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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a turbo fluid
machine and a refrigeration apparatus.

BACKGROUND ART

[0002] Patent Document 1 discloses a turbo compres-
sorincluding a hermetically closed container that houses
a drive motor, a drive shaft, and two impellers. The drive
motor is disposed in a motor chamber at a central portion
of the hermetically closed container. The drive shaft is
inserted into the drive motor and has two ends, one of
which is inserted into a first compression chamber and
the other one of which is inserted into a second compres-
sion chamber. The impellers are disposed on both ends
of the drive shaft. The two impellers are arranged with
their front surfaces facing each other.

[0003] In the turbo compressor of Patent Document 1,
the gas having flown into the electric motor chamber is
sucked into the first compression chamber where one of
the impellersis disposed and is subjected to primary com-
pression therein. The gas having undergone the primary
compression is sucked into the second compression
chamber where the other one ofthe impellers is disposed
and is subjected to secondary compression therein.
[0004] In the turbo compressor of Patent Document 1,
the two impellers are arranged with their front surfaces
facing each other, and thus, by sealing the gap between
the electric motor chamber and the second compression
chamber, the gas having undergone the primary com-
pressionis less likely to leak into the electric motor cham-
ber. In this manner, by reducing the number of passages
through which the compressed gas leaks, the volumetric
efficiency is improved, and thus the efficiency of the com-
pressor is improved.

CITATION LIST
PATENT DOCUMENT

[0005] Patent Document 1: Japanese Unexamined
Patent Publication No. H11-230098

SUMMARY OF THE INVENTION
TECHNICAL PROBLEMS

[0006] Inthe turbo fluid machine as disclosed in Patent
Document 1, the two impellers are arranged with their
front surfaces facing each other, and thus the pressure
of the gas compressed in each compression chamber
acts on the whole of the back surface of each impeller.
If the difference in pressure acting on the back surfaces
of the impellers becomes larger depending on the oper-
ating conditions of the compressor, the thrust load acting
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from one of the impellers and the thrust load acting from
the other one of the impellers become unbalanced, and
the thrust bearing on the drive shaft receives a heavy
load. In order to deal with such a load, it is necessary to
provide a larger thrust bearing.

[0007] However, ifthe thrust bearingis upsized, friction
occurs between the drive shaft and the gas in the her-
metically closed container when the drive shaft rotates
at a high speed, and thus wind loss increases. If wind
loss increases, the efficiency of the compressor decreas-
es. In addition, if the thrust bearing is upsized, the rigidity
of the whole of the drive shaft become lowered. Accord-
ingly, the number of revolutions at which the compressor
can operate at high speed is limited, and the range of
operation of the compressor is reduced. In this manner,
if the thrust bearing is upsized, the mechanical efficiency
of the turbo fluid machine disadvantageously decreases.
[0008] An object of the present disclosure is to reduce
the decrease in the mechanical efficiency.

SOLUTION TO THE PROBLEMS

[0009] Afirstaspectis directed to a turbo fluid machine
configured to compress an introduced fluid with a suction
pressure to an intermediate pressure that is higher than
the suction pressure, and then compress the fluid with
the intermediate pressure to a discharge pressure that
is higher than the intermediate pressure. The turbo fluid
machine includes: a rotary shaft (40); an electric motor
(30) configured to drive the rotary shaft (40); a pair of
impellers (50a, 50b) that are configured to rotate inte-
grally with the rotary shaft (40) to compress a fluid sucked
into compression chambers (61a, 66a), and that include
front surfaces (51) provided with blades (53) and facing
each other with the electric motor (30) interposed there-
between; a casing (20) including the compression cham-
bers (61a, 66a) corresponding to the pair of impellers
(50a, 50b), respectively; acommunication passage (11a)
communicating the pair of compression chambers (61a,
66a) with each other; and a decrease element (71, 76)
configured to reduce a pressure of a back surface space
(61b, 66b) of one of the pair of impellers (50a, 50b).
[0010] According to the first aspect, the pressure of the
back surface space (61b, 66b) of one of the impellers
(50a, 50b) can be reduced by the decrease element (71,
76), and thus the difference between the pressures acting
on the back surfaces (52) of the pair of impellers (50a,
50b) can be reduced. Accordingly, the upsizing of the
thrust bearing can be reduced. As a result, a decrease
in the mechanical efficiency of the turbo fluid machine
(10) can be reduced.

[0011] A second aspect is an embodiment of the first
aspect. In the second aspect, the turbo fluid machine
further includes a suction passage (12a) configured to
introduce a fluid into the casing (20), wherein the de-
crease element (71, 76) includes a seal portion (72, 77)
configured to partition the back surface space (61b, 66b)
into a first space (S1) and a second space (S2), and a
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bypass passage (73a, 78a) configured to bypass a fluid
in the second space (S2) to the suction passage (12a);
the first space (S1) has a pressure corresponding to the
discharge pressure of the compression chamber (61a,
66a) corresponding to the one of the impellers (50a, 50b);
and a pressure of the second space (S2) is lower than
the pressure of the first space (S1).

[0012] According to the second aspect, the bypass
passage (73a, 78a) enables the second space (S2) to
have a pressure corresponding to the suction pressure,
and the pressure of the second space (S2) is lower than
that of the first space (S1). Accordingly, the pressure act-
ing on the whole of the back surface (52) of the one of
the impellers (50a, 50b) is lower than if the second space
(S2) is not formed. Accordingly, the difference between
the pressures acting on the back surfaces (52) of the pair
of impellers (50a, 50b) can be reduced.

[0013] A third aspect is an embodiment of the second
aspect. In the third aspect, the one of the impellers (50a,
50b) includes a first member (80) that is tubular and ex-
tends away in an axial direction from a back surface (52)
of the one of the impellers (50a, 50b), the casing (20)
has afirst surface (92, 96) facing an outer circumferential
surface of the first member (80), and the seal portion (72,
77) consists of a clearance (A) between the outer circum-
ferential surface of the first member (80) and the first
surface (92, 96).

[0014] According to the third aspect, the seal portion
(72, 77) consists of the clearance (A) between the first
member (80) of the one of the impellers (50a, 50b) and
the first surface (92, 96) of the casing (20), and thus the
seal portion (72, 77) can be provided with a small number
of additional components.

[0015] A fourth aspectis an embodiment of the second
aspect. In the fourth aspect, the casing (20) includes a
wall (25) facing a back surface (52) of the one of the
impellers (50a, 50b), the wall (25) has a protrusion (97)
that is annular and protrudes toward the back surface
(52) of the one of the impellers (50a, 50b), and the seal
portion (72, 77) consists of a clearance (B) between the
back surface (52) of the one of the impellers (50a, 50b)
and an end surface (97a) of the protrusion (97).

[0016] According to the fourth aspect, the clearance
(B) is formed between the back surface (52) of the one
of the impellers (50a, 50b) and the end surface (97a) of
the protrusion (97) of the casing (20). The seal portion
(72, 77) consists of the clearance (B), and thus the seal
portion (72, 77) can be formed without any new additional
components.

[0017] A fifth aspect is an embodiment of any one of
the second to fourth aspects. In the fifth aspect, the de-
crease element (71, 76) further includes a valve (74, 79)
in the bypass passage (73a, 78a).

[0018] According to the fifth aspect, the pressure of the
second space (S2) can be adjusted by opening or closing
the valve (74, 79) or changing the opening degree of the
valve (74, 79).

[0019] A sixth aspect is an embodiment of the fifth as-
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pect. In the sixth aspect, the turbo fluid machine further
includes a control unit (110) configured to control the
valve (74,79), wherein the control unit (110)is configured
to open or close the valve (74, 79) or adjust an opening
degree of the valve (74, 79) based on a suction pressure
of a fluid introduced into each of the pair of compression
chambers (61a, 66a), a discharge pressure of a fluid dis-
charged from the casing (20), and a back surface pres-
sure of the one of the impellers (50a, 50b).

[0020] According to the sixth aspect, the control unit
(110) opens or closes the valve (74, 79) or adjusts the
opening degree of the valve (74, 79) based on the pres-
sure which is a direct index of the thrust load acting on
the rotary shaft (40), and thus the reliability of the turbo
fluid machine (10) can be improved.

[0021] A seventh aspectis an embodiment of any one
of the first to sixth aspects. In the seventh aspect, each
of the pair of impellers (50a, 50b) is provided with the
decrease element (71, 76).

[0022] According to the seventh aspect, each of the
pair of impellers (50a, 50b) is provided with the decrease
element (71, 76), and thus the pressure of the back sur-
face space (61b, 66b) of each impeller (50a, 50b) can be
adjusted under various operating conditions.

[0023] An eighth aspect is an embodiment of any one
of the first to seventh aspects. In the eighth aspect, the
pair of impellers (50a, 50b) includes a first impeller (50a)
configured to compress a fluid with a suction pressure
introduced into the casing (20) to an intermediate pres-
sure that is higher than the suction pressure, and a sec-
ond impeller (50b) configured to compress a fluid with
the intermediate pressure to a discharge pressure that
is higher than the intermediate pressure; and an outer
diameter of the second impeller (50b) is smaller than an
outer diameter of the first impeller (50a).

[0024] According to the eighth aspect, the outer diam-
eter of the second impeller (50b) is smaller than that of
the firstimpeller (50a), and thus the load acting from the
back surface (52) of the second impeller (50b) can be
reduced.

[0025] A ninth aspect is an embodiment of any one of
the first to eighth aspects. In the ninth aspect, the turbo
fluid machine further includes a bearing (41, 45, 45) dis-
posed in the casing (20) and configured to rotatably sup-
port the rotary shaft (40), wherein the bearing (41, 45,
45) is a foil bearing or a magnetic bearing.

[0026] According to the ninth aspect, the bearing (41,
45, 45) is a foil bearing or a magnetic bearing, i.e., an oil-
free bearing.

[0027] A tenth aspectis an embodiment of any one of
the first to ninth aspects. In the tenth aspect, the rotary
shaft (40) has a maximum number of revolutions of
30,000 rpm or more.

[0028] According to the tenth aspect, the rotary shaft
(40) has a maximum number of revolutions of 30,000
rpm or more, and thus the turbo fluid machine of this
aspect is applicable as the turbo fluid machine (10) that
rotates at a high speed.
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[0029] An eleventh aspect is an embodiment of any
one of the first to tenth aspects. In the eleventh aspect,
the turbo fluid machine is a turbo compressor (10), and
the fluid is a refrigerant.

[0030] In the eleventh aspect, the fluid is a refrigerant.
Here, if the fluid is a refrigerant, the pressure acting on
the back surface (52) of the impeller (50a, 50b) is higher
than if the fluid is air. Accordingly, the thrust load acting
on the rotary shaft (40) is heavier.

[0031] A twelfth aspectis directed to a refrigeration ap-
paratus including a refrigerant circuit (2) configured to
perform a refrigeration cycle. The refrigerant circuit (2)
includes the turbo fluid machine of the eleventh aspect.
[0032] A thirteenth aspect is an embodiment of the
twelfth aspect. In the thirteenth aspect, the refrigeration
apparatus has a refrigerating capacity of 100 American
tons of refrigeration (USRT) or less.

[0033] According to the thirteenth aspect, having a re-
frigerating capacity of 100 USRT or less, the turbo com-
pressor is applicable to a refrigeration apparatus with a
relatively small refrigerating capacity.

BRIEF DESCRIPTION OF THE DRAWINGS
[0034]

FIG. 1 is a schematic configuration diagram of a re-
frigeration apparatus of an embodiment.

FIG. 2 is a schematic longitudinal sectional view
showing an overall configuration of a turbo compres-
Sor.

FIG. 3 is an enlarged view within the frame Il in FIG.
2.

FIG. 4 is a block diagram of the turbo compressor.

FIG. 5 shows an operation area map of the turbo
compressor.

FIG. 6 corresponds to FIG. 3 and illustrates a first
variation.

FIG. 7 corresponds to FIG. 3 and illustrates a second
variation.

FIG. 8 corresponds to FIG. 3 and illustrates a third
variation.

FIG. 9 corresponds to FIG. 3 and illustrates a fourth
variation.

DESCRIPTION OF EMBODIMENTS

[0035] An embodiment of the present disclosure will
be described in detail below with reference to the draw-
ings. The present disclosure is not limited to the embod-
iment shown below, and various changes can be made
within the scope without departing from the technical con-
ceptofthe presentdisclosure. Since each of the drawings
is intended to illustrate the present disclosure conceptu-
ally, dimensions, ratios, or numbers may be exaggerated
or simplified as necessary for the sake of ease of under-
standing.
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<<Embodiment>>

[0036] A turbo fluid machine of an embodiment will be
described. The turbo fluid machine of this embodiment
is a turbo compressor (10). The turbo compressor (10)
(hereinafter referred to as a "compressor") is provided in
a refrigeration apparatus (1).

(1) Refrigeration Apparatus

[0037] As shownin FIG. 1, the refrigeration apparatus
(1)includes arefrigerant circuit (2). The refrigerant circuit
(2) is filled with a refrigerant. A fluid compressed by the
compressor (10) of this example is a refrigerant. For ex-
ample, the refrigerant is a hydro fluoro carbon (HFC) re-
frigerant such as R32, a hydro fluoro olefin (HFO) refrig-
erant such as R1234yf, a natural refrigerant containing
HC such as propane, or a mixed refrigerant thereof such
as R454C (a mixed refrigerant of R32 and R1234yf).
[0038] The refrigerantcircuit (2) includes the compres-
sor (10), aradiator (or a condenser) (3), a decompression
mechanism (4), and an evaporator (5). The compressor
(10), the radiator (3), the decompression mechanism (4),
and the evaporator (5) are connected in series by pipes.
The decompression mechanism (4) is an expansion
valve, for example. The refrigerant circuit (2) circulates
the refrigerant to perform a vapor compression refriger-
ation cycle.

[0039] In the refrigeration cycle, the refrigerant com-
pressed by the compressor (10) dissipates heat to air in
the radiator (3). At this time, the refrigerant is liquefied.
The refrigerant having dissipated heat is decompressed
by the decompression mechanism (4). The decom-
pressed refrigerant is evaporated in the evaporator (5).
The evaporated refrigerantis sucked into the compressor
(10). The compressor (10) compresses the sucked re-
frigerant.

[0040] The refrigeration apparatus (1) is an air condi-
tioner, for example. The air conditioner may be a cooling
and heating machine that switches between cooling and
heating. In this case, the air conditioner has a switching
mechanism configured to switch the direction of circula-
tion of the refrigerant. The switching mechanism is a four-
way switching valve, for example. The air conditioner
may be a device for cooling only or a device for heating
only.

[0041] The refrigeration apparatus (1) may be a water
heater, a chiller unit, or a cooling apparatus configured
to cool air in an internal space. The cooling apparatus is
for cooling the air inside a refrigerator, a freezer, or a
container, for example.

[0042] The refrigeration apparatus (1) of this embodi-
ment has a refrigerating capacity of 100 American tons
of refrigeration (USRT) or less. In other words, the refrig-
eration apparatus (1) of thisembodiment s arefrigeration
apparatus having a relatively small refrigerating capacity.
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(2) Compressor

[0043] The compressor (10) sucks a low-pressure gas
refrigerant and compresses the sucked gas refrigerant.
The compressor (10) discharges the compressed high-
pressure gas refrigerant. The compressor (10) of this em-
bodiment is a two-stage compressor that compresses
the refrigerant in two stages.

[0044] In the following description, the direction along
the axis of a rotary shaft (40) of the compressor (10) will
be referred to as an "axial direction," the direction per-
pendicular to the axial direction as a "radial direction,"
and the direction along the periphery of the rotary shaft
(40) as a "circumferential direction."

[0045] In this embodiment, the rotary shaft (40) has a
maximum number of revolutions of 30,000 rpm or more.
The maximum number of revolutions defines the maxi-
mum value of the number of revolutions of an electric
motor (30). It is preferred to increase the maximum
number of revolutions of the rotary shaft (40) in the com-
pressor (10) in order to increase the amount of circulation
of the refrigerant in the refrigerant circuit (2) and ensure
the maximum amount of circulation of the refrigerant.
This is advantageous in increasing the cooling capacity
in a cooling operation and the heating capacity in a heat-
ing operation.

[0046] As shown in FIG. 2, the compressor (10) in-
cludes a casing (20), the electric motor (30), the rotary
shaft (40), bearings (41, 45, 45), and a pair of impellers
(50a, 50b). The electric motor (30), the rotary shaft (40),
the bearings (41, 45, 45), and the pair of impellers (50a,
50b) are housed in the casing (20). The compressor (10)
further includes a connection pipe (11). The connection
pipe (11) is provided outside the casing (20). The com-
pressor (10) further includes a decrease element (71,
76).

(2-1) Casing

[0047] As shown in FIG. 2, the casing (20) is a sub-
stantially cylindrical and hermetically closed container
with both ends hermetically closed. The casing (20) is
disposed with its center line being substantially horizon-
tal. The casing (20) has abarrel (21), afirst closing portion
(22), and a second closing portion (24). The barrel (21)
is substantially in the shape of a cylinder with both ends
in an axial direction being opened. The barrel (21) ex-
tends in the axial direction.

[0048] The first closing portion (22) closes the opening
of the barrel (21) at one end in the axial direction (i.e., on
the left side in FIG. 2). The first closing portion (22) is
formed in a thick cylindrical shape. The first closing por-
tion (22) includes a first housing (23). The first housing
(23) is fitted into a hole (22a) at one end of the first closing
portion (22) in the axial direction (i.e., at the left end in
FIG. 2). The first housing (23) is formed in a thick cylin-
drical shape. The first housing (23) is oriented such that
its axis coincides with the axis of the first closing portion
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(22).

[0049] The second closing portion (24) closes the
opening of the barrel (21) at the other end in the axial
direction (i.e., on the right side in FIG. 2). The second
closing portion (24) is formed in a thick cylindrical shape.
The second closing portion (24) includes a second hous-
ing (25). The second housing (25) is fitted into a hole
(24a) at the other end of the first closing portion (22) in
the axial direction (i.e., the right end in FIG. 2). The sec-
ond housing (25) is formed in a thick cylindrical shape.
The second housing (25) is oriented such that its axis
coincides with the axis of the second closing portion (24).
[0050] The casing (20) includes a partition wall (26).
The partition wall (26) is disposed inside the barrel (21).
The partition wall (26) is disposed at the other end of the
barrel (21) in the axial direction. In other words, the par-
tition wall (26) is disposed closer to the second closing
portion (24) of the barrel (21). The partition wall (26) has
an insertion hole (26a) at its central portion. The rotary
shaft (40) is inserted into the insertion hole (26a). The
partition wall (26) partitions the internal space (27) of the
barrel (21) into an electric motor chamber (28) and an
intermediate-pressure flow path (29).

[0051] The electric motor chamber (28)is closer to one
end in the axial direction (i.e., the left side in FIG. 2) than
the partition wall (26) in the internal space (27). The elec-
tric motor chamber (28) is formed between the first clos-
ing portion (22) and the partition wall (26) in the internal
space (27). The intermediate-pressure flow path (29) is
closer to the other end in the axial direction (i.e., the right
side in FIG. 2) than the partition wall (26) in the internal
space (27). The intermediate-pressure flow path (29) is
formed between the second closing portion (24) and the
partition wall (26) in the internal space (27).

[0052] The inside of the first closing portion (22) has a
first impeller chamber (61), a diffuser (62), and a scroll
flow path (63). The firstimpeller chamber (61) is a space
formed in a substantially conical shape. The firstimpeller
chamber (61) communicates with the electric motor
chamber (28). The diffuser (62) is formed on the outer
periphery of the first impeller chamber (61) in the first
closing portion (22). The diffuser (62) is formed in an
annular shape between the first impeller chamber (61)
and the scroll flow path (63). The diffuser (62) allows the
firstimpeller chamber (61) to communicate with the scroll
flow path (63). The scroll flow path (63) is formed spirally
around the diffuser (62).

[0053] As shown in FIGS. 2 and 3, the inside of the
second closing portion (24) has a second impeller cham-
ber (66), a diffuser (67), and a scroll flow path (68). The
second impeller chamber (66) is a space formed in a
substantially conical shape. The second impeller cham-
ber (66) communicates with the intermediate-pressure
flow path (29). The diffuser (67) is formed on the outer
periphery of the second impeller chamber (66) in the sec-
ond closing portion (24). The diffuser (67) is formed in
an annular shape between the second impeller chamber
(66) and the scroll flow path (68). The diffuser (67) allows
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the second impeller chamber (66) to communicate with
the scroll flow path (68). The scroll flow path (68) is formed
spirally around the diffuser (67).

[0054] The casing (20)includes a firstinlet (20a), afirst
outlet (20b), a second inlet (20c), and a second outlet
(20d). The first inlet (20a) is positioned closer to the first
closing portion (22) in the axial direction of the barrel (21).
The firstinlet (20a) communicates with the electric motor
chamber (28). The first inlet (20a) is connected with a
suction pipe (12). The inside of the suction pipe (12) has
a suction passage (12a). The first outlet (20b) is formed
at the outer end of the scroll flow path (63) of the first
closing portion (22). The first outlet (20b) communicates
with the scroll flow path (63). The first outlet (20b) is con-
nected with the connection pipe (11).

[0055] The secondinlet(20c)isformed atthe end clos-
er to the second closing portion (24) in the axial direction
of the barrel (21). The second inlet (20c) communicates
with the intermediate-pressure flow path (29). The sec-
ondinlet (20c) is connected with the connection pipe (11).
The second outlet (20d) is formed at the outer end of the
scroll flow path (68) of the second closing portion (24).
The second outlet (20d) communicates with the scroll
flow path (68). The second outlet (20d) is connected with
a discharge pipe (13). The inside of the discharge pipe
(13) has a discharge passage (13a).

(2-2) Connection Pipe

[0056] The connection pipe (11) connects the first out-
let (20b) and the second inlet (20c) of the casing (20).
The connection pipe (11) allows the first outlet (20b) to
communicate with the second inlet (20c). The inside of
the connection pipe (11) has a communication passage
(11a). The communication passage (11a) has an inflow
end connected to the first outlet (20b). The communica-
tion passage (11a) has an outflow end connected to the
second inlet (20c). The communication passage (11a)
allows the first impeller chamber (61) and the second
impeller chamber (66) to communicate with each other.

(2-3) Electric Motor

[0057] The electric motor (30) rotationally drives the
rotary shaft (40). As shown in FIG. 2, the electric motor
(30) is housed in the barrel (21). The electric motor (30)
is disposed substantially in an intermediate portion of the
barrel (21) in the axial direction. The electric motor (30)
includes a stator (31) and a rotor (32). The stator (31) is
formed in a cylindrical shape. The stator (31) is fixed to
the inner circumferential surface of the barrel (21). The
rotor (32) is formed in a cylindrical shape. The rotor (32)
is disposed inside the stator (31) in the radial direction.
The rotor (32) is fixed to the outer circumferential surface
of the rotary shaft (40).

[0058] The operation frequency (i.e., the number of
revolutions) of the electric motor (30) is adjusted by the
inverter device. The compressor (10) is of an inverter
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type with a variable number of rotations. Thus, the
number of rotations of the electric motor (30) changes
between a low speed and a high speed.

(2-4) Rotary Shaft

[0059] AsshowninFIG.2,therotary shaft(40)extends
from one end to the other end of the barrel (21) of the
casing (20) along the center line of the casing (20). The
rotary shaft (40) extends in the horizontal direction.
[0060] The rotary shaft (40) of this embodiment in-
cludes a thrust plate (40a). The thrust plate (40a) is fixed
to the rotary shaft (40) at a point closer to the second
closing portion (24) than the electric motor (30). The
thrust plate (40a) is formed in a disk shape. The thrust
plate (40a) extends radially outward from the rotary shaft
(40). In this embodiment, the thrust plate (40a) is formed
as a component separate from the rotary shaft (40). The
thrust plate (40a) may be integral with the rotary shaft
(40).

(2-5) Bearing

[0061] The compressor (10) includes a thrust bearing
(41) and a pair of radial bearings (45, 45) as the bearings
(41, 45, 45).

[0062] The thrustbearing(41)is disposed closer to the
other end in the axial direction than the electric motor
(30)inthe electric motor chamber (28). The thrust bearing
(41) is an oil-free bearing. The thrust bearing (41) of this
embodiment is a magnetic bearing. The thrust bearing
(41) levitates the thrust plate (40a) of the rotary shaft (40)
by means of the electromagnetic force and rotatably sup-
ports the thrust plate (40a) in a non-contact manner. The
thrust bearing (41) receives the thrust load acting in the
axial direction of the rotary shaft (40). The thrust bearing
(41)is attached to the partition wall (26) of the casing (20).
[0063] The thrust bearing (41) includes a pair of elec-
tromagnets (42). Each of the pair of electromagnets (42)
isformedin anannular shape. The pair of electromagnets
(42) face each other with the thrust plate (40a) of the
rotary shaft (40) interposed therebetween. Each electro-
magnet (42) is spaced apart from the thrust plate (40a).
[0064] Radial bearings (45) are disposed at both ends
of the electric motor (30) in the electric motor chamber
(28). The radial bearings (45) are held by a holding mem-
ber (not shown) in the barrel (21) of the casing (20). The
holding member is fixed to the inner wall of the barrel (21).
[0065] The radial bearings (45) rotatably support the
rotary shaft (40). The radial bearings (45) are arranged
on the outer circumference of the rotary shaft (40). The
radial bearings (45) are oil-free bearings. The radial bear-
ings (45) of this embodiment are foil bearings. Each radial
bearing (45) forms a gas film between the radial bearing
(45) and the rotary shaft (40), thereby levitating the rotary
shaft (40) by means of the gas film and rotatably sup-
porting the rotary shaft (40) in a non-contact manner. The
radial bearings (45) receive the radial loads acting radi-
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ally outside the rotary shaft (40). Each radial bearing (45)
includes a bearing housing, a top foil, and a back foil.
[0066] The thrust bearing (41) may be a foil bearing.
The radial bearings (45) may be magnetic bearings.

(2-6) Impeller

[0067] As shown in FIG. 2, the compressor (10) in-
cludes the pair of impellers (50a, 50b). The pair of impel-
lers (50a, 50b) include a firstimpeller (50a) and a second
impeller (50b). In FIG. 2, the outer circumferential sur-
faces of the impellers (50a, 50b) are shown for easier
understanding of the figure. In other words, FIG. 2 does
not show the cross-sections of the impellers (50a, 50b).
[0068] The firstimpeller (50a) is housed in the first im-
peller chamber (61). The firstimpeller (50a) is connected
with one end of the rotary shaft (40) (i.e., the left end in
FIG. 2). The second impeller (50b) is housed in the sec-
ond impeller chamber (66). The second impeller (50b) is
connected with the other end of the rotary shaft (40) (i.e.,
the right end in FIG. 2). The impellers (50a, 50b) rotate
integrally with the rotary shaft (40) to pump the refriger-
ant.

[0069] Each of the impellers (50a, 50b) is formed in a
substantially conical shape. As shown in FIG. 3, each
impeller (50a, 50b) has a front surface (51) and a back
surface (52). The back surface (52) is opposite to the
front surface (51) in the axial direction. The front surface
(51) ofeachimpeller (50a, 50b) is provided with a plurality
of blades (53). As shown in FIG. 2, the pair of impellers
(50a, 50b) are arranged with their respective front sur-
faces (51) facing each other with the electric motor (30)
interposed therebetween. The outer diameter D2 of the
second impeller (50b) of this embodiment is smaller than
the outer diameter D1 of the firstimpeller (50a) (D1 > D2).
[0070] The first impeller chamber (61) includes a first
compression chamber (61a) and a first back surface
space (61b). In the first compression chamber (61a), the
refrigerant having flowed into the first compression cham-
ber (61a) is compressed by the blades (53) of the first
impeller (50a). The first compression chamber (61a) is
formed closer to the front surface (51) of the firstimpeller
(50a) in the first impeller chamber (61). Specifically, the
first compression chamber (61a) is formed between the
front surface (51) of the firstimpeller (50a) and the interior
surface of the first closing portion (22).

[0071] The first back surface space (61b) is formed
closer to the back surface (52) of the first impeller (50a)
in the first impeller chamber (61). Specifically, the first
back surface space (61b) is formed between the back
surface (52) of the first impeller (50a) and the interior
surface of the first housing (23). The suction side of the
first compression chamber (61a) communicates with the
electric motor chamber (28). The discharge side of the
first compression chamber (61a) communicates with the
first back surface space (61b). The discharge side of the
first compression chamber (61a) communicate with the
diffuser (62).
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[0072] The second impeller chamber (66) includes a
second compression chamber (66a) and a second back
surface space (66b). In the second compression cham-
ber (66a), the refrigerant having flowed into the second
compression chamber (66a) is compressed by the blades
(53) of the second impeller (50b). The second compres-
sion chamber (66a) is formed closer to the front surface
(51) of the second impeller (50b) in the second impeller
chamber (66). Specifically, the second compression
chamber (66a) is formed between the front surface (51)
of the second impeller (50b) and the interior surface of
the second closing portion (24).

[0073] The second back surface space (66b) is formed
closer to the back surface (52) of the second impeller
(50b) in the second impeller chamber (66). Specifically,
the second back surface space (66b) is formed between
the back surface (52) of the second impeller (50b) and
the interior surface of the second housing (25). The suc-
tion side of the second compression chamber (66a) com-
municates with the intermediate-pressure flow path (29).
The discharge side of the second compression chamber
(66a) communicates with the second back surface space
(66b). The discharge side of the second compression
chamber (66a) communicates with the diffuser (67).
[0074] Inthe first compression chamber (61a), the first
impeller (50a) compresses the refrigerant with a suction
pressure (a low pressure) introduced into the casing (20)
to anintermediate pressure thatis higher than the suction
pressure. The refrigerant at the intermediate pressure
discharged from the first compression chamber (61a)
passes through the diffuser (62), the scroll flow path (63),
the communication passage (1 1a), and the intermediate-
pressure flow path (29), and then flows into the second
compression chamber (66a). At the same time, the inter-
mediate-pressure refrigerant discharged from the first
compression chamber (61a) flows into the first back sur-
face space (61b).

[0075] In the second compression chamber (66a), the
second impeller (50b) compresses the intermediate-
pressure refrigerantto a discharge pressure (a high pres-
sure) that is higher than the intermediate pressure. The
discharge-pressure refrigerant discharged from the sec-
ond compression chamber (66a) passes through the dif-
fuser (67) and the scroll flow path (68) and then flows
into the discharge passage (13a). At the same time, the
refrigerant with the discharge pressure discharged from
the second compression chamber (66a) flows into the
second back surface space (66b).

[0076] Here, the pair ofimpellers (50a, 50b) of this em-
bodiment are arranged with their front surfaces (51) fac-
ing each other with the electric motor (30) interposed
therebetween. Accordingly, the refrigerant discharged
from each compression chamber (61a, 66a) flows into
the back surface space (61b, 66b) corresponding to the
compression chamber (61a, 66a), and the pressure of
the back surface space (61b, 66b) acts on the whole of
the back surface (52) of the impeller (50a,50b) corre-
sponding to the compression chamber (61a, 66a).
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[0077] Specifically, the discharge side of the first com-
pression chamber (61a) communicates with the first back
surface space (61b), and thus the firstback surface space
(61b) has an intermediate pressure. On the other hand,
the discharge side of the second compression chamber
(66a) communicates with the second back surface space
(66b), and thus the second back surface space (66b) has
a high pressure. Accordingly, the pressure P2 acting on
the back surface (52) of the second impeller (50b) is high-
er than the pressure P1 acting on the back surface (52)
of the first impeller (50a) (P1 < P2).

[0078] The thrustload L acting on one side of the rotary
shaft (40) is calculated by multiplying the back surface
area Z of the impeller on one side by the pressure P
acting on the back surface of the impeller (L = Z X P).
Thus, if the back surface area Z1 of the first impeller (50a)
andthe back surface area Z2 of the second impeller (50b)
are the same, the thrust load L2 acting from the second
impeller (50b) becomes heavier than the thrust load L1
acting from the first impeller (50a) (L1 < L2), and the
thrust loads acting from both sides of the rotary shaft (40)
are not balanced. If the thrust loads on both sides are
not balanced, the load on the thrust bearing (41) increas-
es.

[0079] By contrast, in this embodiment as described
above, the outer diameter D2 of the second impeller (50b)
is smaller than the outer diameter D1 of the first impeller
(50a) (D1 >D2). With the outer diameter D2 of the second
impeller (50b) smaller than the outer diameter D1 of the
first impeller (50a), the back surface area Z2 of the sec-
ond impeller (50b) becomes smaller than the back sur-
face area Z1 of the firstimpeller (50a) (Z1 > Z2). Accord-
ingly, the thrust load L1 from the first impeller (50a) and
the thrust load L2 from the second impeller (50b) can be
easily balanced.

[0080] The height of the blades of each impeller de-
pends on the diameter of the impeller. Specifically, if the
impeller has a larger diameter, the blades have a lower
height, and if the impeller has a smaller diameter, the
blades have a higher height. In this embodiment, the out-
er diameter D2 of the second impeller (50b) is smaller
than the outer diameter D1 of the first impeller (50a) (D1
>D2), and thus the height of the blades (53) of the second
impeller (50b) can be greater than that of the blades (53)
of the first impeller (50a). By making the height of the
blades (53) of the second impeller (50b) relatively high,
the clearance between the second closing portion (24)
and the blades (53) of the second impeller (50b) can be
relatively small in the second compression chamber
(66a). Accordingly, the leakage of the refrigerant com-
pressed in the second compression chamber (66a)
through the clearance can be reduced, and the compres-
sion efficiency is improved.

(2-7) Decrease Element

[0081] The decrease element (71, 76) reduces the
pressure of the back surface space (61b, 66b) of one of
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the pair ofimpellers (50a, 50b). In this embodiment, each
of the pair of impellers (50a, 50b) is provided with the
respective decrease element (71, 76). Specifically, the
compressor (10) includes a first decrease element (71)
provided in the firstimpeller (50a) and a second decrease
element (76) provided in the second impeller (50b).
[0082] As shown in FIG. 2, the first decrease element
(71) includes a first seal portion (72), a first bypass pas-
sage (73a), and a first flow rate control valve (74). The
second decrease element (76) includes a second seal
portion (77), a second bypass passage (78a), and a sec-
ond flow rate control valve (79). The flow rate control
valve (74, 79) corresponds to the valve of the present
disclosure.

[0083] Here, the first decrease element (71) and the
second decrease element (76) of this embodiment have
the same structure. In the following description, the sec-
ond decrease element (76) will be described as an ex-
ample with reference to FIG. 3. In FIG. 2, the same ref-
erence characters represent the same components of
the first decrease element (71) and the second decrease
element (76).

(2-7-1) Second Decrease Element

[0084] AsshowninFIG. 3, the second seal portion (77)
partitions the second back surface space (66b) into a first
space (S1) and a second space (S2). In other words, the
second seal portion (77) seals the gap between the first
space (S1) and the second space (S2). The second seal
portion (77) consists of a clearance (A) between a parti-
tion member (80) and the second housing (25). The par-
tition member (80) corresponds to the first member of
the present disclosure.

[0085] The partition member (80) is provided on the
back surface (52) of the second impeller (50b). The par-
tition member (80) is disposed in the second back surface
space (66b). The partition member (80) of this embodi-
ment includes a cylindrical part (81). The cylindrical part
(81) is formed in a cylindrical shape. The cylindrical part
(81) extends from the back surface (52) of the second
impeller (50b) toward the other end in the axial direction
(i.e.,therightsidein FIG. 3). In other words, the cylindrical
part (81) extends away from the back surface (52) of the
second impeller (50b) in the axial direction. The cylindri-
cal part (81) is disposed at a central portion of the back
surface (52) of the second impeller (50b). The axis of the
cylindrical part (81) substantially coincides with the axis
of the rotary shaft (40).

[0086] The second housing (25) has a central portion
including a first hole (91) and a second hole (92). The
first hole (91) and the second hole (92) extend in the axial
direction. The axis of the second housing (25), the center
of the first hole (91), and the center of the second hole
(92) substantially coincide with each other. The first hole
(91) and the second hole (92) are formed continuously.
[0087] The first hole (91) is formed at one end of the
second housing (25) in the axial direction (the left end in
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FIG. 3). The second hole (92) is formed at the other end
of the second housing (25) in the axial direction (the right
end in FIG. 3). The diameter of the first hole (91) is larger
than that of the second hole (92). The length of the first
hole (91) is shorter in the axial direction than that of the
second hole (92).

[0088] An end ofthe cylindrical part (81) of the partition
member (80) is inserted into the second hole (92). A
minute cylindrical clearance is formed between the sec-
ond hole (92) and the outer circumferential surface of the
end of the cylindrical part (81). In this example, the sec-
ond hole (92) corresponds to the first surface of the
present disclosure.

[0089] This minute clearance forms a refrigerant flow
path (R) through which the refrigerant flows. The refrig-
erant flow path (R) extends straight in the axial direction.
In other words, the second seal portion (77) of this em-
bodiment consists of the refrigerant flow path (R) extend-
ing straightin the axial direction. The refrigerant flow path
(R) of this embodiment is very narrow, and thus, when
the refrigerant flows from the first space (S1) into the
refrigerant flow path (R), the narrow flow path serves as
a resistance and functions as a seal.

[0090] In the second back surface space (66b), the
space radially outside the cylindrical part (81) is a first
space (S1). In the second back surface space (66b), the
space radially inside the cylindrical part (81) is a second
space (S2).

[0091] The secondbypass passage (78a)is a passage
for bypassing the refrigerant in the second space (S2)
closertothe second impeller (50b) to the suction passage
(12a). The second bypass passage (78a) communicates
the second space (S2) closer to the second impeller (50b)
with the suction passage (12a). An inflow end of the sec-
ond bypass passage (78a) is connected to the second
space (S2)closerto the secondimpeller (50b). An outflow
end of the second bypass passage (78a) is connected
to the suction passage (12a). The second bypass pas-
sage (78a) of this embodiment is provided inside a sec-
ond bypass pipe (78).

[0092] The second flow rate control valve (79) is dis-
posed in the second bypass passage (78a). The opening
degree of the second flow rate control valve (79) is ad-
justable. The second flow rate control valve (79) is able
to be opened and closed. The second flow rate control
valve (79) adjusts the flow rate of the refrigerant flowing
through the second bypass passage (78a).

[0093] The first space (S1) of the second back surface
space (66b) communicates with the second compression
chamber (66a). Thus, the first space (S1) has a pressure
corresponding to a high pressure that is the discharge
pressure of the second compression chamber (66a). The
second space (S2) of the second back surface space
(66b) communicates with the second bypass passage
(78a). Thus, when the second flow rate control valve (79)
is opened, the second space (S2) communicates with
the suction passage (12a), and thus the second space
(S2) has a pressure corresponding to a low pressure (the
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suction pressure). In other words, at this time, the pres-
sure of the second space (S2) is lower than that of the
first space (S1).

[0094] When the second flow rate control valve (79) is
closed, the second space (S2) has a pressure corre-
sponding to the pressure of the first space (S1). In other
words, at this time, the second space (S2) and the first
space (S1) have the same pressure. This is because the
second space (S2) is shut off from the suction passage
(12a), and the refrigerant in the first space (S1) slightly
flows into the second space (S2) through the clearance
(A).

[0095] Inthis manner, by opening the second flow rate
control valve (79), the pressure of the second space (S2)
can be lowered. Accordingly, the pressure acting on the
whole of the back surface (52) of the second impeller
(50b) can be lowered as compared to an impeller without
any decrease element. As a result, the thrust load acting
on the rotary shaft (40) from the second impeller (50b)
can be relatively small.

(2-7-2) First Decrease Element

[0096] The first seal portion (72) of the first decrease
element (71) partitions the first back surface space (61b)
into a first space (S1) and a second space (S2). The
cylindrical part (81) of the partition member (80) of the
first decrease element (71) extends from the back sur-
face (52) of the firstimpeller (50a) toward one end in the
axial direction (the left side in FIG. 2).

[0097] The first housing (23) has a central portion in-
cluding a first hole (91) and a second hole (92). The axis
of the first housing (23), the center of the first hole (91),
and the center of the second hole (92) substantially co-
incide with each other. The first hole (91) is formed at the
other end of the first housing (23) in the axial direction
(the right end in FIG. 2). The second hole (92) is formed
at the other end of the first housing (23) in the axial di-
rection (the left end in FIG. 2).

[0098] A minute cylindrical clearance is formed be-
tween the second hole (92) and the outer circumferential
surface of the end of the cylindrical part (81). This minute
clearance serves as the first seal portion (72). In the first
back surface space (61b), the space radially outside the
cylindrical part (81) is a first space (S1). In the first back
surface space (61b), the space radially inside the cylin-
drical part (81) is a second space (S2). The first bypass
passage (73a) has the same configuration as the second
bypass passage (78a). The first bypass passage (73a)
of this embodiment is formed inside a first bypass pipe
(73). The first flow rate control valve (74) has the same
configuration as the second flow rate control valve (79).
[0099] The first space (S1) of the first back surface
space (61b) communicates with the first compression
chamber (61a). Thus, the first space (S1) has a pressure
corresponding to the intermediate pressure which is the
discharge pressure of the first compression chamber
(61a). The second space (S2) of the first back surface
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space (61b) communicates with the first bypass passage
(73a). Thus, when the first flow rate control valve (74) is
opened, the second space (S2) communicates with the
suction passage (12a). Accordingly, the second space
(S2) has a pressure corresponding to a low pressure (the
suction pressure). In other words, at this time, the pres-
sure of the second space (S2) is lower than that of the
first space (S1). On the other hand, when the first flow
rate control valve (74) is closed, the second space (S2)
has a pressure corresponding to the pressure of the first
space (S1). In other words, at this time, the second space
(S2) and the first space (S1) have the same pressure.
[0100] In this manner, by opening the first flow rate
control valve (74), the pressure of the second space (S2)
can be lowered. Accordingly, the pressure on the whole
of the back surface (52) of the first impeller (50a) can be
lowered as compared to an impeller without any de-
crease element. As a result, the thrust load acting on the
rotary shaft (40) from the first impeller (50a) can be rel-
atively small.

[0101] As described above, the compressor (10) in-
cludes the decrease element (71, 76), thereby reducing
the difference between the pressures generated depend-
ing on the operating conditions and acting on the back
surfaces (52) of the pair of impellers (50a, 50b).

(2-7) Sensor

[0102] As shown in FIG. 4, the compressor (10) in-
cludes five pressure sensors (101, 102, 103, 104, 105).
[0103] The first pressure sensor (101) is disposed in
the suction pipe (12). The first pressure sensor (101) de-
tects the pressure of the suction passage (12a). In other
words, the first pressure sensor (101) detects the pres-
sure of the refrigerant introduced into the first compres-
sion chamber (61a). The first pressure sensor (101) may
be disposed near the first inlet (20a) or in the electric
motor chamber (28) in the casing (20).

[0104] The second pressure sensor (102) is disposed
in the connection pipe (11). The second pressure sensor
(102) detects the pressure of the communication pas-
sage (11a). In other words, the second pressure sensor
(102) detects the pressure of the refrigerant introduced
into the second compression chamber (66a). The second
pressure sensor (102) may be disposed near the first
outlet (20b) or at the second inlet (20c) in the casing (20).
[0105] The third pressure sensor (103) is disposed in
the discharge pipe (13). The third pressure sensor (103)
detects the pressure of the discharge passage (13a). In
other words, the third pressure sensor (103) detects the
pressure of the refrigerant discharged from the casing
(20). The third pressure sensor (103) is disposed near
the second outlet (20d) in the casing (20).

[0106] The fourth pressure sensor (104) is disposed in
the second hole (92) of the first housing (23). The fourth
pressure sensor (104) detects the pressure of the second
space (S2) of the first back surface space (61b). In other
words, the fourth pressure sensor (104) detects the back
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surface pressure of the first impeller (50a). The fourth
pressure sensor (104) may be disposed in the firstbypass
pipe (73). In this case, the fourth pressure sensor (104)
is disposed near the inflow end of the first bypass pas-
sage (73a) in the first bypass pipe (73).

[0107] The fifth pressure sensor (105) is disposed in
the second hole (92) of the second housing (25). The
fifth pressure sensor (105) detects the pressure of the
second space (S2) of the second back surface space
(66b). In other words, the fifth pressure sensor (105) de-
tects the back surface pressure of the second impeller
(50b). The fifth pressure sensor (105) may be disposed
in the second bypass pipe (78). In this case, the fifth
pressure sensor (105) is disposed near the inflow end of
the second bypass passage (78a) in the second bypass

pipe (78).
(2-8) Control Unit

[0108] The control unit (110) controls the operation of
the compressor (10). The control unit (110) includes a
microcomputer and a memory device. The memory de-
vice stores various programs and data. The microcom-
puter executes the programs read from the memory de-
vice.

[0109] The control unit (110) controls the operations
of the first flow rate control valve (74) and the second
flow rate control valve (79). The control unit (110) opens
or closes the first flow rate control valve (74) and the
second flow rate control valve (79) or adjusts the opening
degree of the first flow rate control valve (74) and the
second flow rate control valve (79) based on the values
detected by the first pressure sensor (101), the second
pressure sensor (102), the third pressure sensor (103),
the fourth pressure sensor (104), and the fifth pressure
sensor (105).

[0110] Specifically, the control unit (110) obtains the
values detected by the first to fifth pressure sensors (101,
102, 103, 104, 105). The control unit (110) calculates the
thrust load acting from both ends of the rotary shaft (40)
based on the values detected by the pressure sensors
(101, 102, 103, 104, 105). The control unit (110) opens
or closes the first flow rate control valve (74) and the
second flow rate control valve (79) or adjusts the opening
degrees of the first flow rate control valve (74) and the
second flow rate control valve (79) based on the calcu-
lated thrust load.

[0111] Accordingly, each flow rate control valve (74,
79) is opened or closed or the opening degree of each
flow rate control valve (74, 79) is adjusted based on the
pressure which is a direct index of the thrust load acting
on the rotary shaft (40), and thus the flow rate control
valve (74, 79) can be controlled according to the actually
acting thrust load. Accordingly, the reliability of the com-
pressor (10) can be improved.
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(3) Operation

[0112] An operation of the compressor (10) will be de-
scribed.

[0113] When the compressor (10) operates, the elec-
tric motor (30) is energized. Accordingly, the rotary shaft
(40) rotates. When the rotary shaft (40) rotates, the im-
pellers (50a, 50b) coupled to the rotary shaft (40) rotate.
When the firstimpeller (50a) rotates, alow-pressure (suc-
tion-pressure) refrigerant flows from the suction pipe (12)
into the electric motor chamber (28) through the first inlet
(20a). The refrigerant having flowed into the electric mo-
tor chamber (28) flows into the first compression chamber
(61a). In the first compression chamber (61a), the blades
(53) of the first impeller (50a) sends the refrigerant radi-
ally outward, and the flow rate of the refrigerant is made
faster. As the speed of this refrigerant is made faster, the
pressure of the refrigerant increases.

[0114] The low-pressure refrigerant having flowed into
the first compression chamber (61a) is compressed to
an intermediate pressure that is higher than the suction
pressure. The refrigerant having been compressed to the
intermediate pressure passes through the diffuser (62)
and then flows through the scroll flow path (63). The re-
frigerant having flowed through the scroll flow path (63)
passes through the first outlet (20b) and then flows into
the communication passage (11a).

[0115] The intermediate-pressure refrigerant having
flowed into the communication passage (11a) passes
through the second inlet (20c) and then flows into the
intermediate-pressure flow path (29). The refrigerant
having flowed into the intermediate-pressure flow path
(29) flows into the second compression chamber (66a).
In the second compression chamber (66a), similarly to
the first compression chamber (61a), the blades (53) of
the second impeller (50b) increases the speed of the re-
frigerant, thereby increasing the pressure of the second
compression chamber (66a). The refrigerant having
flowed into the second compression chamber (66a) is
compressed to a high pressure (a discharge pressure)
that is higher than the intermediate pressure.

[0116] The refrigerant having been compressed to the
discharge pressure passes through the diffuser (67) and
then flows through the scroll flow path (68). The refriger-
anthaving flowed through the scroll flow path (68) passes
through the second outlet (20d) and then flows into the
discharge pipe (13). The high-pressure refrigerant hav-
ing flowed into the discharge pipe (13) is sent to the out-
side of the casing (20). The refrigerant having been dis-
charged from the compressor (10) is used for the refrig-
eration cycle of the refrigeration apparatus (1).

(4) Operation of Flow Rate Control Valve

[0117] Next, operations of the first flow rate control
valve (74) and the second flow rate control valve (79) will
be described.

[0118] In the compressor (10), the thrust loads acting

10

15

20

25

30

35

40

45

50

55

12

from both sides of the rotary shaft (40) may become un-
balanced depending on the operating conditions. Spe-
cifically, depending on the operating conditions, the
thrust load L2 acting from the second impeller (50b) may
be heavier or lighter than the thrust load L 1 acting from
the first impeller (50a). In the following description, as-
sume that the first flow rate control valve (74) and the
second flow rate control valve (79) are closed when the
compressor (10) starts operation.

[0119] FIG. 5 shows an operation area map where the
horizontal axis represents an evaporation temperature
Te and the vertical axis represents a condensation tem-
perature Tc. In the operation area map in FIG. 5, the
areas in gray are operable areas, and the areas in black
are inoperable areas.

[0120] In FIG. 5, (a) shows that both the first flow rate
control valve (74) and the second flow rate control valve
(79) are closed, (b) shows that only the first flow rate
control valve (74) is opened, (c) shows that only the sec-
ond flow rate control valve (79) is opened, and (d) shows
that both the first flow rate control valve (74) and the
second flow rate control valve (79) are opened. (e) of
FIG. 5 shows a combination of (a) to (d) of FIG 5, and
shows an area where the compressor (10) is operable
as awhole. In FIG. 5, detailed numerical values are omit-
ted.

(4-1) Only First Flow Rate Control Valve Being Opened

[0121] The control unit (110) directs the first flow rate
control valve (74) to be opened if the thrust load L1 is
heavier than the thrust load L2 (L1 > L2). When the first
flow rate control valve (74) is opened, the second space
(S2) of the first back surface space (61b) communicates
with the suction passage (12a), and the pressure of the
second space (S2) is lowered. Accordingly, the pressure
acting on the whole of the back surface (52) of the first
impeller (50a) becomes relatively low. Accordingly, the
thrust load L1 on the first impeller (50a) and the thrust
load L2 on the second impeller (50b) can be balanced.

[0122] Here, by opening the first flow rate control valve
(74), part of the refrigerant discharged from the first com-
pression chamber (61a) flows into the suction passage
(12a), and thus the flow rate of the refrigerant flowing
from the first compression chamber (61a) into the com-
munication passage (11a) decreases. As the flow rate of
the refrigerant flowing into the communication passage
(11a) decreases, the amount of the refrigerant com-
pressed in the second compression chamber (66a) de-
creases. Accordingly, the flow rate of the refrigerant dis-
charged from the casing (20) to the outside also decreas-
es. At this time, as shown in (a) and (b) of FIG. 5, the
operable area of the compressor (10) shifts from the cen-
tral area to the lower right area in FIG. 5.

[0123] When the first flow rate control valve (74) is
opened, the flow rate of the refrigerant discharged from
the casing (20) to the outside may be adjusted by adjust-
ing the opening degree of each flow rate control valve
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(74, 79).

(4-2) Only Second Flow Rate Control Valve Being
Opened

[0124] The control unit (110) directs the second flow
rate control valve (79) to be opened if the thrust load L2
is heavier than the thrust load L1 (L1 < L2). When the
second flow rate control valve (79) is opened, the second
space (S2) of the second back surface space (66b) com-
municates with the suction passage (12a), and the pres-
sure of the second space (S2) is lowered. Accordingly,
the pressure acting on the whole of the back surface (52)
of the second impeller (50b) becomes relatively low. Ac-
cordingly, the thrust load L1 on the first impeller (50a)
and the thrust load L2 on the second impeller (50b) can
be balanced.

[0125] Here, by opening the second flow rate control
valve (79), part of the refrigerant discharged from the
second compression chamber (66a) flows into the suc-
tion passage (12a), and thus the flow rate of the refrig-
erant flowing from the second compression chamber
(66a) into the discharge passage (13a) decreases. Ac-
cordingly, the flow rate of the refrigerant discharged from
the casing (20) to the outside also decreases. At this
time, as shown in (a) and (c) of FIG. 5, the operable area
of the compressor (10) shifts from the central area to the
upper left area in FIG. 5.

[0126] When the second flow rate control valve (79) is
opened, the flow rate of the refrigerant discharged from
the casing (20) to the outside may be adjusted by adjust-
ing the opening degree of each flow rate control valve
(74, 79).

(4-3) First Flow Rate Control Valve and Second Flow
Rate Control Valve Being Opened

[0127] In order to significantly reduce the amount of
refrigerant discharged from the casing (20) to the outside,
the control unit (110) directs the first flow rate control
valve (74) and the second flow rate control valve (79) to
be opened. At this time, the second space (S2) of the
first back surface space (61b) and the second space (S2)
of the second back surface space (66b) both have lower
pressures, and thus the balance between the thrust load
L1 on the first impeller (50a) and the thrust load L2 on
the second impeller (50b) is maintained.

[0128] When the first flow rate control valve (74) is
opened, part of the refrigerant discharged from the first
compression chamber (61a) flows into the suction pas-
sage (12a), and thus the flow rate of the refrigerant flow-
ing from the first compression chamber (61a) into the
second compression chamber (66a) through the com-
munication passage (11a) decreases. Since the second
flow rate control valve (79) is also opened, part of the
refrigerant discharged from the second compression
chamber (66a) flows into the suction passage (12a). Ac-
cordingly, the flow rate of the refrigerant flowing from the
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second compression chamber (66a) into the discharge
passage (13a) further decreases. Accordingly, the flow
rate of the refrigerant discharged from the casing (20) to
the outside can be significantly reduced. At this time, as
shown in (a) and (d) in FIG. 5, the operable area of the
compressor (10) become larger.

[0129] When the first flow rate control valve (74) and
the second flow rate control valve (79) are opened, the
flow rate of the refrigerant discharged from the casing
(20)to the outside may be adjusted by adjusting the open-
ing degree of each flow rate control valve (74, 79).
[0130] As described above, by opening or closing the
first flow rate control valve (74) and the second flow rate
control valve (79) and changing the opening degrees of
the first flow rate control valve (74) and the second flow
rate control valve (79), the operable area of the compres-
sor (10) can be changed and made larger. As a result,
as shown in (e) of FIG. 5, the operable area of the com-
pressor (10) as a whole can be made larger.

[0131] Here, the compressor (10) of this embodiment
is designed to be most efficient when the first flow rate
control valve (74) and the second flow rate control valve
(79) are closed under the operation condition (the rated
condition) for evaluating the efficiency of the compressor.
The operating condition (the rated condition) for evalu-
ating the efficiency of the compressor can be said to be
an operating condition frequently used as the operating
condition of the compressor. Thus, in the operation of
the compressor (10), the frequency of the first flow rate
control valve (74) or the second flow rate control valve
(79) being opened is relatively low.

[0132] When the first flow rate control valve (74) or the
second flow rate control valve (79) is opened, part of the
refrigerant compressed in the first compression chamber
(61a) and the second compression chamber (66a) flows
into the suction passage (12a), and thus the efficiency
of the compressor may decrease. However, the frequen-
cy of the first flow rate control valve (74) or the second
flow rate control valve (79) being opened is relatively low,
and thus the efficiency of the compressor (10) does not
decrease so much even if the compressor (10) includes
the first decrease element (71) and the second decrease
element (76).

[0133] On the other hand, if the compressor (10) op-
erates under an operating condition other than the rated
condition, the thrust loads acting from both sides of the
rotary shaft (40) may become unbalanced depending on
the operating condition as described above. In such a
case, by opening the first flow rate control valve (74) or
the second flow rate control valve (79), the balance be-
tween the thrust loads on both sides in the axial direction
can be maintained. Accordingly, the load on the thrust
bearing (41) under a predetermined operating condition
can be reduced, and the upsizing of the thrust bearing
(41) can be reduced. In addition, by opening the first flow
rate control valve (74) or the second flow rate control
valve (79) or adjusting the opening degree of the first flow
rate control valve (74) or the second flow rate control
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valve (79), the flow rate of the refrigerant can be adjusted,
and thus the operable area of the compressor (10) can
be made larger without upsizing of the thrust bearing (41).

(5) Features

[0134] (5-1)

The compressor (10) of this embodiment includes a pair
of impellers (50a, 50b) including their respective front
surfaces (51) having blades (53) and facing each other
with the electric motor (30) interposed therebetween, and
adecrease element (71, 76) configured to reduce a pres-
sure of a back surface space (61b, 66b) of one of the pair
of impellers (50a, 50b).

[0135] Accordingly, the pressure of the back surface
space (61b, 66b) of one of the impellers (50a, 50b) can
be reduced by the decrease element (71, 76), and thus
the difference between the pressures acting on the back
surfaces (52) of the pair of impellers (50a, 50b) can be
reduced. Accordingly, the load on the thrust bearing (41)
can be reduced, and thus the upsizing of the thrust bear-
ing (41) can be reduced. As a result, wind loss caused
when the rotary shaft (40) rotates at high speed can be
reduced. In addition, the upsizing of the thrust bearing
(41) can be reduced, and thus a decrease in the rigidity
of the whole of the rotary shaft (40) can be reduced. In
this manner, a decrease in the mechanical efficiency of
the turbo fluid machine (10) can be reduced.

[0136] (5-2)

The compressor (10) of this embodiment further includes
a suction passage (12a) configured to introduce a fluid
into the casing (20). The decrease element (71, 76) in-
cludes a seal portion (72, 77) configured to partition the
back surface space (61b, 66b) into a first space (S1) and
a second space (S2), and a bypass passage (73a, 78a)
configured to bypass a fluid in the second space (S2) to
the suction passage (12a). The first space (S1) has a
pressure corresponding to the discharge pressure of the
compression chamber (61a, 66a) corresponding to the
one of the impellers (50a, 50b). The pressure of the sec-
ond space (S2) is lower than that of the first space (S1).
[0137] Accordingly, the pressure acting on the whole
of the back surface (52) of the one of the impellers (50a,
50b) is lower than if the second space (S2) is not formed.
Accordingly, the difference between the pressures acting
on the back surfaces (52) of the pair of impellers (50a,
50b) can be reduced.

[0138] (5-3)

In the compressor (10) of this embodiment, one of the
impellers (50a, 50b) includes a first member (80) that is
tubular and extends away in an axial direction from a
back surface (52) of the one of the impellers (50a, 50b).
The casing (20) has a first surface (92) facing an outer
circumferential surface of the first member (80). The seal
portion (72, 77) consists of a clearance (A) between the
outer circumferential surface of the first member (80) and
the first surface (92). Accordingly, the seal portion (72,
77) can be formed with a small number of components.
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[0139] (5-4)

In the compressor (10) of this embodiment, the decrease
element (71, 76) further includes a valve (74, 79) dis-
posed in the bypass passage (73a, 78a). Accordingly,
the pressure of the second space (S2) can be adjusted
by opening or closing the other valve (74, 79) or changing
the opening degree of the other valve (74, 79).

[0140] (5-5)

The compressor (10) of this embodiment further includes
a control unit (110) configured to control the valve (74,
79). The control unit (110) opens or closes the valve (74,
79) or adjusts the opening degree of the valve (74, 79)
based on a suction pressure of a fluid introduced into
each of the pair of compression chambers (61a, 66a), a
discharge pressure of a fluid discharged from the casing
(20), and a back surface pressure of one of the impellers
(50a, 50b).

[0141] (5-6)

In the compressor (10) of this embodiment, the pair of
impellers (50a, 50b) are each provided with the decrease
element (71, 76). Accordingly, the pressure of the back
surface space (61b, 66b) of each impeller (50a, 50b) can
be adjusted under various operating conditions.

[0142] (5-7)

In the compressor (10) of this embodiment, the pair of
impellers (50a, 50b) consists of a firstimpeller (50a) con-
figured to compress a fluid with a suction pressure intro-
duced into the casing (20) to an intermediate pressure
that is higher than the suction pressure, and a second
impeller (50b) configured to compresses a fluid with an
intermediate pressure to a discharge pressure that is
higher than the intermediate pressure. The outer diam-
eter of the second impeller (50b) is smaller than that of
the firstimpeller (50a). Accordingly, the load acting from
the back surface (52) of the second impeller (50b) can
be lowered.

[0143] (5-8)

The compressor (10) of this embodiment further includes
a bearing (41, 45, 45) disposed in the casing (20) and
configured to rotatably support the rotary shaft (40). The
bearing (41,45, 45)is a foil bearing ora magnetic bearing.
The bearing (41, 45, 45) is a foil bearing or a magnetic
bearing, i.e., an oil-free bearing.

[0144] (5-9)

In the compressor (10) of this embodiment, the rotary
shaft (40) has a maximum number of revolutions of
30,000 rpm or more. Since the rotary shaft (40) has a
maximum number of revolutions of 30,000 rpm or more,
and thus the turbo fluid machine of this embodiment is
applicable as the turbo fluid machine (10) that rotates at
a high speed.

[0145] (5-10)

The turbo fluid machine (10) of this embodiment is a turbo
compressor. The fluid is a refrigerant. Here, if the fluid is
a refrigerant, the pressure acting on the back surface
(52) of the impeller (50a, 50b) is higher than if the fluid
is air. Accordingly, the thrust load acting on the rotary
shaft (40) is heavier.
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[0146] (5-11)

The refrigeration apparatus (1) of this embodiment in-
cludes a refrigerant circuit (2) that performs a refrigera-
tion cycle. The refrigerant circuit (2) includes a turbo com-
pressor (10).

[0147] (5-12)

The refrigeration apparatus (1) of this embodiment has
a refrigerating capacity of 100 USRT or less. Since the
refrigeration apparatus (1) has a refrigerating capacity of
100 USRT or less, the turbo compressor (10) is applica-
ble totherefrigeration apparatus (1) with arelatively small
refrigerating capacity.

(6) Variations

[0148] The above embodiment may be modified as the
following variations. In the following description, differ-
ences from the embodiment will be described in principle.

(6-1) First Variation

[0149] The first seal portion (72) or the second seal
portion (77) of the above embodiment may be a labyrinth
seal with a labyrinth structure. As shown in FIG. 6, the
seal portion (72, 77) of this variation is an expansion lab-
yrinth seal including an expansion chamber. Note that
FIG. 6 is an enlarged view of the second decrease ele-
ment (76). The first seal portion (72) of the first decrease
element (71) may have the same structure as the second
seal portion (77) of this variation.

[0150] The second seal portion (77) consists of a clear-
ance (A) between a partition member (80) and the second
housing (25). In this variation, the second seal portion
(77) consists of a refrigerant flow path (R) and a plurality
of expansion chambers (E).

[0151] The second housing (25) of this variation has
the same configuration as in the above embodiment. The
partition member (80) of this variation includes a cylin-
drical part (81) and a plurality of protrusions (82). The
cylindrical part (81) has the same configuration as in the
above embodiment. Each protrusion (82) protrudes ra-
dially outward from the outer circumferential surface of
the cylindrical part (81). Each protrusion (82) is formed
in an annular shape surrounding the circumference of
the cylindrical part (81). The expansion chamber (E) is
formed between the protrusions (82). The plurality of ex-
pansion chambers (E) are arranged at regular intervals
in the axial direction.

[0152] The distal end of each protrusion (82) faces the
second hole (92) of the second housing (25). A minute
clearance is formed between the distal end of each pro-
trusion (82) and the second hole (92) of the second hous-
ing (25). The minute clearance forms a refrigerant flow
path (R). The refrigerant flow path (R) extends straight
in the axial direction. The refrigerant flow path (R) com-
municates with the plurality of expansion chambers (E).
[0153] In this variation, the refrigerant flowing from the
first space (S1) to the second space (S2) flows along the
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refrigerant flow path (R). At this time, after flowing into
the expansion chambers (E) in a middle of the refrigerant
flow path (R), the refrigerant expands and is decom-
pressed. The refrigerant having flowed out of one of the
expansion chambers (E) flows into the refrigerant flow
path (R), and then flows into the adjacent expansion
chamber (E). In this manner, the refrigerant flows a plu-
rality of times repeatedly from the refrigerant flow path
(R) into the expansion chambers (E). When the refriger-
ant flows from the expansion chambers (E) into the re-
frigerant flow path (R), the ease of the refrigerant flowing
therethrough is suddenly impaired. Accordingly, a flow
resistance is generated and a pressure loss is caused.
This pressure loss enables less flow of a refrigerant from
the first space (S1) into the second space (S2).

(6-2) Second Variation

[0154] The first seal portion (72) or the second seal
portion (77) of the above embodiment may be a labyrinth
seal with another labyrinth structure. As shown in FIG.
7, the seal portion (72, 77) of this variation is a labyrinth
seal of a labyrinth type. Note that FIG. 7 is an enlarged
view of the second decrease element (76). The first seal
portion (72) of the first decrease element (71) may have
the same structure as the second seal portion (77) of this
variation.

[0155] The second seal portion (77) consists of a clear-
ance (A) between a partition member (80) and the second
housing (25). In this variation, the second seal portion
(77) consists of a refrigerant flow path (R).

[0156] The partition member (80) of this variation in-
cludes a cylindrical part (81) and a plurality of protrusions
(82). The cylindrical part (81) has the same configuration
as in the above embodiment. Each protrusion (82) pro-
trudesradially outward from the outer circumferential sur-
face of the cylindrical part (81). Each protrusion (82) is
formed in an annular shape surrounding the circumfer-
ence of the cylindrical part (81). The plurality of protru-
sions (82) are arranged at regular intervals in the axial
direction.

[0157] The second housing (25) of this variation in-
cludes a second hole (92) provided with a plurality of
recesses (94). The recess (94) is recessed radially out-
ward. The plurality of recesses (94) are arranged at reg-
ular intervals in the axial direction. The recesses (94)
face the protrusions (82) of the partition member (80).
[0158] The protrusions (82) of the partition member
(80) are arranged to mesh with their respective recesses
(94) of the second housing (25). A minute clearance is
formed between the protrusion (82) and the recess (94)
of the second housing (25). This minute clearance forms
a refrigerant flow path (R). The refrigerant flow path (R)
is bent in a zigzag manner.

[0159] In this variation, part of the refrigerantin the first
space (S1) flows into the refrigerant flow path (R) from a
clearance between the second hole (92) of the second
housing (25) and the distal end of the protrusion (82) at



27 EP 4 461 969 A1 28

the left end of the partition member (80). The refrigerant
having entered the clearance flows radially inward along
the right side surface of the protrusion (82) at the left end,
and then flows toward the other end in the axial direction
along the outer circumferential surface of the cylindrical
part (81). Afterward, the refrigerant flows radially outward
along the left side surface of another protrusion (82) ad-
jacent thereto. In this manner, the refrigerant flows
through the clearance (A) toward the other end in the
axial direction, while alternating the direction between
the radially inner side and the radially outer side, thereby
flowing through a very narrow flow path over a relatively
long distance. Accordingly, the flow of the refrigerant from
the first space (S1) into the second space (S2) can be
reduced.

(6-3) Third Variation

[0160] The first seal portion (72) or the second seal
portion (77) of the above embodiment may be a labyrinth
seal with another labyrinth structure. As shown in FIG.
8, the seal portion (72, 77) of this variation is a labyrinth
seal of a labyrinth type. Note that FIG. 8 is an enlarged
view of the second decrease element (76). The first seal
portion (72) of the first decrease element (71) may have
the same structure as the second seal portion (77) of this
variation.

[0161] The second seal portion (77) consists of a clear-
ance (A) between a partition member (80) and the second
housing (25). In this variation, the second seal portion
(77) consists of a refrigerant flow path (R).

[0162] The partition member (80) of this variation in-
cludes a cylindrical part (81). The cylindrical part (81)
extends in the axial direction from the back surface (52)
of the second impeller (50b). The outer circumferential
surface of the cylindrical part (81) has first steps (83).
The outer diameter of the first steps (83) decreases to-
ward the other end in the axial direction (the right side in
FIG. 8).

[0163] The inner circumferential surface of the second
housing (25) has second steps (95). The second steps
(95) are formed between the first hole (91) and the sec-
ond hole (92) in the second housing (25). The inner di-
ameter of the second steps (95) decreases toward the
other end in the axial direction (the right side in FIG. 8).
[0164] The first steps (83) and the second steps (95)
correspond to each other. A minute clearance is formed
between the outer circumferential surface of the first
steps (83) and the inner circumferential surface (96) of
the second steps (95). This minute clearance forms a
refrigerant flow path (R). The refrigerant flow path (R) is
in the form of steps. The inner circumferential surface
(96) of the second steps (95) corresponds to the first
surface of the present disclosure.

[0165] In this variation, part of the refrigerant in the first
space (S1) flows into the refrigerant flow path (R) in the
form of steps, that is, passes through a very narrow flow
path over arelatively long distance. Accordingly, the flow
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of the refrigerant from the first space (S1) into the second
space (S2) can be reduced.

(6-4) Fourth Variation

[0166] The first seal portion (72) or the second seal
portion (77) of the above embodiment may be a seal with
another structure. As shown in FIG. 9, the seal portion
(72, 77) of this variation consists of a clearance (B) be-
tween the back surface (52) of the second impeller (50b)
and the second housing (25). In other words, the second
impeller (50b) of this variation includes no partition mem-
ber. Note that FIG. 9 is an enlarged view of the second
decrease element (76). The first seal portion (72) of the
first decrease element (71) may have the same structure
as the second seal portion (77) of this variation.

[0167] Specifically, as shown in FIG. 9, the second
housing (25) faces the back surface (52) of the second
impeller (50b). The second housing (25) corresponds to
the wall of the present disclosure. The second housing
(25) includes a protrusion (97). The protrusion (97) pro-
trudes toward the back surface (52) of the second impel-
ler (50b). The protrusion (97) is formed in an annular
shape to surround the circumference of the through hole
formed at the center of the second housing (25).

[0168] The clearance (B) is formed between the back
surface (52) of the second impeller (50b) and the end
surface (97a) of the protrusion (97) of the second housing
(25). The seal portion (72, 77) of this variation consists
of the clearance (B). The seal portion (72, 77) consists
of a refrigerant flow path (R) extending straight in the
radial direction. In this variation, in the second back sur-
face space (66b), the space radially outside the protru-
sion (97) is afirst space (S 1). In the second back surface
space (66b), the space radially inside the protrusion (97)
is a second space (S2).

[0169] The refrigerant flow path (R) of this embodiment
is very narrow, and thus, when the refrigerant flows from
the first space (S 1) into the refrigerant flow path (R), the
narrow flow path serves as a resistance and functions
as a seal.

(6-5) Fifth Variation

[0170] Thedecreaseelement(71,76)ofthe above em-
bodiment may include an on-off valve instead of the flow
rate control valve (74, 79). In other words, the valve may
not necessarily adjust the flow rate. In this variation as
well, the pressure of the second space (S2) can be
changed by changing the opening and closing of the on-
off valve.

(6-6) Sixth Variation

[0171] Thedecreaseelement(71,76)ofthe above em-
bodiment may include the seal portion (72, 77) and the
bypass passage (73a, 78a). In other words, the decrease
element (71, 76) may not necessarily have a valve.
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(6-7) Seventh Variation

[0172] The compressor (10) of the above embodiment
may include any one of the first decrease element (71)
and the second decrease element (76). In other words,
the compressor (10) may not necessarily include both
the first decrease element (71) and the second decrease
element (76).

[0173] If the compressor (10) includes the first de-
crease element (71) only, the compressor (10) does not
include the fifth pressure sensor (105). In this case, the
control unit(110) opens or closes the first flow rate control
valve (74) or adjusts or the opening degree of the first
flow rate control valve (74) based on the values detected
by the first pressure sensor (101), the second pressure
sensor (102), the third pressure sensor (103), and the
fourth pressure sensor (104).

[0174] If the compressor (10) includes the second de-
crease element (76) only, the compressor (10) does not
include the fourth pressure sensor (104). In this case,
the control unit (110) opens or closes the second flow
rate control valve (79) or adjusts the opening degree of
the second flow rate control valve (79) based on the val-
ues detected by the first pressure sensor (101), the sec-
ond pressure sensor (102), the third pressure sensor
(103), and the fifth pressure sensor (105).

(6-8) Eighth Variation

[0175] The control unit(110) of the above embodiment
may open or close the first flow rate control valve (74)
and the second flow rate control valve (79) or adjust the
opening degrees of the first flow rate control valve (74)
and the second flow rate control valve (79) based on the
temperature of the refrigerant.

<<Other Embodiments>>

[0176] The above embodiment may also be configured
as follows.
[0177] Thedecreaseelement(71,76)of the above em-

bodiment may be a screw provided on the back surface
of the impeller (50a, 50b). In this case, the screw is fixed
to the central portion of the back surface of the impeller
(50a, 50b) and rotates integrally with the rotary shaft (40).
The blades of the screw are provided so as to release
the pressure of the back surface space (61b, 66b) of the
impeller (50a, 50b) to the outside according to the rota-
tion. Accordingly, the pressure at the portion provided
with the screw decreases according to the rotation of the
screw, and thus the pressure acting on the whole of the
back surface (52) of the impeller (50a, 50b) can be low-
ered.

[0178] Thecommunication passage (11a)ofthe above
embodiment may be a path formed in the casing (20)
instead of the connection pipe (11).

[0179] The turbo fluid machine of the above embodi-
ment may be a pump (e.g., a centrifugal pump) instead
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of the turbo compressor (10). In this case, a liquid is used
as the fluid.

[0180] While the embodiment and variations thereof
have been described above, it will be understood that
various changes in form and details may be made without
departing from the spirit and scope of the claims. The
elements of the embodiment, the variations thereof, and
the other embodiments may be combined and replaced
with each other.

[0181] The ordinal numbers such as "first," "second,"
"third," ..., described above are used to distinguish the
terms to which these expressions are given, and do not
limit the number and order of the terms.

INDUSTRIAL APPLICABILITY

[0182] As described above, the present disclosure is
useful for a turbo fluid machine and a refrigeration appa-
ratus.

DESCRIPTION OF REFERENCE CHARACTERS
[0183]

1 Refrigeration Apparatus

2 Refrigerant Circuit

11a Communication Passage
12a Suction Passage

20 Casing

25 Second Housing (Wall)

30 Electric Motor

40 Rotary Shaft

41, 45, 45 Bearing

50a First Impeller (Impeller)

50b Second Impeller (Impeller)
51 Front Surface

52 Back Surface

53 Blade

61a, 66a Compression Chamber
61b, 66b Back Space

71.76 Decrease Element

72.77 Seal

73a, 78aBypass Passage

74, 79 Flow Rate Control Valve (Valve)
80 Partition Member (First Member)
97 Protrusion

97a End Surface

110 Control Unit

S1 First Space

S2 Second Space

Claims

1. Aturbo fluid machine configured to compress an in-
troduced fluid with a suction pressure to an interme-
diate pressure that is higher than the suction pres-
sure, and then compress the fluid with the interme-
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diate pressure to a discharge pressure thatis higher
than the intermediate pressure, the turbo fluid ma-
chine comprising:

a rotary shaft (40);

an electric motor (30) configured to drive the ro-
tary shaft (40);

a pair of impellers (50a, 50b) that are configured
to rotate integrally with the rotary shaft (40) to
compress a fluid sucked into compression
chambers (61a, 66a), and that include front sur-
faces (51) provided with blades (53) and facing
each other with the electric motor (30) inter-
posed therebetween;

a casing (20) including the compression cham-
bers (61a, 66a) corresponding to the pair of im-
pellers (50a, 50b), respectively;

a communication passage (11a) communicat-
ing the pair of compression chambers (61a, 66a)
with each other; and

a decrease element (71, 76) configured to re-
duce a pressure of a back surface space (61b,
66b) of one of the pair of impellers (50a, 50b).

2. The turbo fluid machine of claim 1, further compris-

ing:

a suction passage (12a) configured to introduce
a fluid into the casing (20), wherein
the decrease element (71, 76) includes

aseal portion (72, 77) configured to partition
the back surface space (61b, 66b) into a
first space (S1) and a second space (S2),
and

a bypass passage (73a, 78a) configured to
bypass a fluid in the second space (S2) to
the suction passage (12a),

the first space (S1) has a pressure correspond-
ing to the discharge pressure of the compression
chamber (61a, 66a) corresponding to the one of
the impellers (50a, 50b), and

a pressure of the second space (S2) is lower
than the pressure of the first space (S 1).

3. The turbo fluid machine of claim 2, wherein

the one of the impellers (50a, 50b) includes a
first member (80) that is tubular and extends
away in an axial direction from a back surface
(52) of the one of the impellers (50a, 50b),

the casing (20) has a first surface (92, 96) facing
an outer circumferential surface of the first mem-
ber (80), and

the seal portion (72, 77) consists of a clearance
(A) between the outer circumferential surface of
the first member (80) and the first surface (92,
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96).

4. The turbo fluid machine of claim 2, wherein

the casing (20) includes a wall (25) facing a back
surface (52) of the one of the impellers (50a,
50b),

the wall (25) has a protrusion (97) thatis annular
and protrudes toward the back surface (52) of
the one of the impellers (50a, 50b), and

the seal portion (72, 77) consists of a clearance
(B) between the back surface (52) of the one of
the impellers (50a, 50b) and an end surface
(97a) of the protrusion (97).

The turbo fluid machine of any one of claims 2 to 4,
wherein

the decrease element (71, 76) further includes a
valve (74, 79) in the bypass passage (73a, 78a).

The turbo fluid machine of claim 5, further compris-
ing:

a control unit (110) configured to control the
valve (74, 79),

wherein

the control unit (110) is configured to open or
close the valve (74, 79) or adjust opening and
closing or an opening degree of the valve (74,
79) based on a suction pressure of a fluid intro-
duced into each of the pair of compression
chambers (61a, 66a), a discharge pressure of a
fluid discharged from the casing (20), and a back
surface pressure of the one of the impellers
(50a, 50b).

The turbo fluid machine of any one of claims 1 to 6,
wherein

each of the pair of impellers (50a, 50b) is provided
with the decrease element (71, 76).

The turbo fluid machine of any one of claims 1to 7,
wherein

the pair of impellers (50a, 50b) includes

afirstimpeller (50a) configured to compress
a fluid with a suction pressure introduced
into the casing (20) to an intermediate pres-
sure thatis higher than the suction pressure,
and

a second impeller (50b) configured to com-
press a fluid with the intermediate pressure
to a discharge pressure that is higher than
the intermediate pressure, and

an outer diameter of the second impeller (50b)
is smaller than an outer diameter of the first im-
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10.

1.

12.

13.
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peller (50a).

The turbo fluid machine of any one of claims 1 to 8,
further comprising:

a bearing (41, 45, 45) disposed in the casing
(20) and configured to rotatably support the ro-
tary shaft (40),

wherein

the bearing (41, 45, 45) is a foil bearing or a
magnetic bearing.

The turbo fluid machine of any one of claims 1 to 9,
wherein

the rotary shaft (40) has a maximum number of rev-
olutions of 30,000 rpm or more.

The turbo fluid machine of any one of claims 1 to 10,
wherein

the turbo fluid machine is a turbo compressor
(10), and
the fluid is a refrigerant.

A refrigeration apparatus comprising a refrigerant
circuit (2) configured to perform a refrigeration cycle,
the refrigerant circuit (2) including the turbo fluid ma-
chine of claim 11.

The refrigeration apparatus of claim 12, wherein
the refrigeration apparatus has arefrigerating capac-
ity of 100 American tons of refrigeration (USRT) or
less.
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FIG.6
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FIG.7
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