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Description
Technical Field

[0001] The present invention relates to a scroll com-
pressor which is included, for example, in an indoor air
conditioning device.

Background Art

[0002] A scroll compressor which is used for a refrig-
eration cycle of an air conditioning device, a refrigerating
device, etc. includes a fixed scroll and a turning scroll.
Each of the fixed scroll and the turning scroll is a spiral
wrap wall integrally formed on one surface side of a disc-
shaped end plate. Such fixed scroll and turning scroll are
opposed to each other with their wrap walls meshed, and
the turning scroll is set in a revolving turning motion rel-
ative to the fixed scroll by means of an electric motor etc.
Thus, a compression chamber formed between both
wrap walls is moved from the outer peripheral side to the
inner peripheral side while being reduced in volume, and
thereby a refrigerant gas inside the compression cham-
ber is compressed.

[0003] The refrigerant gas compressed in the com-
pression chamber passes through a discharge port,
which is formed in the end plate of the fixed scroll, flows
into a high-pressure chamber between a discharge cover
and a housing, and is discharged toward a refrigerant
circuit from a discharge pipe provided in the housing.
[0004] There are various proposals on the discharge
port formed in the fixed scroll, since it has an influence
on the performance or noise of the scroll compressor.
[0005] For example, Patent Literature 1 proposes that
a diffuser should be formed in the discharge port in order
toreduce pressure loss and improve mechanical efficien-
cy. Patent Literature 2 proposes a muffler chamber,
which is open in the upper surface of the end plate of the
fixed scroll and communicates with the discharge port of
the fixed scroll, in order to realize noise reduction of the
compressor stably over a long period of time.

Citation List
Patent Literature
[0006]

Patent Literature 1: Japanese Patent Laid-Open No.
H6-66271

Patent Literature 2: Japanese Patent Laid-Open No.
2012-122376
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Summary of Invention
Technical Problem

[0007] In orderto relieve an environmental burden, re-
frigerant mixtures such as R410C (pseudo-azeotropicre-
frigerant mixture) and R407C (zeotropic refrigerant mix-
ture) are being increasingly used. It was confirmed that,
when a refrigerant mixture is used, components in the
range of 1 k to 2 kHz of discharge pulsation at the dis-
charge port of the fixed scroll are generated as noise.
According to a review by the present inventors, Patent
Literature 1 and Patent Literature 2 do not provide a so-
lution for this noise.

[0008] Having been devised on the basis of this tech-
nical problem, the present invention aims to provide a
scroll compressor which can reduce noise in a specific
frequency range caused when a refrigerant mixture is
used.

Solution to Problem

[0009] The presentinventors have conducted studies
to achieve the above object, and concluded that the re-
lation between the acoustic velocity of a refrigerant mix-
ture and the distance of a refrigerant passage including
the discharge port plays a role in noise generation.
[0010] In the formula (1) related to acoustic velocity,
when boundary conditions are taken into account, A=4L
(L: L1 (fixed scroll end plate thickness) +L1 (scroll
height)).

c=fxh (L)

where c: acoustic velocity (mm/s), f: frequency (kHz), and
A: wavelength (4L)

[0011] The acoustic velocity of a refrigerant mixture
such as R410A or 407C at the discharge port is about
160 to 180 m/s. The fixed scroll end plate thickness L1
is assumed to be 10 to 20 mm and the scroll height L2
is assumed to be 10 to 20 mm. Here, L1 corresponds to
the length of the discharge port formed in the fixed scroll
end plate, and L2 corresponds to the length of the com-
pression chamber formed by the fixed scroll and the turn-
ing scroll, so that L represents the distance of the refrig-
erant passage stretching from the compression chamber
to the discharge port. When the acoustic velocity of the
refrigerant mixture (160 m/s) and the distance L of the
refrigerant passage are assigned to the formula (1), the
acoustic eigenvalue (f) of 1 to 2 kHz is obtained. Dis-
charge pulsation resonating in this frequency range is
likely to lead to resonate with other structural members
of the scroll compressor and a structure surrounding the
scroll compressor (hereinafter collectively referred to as
a structure), so that the noise from the compressor is
amplified.
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[0012] Therefore, the present inventors have focused
on adjusting the acoustic eigenvalue so as to avoid res-
onance with the structure, which is how the present in-
vention has been completed.

[0013] That is, a scroll compressor of the present in-
vention includes: a turning scroll which is rotatably cou-
pled with an eccentric shaft part of a main shaft; and a
fixed scroll which is opposed to the turning scroll to there-
by form a compression chamber for compressing a re-
frigerant and has an end plate in which a discharge port
fordischarging the compressed refrigeranttoward a high-
pressure chamber is formed, wherein the discharge port
is composed of an upstream port part which continues
to the compression chamber and has an opening area
A1 and a downstream port part which continues to the
upstream port part and has an opening area A2 larger
than the opening area A1 of the upstream port part, and
a node of a vibration mode is generated at the border
between the upstream port part and the downstream port
part.

[0014] In the scroll compressor of the present inven-
tion, anode of a vibration mode is generated at the border
between the upstream port part and the downstream port
part by differentiating the opening areas of the upstream
port part and the downstream port part from each other.
Thus, only the upstream port part corresponds to the por-
tion L1 described above. This means a reduction of the
above-described distance L of the refrigerant passage,
which allows the acoustic eigenvalue obtained by the for-
mula (1) to be adjusted to a higher value so as to avoid
resonance with the structure.

[0015] The discharge port in the present invention in-
cludes several forms.

[0016] Regarding the downstream port part, the open-
ing area A2 can be uniform, or enlarged stepwise or con-
tinuously, in a flow direction of the refrigerant. A circular
port with a uniform diameter is preferable in view of ease
of processing.

Advantageous Effects of Invention

[0017] Accordingtothe presentinvention, itis possible
to adjust the acoustic eigenvalue to a higher value so as
to avoid resonance with the structure by differentiating
the opening areas of the upstream port part and the
downstream port part from each other such that a node
of a vibration mode is generated at the border between
the upstream port part and the downstream port part and
that the distance L of the refrigerant passage is reduced.
Therefore, the scroll compressor of the present invention
can reduce noise in a specific frequency range caused
when a refrigerant mixture is used.

Brief Description of Drawings
[0018]

[Figure 1] Figure 1 is a longitudinal cross-sectional
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view showing a scroll compressor in an embodiment.
[Figure 2] Figure 2A is a partially enlarged view of
FIG. 1, and FIG. 2B is a cross-sectional view along
the line llb-1Ib of FIG. 2A.

[Figure 3] Figure 3 is a view illustrating the function
and effect of a discharge port of a fixed end plate of
the embodiment, in which FIG. 3A schematically
shows a refrigerant discharge passage including the
discharge portof the embodiment, and FIG. 3B sche-
matically shows a conventional common refrigerant
discharge passage.

[Figure 4] Figure 4 is a view showing a modified ex-
ample of the discharge port of the embodiment, in
which FIG. 4A shows an example in which a down-
stream port part is enlarged stepwise, and FIG. 4B
shows an example in which the downstream port part
is enlarged continuously.

Description of Embodiments

[0019] In the following, the present invention will be
described in detail on the basis of the embodiment shown
in the accompanying drawings.

[0020] As shown in FIG. 1, a scroll compressor 1 of
this embodiment includes, inside a housing 10, an elec-
tric motor 12 and a scroll compression mechanism 2 driv-
en by the electric motor 12. This scroll compressor 1 com-
presses a refrigerant such as R410C or R407C and sup-
plies it to a refrigerant circuit of an air conditioner or a
refrigerator, for example.

[0021] The housing 10 includes a cylindrical closed-
end housing main body 101 with an open upper end and
a housing top 102 covering the opening at the upper end
of the housing main body 101.

[0022] On the side surface of the housing main body
101, a suction pipe 13 which introduces a refrigerant from
an accumulator (not shown) into the housing main body
101 is provided.

[0023] On the housing top 102, a discharge pipe 14
which discharges a refrigerant compressed by the scroll
compression mechanism 2 is provided. The inside of the
housing 10 is partitioned by a discharge cover 25 into a
low-pressure chamber 10A and a high-pressure cham-
ber 10B.

[0024] The electric motor 12 includes a stator 15 and
a rotor 16.
[0025] The stator 15 is provided with a winding which

generates a magnetic field as power is supplied to it
through a power source unit (not shown) mounted on the
side surface of the housing main body 101. The rotor 16
includes a permanent magnet and a yoke as main com-
ponents, and further has a main shaft 17 integrally con-
nected at the center.

[0026] An upper bearing 18 and a lower bearing 19
which rotatably support the main shaft 17 are provided
on both end sides of the main shaft 17 across the electric
motor 12.

[0027] In a housing space 190 formed in the upper
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bearing 18, an eccentric pin 17A provided at the upper
end of the main shaft 17 protrudes and is housed.
[0028] The scroll compression mechanism 2 includes
a fixed scroll 20 and a turning scroll 30 which makes a
revolving turning motion relative to the fixed scroll 20.
[0029] The fixed scroll 20 includes a fixed end plate 21
and a spiral wrap 22 rising from one surface of the fixed
endplate 21. Thefixed scroll 20 alsoincludes a discharge
port 23 in the fixed end plate 21. The discharge port 23
passes through the fixed end plate 21 from one surface
to the other surface, and has one end (the lower side in
the drawing) open toward a compression chamber PR
formed between the fixed scroll 20 and the turning scroll
30 and the other end (the upper side in the drawing) open
toward a discharge port 27 of the discharge cover 25
covering the upper side of the fixed scroll 20.

[0030] In this embodiment, the discharge port 23 is
composed of an upstream port part 23A located on the
upstream side with reference to a flow direction F of the
refrigerant (FIG. 2A) and a downstream port part 23B
located on the downstream side from the upstream port
part 23A. The upstream port part 23A continues to the
compression chamber PR, while the downstream port
part 23B continues to the upstream port part 23A. As
shown in FIG. 2B, the upstream port part 23A has a cir-
cular opening, and the opening area is denoted by A1.
The downstream port part 23B has a fan-shaped open-
ing, and the opening area is denoted by A2. In this em-
bodiment, the opening area A2 of the downstream port
part 23B is larger than the opening area A1 of the up-
stream port part 23A. Moreover, due to this difference in
opening area, a node of a vibration mode is generated
in the border portion between the upstream port part 23A
and the downstream port part 23B. The function and ef-
fect of the discharge port 23 thus being composed of the
upstream port part 23A and the downstream port part
23B will be described later.

[0031] The turning scroll 30 includes a disc-shaped
turning end plate 31 and a spiral wrap 32 rising from one
surface of the turning end plate 31.

[0032] On the back surface of the turning end plate 31
of the turning scroll 30, a boss 34 is provided and a drive
bush 36 is installed in the boss 34 through the bearing.
The eccentric pin 17A is fitted inside the drive bush 36.
Thus, as the turning scroll 30 is connected eccentrically
to the axis of the main shaft 17, when the main shaft 17
rotates, the turning scroll 30 turns (revolves) with a turn-
ing radius being the eccentric distance from the axis of
the main shaft 17.

[0033] An Oldham ring (not shown) which restricts ro-
tation is provided between the turning scroll 30 and the
main shaft 17 so that the turning scroll 30 revolves without
rotating.

[0034] The wraps 22, 32, which are eccentric to each
other by a predetermined amount and meshed 180 de-
grees out of phase, come into contact with each other at
a plurality of positions according to the rotation angle of
the turning scroll 30. Then, the compression chamber
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PR is formed in point symmetry relative to a central part
(most inner peripheral part) of the spiral of the wraps 22,
32, and the compression chamber is moved gradually
toward the inner peripheral side while decreasing in vol-
ume as the turning scroll 30 turns. The refrigerantis com-
pressed maximally in the central part of the spiral. The
compression chamber PR of FIG. 1 is shown in this part.
[0035] Inthis scrollcompression mechanism 2, the vol-
ume of the compression chamber PR formed between
both scrolls 20, 30 is reduced also in the height direction
of the wrap in the course of the spiral. For this purpose,
in both the fixed scroll 20 and the turning scroll 30, the
wrap height is lower on the inner peripheral side than on
the outer peripheral side, and the end plate of the mating
scroll opposite to this stepped wrap protrudes further to-
ward the inner surface side of the end plate on the inner
peripheral side than on the outer peripheral side.
[0036] Tostartthe scrollcompressor 1 thus configured,
the electric motor 12 is excited and a refrigerant is intro-
duced through the suction pipe 13 into the housing 10.
[0037] Upon excitation of the electric motor 12, the
main shaft 17 rotates and accordingly the turning scroll
30 makes a revolving turning motion relative to the fixed
scroll 20. Then, the refrigerant is compressed in the com-
pression chamber PR between the turning scroll 30 and
the fixed scroll 20, and the refrigerant introduced into the
low-pressure chamber 10A inside the housing 10 from
the suction pipe 13 is suctioned to a space between the
turning scroll 30 and the fixed scroll 20. Then, the refrig-
erant compressed inside the compression chamber PR
passes sequentially through the discharge port 23 of the
fixed end plate 21 and the discharge port 27 of the dis-
charge cover 25 to be discharged into the high-pressure
chamber 10B, and is further discharged from the dis-
charge pipe 14 to the outside. In this way, the refrigerant
is continuously suctioned, compressed, and discharged.
[0038] Inthis embodiment, the discharge port 23 of the
fixed scroll 20 is composed of the above-described up-
stream port part 23A and downstream port part 23B, and
the opening area A2 of the downstream port part 23B is
larger than the opening area A1 of the upstream port part
23A, and moreover, a node of a vibration mode is gen-
erated at the border between the upstream port part 23A
and the downstream port part 23B. The function and ef-
fect of these features will be described with reference
also to FIG. 3.

[0039] First, a conventional discharge port 123 with a
constant opening area shown in FIG. 3B will be de-
scribed. Itis assumed that this opening area is A1, which
is the same as that of the upstream port part 23A of this
embodiment. Thatis, the discharge port 123 is equivalent
of the upstream port part 23A of this embodiment extend-
ing to the terminal end on the downstream side.

[0040] In FIG. 3B, the wavelength X in the formula (1)
below is specified by the total value of L1’, L2, and L3’
defined below. When the conventional discharge port
123 is employed, the vibration mode is continuous be-
tween a passage C1’and apassage C2’, butin apassage
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C3’, anode of avibration mode is generated at the border
withthe passage C1 and the passage C2 onthe upstream
side. When boundary conditions are taken into account,
the total length L’ (L1°+L2’) of the passage C1’ and the
passage C2’ is A=4L’. As described above, the acoustic
velocity of a refrigerant mixture such as R410A or 407C
in a refrigerant passage is about 160 to 180 m/s, and
when the fixed end plate thickness (L2’) is assumed to
be 10 to 20 mm and the scroll height (L1’) is assumed to
be 10 to 20 mm, the acoustic eigenvalue (f) of 1 to 2 kHz
is obtained (where c=160 m/s). However, this can result
in resonating with the structure.

c=fxA (1)

where c: acoustic velocity (mm/s), f: frequency (kHz), and
A: wavelength (4L)

A=L1'+L2'+L3"

where L1’: the length of the refrigerant passage C1’ in
the compression chamber PR, L2’: the length of the re-
frigerant passage C2’ in the fixed end plate 21, and L3
the length of the refrigerant passage C3’' on the down-
stream side from the fixed end plate 21

[0041] Therefore, as shown in FIG. 3A of this embod-
iment, the opening of the discharge port 23 is significantly
expanded from the middle such that a node of a vibration
mode is generated between the refrigerant passage (C1,
C2) up to the upstream port part 23A and the refrigerant
passage (C3) on the downstream side from the down-
stream port part 23B. Then, since the length L corre-
sponding to the conventional length L’ is reduced, the
acoustic eigenvalue (f) can be increased, so that reso-
nance with the structure can be avoided. For example,
when the downstream port part 23B is formed from a
position of a quarter of the thickness of the fixed end plate
21, the acoustic eigenvalue (f) is 1.6 to 3.2 kHz.

[0042] One can easily imagine that the length L can be
reduced by reducing the thickness of the fixed end plate
21. However, in order to secure the required strength of
the fixed scroll 20, the thickness of the fixed end plate 21
cannot always be reduced. In particular, for highspeed
rotation as well as weight reduction required of the scroll
compressor 1, the fixed end plate 21 of the fixed scroll
20 as is already made thin within the allowable range, so
that a further reduction in thickness is difficult. Therefore,
the configuration of the discharge port 23 of this embod-
iment is potent means for avoiding resonance with the
structure without reducing the thickness of the fixed end
plate 21.

[0043] Moreover, enlarging the opening area of the
downstream port part 23B as in the discharge port 23
can reduce the pressure loss of a refrigerant in this por-
tion, which can also contribute to performance improve-
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ment of the scroll compressor 1.

[0044] In this embodiment, the opening area A2 of the
downstream port part 23B is set such that a node of a
vibration mode is generated in connection with the open-
ing area A1 of the upstream port part 23A. The length L2
of the upstream port 23A is set, with vibration of the sur-
rounding structure taken into account, such that the
acoustic eigenvalue (f) at which resonance with the struc-
ture can be avoided is obtained. Both values can be ob-
tained by performing a vibration test through simulation.
[0045] Inthe above-described embodiment, the exam-
ple of the downstream port part 23B of which the opening
area is constant in the flow direction of the refrigerant
has been shown. However, the present invention is not
limited to this example. For example, as long as the ef-
fects of the present invention can be obtained, the down-
stream port part 23B may be enlarged stepwise as shown
in FIG. 4A, or the downstream port part 23B may be en-
larged continuously as shown in FIG. 4B. Although not
shown, the upstream port part 23A may also be varied
in opening area stepwise or continuously.

[0046] While the downstream port part 23B has a fan-
shaped opening, the present invention is not limited to
this example, and the downstream port part 23B may
have another opening shape, for example, a circular
shape.

[0047] Moreover, while the presentinvention has been
described on the basis of the components in the range
of 1 k to 2 kHz of discharge pulsation being generated
as noise, this is merely an example, and it is needless to
say that the present invention can be employed in order
to reduce noise components outside of this range.
[0048] Furthermore, the opening shape of the down-
stream port part 23B is arbitrary and not limited to the
fan shape.

[0049] Otherwise, the configurations presented in the
above-described embodiments can be sorted out or
changed to other configurations within the scope of the
present invention.

Reference Signs List

[0050]

1 Scroll compressor

2 Scroll compression mechanism
10 Housing

10A Low-pressure chamber
10B High-pressure chamber
12 Electric motor

13 Suction pipe

14 Discharge pipe

15 Stator

16 Rotor

17 Main shaft

17A Eccentric pin

18 Upper bearing

19 Lower bearing
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Fixed scroll

Wrap

Discharge port
Upstream port part
Downstream port part
Discharge cover
Discharge port
Turning scroll

Boss

Drive bush
Housing main body
Housing top

Fixed end plate
Turning end plate

1. A scroll compressor comprising:

a turning scroll which is rotatably coupled with
an eccentric shaft part of a main shaft; and

a fixed scroll which is opposed to the turning
scroll to thereby form a compression chamber
for compressing a refrigerant and has an end
plate in which a discharge port for discharging
the compressed refrigerant toward a high-pres-
sure chamber is formed, wherein

the discharge port is composed of an upstream
port part which continues to the compression
chamber and has an opening area A1 and a
downstream port part which continues to the up-
stream port part and has an opening area A2
larger than the opening area A1 of the upstream
port part, and

a node of a vibration mode is generated at the
border between the upstream port part and the
downstream port part.

2. The scroll compressor according to claim 1, wherein
the opening area A2 of the downstream port part is
uniform, or enlarged stepwise or continuously, in a
flow direction of the refrigerant.
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