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Description
Technical Field

[0001] The present invention relates to a two-stage
compressor and a two-stage compression system in
which refrigerant gas is compressed from a low pressure
to a high pressure through two stages.

Background Art

[0002] In a two-stage compressor and a two-stage
compression system, since low-pressure refrigerant gas
is compressed through two stages, that is, a low-stage-
side compressor for compression from a low pressure to
an intermediate pressure, and a high-stage-side com-
pressor for compression from the intermediate pressure
to a high pressure, a differential pressure in each com-
pressor can be made small. This allows leakage loss in
each compressor to be made small and the compression
efficiency to be enhanced.

[0003] As a specific example, Patent Literature 1 dis-
closes a two-stage compressor which includes two com-
pressors provided in a single hermetic housing. One of
the two compressors is a rotary compressor on a low-
stage-side and the other is a scroll compressor on a high-
stage-side, and a refrigerant compressed to an interme-
diate pressure in the low-stage-side rotary compressor
is discharged to the housing and the intermediate-pres-
sure refrigerant is sucked into the high-stage-side scroll
compressor, and thus the refrigerant is compressed
through two stages. Patent Literature 2 discloses a sub-
stantially similar two-stage compressor in which low-
stage-side and high-stage-side compressors are both
configured as a rotary compressor. Further, Patent Lit-
erature 3 discloses an example of a two-stage compres-
sion system, in which two independent compressors, i.e.
low-stage-side compressor and high-pressure-stage-
side compressor, are connected in series to perform two-
stage compression.

[0004] Ontheotherhand, in asingle-stage rotary com-
pressor in which a low-pressure refrigerant is com-
pressed to a high pressure by a single compressor, since
the compressor rotating speed is higher by the inverter
control, a blade, which reciprocates with contacting an
outer circumferential surface of the rotor fails to follow
the rotation due to an increase in its own inertial force at
higher speed. This leads to so-called blade jumping,
which causes gas leakage inside the cylinder. To cope
with this phenomenon, various technologies, including
one for making the blade lighter, have been proposed by
Patent Literatures 4 to 6 and the like.

{Prior Art}
Patent Literature

[0005]
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{PTL 1}

Japanese Unexamined Patent Application, Publica-
tion No. 2008-190377

{PTL 2}

Japanese Unexamined Patent Application, Publica-
tion No. 2008-286037

{PTL 3}

Japanese Unexamined Patent Application, Publica-
tion No. 2009-192164

{PTL 4}

Japanese Unexamined Utility Model Application,
Publication No. S62-193194

{PTL 5}

Japanese Unexamined Utility Model Application,
Publication No. H1-152090

{PTL 6}

Japanese Unexamined Patent Application, Publica-
tion No. H3-197628

Summary of Invention
Technical Problem

[0006] As described above, efforts have been made in
the single-stage rotary compressor, and one of them was
making the blade lighter so as to reduce the inertial force
of the blade itself and prevent the blade from causing
blade jumping at an operating point. However, even
though the blade is made lighter to such a degree as to
prevent blade jumping in the single-stage rotary com-
pressor where a low-pressure refrigerant is compressed
to a high pressure, when the rotary compressor is used
as a low-stage-side compressor of an intermediate-pres-
sure-housing type two-stage compressor or two-stage
compression system, in which the inside of the housing
is at an intermediate pressure, gas leakage is caused
inside the cylinder due to blade jumping.

[0007] The low-stage-side compressor of the two-
stage compressor or the two-stage compression system
serves to compress a low-pressure refrigerant to an in-
termediate pressure. Therefore, when the intermediate-
pressure-housing type rotary compressor is adopted as
the low-stage-side compressor, a back pressure applied
to a back surface of the blade corresponds to the differ-
ential pressure between the low pressure inside the cyl-
inder chamber and the intermediate pressure outside the
cylinder chamber. It is thus conceivable that the afore-
mentioned blade jumping has been caused by the fact
that the back pressure applied to the back surface of the
blade is lower compared to the single-stage rotary com-
pressor where the differential pressure between the low
pressure and the high pressure is applied as the back
pressure.

[0008] The present invention is made in view of such
circumstances, and the object is to provide a two-stage
compressor and a two-stage compression system capa-
ble of, even when the intermediate-pressure-housing
type rotary compressor is used as the low-stage-side
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compressor of the two-stage compressor or the two-
stage compression system, enabling compressors to be
operated efficiently at sufficiently wide range without
blade jumping.

Solution to Problem

[0009] In order to solve the above problems, the two-
stage compressor and the two-stage compression sys-
tem of the present invention employ the following solu-
tions.

The two-stage compressor according to the present in-
vention is an intermediate-pressure-housing type two-
stage compressor comprising a low-stage-side compres-
sor and a high-stage-side compressor both provided in
a housing, wherein a refrigerant gas compressed to an
intermediate pressure by the low-stage-side compressor
is discharged inside the housing, and the refrigerant gas
compressed to the intermediate pressure is sucked into
the high-stage-side compressor to be compressed to a
high pressure, wherein the low-stage-side compressor
is a rotary compressor provided with a blade partitioning
an inside of a cylinder chamber into a suction side and
a compression side, and the blade reciprocates in re-
sponse to rotation of a rotor and wherein the blade is
formed of a material having a density of 3 g/cm3 or less
so as toreduce inertial force of the blade in consideration
of a low back pressure acting on a back surface of the
blade.

[0010] According to the presentinvention, in the inter-
mediate-pressure-housing type two-stage compressor
where a refrigerant compressed to an intermediate pres-
sure in the low-stage-side compressor is discharged in-
side the housing and the inside of the housing is at the
intermediate pressure, the low-stage-side compressor is
the rotary compressor provided with the blade partition-
ing the inside of the cylinder chamber into the suction
side and the compression side, the blade reciprocating
in response to rotation of the rotor, the blade being formed
of a material having a density of 3 g/cm3 or less so as to
reduce the blade’s inertial force in in consideration of the
lower back pressure acting on the back surface of the
blade. Therefore, even when the low-stage-side com-
pressor of the two-stage compressor which compresses
a refrigerant from a low pressure to an intermediate pres-
sure is configured with the rotary compressor, the blade
is made of a material having a density of 3 g/cm3 or less
and lightweight enough to reduce the inertial force during
reciprocating motion and suppress so-called blade jump-
ing, despite the fact that the lower back pressure corre-
sponding to the differential pressure between the inter-
mediate pressure and the low pressure is applied to the
back surface of the blade. Accordingly, it is possible to
operate without blade jumping, and accordingly without
large gas leakage inside the cylinder, and then, it is pos-
sible to secure the sufficiently wide range where com-
pressor efficiency is high, and thereby to reduce leakage
loss in the low-stage-side rotary compressor in order to
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enhance the compression efficiency of the two-stage
compressor.

[0011] Further, the two-stage compression system ac-
cording to the present invention is a two-stage compres-
sion system comprising: a low-stage-side compressor
having a compression system housed in a housing; and
a high-stage-side compressor having a compression
system housed in another housing and connected in se-
ries with the low-stage-side compressor, wherein a re-
frigerant gas is compressed to an intermediate-pressure
in the low-stage-side compressor and it is discharged
inside the housing, and then it is sucked into the high-
stage-side compressor to be compressed to a high pres-
sure, wherein the low-stage-side compressor is an inter-
mediate-pressure-housing type and also is a rotary com-
pressor provided with a blade partitioning an inside of a
cylinder chamber into a suction side and a compression
side, and the blade reciprocates in response to rotation
of a rotor, and wherein the blade is formed of a material
having a density of 3 g/cm3 or less so as to reduce inertial
force of the blade in consideration of a low back pressure
acting on a back surface of the blade.

[0012] According to the present invention, in the two-
stage compression system in which the low-stage-side
compressor and the high-stage-side compressor are
connected in series, and the low-stage-side compressor
is the intermediate-pressure-housing type compressor,
the intermediate-pressure-housing type low-stage-side
compressor is the rotary compressor provided with the
blade partitioning the inside of the cylinder chamber into
the suction side and the compression side, the blade re-
ciprocating in response to rotation of the rotor, the blade
being formed of a material having a density of 3 g/cm3
or less so as to reduce the blade’s inertial force in re-
sponse to the lower back pressure acting on the back
surface of the blade. Therefore, even when the low-
stage-side compressor of the two-stage compression
system which compresses a refrigerant from a low pres-
sure to an intermediate pressure is configured as arotary
compressor, the blade is made of a material having a
density of 3 g/cm3 or less and lightweight enough to re-
duce the inertial force during reciprocating motion and
suppress so-called blade jumping, despite the fact that
the lower back pressure corresponding to the differential
pressure between the intermediate pressure and the low
pressure is applied to the back surface of the blade. Ac-
cordingly, itis possible to operate without blade jumping,
and accordingly without large gas leakage inside the cyl-
inder, and then, it is possible to secure the sufficiently
wide range where compressor efficiency is high, and
thereby to reduce leakage loss in the low-stage-side ro-
tary compressor in order to enhance the compression
efficiency of the two-stage compression system.

[0013] Furthermore, according to the present inven-
tion, in the two-stage compressor or the two-stage com-
pression system described above, the low-stage-side
compressor is the rotary compressor and the high-stage-
side compressor is a scroll compressor or a rotary com-
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pressor.
[0014] According to the present invention, the low-
stage-side compressor is the rotary compressor and the
high-stage-side compressor is a scroll compressor or a
rotary compressor. Therefore, by adopting a scroll com-
pressor or a rotary compressor, which have convention-
ally been used in wide-ranging applications, as the high-
stage-side compressor, and adopting the rotary com-
pressor as described above provided with the blade
made of a material having a density of 3 g/cm3 or less
as the low-stage-side compressor, it is possible to con-
figure the two-stage compressor or the two-stage com-
pression system in which leakage loss is made small in
both the low-stage-side compressor and the high-stage-
side compressor. Thus, the efficiency of the two-stage
compressor or the two-stage compression system can
be enhanced.

[0015] Moreover, according to the present invention,
in either one of the two-stage compressor or the two-
stage compression system described above, the blade
is a carbon blade, an aluminum alloy blade, or an alumi-
num alloy blade plated with SiC-dispersed Ni-P, and the
rotor and a cylinder main body are made of alloy steel or
cast iron.

[0016] According to the presentinvention, the blade is
the carbon blade, the aluminum alloy blade, or the alu-
minum alloy blade plated with SiC-dispersed Ni-P, and
the rotor and the cylinder main body are made of alloy
steel or cast iron. Therefore, the blade, the rotor, and the
cylinder main body can be configured in such a manner
in which those elements are excellent in heat resistance
and abrasionresistance. Accordingly, itis possible to pro-
vide the highly reliable two-stage compressor and two-
stage compression system in which heat resistance and
abrasion resistance of the low-stage-side rotary com-
pressor are sufficiently secured.

[0017] Inaddition, according to the presentinvention,
in either one of the two-stage compressor or the two-
stage compression system described above, the refrig-
erant is an HFC refrigerant, an HFO refrigerant, an HC
refrigerant, or a mixed refrigerant of two or more of the
aforementioned refrigerants.

[0018] According tothe presentinvention, the refriger-
ant is the HFC refrigerant, the HFO refrigerant, the HC
refrigerant, or the mixed refrigerant of these refrigerants.
Therefore, by using the HFC refrigerant, the HFO refrig-
erant, the HC refrigerant, which are considered not to
destroy the ozone layer, or the mixed refrigerant of these
refrigerants, even when, in the two-stage compressor
and the two-stage compression system where the differ-
ential pressure between the low pressure and the inter-
mediate pressure is small, and even when the low-stage-
side compressor of the intermediate-pressure-housing
type two-stage compressor and the intermediate-pres-
sure-housing type low-stage-side compressor of the two-
stage compression system is each configured with a ro-
tary compressor, it is possible to sufficiently reduce the
blade’s inertial force during reciprocating motion and sup-
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press blade jumping. Accordingly, in the two-stage com-
pressor orthe two-stage compression system which uses
the HFC refrigerant, the HFO refrigerant, the HC refrig-
erant, or the mixed refrigerant of these refrigerants, it is
possible to operate without blade jumping, and accord-
ingly without large gas leakage inside the cylinder, and
then, it is possible to secure the sufficiently wide range
where compressor efficiency is high, and thereby to en-
hance the compression efficiency of the two-stage com-
pressor or the two-stage compression system.

{Advantageous Effects of Invention}

[0019] According to the two-stage compressor and the
two-stage compression system of the present invention,
even when the low-stage-side compressor of the two-
stage compressor or the two-stage compression system
which compresses a refrigerant from a low pressure to
an intermediate pressure is configured with the rotary
compressor, the blade is made of a material having a
density of 3 g/cm3 or less and lightweight enough to re-
duce the inertial force during reciprocating motion and
suppress so-called blade jumping, despite the fact that
the lower back pressure corresponding to the differential
pressure between the intermediate pressure and the low
pressure is applied to the back surface of the blade. Ac-
cordingly, itis possible to operate without blade jumping,
and accordingly without large gas leakage inside the cyl-
inder, and then, it is possible to secure the sufficiently
wide range where compressor efficiency is high, and
thereby to reduce leakage loss in the low-stage-side ro-
tary compressor in order to enhance the compression
efficiency of the two-stage compressor or the two-stage
compression system.

Brief Description of Drawings

[0020]

{Fig. 1}

Fig. 1 is a longitudinal cross-sectional view of a two-
stage compressor according to a first embodiment
of the present invention.

{Fig. 2}

Fig. 2 is a cross-sectional view of a low-stage-side
rotary compressor of the two-stage compressor
shown in Fig. 1.

{Fig. 3}

Figs. 3 (A), (B), and (C) are charts showing compres-
sion operations with a lower differential pressure as
a back pressure of a blade.

{Description of Embodiments}
[0021] Hereinbelow, embodiments according to the

present invention will be described with reference to the
drawings.
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{First Embodiment}

[0022] A first embodiment of the present invention will
be described using Figs. 1 to 3.

Fig. 1is alongitudinal cross-sectional view of a two-stage
compressor according to the first embodiment of the
present invention, and Fig. 2 is a cross-sectional view of
a low-stage-side rotary compressor of the two-stage
compressor. In this embodiment, a description is made
for an example of a two-stage compressor 1 in which a
rotary compressor is adopted as a low-stage-side com-
pressor 2 and a scroll compressor is adopted as a high-
stage-side compressor 3. However, the high-stage-side
compressor 3 is not limited to the scroll-type compressor
3. The below described two-stage compressor 1 is pref-
erably used as a two-stage compressor which uses an
HFC refrigerant, an HFO refrigerant, an HC refrigerant,
or a mixed refrigerant of these refrigerants. The refriger-
ant described hereinafter refers to the HFC, the HFO,
the HC, or the mixed refrigerant of these refrigerants.
[0023] Thetwo-stage compressor 1includesahousing
10 having a hermetic structure. An electric motor 4 which
has a stator 5 and a rotor 6 is installed and fixed at an
approximately center part of the inside of the housing 10,
and a rotary shaft (crank shaft) 7 is integrally connected
to the rotor 6. A rotary compressor 2 which is the low-
stage-side compressor (hereinafter referred to as low-
stage-side rotary compressor 2) is installed under the
electric motor 4.

[0024] The low-stage-side rotary compressor 2 in-
cludes a cylinder chamber 20, and also includes the fol-
lowing elements: a cylinder main body 21 installed and
fixed in the housing 10; an upper bearing 22 and a lower
bearing 23 installed and fixed on and under the cylinder
main body 21, and sealing an upper part and an lower
part of the cylinder chamber 20; a rotor 24 fitted to a crank
part 7A of the rotary shaft 7, for rotating along an inner
circumferential surface of the cylinder chamber 20; a
blade 26 fitted into a blade groove 25 of the cylinder main
body 21 and reciprocating along the groove and having
a tip in contact with an outer circumference of the rotor
24 so as to partition the inside of the cylinder chamber
20 into a suction side and a compression side; and a
blade pressing spring 27 pressing a rear end of the blade
26, and the like.

[0025] The low-stage-side rotary compressor 2, which
may have known components, is configured to suck a
low-pressure refrigerant gas (working gas) into the cyl-
inder chamber 20 through a suction pipe 28, and after
compressing the refrigerant gas to an intermediate pres-
sure by rotation of the rotor 24, discharge the gas into
the inside of the housing 10 through adischarge chamber
29. This intermediate-pressure refrigerant gas flows
through a gas passage hole 6A and so on provided in
the rotor 6 of the electric motor 4 into an upper space of
the electric motor 4, and is sucked into the high-stage-
side compressor 3 and compressed thus in two stages.
[0026] The high-stage-side compressor 3 is a scroll
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compressor including a pair of a fixed scroll 32 and an
orbiting scroll 33 (hereinafter referred to as high-stage-
side scroll compressor 3). The high-stage-side scroll
compressor 3 is connected to the rotary shaft 7 above
the electric motor 4 inside the housing 10, and installed
so as to be driven through the rotary shaft 7 by rotation
of the electric motor 4.

[0027] The high-stage-side scroll compressor 3 in-
cludes a bearing 30 supporting the rotary shaft 7. The
high-stage-side scroll compressor 3 also includes a sup-
port member 31 fixed and installed in the housing 10,
and the fixed scroll 32 and the orbiting scroll 33, which
have spiral laps 32B and 33B erected on end plates 32A
and 33A, respectively, and which are installed on the
support member 31 with the spiral laps 32B and 33B
engaged with each other so as to constitute a pair of
compression chambers 34. The high-stage-side scroll
compressor 3 further includes the following elements: a
orbiting boss part 35 for connecting the orbiting scroll 33
and an eccentric pin 7B provided at a shaft end of the
rotary shaft 7 and for driving the orbiting scroll 33 to move
in an orbiting manner; a rotation prevention mechanism
36, such as an Oldham’s link, which is disposed between
the orbiting scroll 33 and the support member 31 and
causes the orbiting scroll 33 to move in the orbiting man-
ner while preventing the orbiting scroll 33 from rotating;
a discharge valve 37 disposed on a back surface of the
fixed scroll 32; and a discharge cover 39 fixed and in-
stalled on the back surface of the fixed scroll 32 and form-
ing a discharge chamber 38 between the fixed scroll 32
and the discharge cover 39.

[0028] The high-stage-side scroll compressor 3, which
may be known, is configured to suck the refrigerant gas
which is compressed to an intermediate pressure in the
low-stage-side rotary compressor 2 and discharged in-
side the housing 10 into the compression chamber 34.
And then, after compressing the gas to a discharge pres-
sure (high pressure) by driving the orbiting scroll 33 in
the orbiting manner, the high-stage-side scroll compres-
sor 3 discharge the gas through the discharge valve 37
into the discharge chamber 38. The high-pressure refrig-
erant gas is discharged from the discharge chamber 38
through a discharge pipe 40 to the outside of the com-
pressor, namely, to a refrigeration cycle side. The support
member 31 constituting the high-stage-side scroll com-
pressor 3 is fixed and installed with a screw to a bracket
41 provided inside the housing 10.

[0029] A known positive-displacement lubrication
pump 11 is installed between a lower end portion of the
rotary shaft 7 and the lower bearing 23 of the low-stage-
side rotary compressor 2. The positive-displacement lu-
brication pump 11 pumps up lubricant oil 12 housed in
a bottom part of the housing 10, and feeds the lubricant
oil 12, through an oil feed hole 13 provided inside the
rotary shaft 7, to parts requiring lubrication such as the
bearing parts of the low-stage-side rotary compressor 2
and the high-stage-side scroll compressor 3. In addition,
an oil separating plate 42 rotated integrally with the rotor



9 EP 2 685 106 A2 10

6 is provided at an upper end of the rotor 6 of the electric
motor 4.

[0030] This oil separating plate 42 is a disc installed
on a balance weight 43 provided on the upper end of the
rotor 6 (if the balance weight is not installed, the oil sep-
arating plate is installed through a spacer, etc.), and has
an outer diameter such that a slight gap is made between
the oil separating plate and an inner circumference of a
stator coil end 5A of the electric motor 4. The oil sepa-
rating plate 42 has a through-hole (not shown) provided
at a center part so as to allow the rotary shaft 7 to pass
through the separating plate 42. It is preferable that the
through-hole has a diameter such that the inner circum-
ferential edge thereof is positioned on a center side rel-
ative to the gas passage holes 6A provided in the rotor
6, and that the gap between the through-hole and the
outer circumferential surface of the rotary shaft 7 is made
as small as possible.

[0031] Since the above-described two-stage com-
pressor 1 is configured to discharge the refrigerant com-
pressed to an intermediate pressure in the low-stage-
side rotary compressor 2 inside the housing 10, the two-
stage compressor 1 itself is an intermediate-pressure-
housing type two-stage compressor 1. By providing the
low-stage-side rotary compressor 2 inside the housing
10 having such a structure with an intermediate-pres-
sure, the back pressure applied to the back surface of
the blade 26 corresponds to the intermediate pressure
which is the pressure inside the housing 10. Thus, the
back pressure applied to the blade 26 corresponds to the
differential pressure between the low pressure inside the
cylinder chamber 20 and the intermediate pressure out-
side the cylinder chamber 20, which is approximately half
of that in a single-stage rotary compressor where the
differential pressure between the low pressure and the
high pressure is applied to the blade.

[0032] Fig. 3is a chart comparing a single-stage rotary
compressor and the low-stage-side rotary compressor.
Fig. 3 (A) shows a case of a common single-stage rotary
compressor. In Fig. 3 (A), the back pressure applied to
the blade 26 corresponds to a differential pressure be-
tween a low pressure LP and a high pressure HP, and
the compressor can be operated at an operating point
within ranges above the blade jumping line, thatis, where
gas leakage in the cylinder is not caused due to blade
jumping. On the other hand, in a case as shown in Fig.
3 (B) where this single-stage rotary compressoris applied
as the low-stage-side rotary compressor 2, the back pres-
sure applied to the blade 26 corresponds to a differential
pressure between the low pressure LP and an interme-
diate pressure MP, which is approximately half of thatin
Fig. 3 (A). For this reason, even the operating points,
which are within the operating range in the case of the
single-stage rotary compressor, fall within the blade
jumping range. Note that, the blade 26 here is an example
using a material having a density of 7 g/cm3.

[0033] Therefore, in the present embodiment, the
blade 26 is configured with a material having a density
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of 3 g/lcm3or less to make the blade lighter and sufficiently
reduce the inertial force during reciprocating motion, so
that, as shown in Fig. 3 (C), the blade jumping ranges
are reduced and sufficiently wide ranges are secured
where it is possible to operate at high efficiency. In con-
sideration of heat resistance and abrasion resistance, a
carbon blade, an aluminum alloy blade, an aluminum al-
loy blade plated with SiC-dispersed Ni-P, or the like can
be adopted as the blade 26. It is preferable that the rotor
24, which has sliding contact with the blade 26, and the
cylinder main body 21 are made of alloy steel or cast iron.
[0034] Due to the above-described configuration, the
present embodiment provides the following effects.
The low-pressure refrigerant gas directly sucked through
the suction pipe 28 into the cylinder chamber 20 of the
low-stage-side rotary compressor 2 is compressed to an
intermediate pressure by rotation of the rotor 24, and
thereafter discharged into the discharge chamber 29. Af-
ter being discharged from the discharge chamber 29 into
the lower space provided below the electric motor 4, the
intermediate-pressure refrigerant gas flows through the
gas passage hole 6A and the like provided in the rotor 6
of the electric motor 4 into the upper space provided
above the electric motor 4. The refrigerant gas having
flowed into the upper space collides against the rotating
oil separating plate 42, so that the lubricant oil 12 is sep-
arated by centrifugal separation action and the lubricant
oil 12 falls in drops to the bottom part of the housing 10.
[0035] The intermediate-pressure refrigerant gas hav-
ing flowed into the upper space of the electric motor 4 is
guided through gaps between the housing 10 and the
support member 31 constituting part of the high-stage-
side scroll compressor 3 and the like, to a suction port of
the high-stage-side scroll compressor 3 configured in the
fixed scroll 32, and sucked into the compression cham-
ber 34. The intermediate-pressure refrigerant gas
sucked into the compression chamber 34 is compressed
to a high pressure by the high-stage-side scroll compres-
sor 3 thus in two stages, and thereafter discharged from
the discharge valve 37 into the discharge chamber 38
and delivered through the discharge pipe 40 to the out-
side of the compressor, namely, to the refrigeration cycle
side.

[0036] In this two-stage compression process, the in-
side of the housing 10, where the refrigerant compressed
to an intermediate pressure in the low-stage-side rotary
compressor 2 is discharged, is at an intermediate pres-
sure. This means that the intermediate pressure is also
applied to the back surface of the blade 26 of the low-
stage-side rotary compressor 2. Thus, the back pressure
applied to the blade 26 corresponds to the differential
pressure between the low pressure and the intermediate
pressure. Here, the blade 26 is made of a material having
a density of 3 g/cm3 or less and lightweight enough to
reduce the inertial force during reciprocating motion, de-
spite the lower differential pressure. Accordingly, as
shown in Fig. 3 (C), the blade jumping ranges can be
reduced so as to sufficiently secure the sufficiently wide
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ranges where it is possible to operate at high efficiency.
[0037] Thus, it is possible to operate without blade
jumping, and accordingly without large gas leakage in-
side the cylinder, and then, it is possible to secure the
sufficiently wide range where compressor efficiency is
high, and thereby to reduce leakage loss in the low-stage-
side rotary compressor 2 in order to enhance the com-
pression efficiency of the two-stage compressor 1.
[0038] Further, the above-described blade 26 is a car-
bonblade, an aluminum alloy blade, or an aluminum alloy
blade plated with SiC-dispersed Ni-P, and the rotor 24,
which the blade 26 has sliding contact with, and the cyl-
inder main body 21 are made of alloy steel or cast iron.
Thus, the blade 26, the rotor 24, and the cylinder main
body 21 can be configured in such a manner that those
elements are excellent in heat resistance and abrasion
resistance. Accordingly, itis possible to provide the highly
reliable two-stage compressor 1 in which heat resistance
and abrasion resistance of the low-stage-side rotary
compressor 2 are sufficiently secured.

[0039] Furthermore, the low-stage-side compressor of
the two-stage compressor 1 is the rotary compressor 2
and the high-stage-side compressor thereof is the scroll
compressor 3. As the high efficiency scroll compressor
3, which has been used in wide-ranging applications and
causes little compression leakage, is adopted as the
high-stage-side compressor, and the rotary compressor
2, which is equipped with the blade 26 as described
above made of a material having a density of 3 g/cm3 or
less, is adopted as the low-stage-side compressor, it is
possible to configure the two-stage compressor 1 in
which leakage loss is made small in both the low-stage-
side compressor and the high-stage-side compressor.
Thus, the efficiency of the two-stage compressor 1 can
be enhanced.

[0040] Moreover, the refrigerant applied to the two-
stage compressor 1 is the HFC refrigerant, the HFO re-
frigerant, the HC refrigerant, which are considered not to
destroy the ozone layer, or a mixed refrigerant of these
refrigerants. Therefore, even when, in the two-stage
compressor 1 where the differential pressure between
the low pressure and the intermediate pressure is small,
and even when the rotary compressor 2 is adopted as
the low-stage-side compressor of the intermediate-pres-
sure-housing type two-stage compressor, it is possible
to reduce the inertial force of the blade 26 during recip-
rocating motion sufficiently and to suppress blade jump-
ing. Thus, in the two-stage compressor 1 which uses the
HFC refrigerant, the HF O refrigerant, the HC refrigerant,
orthe mixed refrigerant of these refrigerants, itis possible
to reduce the operating range where blade jumping, and
accordingly gas leakage, occurs inside the cylinder so
as to secure the range where high efficient operation is
possible, and thereby to enhance the efficiency of the
two-stage compressor 1.
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Second Embodiment

[0041] Next, a second embodiment of the present in-
vention will be described.

This embodiment is different from the above-described
first embodiment, this embodiment has a different con-
figuration in which the low-stage-side compressor and
the high-stage-side compressor are connected in series
to configure a two-stage compression system. As other
configurations are similar to those of the first embodi-
ment, descriptions for those configurations will be omitted
below.

In the present embodiment, the two-stage compression
system is configured by the low-stage-side rotary com-
pressor, which is the above-described rotary compressor
2 provided in an independent housing, and the high-
stage-side scroll compressor, which is the above-de-
scribed scroll compressor 3 provided in another inde-
pendent housing, connected in series through a pipe.
[0042] The low-stage-side rotary compressor is an in-
termediate-pressure-housing type compressor in which
a refrigerant compressed to an intermediate-pressure is
discharged inside the housing, and the intermediate-
pressure refrigerant gas discharged inside the interme-
diate-pressure housing is sucked through the pipe into
the high-stage-side scroll compressor and compressed
thus in two stages.

[0043] Asdescribed above, also in the two-stage com-
pression system configured with two independent single-
stage compressors connected in series, when the rotary
compressor is adopted as the low-stage-side compres-
sor, the aforementioned situation arises in the low-stage-
side rotary compressor 2. This problem can be solved
by adopting a blade made of a material having a density
of 3 g/lcm3 or less as the blade 26 of this low-stage-side
rotary compressor, and the effects of the two-stage com-
pressor 1 of the first embodiment can be achieved.
[0044] The presentinvention is not limited to the inven-
tion according to the above-described embodiments, and
modifications can be made as necessary without depart-
ing from the scope of the present invention.

For example, in the above-described embodiments, a
description has been given as an example where the low-
stage-side compressor is the rotary compressor and the
high-stage-side compressor is the scroll compressor.
However, the high-stage-side compressor does not nec-
essarily have to be the scroll compressor, and other
types of compressors, including a rotary compressor,
may be employed.

[0045] In addition, when the rotary compressor is
adopted as the high-stage-side compressor, the blade
of the high-stage-side rotary compressor, in which the
housing has a high-pressure structure, does not neces-
sarily have to be configured as described above to sup-
press blade jumping.
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[0046]
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2
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20

21

24

26

Two-stage compressor

Low-stage-side compressor (low-stage-side rota-
ry Compressor)

High-stage-side
scroll compressor)

compressor  (high-stage-side

Housing

Cylinder chamber
Cylinder main body
Rotor

Blade

Claims

An intermediate-pressure-housing type two-stage
compressor comprising a low-stage-side compres-
sor (2) and a high-stage-side compressor (3) both
provided in a housing (10),

wherein arefrigerant gas compressed to an interme-
diate pressure in the low-stage-side compressor (2)
is discharged inside the housing (10), and the refrig-
erant gas compressed to the intermediate pressure
is sucked into the high-stage-side compressor (3) to
be compressed to a high pressure,

wherein the low-stage-side compressor (2) is a ro-
tary compressor provided with a blade (26) partition-
ing an inside of a cylinder chamber (20) into a suction
side and a compression side, and the blade recipro-
cates in response to rotation of a rotor (24) and
wherein the blade (26) is formed of a material having
a density of 3 g/cm3 or less so as to reduce inertial
force of the blade in consideration of a low back pres-
sure acting on a back surface of the blade.

A two-stage compression system comprising:

alow-stage-side compressor having a compres-
sion system housed in a housing; and

a high-stage-side compressor having a com-
pression system housed in another housing and
connected in series with the low-stage-side
compressor,

wherein a refrigerant gas is compressed to an
intermediate-pressure in the low-stage-side
compressor and itis discharged inside the hous-
ing, and then it is sucked into the high-stage-
side compressor to be compressed to a high
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pressure,
wherein the low-stage-side compressoris an in-
termediate-pressure-housing type and also is a
rotary compressor provided with a blade (26)
partitioning an inside of a cylinder chamber (20)
into a suction side and a compression side, and
the blade reciprocates in response to rotation of
a rotor (24), and

wherein the blade (26) is formed of a material
having a density of 3 g/cm3 or less so as to re-
duce inertial force of the blade in consideration
of a low back pressure acting on a back surface
of the blade.

The two-stage compressor or the two-stage com-
pression system according to Claim 1 or 2, wherein
the low-stage-side compressor is the rotary com-
pressor, and the high-stage-side compressor is a
scroll compressor or a rotary compressor.

The two-stage compressor or the two-stage com-
pression system according to any one of Claims 1
to 3, wherein

the blade (26) is a carbon blade, an aluminum alloy
blade, or an aluminum alloy blade plated with SiC-
dispersed Ni-P, and the rotor (24) and a cylinder main
body (21) are made of alloy steel or cast iron.

The two-stage compressor or the two-stage com-
pression system according to any one of Claims 1
to 4, wherein

the refrigerant is an HFC refrigerant, an HFO refrig-
erant, an HC refrigerant, or a mixed refrigerant of
two or more of the aforementioned refrigerants.
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