plate 21 of the fixed scroll 20.
[0047] Furthermore, even if the pressure difference in-
creases by making the scroll-compression mechanism a
compression mechanism in which the height of the spiral-
shaped wall members 22 and 32 of the fixed scroll 20
and orbiting scroll 30 is made larger on the outer circum-
ference side than on the inner circumference side to en-
able compression in the circumferential direction and
height direction of the spiral-shaped wall members 22
and 32 to achieve a high compression ratio, backflow of
the refrigerant can be effectively prevented by forming
the check valve 60, provided at the injection port, of the
reed valve 62 having excellent responsiveness and reli-

ability. Thus, it is possible to reduce refrigerant leakage,
reduce the recompression loss as much as possible, and
increase the compression efficiency.
[0048] Furthermore, even in a scroll-compression
mechanism configured to have the multi-ports 27a and
the multi-port valve 27, by reducing the installation space
for the check valve 60 provided at the injection port as
described above, the installation of the multi-port valve
27, which is composed of a reed valve, on the back sur-
face of the fixed scroll end plate 21 can be made easy.
Accordingly, an over-compression prevention function of
the multi-ports 27a can be easily added.
[0049] Note that, in the above-described embodiment,
although an example of the refrigerant compressor has
been described on the basis of the scroll-type compres-
sor 10, the present invention is not limited thereto, and
the present invention may be applied to refrigerant com-
pressors having other structures, for example, rotary
compressors and reciprocating compressors. In such
cases, the configuration is such that a rotary or recipro-
cating compression mechanism provided in the housing
of the compressor and having a compression chamber
that compresses refrigerant taken thereinto and dis-
charges the refrigerant is provided with a through-hole
communicating with the compression chamber and an
injection port that introduces the intermediate-pressure
refrigerant from the outside into the compression cham-
ber through the through-hole, and the above-described
valve unit (check valve) 60 is provided at the through-
hole.
This also provides the same advantage as above.
[0050] Furthermore, the valve unit (check valve) 60
may be applied to a discharge valve, a multi-port valve,
a check valve, a capacity control valve, etc., besides the
injection port of the scroll-type compressor 10 and other
refrigerant compressors.
[0051] Furthermore, in the above-described embodi-
ment, the valve unit 60 is composed of the unit body 61,
the reed valve 62, the valve holding member 63, and the
stopper 64. However, it is not limited thereto, and the
configuration thereof can be appropriately modified with-
in a scope not departing from the spirit of the present
invention. For example, the valve holding member 63
may be formed integrally on the through-hole 28 side,
rather than on the valve unit 60 side.
[0052] Furthermore, the above-described reed valve
62 has a structure in which the side surfaces of the other
end 62b, serving as the fixed end, are in contact with the
inner wall surface of the through-hole 28 so that displace-
ment of the reed valve 62 is restricted, and the projection
of the one end 62a, serving as the free end, always covers
the through-hole 65 provided in the unit body 61.

{Reference Signs List}

[0053]

10 scroll-type compressor
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11 upper housing
12 middle housing
13 discharge cover
14 discharge valve
20 fixed scroll
21 end plate
22 spiral-shaped wall member
25 protrusion
28 through-hole
30 orbiting scroll
31 end plate
32 spiral-shaped wall member
37 compression chamber
38 discharge chamber
39 outlet tube
40 intake chamber
50 through-hole
51 injection tube
60 valve unit (check valve)
61 unit body
61a valve face surface
61b flat portion
62 reed valve
62a one end
62b other end
63 valve holding member
64 stopper

Claims

1. A refrigerant compressor comprising:

a housing;
a compression mechanism provided in the
housing and having a compression chamber
that compresses refrigerant taken thereinto and
discharges the refrigerant;
an injection port communicating with the inside
of the compression chamber through a through-
hole provided in the compression mechanism to
introduce the intermediate-pressure refrigerant
from the outside into the compression chamber;
and
a check valve provided at the through-hole,
wherein the check valve is provided in the
through-hole parallel to the axial direction there-
of and being composed of a reed valve that
opens and closes in a direction perpendicular to
the axial direction.

2. The refrigerant compressor according to claim 1,
wherein
the compression mechanism is a scroll-compression
mechanism that is securely installed in the housing
and includes a fixed scroll having a spiral-shaped
wall member provided upright on one side surface
of an end plate; and an orbiting scroll having a spiral-

shaped wall member provided upright on one side
surface of an end plate, the spiral-shaped wall mem-
ber of the orbiting scroll being meshed with the spiral-
shaped wall member of the fixed scroll to form the
spiral-shaped compression chamber, the compres-
sion mechanism compressing the refrigerant taken
into the compression chamber by an orbital revolu-
tion movement of the orbiting scroll and then dis-
charging it to a discharge chamber through a dis-
charge port, the refrigerant compressor further com-
prising: the injection port that communicates with the
inside of the compression chamber through the
through-hole provided in the end plate of the fixed
scroll to introduce the refrigerant from the outside
into the compression chamber; and the check valve
provided at the through-hole, wherein the check
valve is composed of the reed valve.

3. The refrigerant compressor according to claim 2,
wherein the fixed scroll has a ring-like protrusion
formed on the other side surface of the end plate and
fitted into a discharge cover defining the discharge
chamber, the through-hole is provided at the position
corresponding to the protrusion, and the reed valve
is provided in the through-hole.

4. The refrigerant compressor according to claim 2 or 3,
wherein the reed valve has a plate-like reed valve
one end of which serves as a fixed end and the other
end of which serves as a free end, and the other end
of the reed valve is provided so as to open and close
in a direction perpendicular to an orbital axis of the
orbiting scroll.

5. The refrigerant compressor according to claim 4,
wherein in the reed valve, a direction connecting the
one end serving as the fixed end and the other end
serving as the free end is parallel to the axial direction
of the through-hole in the protrusion.

6. The refrigerant compressor according to any one of
claims 2 to 5,
wherein, in the scroll-compression mechanism, the
height of the spiral-shaped wall members of the fixed
scroll and orbiting scroll is higher on the outer cir-
cumference side than on the inner circumference
side to enable compression in the circumferential di-
rection and height direction of the spiral-shaped wall
members.

7. The refrigerant compressor according to any one of
claims 2 to 6,
wherein the scroll-compression mechanism in-
cludes: a multi-port communicating with the inside
of the compression chamber, provided in the end
plate of the fixed scroll at a position on the outer
circumference side of the discharge port in a spiral
direction, through which the compressed gas is dis-
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charged to the discharge chamber when the pres-
sure in the compression chamber exceeds a preset
pressure; and a multi-port valve provided on the oth-
er side surface of the end plate to open and close
the multi-port.

8. A valve unit provided at a hole through which fluid
flows in an axial direction from one end toward the
other end, the valve unit comprising:

a unit body that is inserted into the hole and
forms an inflow space and an outflow space for
the fluid at one end and at the other end;
a communication hole formed in the unit body,
allowing the inflow space and the outflow space
to communicate with each other; and
a reed valve, with a plate-like shape, provided
so as to close the communication hole, one end
of which serves as a fixed end and the other end
of which serves as a free end, the reed valve
opening the communication hole when the pres-
sure exerted by the fluid moves the other end
away from the communication hole,
wherein, in the reed valve, a direction connect-
ing the one end serving as the fixed end and the
other end serving as the free end is parallel to
the axial direction of the hole.
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