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(54) FREEZING APPARATUS, AND EXPANDER

(57)  Arefrigerating apparatus is obtained which can
recover the energy of high pressure refrigerant in an ex-
pansion mechanism as power to maximum, and can
change the suction amount of the refrigerant in the ex-
pansion mechanism.

The expansion mechanism (50) includes two rotary
mechanism sections (70, 80) having displacement vol-
umes different from each other. The rotary mechanism
sections are connected in series to each other. Two suc-
tion ports (55, 56) are formed in a cylinder of a rotary
mechanism section having a smaller displacement vol-
ume. Inflow pipes (24, 27) connected to the suction ports
(55, 56) include a pre-throttle valve (60) and an on-off
valve (61), respectively. A bypass valve (66) is provided
in a bypass pipe (65) bypassing the expansion mecha-
nism (50). Control on the valves (60, 61, 66) achieves
balance between the refrigerant circulation amountin the
expansion mechanism (50) and the refrigeration circula-
tion amount in a compression mechanism (40).

FIG. 4
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to refrigerating
apparatuses including an expansion mechanism, and
particularly relates to a displacement expansion mecha-
nism generating power by fluid expansion.

BACKGROUND ART

[0002] Conventionally, refrigerant circuits performing
a refrigeration cycle have been known which include a
compression mechanism and an expansion mechanism
recovering power from refrigerant, as disclosed in Patent
Documents 1 and 2. The power recovered from high pres-
sure refrigerant in the expansion mechanism is transmit-
ted to the compression mechanism connected through
a drive shaft to be utilized for driving the compression
mechanism.

[0003] Because the refrigerant circuit is a closed cir-
cuit, the circulation amount of the refrigerant passing
through the compression mechanism per unit time (cor-
responding to a mass flow rate, the same is applied be-
low) must agree with the circulation amount of the refrig-
erant passing through the expansion mechanism. How-
ever, in the case where the expansion mechanism is de-
signed according to a given layout specification (for ex-
ample, rated heating), driving under a condition deviated
from the design specification may cause discrepancy be-
tween the circulation amount in the compression mech-
anism and that in the expansion mechanism. For exam-
ple, where the refrigerating apparatus is designed so that
the circulation amount in the compression mechanism
agrees with that in the expansion mechanismin the rated
heating operation, since the optimum suction volume of
the expansion mechanism is larger in the rated cooling
operation, in which the suction pressure of the compres-
sion mechanism becomes high, than in the rated heating
operation, the refrigerant may be short to cause exces-
sive expansion.

[0004] In view of this, in Patent Documents 1 and 2,
the high pressure refrigerant is injected in the expansion
stroke of the expansion mechanism, or a passage by-
passing the expansion mechanism is provided to adjust
the amount of the refrigerant bypassing by a control
valve, thereby balancing the flow rate of the refrigerant
between the compression mechanism and the expansion
mechanism of the refrigerant circuit.

Patent Document 1: Japanese Unexamined Patent
Application Publication 2004-150748
Patent Document 2: Japanese Unexamined Patent
Application Publication 2001-116371
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SUMMARY
PROBLEMS THAT THE INVENTION IS TO SOLVE

[0005] However, though injection of the high pressure
refrigerant to the expansion mechanism in the expansion
stroke or refrigerant bypassing the expansion mecha-
nism can balance the refrigerant circulation amount be-
tween the compression mechanism and the expansion
mechanism, only part of the energy of the high pressure
refrigerant, which should be recovered primarily to max-
imum as power, can be recovered by the expansion
mechanism. Therefore, it cannot be said that they are
preferable structures in view efficiency.

[0006] The present invention has been made in view
of the foregoing, and its objective is to obtain a refriger-
ating apparatus which can recover the energy of the high
pressure refrigerant in the expansion mechanism as
power to maximum, and which can change the suction
amount of the refrigerant in the expansion mechanism

MEANS FOR SOLVING THE PROBLEMS.

[0007] Toattainthe above objective, arefrigerating ap-
paratus (1) in accordance with the present invention in-
cludes, in an expansion mechanism (50, 100, 200), a
main suction hole (55, 103, 201) first connected to a fluid
chamber (72, 82, 230) in the suction stroke, and an aux-
iliary suction hole (56, 104, 113, 114, 203, 204, 205) con-
nected thereto after connection of the main suction hole
(55, 103, 201).

[0008] Specifically, a first aspect of the present inven-
tion is directed to a refrigerating apparatus including an
expansion mechanism (50, 100, 200) which includes a
first member (71, 81, 102, 112, 210) and a second mem-
ber (75, 85, 116, 124, 220), which are in eccentric and
relative movement, and generates power by expansion
of fluid in a fluid chamber (72, 82, 230) formed between
the members.

[0009] In the refrigerating apparatus, a main suction
hole (55, 103, 201) connecting the fluid chamber (72, 82,
230) to a suction passage (24) first in a suction stroke,
and an auxiliary suction hole (56, 104, 113, 114, 203,
204, 205) connecting the fluid chambers (72, 82, 230) to
a suction passage (27) after connection of the main suc-
tion hole (55, 103, 201) are formed in the expansion
mechanism (50, 100, 200).

[0010] With the above configuration, the fluid can be
introduced into the fluid chamber (72, 82, 230) sequen-
tially from the plurality of suction holes (55, 56, 103, 104,
113, 114, 201, 203, 204, 205) in the suction stroke of the
expansion mechanism (50, 100, 200), thereby adjusting
the fluid circulation amount in the fluid chamber (72, 82,
230).

[0011] Accordingly, even when the driving condition is
changed, the circulation amount can be balanced be-
tween the expansion mechanism (50, 100, 200) and a
compression mechanism (400), and all the fluid can be
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introduced into the fluid chamber (72, 82, 230) in the suc-
tion stroke. Hence, the expansion mechanism (50, 100,
200) can recover the power efficiently.

[0012] In the above configuration, in the expansion
mechanism (50, 100, 200), the fluid chamber (72, 82,
230) is defined so that at least a suction stroke and a
discharge stroke are performed independently (a second
aspect of the presentinvention). For example, in the case
where the suction stroke and the discharge stroke are
performed independently, as in a multistage type or scroll
type expander, the high pressure fluid introduced in the
fluid chamber in the suction stroke is prevented from flow-
ing outside directly without being expanded in the expan-
sion mechanism (50, 100, 200). Accordingly, the above
configuration can achieve sufficient fluid expansion in the
expansion mechanism (50, 100, 200).

[0013] It is preferable that the auxiliary suction hole
(56, 104, 113, 114, 203, 204, 205) is formed to open at
a bottom of the fluid chamber (72, 230) (a third aspect of
the present invention). Formation of the auxiliary suction
hole (56, 104, 113, 114, 203, 204, 205) through the bot-
tom of the fluid chamber (72, 230) allows the refrigerator
oil in the expansion mechanism (50, 100, 200) to stay in
the suction passage (27) connected to the auxiliary suc-
tion hole (56, 104, 113, 114, 203, 204, 205) when the
fluid is not introduced from the auxiliary suction hole (56,
104, 113, 114, 203, 204, 205). This can prevent the suc-
tion passage (27) from being a dead volume passage in
which the fluid in the fluid chamber (72, 230) is retained,
thereby achieving efficient fluid expansion in the fluid
chamber (72, 230).

[0014] Further, itis preferable that an on-off valve (61)
is provided in the suction passage (27) connected to the
auxiliary suction hole (56, 104, 113, 114, 203, 204, 205),
and a check valve (95) allowing flow from the on-off valve
(61) to the auxiliary suction hole (56, 104, 113, 114, 203,
204, 205) is provided downstream of the on-off valve (61)
(a fourth aspect of the present invention).

[0015] The check valve (95) can ensure prevention of
the fluid in the fluid chamber (72, 82, 230) from flowing
into the suction passage (27). Hence, reduction in inef-
fective volume of the expansion mechanism (50, 100,
200) can be further ensured, and the fluid can be expand-
ed further efficiently in the expansion mechanism (50,
100, 200).

[0016] It is preferable to provide a bypass circuit (65)
bypassing the expansion mechanism (50, 100, 200); and
a bypass flow rate adjusting valve (66) provided in the
bypass circuit (65) (afifth aspect of the presentinvention).
The bypass circuit (65) and the bypass flow rate adjusting
valve (66) enables fine adjustment of the fluid circulation
amount in the expansion mechanism (50, 100, 200). Fur-
ther, even when the fluid circulation amount is greatly
increased when compared with a normal driving opera-
tion, such as immediately after startup, in a defrost op-
eration, and the like, the increased amount of the fluid
can be absorbed to suppress an increase in pressure on
the suction side of the expansion mechanism (50, 100,
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200).

[0017] The configuration including the above bypass
flow rate adjusting valve (65) further includes a bypass
flow rate control means (94) configured to control the
bypass flow rate adjusting valve (66) on the basis of a
pressure of the fluid introduced in the expansion mech-
anism (50, 100, 200) (a sixth aspect of the present in-
vention). This can adjust the amount of the refrigerant
bypassing the expansion mechanism (50, 100, 200) so
that the pressure introduced to the expansion mecha-
nism (50, 100, 200) is a target value.

[0018] It is preferable to provide a flow rate adjusting
valve (60) in the suction passage (24) connected to the
main suction hole (55, 103, 201) (a seventh aspect of the
present invention). This enables the flow rate adjusting
valve (60) to adjust the circulation amount of the fluid
introduced to the fluid chamber (72, 82, 230) from the
main suction hole (55, 103, 201), thereby allowing the
optimum amount of the fluid to flow to the expansion
mechanism (5, 100, 200) according to the fluid circulation
amount in the compression mechanism (40).

[0019] Particularly, the flow rate adjusting valve (60)
is preferably disposed downstream of a point branching
apart from the suction passage (27) connected to the
auxiliary suction hole (56, 104, 113, 114, 203, 204, 205)
(an eighth aspect of the present invention). This can ad-
just only the circulation amount of the fluid introduced
from the main suction hole (55, 103, 201) without chang-
ing the circulation amount of the fluid introduced from the
auxiliary suction hole.

[0020] The apparatus further includes flow rate control
means (92) configured to control the flow rate adjusting
valve (60) on the basis of a pressure of the fluid intro-
duced in the expansion mechanism (50, 100, 200) (a
ninth aspect of the present invention). Accordingly, the
fluid circulation amount in the expansion mechanism (50,
100, 200) can be adjusted so that the pressure of the
fluid introduced to the expansion mechanism (50, 100,
200) becomes a target value.

[0021] The apparatus includes on-off valve control
means (93) configured to control an on-off valve (61) pro-
vided in the suction passage (27) connected to the aux-
iliary suction hole (56, 104, 113, 114, 203, 204, 205) on
the basis of a pressure of the fluid introduced in the ex-
pansion mechanism (50, 100, 200) (a tenth aspect of the
present invention). Control on the on-off valve (61) by
the on-off valve control means (93) can result in control
of the flow rate of the fluid introduced to the fluid chamber
(72, 82, 230). In other words, control on the on-off valve
(61) based on the pressure of the fluid introduced to the
expansion mechanism (50, 100, 200) can resultin control
of the flow rate so that the expansion mechanism (50,
100, 200) is at the optimum pressure, that is, at the op-
timum circulation amount, thereby achieving efficient flu-
id expansion in the expansion mechanism (50, 100, 200).
[0022] Specifically, a plurality of auxiliary suction holes
(56, 104, 113, 114, 203, 204, 205) are provided in the
expander, and on-off valves (61) are provided in the suc-
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tion passages (27) connected to the auxiliary holes, and
when the pressure is larger than a target value, the on-
off valve control means (93) opens the on-off valves (61)
sequentially so that the fluid camber (72, 82, 230) is con-
nected sequentially to the suction passages (27) through
the auxiliary suction holes (56, 104, 113, 114, 203, 204,
205) (an eleventh aspect of the present invention).
[0023] When the pressure of the fluid introduced in the
expansion mechanism (50, 10, 200) is larger than the
target value, that is, when the circulation amount of the
fluid to the expansion mechanism (50, 100, 200) should
be increased, sequential opening of the on-off valves (61)
can increase stepwise the circulation amount of the fluid
introduced to the fluid chamber (72, 82, 230). According-
ly, even when the circulation amount necessary in the
fluid chamber (72, 82, 230) is changed greatly, opening
of the on-off valves (61) enables quick introduction of the
fluid to the fluid chamber (72, 82, 230).

[0024] In reverse, when the pressure is smaller than
the target value, the on-off valve control means (93) con-
trols the on-off valves (61) to sequentially close the aux-
iliary suction holes (56, 104, 113, 114, 203, 204, 205) in
reverse order of connection from one connected to the
fluid chamber (72, 82, 230) last (a twelfth aspect of the
present invention).

[0025] When the pressure of the fluid introduced in the
expansion mechanism (50, 100, 200) is smaller than the
target value, that is, when the circulation amount in the
expansion mechanism (50, 100, 200) is large and should
be reduced, sequential closing of the on-off valves (61)
can reduce stepwise the circulation amount of the fluid
introduced to the fluid chamber (72, 82, 230). According-
ly, even when the circulation amount necessary in the
fluid chamber (72, 82, 230) is changed greatly, closing
of the on-off valves (61) can quickly reduce the flow rate
of the fluid to the fluid chamber (72, 82, 230).

[0026] In the configuration including bypass flow rate
control means (94) for controlling a bypass flow rate ad-
justing valve (66) provided in the bypass circuit (65) by-
passing the expansion mechanism (50, 100, 200), the
bypass flow rate control means (94) controls the bypass
flow rate adjusting valve (66) so that the pressure value
is the target value, and the on-off valve control means
(93) opens/closes the on-off valves (61) when the bypass
flow rate adjusting valve (66) reaches a predetermined
opening (a thirteenth aspect of the present invention).
Herein, the term, "predetermined opening" means a suf-
ficiently large opening that cannot be increased further
when the on-off valve (61) is opened, and means an
opening of almost zero when the on-off valve (61) is
closed.

[0027] By doing so, the bypass flow rate adjusting
valve (66) in the bypass circuit (65) can adjust finely the
circulation amount of the fluid introduced to the fluid
chamber (72, 82, 230) of the expansion mechanism (50,
100, 200). Further, when the bypass flow rate adjusting
valve (66) cannot adjust it further more, the opening/clos-
ing control on the on-off valves (61) can increase/de-
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grease the circulation amount in the fluid chamber (72,
82, 230) quickly and reliably. Hence, the flow rate can be
adjusted quickly and reliably so that expansion mecha-
nism (50, 100, 200) is at the optimum circulation amount.
[0028] Furthermore, in the configuration including flow
rate control means (92) for controlling a flow rate adjust-
ing valve (60) provided in the suction passage (24) con-
nected to the main suction hole (55, 103, 201), the flow
rate control means (92) controls the flow rate adjusting
vale (60) to adjust a flow rate in the expansion mechanism
(50, 100, 200) when the pressure is smaller than the tar-
get value even when the bypass flow rate adjusting valve
(66) and the on-off valve (61) are closed (a fourteenth
aspect of the present invention).

[0029] In order to reduce the circulation amount of the
fluid in the expansion mechanism (50, 100, 200), the by-
pass flow rate adjusting valve (66) and the on-off valves
(61) are closed to reduced the circulation amount of the
fluid introduced from the auxiliary suction holes (56, 104,
113, 114, 203, 204, 205) for introducing the fluid into the
fluid chamber (72, 82, 230) only from the main suction
hole (55, 103, 201). When the fluid circulation amount is
still too large, the flow rate adjusting valve (60) adjusts
the flow rate. This ensures quick reduction in the amount
of the fluid introduced to the fluid chamber (72, 82, 230).
[0030] Moreover, it is preferable that the expansion
mechanism (50, 100) includes a plurality of rotary mech-
anism sections (70, 80, 101, 111, 121) connected to each
other in series in an increasing order of displacement
volume, and the main suction hole (55, 103) and the aux-
iliary suction hole (56, 104, 113, 114) are formed in a
rotary mechanism section (70, 101, 111) precedent to a
last rotary mechanism section (80, 121) (a fifteenth as-
pect of the present invention). In the case where the ex-
pansion mechanism (50, 100) is of multistage rotary as
above, the fluid at a high pressure is prevented from blow-
through from the suction side to the discharge side, there-
by achieving efficient fluid expansion in the expansion
mechanism (50, 100).

[0031] Particularly, it is preferable that the expansion
mechanism (50) includes two rotary mechanism sections
(70, 80) connected to each other in series, and the main
suction hole (55) and the auxiliary suction hole (56) are
formed in a precedent rotary mechanism section (70)
having a smaller displacement volume (a sixteenth as-
pect of the present invention).

[0032] The above two-stage rotary expansion mecha-
nism, which has a simple configuration, can ensure pre-
vention of blow-through of the fluid, thereby resulting in
reduction in manufacturing cost.

[0033] In the configuration in which the plurality of ro-
tary mechanism sections (70, 80, 101, 111, 121) are con-
nected in series to each other, the auxiliary suction hole
(56, 104, 113, 114) is formed at an angle point obtained
by adding a predetermined compensation value to an
angle point geometrically obtained based on a desired
displacement volume (a seventeenth aspect of the
present invention).
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[0034] When the angle point where the auxiliary suc-
tion hole (56, 104, 113, 114) is set large so as to increase
the inflow rate with a decrease in inflow rate taken into
consideration which is caused by pressure loss, which
is caused when the refrigerant flows into the fluid cham-
ber (72, 230) from the auxiliary suction hole (56, 104,
113, 114), anecessary amount of the fluid can be allowed
to flow into the fluid chamber (72, 230). Hence, the nec-
essary amount of refrigerant flowing to the expansion
mechanism (50, 100) can be secured.

[0035] Particularly, it is preferable in the above config-
uration that the desired displacement volume is a dis-
placement volume necessary in a cooling operation (an
eighteenth aspect of the present invention).

[0036] Hence, even inthe cooling operation where the
pressure on the low pressures side is higher than that in
the heating operation to necessitate a larger amount of
the refrigerant in the expansion mechanism (50, 100),
the necessary amount of the refrigerant can be allowed
to flow to the fluid chamber (72, 230) with the pressure
loss, which is caused when the refrigerant flows into the
fluid chamber (72, 230), taken into consideration. Accord-
ingly, excessive expansion, which may be caused by
shortage of the refrigerant in the expansion mechanism
(50, 100) in the cooling operation, can be prevented.
[0037] Furthermore, the expansion mechanism (200)
includes a scroll mechanism including a pair of scroll
members (210, 220) including end plates and scroll
wraps standing on the end plates, the wraps (211, 221)
of the scroll members (210, 220) being in engagement
with each other to form at least a pair of fluid chambers
(231, 232), and the main suction hole (201) and the aux-
iliary suction hole (203, 204, 205) are formed at points
connected to the fluid chambers (231, 232) in a suction
stroke of the scroll mechanism (a nineteenth aspect of
the present invention).

[0038] With the above scroll expansion mechanism,
the fluid at a high pressure can be prevented from blow-
through without necessitating multi stages as in the rotary
type one.

[0039] Inthe above configuration, preferably, refriger-
ant of CO2 is used as the fluid for performing a super-
critical refrigeration cycle (a twentieth aspect of the
present invention). This can obtain a refrigerant circuit
suitable for environment.

[0040] A twenty-first aspect of the present invention is
directed to an expander including an expansion mecha-
nism (50, 100, 200) which includes a first member (71,
81, 102, 112, 210) and a second member (75, 85, 116,
124, 220), which are in eccentric and relative movement,
and generates power by expansion of fluid in a fluid
chamber (72, 82, 230) formed between the members.
[0041] In the expansion mechanism (50, 100, 200) of
the expander, a main suction hole (55, 103, 201) con-
necting the fluid chamber (72, 82, 230) to a suction pas-
sage (24) firstin a suction stroke, and an auxiliary suction
hole (56, 104, 113, 114, 203, 204, 205) connecting the
fluid chamber (72, 82, 230) to a suction passage (27)
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after connection of the main suction hole (55, 103, 201)
are formed. Hence, an expander that can exhibit the
same operation as in the first aspect can be obtained.

ADVANTAGES OF THE INVENTION

[0042] In the refrigerating apparatus in accordance
with the present invention, the main suction hole (55,
103, 201) connected first to the fluid chamber (72, 82,
230) in the suction stroke, and the auxiliary suction hole
(56,104, 113,114,203, 204, 205) then connected thereto
are formed in the expansion mechanism (50, 100, 200).
This can control the flow rate of the fluid to the fluid cham-
ber (72, 82, 230), and the fluid in the expansion mecha-
nism (50, 100, 200) can be at the optimum circulation
amount even when the driving condition is changed
greatly. Hence, the expansion mechanism (50, 100, 200)
can efficiently expand the fluid to efficiently recover the
power.

[0043] In the second aspect of the present invention,
at least the suction stroke and the discharge stroke of
the expansion mechanism (50, 100, 200) are independ-
ent, and therefore, the introduced high pressure fluid can
be prevented from blow-through, and fluid expansion in
the expansion mechanism (50, 100, 200) can be en-
sured.

[0044] In the third aspect of the present invention, the
auxiliary suction hole (56, 104, 113, 114, 203, 204, 205)
is formed to open at the lower part of the fluid chamber
(72, 82, 230). When the fluid is not introduced from the
auxiliary suction hole (56, 104, 113, 114, 203, 204, 205),
the refrigerator oil tends to stay inside the auxiliary suc-
tion hole (56, 104, 113, 114, 203, 204, 205) to cause the
auxiliary suction hole (56, 104, 113, 114, 203, 204, 205)
to be a dead volume hole for the fluid in the fluid chamber
(72, 82, 230). However, this configuration can ensure
prevention of this phenomenon. Hence, the expansion
mechanism (50, 100, 200) can expand the fluid efficient-
ly. Particularly, when the check valve (95) is provided
downstream of the on-off valve (61) provided in the suc-
tion passage (27) connected to the auxiliary suction hole
(56, 104, 113, 114, 203, 204, 205), the auxiliary suction
hole (56, 104, 113, 114, 203, 204, 205) can be prevented
from being a dead volume hole for the fluid in the fluid
chamber (72, 82, 230), as in the fourth aspect of the
present invention. This can be thus ensured, thereby ex-
panding the fluid in the expansion mechanism (50, 100,
200) further efficiently.

[0045] In the fifth aspect of the present invention, the
bypass flow rate adjusting valve (66) is provided in the
bypass circuit (56) bypassing the expansion mechanism
(50, 100, 200) to enable fine adjustment of the circulation
amount of the fluid in the expansion mechanism (50, 100,
200) and flow rate adjustment where the flow rate of the
fluid is extremely larger than that in the normal driving
operation. Particularly, when the bypass flow rate adjust-
ing valve (66) is controlled based on the pressure of the
fluid introduced to the expansion mechanism (50, 100,
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200), as in the sixth aspect of the present invention, the
circulation amount can be adjusted so that the pressure
of the expansion mechanism (50, 100, 200) is the target
value.

[0046] In the seventh aspect of the present invention,
the flow rate adjusting valve (60) is provided in the suction
passage (24) connected to the main suction hole (55,
103, 201), so that the flow rate of the fluid introduced to
the fluid chamber (72, 82, 230) of the expansion mech-
anism (50, 100, 200) can be adjusted to the optimum flow
rate, thereby efficiently recovering the power in the ex-
pansion mechanism (50, 100, 200).

[0047] In the eighth aspect of the present invention,
the flow rate adjusting valve (60) is provided downstream
of the point branching apart from the suction passage
(27) connected to the auxiliary suction hole (56, 104, 113,
114, 203, 204, 205), and accordingly, only the flow rate
of the fluid introduced from the main suction hole (55,
103, 201) can be adjusted independently, thereby
achieving further fine control of the fluid circulation
amount in the expansion mechanism (50, 100, 200).
[0048] Intheseventhand eighth aspects ofthe present
invention, when the flow rate adjusting valve (60) is con-
trolled based on the pressure of the fluid introduced in
the expansion mechanism (50, 100, 200), especially as
in the ninth aspect, the flow rate of the fluid introduced
from the main suction hole (55, 103, 201) can be directly
adjusted so that the pressure of the expansion mecha-
nism (50, 100, 200) is the target value.

[0049] Further, in the tenth aspect of the present in-
vention, the on-off valve control means (93) is provided
to control the on-off valve (61) on the basis of the pressure
of the fluid introduced in the expansion mechanism (50,
100, 200). Accordingly, opening/closing control on the
on-off valve (61) can increase/decrease the fluid circu-
lation amountin the expansion mechanism (50, 100, 200)
to the optimum flow rate, thereby achieving efficient pow-
er recovery in the expansion mechanism (50, 100, 200).
[0050] In the eleventh aspect of the present invention,
the on-off valve control means (93) is so configured to
sequentially open the on-off valves (61) so that the suc-
tion passages (27) communicate sequentially with the
fluid chamber (72, 82, 230) through the auxiliary suction
holes (56, 104, 113, 114, 203, 204, 205) when the pres-
sure is larger than the target value. Hence, the flow rate
of the fluid can be increased quickly and reliably up to
the flow rate necessary in the expansion mechanism (50,
100, 200).

[0051] In the twelfth aspect of the present invention,
the on-off valve control means (93) is so configured to
control, when the pressure is smaller than the target val-
ue, the on-off valves (61) to sequentially close the aux-
iliary suction holes (56, 104, 113, 114, 203, 204, 205) in
the reverse order of connection from one connected to
the fluid chamber (72, 82, 230) last. Hence, the fluid flow
rate can be decreased quickly and reliably up to the flow
rate necessary in the expansion mechanism (50, 100,
200).
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[0052] Inthe thirteenth aspect of the presentinvention,
the bypass flow rate adjusting valve (66) is controlled first
so thatthe pressure is the target value. When the bypass
flow rate adjusting valve (66) is at the predetermined
opening, the on-off valve (61) is then opened/closed.
Hence, quick and smooth adjustment of the circulation
amount of the fluid in the expansion mechanism (50, 100,
200) can be achieved to achieve efficient power recovery.
[0053] In the fourteenth aspect of the present inven-
tion, where the circulation amount of the fluid in the ex-
pansion mechanism (50, 100, 200) istoo large even when
the on-off valves (61) and the bypass flow rate adjusting
valve (66) are closed in reducing the circulation amount,
the flow rate adjusting valve (60) additionally adjusts the
flow rate. Hence, quick and smooth reduction in circula-
tion amount of the fluid in the expansion mechanism (50,
10, 200) can be achieved over a wide range, thereby
achieving further efficient power recovery.

[0054] According to the fifteenth aspect of the present
invention, which employs a multistage rotary expansion
mechanism (50, 100), blow-through of the introduced
high pressure fluid can be prevented, and the expansion
mechanism (50, 100) can expand the fluid efficiently. Par-
ticularly, when the two-stage rotary expansion mecha-
nism is employed as in the sixteenth aspect of the present
invention, prevention of blow-through of the high pres-
sure fluid can be ensured, and simplification of the con-
figuration and reduction in manufacturing cost can be
achieved.

[0055] Inthe seventeenth aspect of the present inven-
tion, the auxiliary suction hole (56, 104, 113, 114) is
formed at the angle point obtained by adding the com-
pensation value to the angle point geometrically obtained
based on a desired displacement volume. Hence, the
necessary amount of the refrigerant in the fluid chamber
(72, 230) can be secured with a decrease in refrigerant
flow rate taken into consideration, which is caused by
pressure loss when the refrigerant flows from the auxil-
iary suction hole (56, 104, 113, 114) to the fluid chamber
(72, 230), thereby preventing excessive expansion in the
expansion mechanism (50, 100). Particularly, in the
eighteenth aspect of the present invention, the desired
displacement volume is the displacement volume nec-
essary in the cooling operation, and hence, prevention
of excessive expansion in the expansion mechanism (50,
100) in the cooling operation can be ensured.

[0056] In the nineteenth aspect of the present inven-
tion, the expansion mechanism (200) is of scroll type,
and accordingly, prevention of the fluid at a high pressure
from blow-through can be ensured without necessitating
multiple stages, thereby obtaining an efficient expansion
mechanism (200).

[0057] Inthe twentieth aspect of the present invention,
the fluid is CO2 refrigerant, and the refrigerating appa-
ratus is configured to perform the supercritical refrigera-
tion cycle, thereby obtaining a refrigerating apparatus
suitable for environment.

[0058] In addition, in the twenty-first aspect of the
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present invention, the main suction hole (55, 103, 201)
and the auxiliary suction hole (56, 104, 113, 114, 203,
204, 205) are formed in the expansion mechanism to
obtain an expander exhibiting the same advantages as
those in the first aspect.

BRIEF DESCRIPTION OF THE DRAWINGS
[0059]

[FIG.1] FIG. 1 illustrates a schematic configuration
of a refrigerant circuit for an air conditioner, in ac-
cordance with Example Embodiment 1.

[FIG. 2] FIG. 2 is a vertical cross-sectional view of a
compression/expansion unit.

[FIG. 3] FIG. 3 is an enlarged cross-sectional view
showing a vertical section of an expansion mecha-
nism.

[FIG. 4] FIG. 4 is an enlarged cross-sectional view
showing a transverse section of a main part of the
expansion mechanism.

[FIG. 5] FIG. 5 is a cross-sectional view showing the
states of main parts of rotary mechanisms of the ex-
pansion mechanism where a crankshaft rotates 90
degrees by 90 degrees, in accordance with Example
Embodiment 1.

[FIG. 6] FIG. 6 graphs relationships between the suc-
tion volume and the pressure of refrigerant in the
expansion mechanism.

[FIG. 7] FIG. 7 is a diagram corresponding to FIG. 6
for comparing the present invention with the case of
injection.

[FIG. 8] FIG. 8 is a view showing a schematic con-
figuration of a controller controlling valves.

[FIG. 9] FIG. 9 is a flowchart depicting a control flow
for the valves.

[FIG. 10] FIG. 10 is a table indicating one example
of valve control.

[FIG. 11] FIG. 11 schematically graphs a relationship
between the total opening of the valves and the re-
frigerant circulation amount in the expansion mech-
anism.

[FIG. 12] FIG. 12 graphs examples of a relationship
between the suction volume and the pressure of the
refrigerant where a plurality of suction ports are
opened.

[FIG. 13] FIG. 13 is a view corresponding to FIG. 3,
in accordance with Modified Example 1 of Example
Embodiment 1.

[FIG. 14] FIG. 14 is a view corresponding to FIG. 4,
in accordance with Modified Example 2 of Example
Embodiment 1.

[FIG. 15]FIG. 15is atransverse cross-sectional view
showing the states where an orbit scroll of an expan-
sion mechanism rotates 60 degrees by 60 degrees,
in Example Embodiment 2.

[FIG. 16] FIG. 16 graphs examples of a relationship
between the angle point of a second suction port and
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the refrigerant flow rate.

[FIG. 17] FIG. 17 is a table indicating calculation re-
sults of the angle point of the second suction port
where the performance of a heat exchanger is
changed.

INDEX OF REFERENCE NUMERALS

[0060]

1

10
20
24
27
40
50
55
56
59
60
61
65
66
70
7
72
75
80
81
82
85
90
92

93
94

95

100
101
102
103
104
111
112
113
114
116
121
122
124
200
201
203
204
205
210

air conditioner (refrigerating apparatus)
refrigerant circuit

compression/expansion unit

first inflow pipe (suction passage)

second inflow pipe (suction passage)
compression mechanism

expansion mechanism

first suction port (main suction hole)
second suction port (auxiliary suction hole)
expansion chamber

pre-throttle valve (flow rate adjusting valve)
on-off valve

bypass pipe (bypass circuit)

bypass valve (bypass flow rate adjusting valve)
first rotary mechanism section

first cylinder (first member)

first fluid chamber (fluid chamber)

first piston (second member)

second rotary mechanism section

first cylinder (first member)

second fluid chamber (fluid chamber)
second piston (second member)

pressure detecting means

pre-throttle valve flow rate control section (flow
rate control means)

on-off control section (on-off valve control means)
bypass valve flow rate control section (bypass
flow rate control means)

check valve

expansion mechanism

first rotary mechanism section

first cylinder (first member)

first suction port (main suction hole)
second suction port (auxiliary suction hole)
second rotary mechanism section

second cylinder (first member)

third suction port (auxiliary suction hole)
fourth suction port (auxiliary suction hole)
second piston (second member)

third rotary mechanism section

third cylinder (first member)

third piston (second member)

scroll mechanism (expansion mechanism)
suction port (main suction hole)

second suction port (auxiliary suction hole)
third suction port (auxiliary suction hole)
fourth suction port (auxiliary suction hole)
orbiting scroll (first member, scroll member)



13 EP 2 090 746 A1 14

211 orbiting side wrap (wrap)

220 fixed scroll (second member, scroll member)
221  fixed side wrap (wrap)

230  fluid chamber

231 A chamber (fluid chamber)

232 B chamber (fluid chamber)

BEST MODE FOR CARRYING OUT THE INVENTION

[0061] Example embodiments of the presentinvention
will be described below with reference to the accompa-
nying drawings. The following preferable embodiments
describe substantially mere examples, and are not in-
tended to limit the scope of the present invention, appli-
cable subjects, and use.

<Example Embodiment 1>
- Overall configuration of air conditioner -

[0062] FIG. 1 illustrates a refrigerant circuit (10) for an
air conditioner (1) as a refrigerating apparatus in accord-
ance with Example Embodiment 1 of the present inven-
tion. The air conditioner (1) includes an outdoor unit (2)
and an indoor unit (3). In the outdoor unit (2), there are
accommodated a compression/expansion unit (20), an
outdoor heat exchanger (14), a four-way switching valve
(12), and a bridge circuit (13) including check valves (11,
11, 11, 11). On the other hand, an indoor heat exchanger
(15) is accommodated in the indoor unit (3). Though not
shown especially, fans are provided in the heat exchang-
ers (14, 15) to blow outdoor air or indoor air to the heat
exchangers (14, 15), respectively.

[0063] The outdoor unit (2) and the indoor unit (3) are
connected to each other by means of a pair of commu-
nication pipes (16, 17) to form the refrigerant circuit (10)
as a closed circuit to which the compression/expansion
unit (20), the heat exchangers (14, 15), and the like are
connected. In the present example embodiment, carbon
dioxide (CO2) as refrigerant is filled in the refrigerant cir-
cuit (10).

[0064] The compression/expansion unit (20) includes
acasing (21) is a hermetic container in a vertically oblong
cylindrical shape. In the casing (21), a compression
mechanism (40), an expansion mechanism (50), and a
motor (26) are accommodated. Specifically, the com-
pression mechanism (40), the motor (26), and the ex-
pansion mechanism (50) are arranged in this order from
below to above in the casing (21). Though the details of
the compression/expansion unit (20) will be described
later, the presentinvention provides afeature that suction
ports (55, 56) as a plurality of suction holes are formed
in the expansion mechanism (50) so that the suction
amount of the refrigerant is variable. FIG. 1 shows the
case where two suction ports are formed in the expansion
mechanism (50) as one example.

[0065] Herein, an accumulator (18) is provided on the
suction side of the compression mechanism (40) of the
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compression/expansion unit (20) in the refrigerant circuit
(10). A pre-throttle valve (60) and an on-off valve (61)
are provided correspondingly to the plurality of suction
ports (55, 56) on the suction side of the expansion mech-
anism (50). Specifically, the pre-throttle valve (60) is pro-
vided in a suction passage connected to the first suction
port (55), which is first connected to a fluid chamber (72)
in the suction stroke of the expansion mechanism (50),
and the on-off valve (61) is provided in a suction passage
connected to the second suction port (56), which is sec-
ondly connected to the fluid chamber (72). The pre-throt-
tle valve (60), the first suction port (55), and the second
suction port (56) correspond to a flow rate adjusting valve,
a main suction hole, and an auxiliary suction hole in the
present invention, respectively.

[0066] Further, in the refrigerant circuit (10), a bypass
pipe (65) forming a bypass circuit is provided to bypass
the suction side and the discharge side of the expansion
mechanism (50). In the bypass pipe (65), a bypass valve
(66) is provided as a bypass flow rate adjusting valve in
the present invention. The bypass valve (66) adjusts the
flow rate of the refrigerantin the bypass pipe (65) to adjust
the flow rate of the refrigerant flowing to the expansion
mechanism (50).

[0067] The heatexchangers (14, 15) are cross-fin type
fin-and-tube heat exchangers. The outdoor heat ex-
changer (14) performs heat exchange between the re-
frigerant circulating in the refrigerant circuit (10) and the
outdoor air, while the indoor heat exchanger (15) per-
forms heat exchange between the refrigerant circulating
in the refrigerant circuit (10) and the indoor air.

[0068] The four-way switching valve (12) includes four
ports. The first port of the four-way switching valve (12)
is connected to the discharge side of the compression
mechanism (40). The second port is connected to one
end of the indoor heat exchanger (15). The third port is
connected to one end of the outdoor heat exchanger (14).
The fourth port is connected to the suction side of the
compression mechanism (40).

[0069] The four-way switching valve (12) is configured
to be switched between the state in which the first port
communicates with the second port while the third port
communicates with the fourth port (the state indicated by
the solid lines in FIG. 1) and the state in which the first
port communicates with the third port while the second
port communicates with the fourth port (the state indicat-
ed by the broken lines in FIG. 1).

[0070] The bridge circuit (13) is a combination of the
four check valves (11, 11, 11, 11) forming a bridge, and
is configured to allow the refrigerant to flow always in one
direction to the expansion mechanism (50) even when
the refrigerant flow in the refrigerant circuit (10) is re-
versed by the operation of the four-way switching valve
(12). This can eliminate the need to control the four-way
switching valve, when compared with the case where
one four-way switching valve is provided in addition to
the four-way switching valve (12), to simplify the config-
uration. The present example embodiment provides, but
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is notlimited to, the bridge circuit (13) formed by the check
valves (11, 11, 11, 11), and may provide one additional
four-way switching valve.

- Configuration of compression/expansion unit -

[0071] AsshowninFIG.2,the compression/expansion
unit (20) includes the casing (21) as a hermetic container
in a vertically oblong cylindrical shape. The compression
mechanism (40), the motor (26), and the expansion
mechanism (50) are arranged in this order from below to
above inside the casing (21). Further, suction pipes (22),
a discharge pipe (23), inflow pipes (24, 27) each forming
a part of the suction passages in the present invention,
and an outflow pipe (25) are formed to pass through the
casing (21). The suction pipes (22) are connected to the
compression mechanism (40), and the inflow pipes (24,
27) and the out-flow pipe (25) are connected to the ex-
pansion mechanism (50). The discharge pipe (23) has
one end opening to a space between the motor (26) and
the expansion mechanism (50) in the casing (21). A first
inflow pipe (24) of the inflow pipes (24, 27) is connected
to the first suction port (55), while a second inflow pipe
(27) thereof is connected to the second suction port (56).
That is, the pre-throttle valve (60) is provided down-
stream of a point branching into the first inflow pipe (24)
apart from the second inflow pipe (27) outside the casing
(21). The on-off valve (61) is provided downstream of a
point branching into the second inflow pipe (27) apart
from the first inflow pipe (24) outside the casing (21).
Thus, the pre-throttle valve (60) on the downstream side
of the point branching apart from the second inflow pipe
(27) can adjust only the flow rate of the refrigerant intro-
duced to the expansion mechanism (50) from the first
inflow pipe (24), namely, the first suction port (55), there-
by enabling fine adjustment of the flow rate.

[0072] The compression mechanism (40) is a swing
piston type rotary compressor. The compression mech-
anism (40) includes two cylinders (41, 42) and two pistons
(47, 47). A rear head (44), a first cylinder (41), an inter-
mediate plate (46), a second cylinder (42), and a front
head (45) are stuck in this order from blow to above in
the compression mechanism (40).

[0073] In the compression mechanism (40), a first
crankshaft (31) is provided to be connect to and drive the
motor (26). The first crankshaft (31) is arranged so as to
pass at its lower part through the rear head (44), the first
cylinder (41), the intermediate plate (46), the second cyl-
inder (42), and the front head (4).

[0074] Specifically, two compression side eccentric
parts (32, 33) are arranged side by side in the axial di-
rection at the lower part of the crankshaft (31). The com-
pression side eccentric parts (32, 33) have axial centers
eccentric from the axial center of the first crankshaft (31).
The eccentric direction of a lower first compression side
eccentric part (32) is displaced by 180 degrees relative
to that of an upper second compression side eccentric
part (33). The first compression side eccentric part (32)
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and the second compression side eccentric part (33) are
disposed inside the first cylinder (41) and the second
cylinder (42), respectively.

[0075] The cylindrical pistons (47, 47) are fitted around
the first and second compression side eccentric parts
(32, 33), respectively. The pistons (47, 47) are disposed
in the first and second cylinders (41, 42) one by one to
form compression chambers (43, 43) between the outer
peripheral surfaces of the pistons (47, 47) and the inner
peripheral surfaces of the cylinders (41, 42). Though not
shown especially, plate-shaped blades protrude at the
side surface of the pistons (47) to extend radially outward,
and are supported by the cylinders (41, 42) via swing
bushes.

[0076] Anengagementhole (34)isformed in the upper
end surface of the first crankshaft (31). The engagement
hole (34) is a hexagonal hole in section extending down-
ward along the axial center of the first crankshaft (3 1),
and is in engagement with an engagement protrusion
(38) formed at the lower end part of a second crankshaft
(35), which will be described later.

[0077] In the first and second cylinders (41, 42), suc-
tion ports (48) are formed one by one. The suction ports
(48) pass radially through the cylinders (41, 42). One
ends of the suction ports (48) open at the inner peripheral
surfaces of the cylinders (41, 42) to be connected to the
compression chambers (43), while the other ends thereof
are connected to the suction pipes (22).

[0078] In the front head (44) and the rear head (45),
discharge ports are formed one by one. A discharge port
formed in the front head (44) allows the compression
chamber (43) in the second cylinder (42) to communicate
with the internal space of the casing (21). On the other
hand, adischarge portformedinthe rear head (45) allows
the compression chamber (43) in the first cylinder (41)
to communicate with the internal space of the casing (21).
Discharge valves of reed valves are provided at the ter-
minal ends of the discharge ports to open/close the dis-
charge ports. With this configuration, the gas refrigerant
discharged to the internal space of the casing (21) from
the compression mechanism (40) is sent out from the
compression/expansion unit (20) through the discharge
pipe (23). InFIG. 2, the discharge ports and the discharge
valves are not shown.

[0079] The compression mechanism (40) is fixed to
the casing (21) by means of aring-shaped mounting plate
(49). Specifically, the mounting plate (49) is fixed at its
outer peripheral surface to the inner surface of the casing
(21) by welding, and the front head (44) of the compres-
sion mechanism (40) is fixed to the mounting plate (49)
by fastening a bolt (not shown).

[0080] The motor (26) is disposed in the central part
in the longitudinal direction of the casing (21). The motor
(26) includes a stator (27) and a rotor (28). The stator
(27) is fixed at its outer peripheral surface to the inner
peripheral surface of the casing (21). The rotor (28) is
disposed inside the stator (27), and the upper part of the
first crankshaft (31) passes through the rotor (28).
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[0081] As shown in FIGS. 4 and 5, the expansion
mechanism (50) is a so-called swing piston type rotary
expander, and two pairs of cylinders (71, 81) as firstmem-
bers and pistons (75, 85) as second members are pro-
vided in the expansion mechanism (50). The expansion
mechanism (50) also includes a front head (51), an in-
termediate plate (53), and a rear head (52). In the ex-
pansion mechanism (50), the cylinders (71, 81), the front
head (51), the intermediate plate (53), and the rear head
(52) serve as fixed members, while the pistons (75, 85)
serve as orbiting members.

[0082] In the expansion mechanism (50), the front
head (51), afirstcylinder (71), the intermediate plate (53),
a second cylinder (81), and the rear head (52) are stuck
in this order from blow to above. In this state, the first
cylinder (71) is blocked at its lower end surface by the
front head (51), and is blocked at its upper end surface
by the intermediate plate (53). On the other hand, the
second cylinder (81) is blocked at its lower end surface
by the intermediate plate (53), and is blocked at its upper
end surface by the rear head (52).

[0083] The cylinders (71, 81) are thick plates almost
in ring shapes. The inner diameter of the second cylinder
(84) is larger than that of the first cylinder (71). The thick-
ness (the height) of the second cylinder (81) is larger
than that of the first cylinder (71).

[0084] In the expansion mechanism (50), the second
crankshaft (35) is provided to pass through the front head
(51), the first cylinder (71), the intermediate plate (53),
the second cylinder (81), and the rear head (52). The
engagement protrusion (83) protrudes at the lower end
surface of the second crankshaft (35). The engagement
protrusion (38) is a hexagonal column-shaped protrusion
extending downward from the lower end surface of the
second crankshaft (35). The sectional shape of the en-
gagement protrusion (38) is a hexagon corresponding to
the sectional shape of the engagement hole (34) of the
first crankshaft (31). The first crankshaft (31) and the sec-
ond crankshaft (35) are connected in such a manner that
the engagement protrusion (38) of the second crankshaft
(35) is inserted in the engagement hole (34) of the first
crankshaft (31), thereby forming a single shaft (30).
[0085] Atthe upper part of the second crankshaft (35),
two expansion side eccentric parts (36, 37) are formed
correspondingly to the cylinders (71, 81). The axial cent-
ers of the two expansion side eccentric parts (36, 37) are
eccentric from the axial center of the second crankshaft
(35). The eccentric direction of a lower first expansion
side eccentric part (36) agrees with that of an upper sec-
ond expansion side eccentric part (37) with respect to
the axial center of the second crankshaft (35). It should
be noted that the eccentric amount of the second expan-
sion side eccentric part (37) is larger than that of the first
expansion side eccentric part (36). The first expansion
side eccentric part (36) and the second expansion side
eccentric part (37) are disposed inside the first cylinder
(71) and the second cylinder (81), respectively.

[0086] The cylindrical pistons (75, 85) are fitted around
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the first and second expansion side eccentric parts (36,
37), respectively. A first piston (75) fitted around the first
expansion side eccentric part (36) is disposed inside the
firstcylinder (71), while a second piston (85) fitted around
the second expansion side eccentric part (37) is disposed
inside the second cylinder (81).

[0087] As shown in FIG. 4, the first piston (75) is slid-
ably in contact with the inner peripheral surface of the
first cylinder (71) at its outer peripheral surface, the font
head (75) at its lower end surface, and the intermediate
plate (53) atits upper end surface. With this configuration,
a first fluid chamber (72) is formed between the inner
peripheral surface of the first cylinder (71) and the outer
peripheral surface of the first piston (75) in the first cyl-
inder (71).

[0088] On the other hand, the second piston (85) is
slidably in contact with the inner peripheral surface of the
second cylinder (81) at its outer peripheral surface, the
intermediate plate (53) at its lower end surface, and the
rear head (52) at its upper end surface. With this config-
uration, a second fluid chamber (82) is formed between
the inner peripheral surface of the second cylinder (81)
and the outer peripheral surface of the second piston (85)
in the second cylinder (81).

[0089] Blades (76, 86) are provided at the firstand sec-
ond pistons (75, 85) one by one. The blades (76, 86) are
formed in a plate shape extending radially outward from
the outer peripheral surfaces of the pistons (75, 85).
[0090] Pairs of bushes (77, 78) are provided one by
one at the cylinders (71, 81). The bushes (77, 87) are
small pieces having flat inside surfaces and arc-shaped
outside surfaces. The pairs of bushes (77, 87) sandwich-
estheblades (76, 86) so asto slide attheirinside surfaces
on the blades (76, 86) and slide at their outside surfaces
on the cylinders (71, 81). Accordingly, the blades (76,
86) integrally formed with the pistons (75, 85) are sup-
ported by the cylinders (71, 81) via the bushes (77, 87)
to be rotatable about and movable in a back and forth
direction relative to the cylinders (71, 81).

[0091] The first fluid chamber (72) in the first cylinder
(71) is partitioned by a first blade (76). The left side of
thefirstblade (76) in FIG. 4 serves as afirst high pressure
chamber (73) on the high pressure side, while the right
side thereof serves as a first low pressure chamber (74)
on the low pressure side. Similarly, the second fluid
chamber (82) in the second cylinder (81) is partitioned
by the second blade (86). The left side of the second
blade (86) in FIG. 4 serves as a second high pressure
chamber (83) on the high pressure side, while the right
side thereof serves as a second low pressure chamber
(84) on the low pressure side.

[0092] The first cylinder (71) and the second cylinder
(81) are disposed so that the positions in the peripheral
direction of the bushes (77, 87) agree with each other.
In other words, the arrangement angle of the second cyl-
inder (81) relative to the first cylinder (71) is zero degree.
As described above, the first expansion side eccentric
part (36) and the second expansion side eccentric part
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(37) are eccentric in the same direction with respect to
the axial center of the second crankshaft (35). Accord-
ingly, at the same time when the first blade (76) is located
the most outward of the first cylinder (71), the second
blade (86) is located the most outward of the second
cylinder (81).

[0093] Inthe intermediate plate (53), a communication
passage (54) is formed to pass through the plate (53) in
the thickness direction thereof. In the surface of the in-
termediate plate (53) on the side of the first cylinder (71),
one end of the communication passage (54) opens on
the right side of the first blade (76) in FIG. 4. On the other
hand, the other end of the communication passage (54)
opens on the left side of the second blade (86) in the
surface of the intermediate plate (53) on the side of the
second cylinder (81). That is, the communication pas-
sage (54) allows the first low pressure chamber (74) to
communicate with the second high pressure chamber
(83). Thus, the first low pressure chamber (74) and the
second high pressure chamber (83) communicating with
each other through the communication passage (54)
form a single expansion chamber (59).

[0094] Inthe second cylinder (81), an outflow port (57)
is formed. The outflow port (57) opens at a part slightly
right of the bush (87) in FIG. 4 in the inner peripheral
surface of the second cylinder (81) to be connected to
the second low pressure chamber (84). As shown in
FIGS. 1, 2, and 4, the outflow port (57) is connected to
the outflow pipe (25).

[0095] Referring to one of significant features of the
present invention, the first and second suction ports (55,
56) are formed in the front head (51) for introducing the
refrigerant into the first fluid chamber (72) of the first cyl-
inder (71). The suction ports (55, 56) extend radially in-
ward from the outer peripheral surface of the front head
(51), and its terminal end bends upward to open at the
upper surface of the front head (51) , as shown in FIG.
3. Thatis, when viewing the first fluid chamber (72) from
above in FIG. 4, the first suction port (55) extends radially
and opens at a point slightly left of the bush (77), and the
second suction port (56) extends radially and opens at a
point that forms a predetermined angle (e.g., 160 de-
grees) with respect to the first suction port so as to be
almost opposed to the first suction port (55). The angle
point of the second suction port (56) will be described in
detail later.

[0096] Herein, thefirstsuction port(55)andthe second
suction port (56) are connected to the first inflow pipe
(24) in which the pre-throttle valve (60) is provided and
the second inflow pipe (27) in which the on-off valve (61)
is provided, respectively.

[0097] As described above, a plurality of suction ports
(55, 56) for introducing the refrigerant into the first fluid
chamber (72) facilitates adjustment of the introduction
amount of the refrigerant to the fluid chamber (72). Spe-
cifically, where only the first suction port (55) causes
shortage of the refrigerant circulation amount (mass flow
rate; hereinafter, the same is applied), the refrigerant is
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introduced additionally from the second suction port (56)
to secure the refrigerant circulation amount necessary in
the expansion mechanism (50).

[0098] Further, as described above, the suction ports
(55, 56) are connected from below to the first fluid cham-
ber (72). When, for example, the on-off valve (61) is
closed so as not to introduce the refrigerant from the sec-
ond suction part (56), the refrigerating machine oil in the
fluid chamber (72) can stay in the second suction port
(56) to fill the space thereof. This can prevent the refrig-
erant from entering the second suction port (56). That is,
with the above configuration, the second suction port (56)
is prevented from being a dead volume port, thereby ef-
ficiently expanding the refrigerant in the expansion mech-
anism (50).

[0099] Herein, in the expansion mechanism (50) con-
figured as above, the first cylinder (71), the first bush
(77), the front head (51) and the intermediate plate (53)
blocking the respective ends of the first cylinder (71), the
first piston (75), and the first blade (76) form a first rotary
mechanism section (70). As well, the second cylinder
(81), the second bush (87), the intermediate plate (53)
and the rear head (52) blocking the respective ends of
the second cylinder (81), the second piston (85), and the
second blade (86) form a second rotary mechanism sec-
tion (80).

[0100] Thatis, the expansion mechanism (50) is a two-
stage rotary expander including the first rotary mecha-
nism section (70) and the second rotary mechanism sec-
tion (80). Accordingly, the suction ports are not connect-
ed to the outflow port through the fluid chambers unlike
a single-stage rotary expander, and therefore, the high
pressure refrigerant introduced from the suction ports
can be prevented from blow-though to the outflow port.
Particularly, where a single-stage one has a plurality of
suction ports as in the present example embodiment, the
suction ports can be connected to the outflow port. How-
ever, two or more stages for independently performing
the suction stroke and the discharge stroke ensure pre-
vention of blow-through of the high pressure refrigerant,
and hence, the high pressure refrigerant can be expand-
ed sufficiently in the expansion chamber (59).

[0101] It is noted that the expansion mechanism (50)
is fixed to the casing (21) through a ring-shaped mounting
plate (58), similarly to the compression mechanism (40).
Specifically, the mounting plate (58) is fixed at its outer
peripheral surface to the inner surface of the casing (21)
by welding, and the fonthead (51) of the expansion mech-
anism (50) is fixed to the mounting plate (58) by means
of a bolt (not shown).

- Angle point of second suction port -

[0102] How to determine the angle point of the second
suction port (56) in the expansion mechanism (50) will
be described below in detail on the assumption that the
location of the blades (76, 86) is zero degree.

[0103] As described above, the second suction port



21 EP 2 090 746 A1 22

(56) in addition to the first suction port (55) can allow
much more amount of refrigerant to flow into the first fluid
chamber (72). Since the volumes of the fluid chambers
(72, 82) connected to the second suction port (56) change
according to the angle point where the second suction
port (56) is formed, the displacement volume at refriger-
ant suction can be obtained geometrically from the vol-
ume change. Specifically, as indicated by the bold solid
line, for example, in FIG. 16, the inflow amount of the
refrigerant to the expansion mechanism (50) according
to the angle point of the second suction port (56) can be
calculated geometrically.

[0104] However, because the geometrically obtained
refrigerant inflow amount does not take account of the
pressure loss caused by suction in the second suction
port (56), the actual refrigerant inflow amount is smaller
than the geometrically obtained refrigerant inflow
amount. That is, as shown in FIG. 16, the actual meas-
urement values (black triangles) of the refrigerant inflow
amount are smaller than the geometrically obtained ideal
refrigerant inflow amounts by the pressure loss, which is
caused when the refrigerant flows into the first fluid cham-
ber (72) from the second suction port (56). As can be
understood from FIG. 16, where the second suction port
(56) is formed at an angle point where the volume change
of the fluid chambers (72, 82) connected to the second
suction port (56) is comparatively large, the influence of
the pressure loss by suction in the second suction port
(56) becomes severe. Accordingly, the actual refrigerant
inflow amounts (black triangles) are greatly smaller than
the geometrically obtained refrigerant inflow amounts
(bold solid line).

[0105] In view of this, in the present example embod-
iment, a compensation value is added to the angle point
corresponding to the geometrically obtained refrigerant
inflow amount with a decrease in refrigerant inflow
amount taken into consideration which is caused by the
pressure loss at refrigerant suction as above, so that the
second suction port (56) can be formed at an angle point
corresponding to the actual refrigerant inflow amount.
[0106] In the present example embodiment, the ex-
pansion mechanism (50) is set at the optimum expansion
ratio in the rated heating operation, and accordingly, the
pressure on the low pressure side is higher in the rated
cooling operation than in the rated heating operation, as
will be described later in detail. Hence, it is needed to
increase the inflow rate of the high pressure refrigerant
in the rated cooling operation. For this reason, the posi-
tion of the second suction port (56) must be set so that
the necessary inflow amount of the refrigerant can be
supplied from the second suction port (56) in the rated
cooling operation.

[0107] FIG. 17 indicates calculation examples of the
angle point of the second suction port (56). In FIG. 17,
the performances of the outdoor heat exchanger (14)
(outdoor heat exchange) and the indoor heat exchanger
(15) (indoor heat exchange) of the air conditioner (1) were
changed (enhanced or degraded) based on the actual
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measurement values, and the angle points of the second
suction port (56) that can secure the refrigerant flow rate
necessary in the rated heating operation and the rated
cooling operation in the respective cases were obtained.
Herein, in FIG. 17, the term, "high pressure" means the
discharge pressure of the compression mechanism (40),
and the term, "low pressure" means the suction pressure
of the compression mechanism (40). The temperature at
the outlet of the gas cooler is nearly equal to that of the
inlet of the expansion mechanism (50).

[0108] As indicated in FIG. 17, in the calculation ex-
amples, the expansion ratio in the rated heating operation
ranges between 2.7 and 3.0, while the displacement vol-
ume necessary in the rated cooling operation is 1.3 to
1.6 times those (this ratio is called displacement volume
ratio). The angle point of the second suction port (56)
geometrically obtained from the displacement volume ra-
tio necessary in the rated cooling operation and the ex-
pansion ratio was calculated based on the bold solid line
in FIG. 16.

[0109] Onthe otherhand, the angle point of the second
suction port (56) for obtaining the displacement volume
necessary in the rated cooling operation was obtained
using the approximate curve (the fine solid line) of the
actual measurement values in FIG. 16, which resulted in
the values indicated in the right end column in FIG. 17.
[0110] Accordingly, as indicated in FIG. 17, addition of
a compensation value of approximately 50 to 65 degrees
to the geometrically obtained angle point of the second
suction port (56) can result in an angle point where the
displacement volume necessary in the rated cooling op-
eration can be obtained. Approximately 60 degrees may
be added to the geometrically obtained angle point of the
second suction port (56) for compensation. Even in this
case, the refrigerant flow rate more approximate to the
necessary flow rate can be obtained when compared with
the case with no angle compensation.

[0111] Eveninthe case under different conditions (dif-
ferent refrigerant flow rates), when the geometrically ob-
tained angle point of the second suction port (56) is com-
pensated (indicated by the fine broken line) with the pres-
sure loss, which is caused by suction at the second suc-
tion port (56), taken into consideration, the compensation
results almost agree with the actual measurement values
(white triangles), as understood from FIG. 16 showing
the relationship (indicated by the bold broken line) be-
tween the geometrically obtained angle point of the sec-
ond suction port (56) and the refrigerant flow rate. Ac-
cordingly, the above compensation can obtain the angle
point of the second suction port (56) with sufficiently high
accuracy. In the present example embodiment, it is pref-
erable as apparent from FIG. 16 that the angle point of
the second suction port (56) is set larger than 120 de-
grees where the refrigerant flow rate is changed 10 % or
more. More preferably, it is set in the range between 150
and 200 degrees, as indicated in FIG. 17.
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- Driving operation -

[0112] An operation of the air conditioner (1) will be
described next. Herein, a cooling operation and a heating
operation will be described first, and an operation of the
expansion mechanism (50) will be described next.

<Cooling operation>

[0113] Inthe cooling operation, the four-way switching
valve (12) is switched to the state indicated by the broken
lines in FIG. 1. In this state, when the motor (26) of the
compression/expansion unit (20) is conducted, the re-
frigerant circulates in the direction of the broken arrows
in the refrigerant circuit (10) to perform a vapor compres-
sion refrigeration cycle.

[0114] Therefrigerantcompressed inthe compression
mechanism (40) passes through the discharge pipe (23),
and then is discharged from the compression/expansion
unit (20). In this state, the pressure of the refrigerant is
higher than the critical pressure. This discharged refrig-
erant is sent to the outdoor heat exchanger (14) to dis-
sipate heat to the outdoor air.

[0115] The high pressure refrigerant having dissipated
heat in the outdoor heat exchanger (14) flows into the
expansion mechanism (50) through the inflow pipes (24,
27). In the expansion mechanism (50), the high pressure
refrigerant is expanded, and the power is recovered from
this high pressure refrigerant. The low pressure refriger-
ant after expanded is sent to the indoor heat exchanger
(15) through the outflow pipe (25).

[0116] In the indoor heat exchanger (15), the refriger-
ant flowing therein absorbs heat from the indoor air to be
evaporated, thereby cooling the indoor air. The low pres-
sure gas refrigerant flowing out from the indoor heat ex-
changer (15) passes through the suction pipes (22), and
then is sucked into the compression mechanism (40).
The compression mechanism (40) compresses the
sucked refrigerant again and discharges it.

<Heating operation>

[0117] Inthe heating operation, the four-way switching
valve (12) is switched to the state indicated by the solid
lines in FIG. 1. In this state, when the motor (26) of the
compression/expansion unit (20) is conducted, the re-
frigerant circulates in the direction of the solid arrows in
the refrigerant circuit (10) to perform a vapor compres-
sion refrigeration cycle.

[0118] Therefrigerant compressed in the compression
mechanism (40) passes through the discharge pipe (23),
and then is discharged from the compression/expansion
unit (20). In this state, the pressure of the refrigerant is
higher than the critical pressure. This discharged refrig-
erant is sent to the indoor heat exchanger (15) to dissi-
pate heat to the indoor air, thereby heating the indoor air.
[0119] Therefrigerant having dissipated heat in the in-
door heat exchanger (15) flows into the expansion mech-
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anism (50) through the inflow pipes (24, 27). In the ex-
pansion mechanism (50), the high pressure refrigerant
is expanded, and the power is recovered from this high
pressure refrigerant. The low pressure refrigerant after
expanded is sent to the outdoor heat exchanger (14)
through the outflow pipe (25), and absorbs heat from the
outdoor air to be evaporated. The low pressure gas re-
frigerant flowing out from the outdoor heat exchanger
(14) passes through the suction pipes (22), and then is
sucked into the compression mechanism (40). The com-
pression mechanism (40) compresses the sucked refrig-
erant again and discharges it.

<Operation of expansion mechanism>

[0120] The operation of the expansion mechanism
(50) will be described with reference to FIG. 5.

[0121] First described is a process that the high pres-
sure refrigerant in the supercritical state flows into the
first high pressure chamber (73) of the first rotary mech-
anism section (70). When the second crankshaft (35) ro-
tates slightly from the rotation angle of 0 degree, the con-
tact point between the first piston (75) and the first cylin-
der (71) passes the opening of the first suction port (55)
to allow the high pressure refrigerant to start flowing into
the first high pressure chamber (73) from the first suction
port (55). Thereafter, as the rotation angle of the second
crankshaft (35) is gradually increased to 60 degrees, 180
degrees, and then 270 degrees, the high pressure refrig-
erant flows into the first high pressure chamber (73). This
flowing of the high pressure refrigerant from the first suc-
tion port (55) into the first high pressure chamber (73)
continues until the rotation angle of the second crank-
shaft (35) reaches approximately 360 degrees (until the
first suction port is closed).

[0122] In so doing, where the on-off valve (61) is
opened, when the rotation angle of the second crankshaft
(35) reaches a predetermined angle (for example, 160
degrees in the present example embodiment), and the
contact point between the first piston (75) and the first
cylinder (71) passes the opening of the second suction
port (56), the high pressure refrigerant starts flowing into
the first high pressure chamber (73) additionally from the
second suction port (56). This flowing of the high pressure
refrigerant from the second suction port (56) into the first
high pressure chamber (73) continues until the second
suction port is closed.

[0123] Accordingly, until the rotation angle of the sec-
ond crankshaft (35) exceeds 360 degrees, and reaches
the angle where the second suction port (56) is closed
(520 degrees in the present example embodiment), the
high pressure refrigerant flows into the first high pressure
chamber (73) from the first and second suction ports (55,
56). This means extension of the suction stroke when
compared with a conventional configuration with only the
first suction port (55), thereby enabling introduction of
much more amount of the high pressure refrigerant.
[0124] Next, a process that the refrigerant is expanded
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in the expansion mechanism (50) will be described. As
shownin FIG. 5, when the second crankshaft (35) rotates
slightly from O degree (360 degrees), the first high pres-
sure chamber (73) of the first cylinder (71) communicates
with the second high pressure chamber (83) of the sec-
ond cylinder (81) through the communication passage
(54) to allow the refrigerant to start flowing from the first
high pressure chamber (73) to the second high pressure
chamber (83). As described above, during the time when
the high pressure refrigerant flows into the first high pres-
sure chamber (73) from the second suction port (56), the
refrigerant is hardly expanded in the first high pressure
chamber (73) and the second high pressure chamber
(83). After the second suction port (56) is closed (after
the rotation angle reaches approximately 520 degrees),
as the rotation angle of the second crankshaft (35) is
increased to 540 degrees, then to 630 degrees, the vol-
ume of the first high pressure chamber (73), that is, the
first low pressure chamber (74) gradually decreases,
while the volume of the second high pressure chamber
(83) gradually increases. As a result, the volume of the
expansion chamber (59) gradually increases. The in-
crease in volume of the expansion chamber (59) contin-
ues until the time immediately before the rotation angle
of the second crankshaft (35) reaches 720 degrees. In
the process that the volume of the expansion chamber
(59) increases, the refrigerant in the expansion chamber
(59) is expanded to drive and rotate the second crank-
shaft (35). In this way, the refrigerant in the first low pres-
sure chamber (74) expands and flows into the second
high pressure chamber (83) through the communication
path (54).

[0125] The process that the refrigerant flows out from
the second low pressure chamber (84) of the second
rotary mechanism section (80) will be described next.
When the refrigerant is expanded in the second high
pressure chamber (83), the second high pressure cham-
ber (83) starts being connected to the outflow port (57)
from the time point when the rotation angle of the second
crankshaft (35) reaches 720 degrees, to serve as the
second low pressure chamber (84). That is, the refriger-
antstarts flowing out from the second low pressure cham-
ber (84) to the outflow port (57). Thereafter, the rotation
angle of the second crankshaft (35) is increased to 810
degrees, 900 degrees, and then 990 degrees. During the
time until the rotation angle reaches 1080 degrees, the
low pressure refrigerant after expanded flows out from
the second low pressure chamber (84).

[0126] FIG. 6 shows the relationship between change
in suction volume and change in pressure of the expan-
sion chamber (59) in the expansion mechanism (50). In
FIG. 6, the broken line indicates a graph where the high
pressure refrigerant is introduced from only the first suc-
tion port (55) with no excessive expansion caused. The
fine solid line indicates a graph where the high pressure
refrigerant is introduced from only the first suction port
(55) with excessive expansion caused. The bold solid
line indicates a graph where the high pressure refrigerant
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is introduced additionally from the second suction port
(56).

[0127] For example, where no excessive expansion is
caused in the expansion mechanism (50) (the case indi-
cated by the broken line in FIG. 6), the high pressure
refrigerantin the supercritical state flows into the first high
pressure chamber (73) during the time between the point
a and the point b. Then, the first high pressure chamber
(73) is connected to the communication passage (54) to
be switched to the first low pressure chamber (74). In the
expansion chamber (59) formed with the first low pres-
sure chamber (74) and the second high pressure cham-
ber (83), the high pressure refrigerant therein drops in
pressure sharply in the time between the point b and the
point ¢ to be in a saturated state. The refrigerant in the
saturated state is expanded, while part thereof is evap-
orated, so that the pressure thereof gently reduces until
the point d. Then, the second high pressure chamber
(83) is connected to the outflow port (57) to be switched
to the second low pressure chamber (84). The refrigerant
in the second low pressure chamber (84) is sent to the
outflow port (35) until the point e. During this time, the
concentration ratio of the sucked refrigerant to the dis-
charged refrigerant matches the designed expansion ra-
tio, and hence, an operation with efficient power recovery
can be performed.

[0128] Meanwhile, the high pressure or the low pres-
sure may deviate from the design values due to switching
between the cooling operation and the heating operation
or change in outdoor temperature. Specifically, in the
case where the expansion mechanism (50) is designed
so that the pressure and the suction volume are changed
as indicted in the broken line in FIG. 6 in the rated heating
operation of the air conditioner (1), switching to the cool-
ing operation increases the pressure on the low pressure
sideinthe rated cooling operation up to the level indicated
by the fine solid line, thereby creating an excessive ex-
pansion region (D).

[0129] Incontrast, introduction of the high pressure re-
frigerant additionally from the second suction port (56)
as described above can cause change in suction volume
and pressure in the range where the region (C) indicated
by the bold solid line is added to the region B in FIG. 6,
thereby achieving much more power recovery.

[0130] The above configuration can perform further ef-
ficient power recovery when compared with the case
where injection is performed in the conventional expan-
sion stroke (FIG. 7). Specifically, in the configuration per-
forming injection, the power recovery can be performed
only in the region C as an advantage of the injection in
addition to the region B where the power is recovered
from the high pressure refrigerant introduced from the
first suction port (55), as shown in FIG. 7. In contrast, as
indicated by the dash-dot line in FIG. 7, the above con-
figuration can perform recovery of further more power.
[0131] Herein, the refrigerant circuit (10) is a closed
circuit, and therefore, the flow rate of the refrigerant in
the expansion mechanism (50) must agree with the flow
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rate of the refrigerant in the compression mechanism
(40). For thisreason, the air conditioner (1) in accordance
with the present invention is configured so that the refrig-
erant circulation amount in the expansion mechanism
(50) is not only merely increased as above, but also ad-
justed to the appropriate amount.

[0132] Control on the valves (60, 61, 66) for flow rate
control of the refrigerant in the expansion mechanism
(50) will be described below in detail.

<Valve control>

[0133] Control of the flow rate of the refrigerant in the
expansion mechanism (50) will be described with refer-
ence to FIGS. 8 to 12, which is performed by flow rate
control on the pre-throttle valve (60) provided in the first
inflow pipe (24), and the bypass valve (66) provided in
the bypass pipe (65), and opening/closing control on the
on-off valve (61) provided in the second inflow pipe (27).
[0134] In the air conditioner (1) in accordance with the
present example embodiment, as shown in FIG 8, pres-
sure detecting means (90) is provided for detecting the
pressure of the high pressure refrigerant introduced in
the expansion mechanism (50). The pressure detecting
means (90) includes, for example, a pressure sensor (not
shown) detecting the pressure on the discharge side of
the compression mechanism (40). The value of the pres-
sure of the high pressure refrigerant detected by the pres-
sure detecting means (90) is sent to a controller (91).
[0135] Herein, the controller (91) includes a pre-throt-
tle valve flow rate control section (92) for controlling the
flow rate through the pre-throttle valve (60), an opening/
closing control section (93) for controlling opening/clos-
ing of the on-off valve (61), and a bypass valve flow rate
control section (94) for controlling the flow rate through
the bypass valve (66). On the basis of the pressure value
detected by the pressure detecting means (90), the con-
trol sections (92, 93, 94) control the valves (60, 61, 66),
respectively.

[0136] In the present invention, the pre-throttle valve
flow rate control section (92) corresponds to flow rate
control means. The opening/closing control section (93)
corresponds to on-off valve control means. The bypass
valve flow rate control section (94) corresponds to bypass
flow rate control means.

[0137] Specific control on the valves (60, 61, 66) will
be described below with reference to the flowchart of
FIG. 9. In the initial state, the on-off valve (61) is closed.
[0138] First,whentheflowinFIG. 9starts, the pressure
detecting means (90) detects the pressure of the high
pressure refrigerant introduced in the expansion mech-
anism (50) at S1. The detected pressure value is com-
pared with a predetermined target value (at S2). If it is
larger than the target value (YES), the bypass valve (66)
finely adjusts the circulation amount of the refrigerant to
the expansion mechanism (50) so that the pressure value
is the target value. When the opening of the bypass valve
(66) reaches a predetermined value (YES at S4), the on-
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off valve (61) is opened to increase the circulation amount
of the refrigerant to the expansion mechanism (50) for
adjusting it to the same refrigerant circulation amount as
that in the compression mechanism (40) (S5). Even dur-
ing the time when the on-off valve (61) is opened in this
way, the bypass valve (66) performs the fme adjustment
of the circulation amount. If the opening of the bypass
valve (66) is smaller than the predetermined value at S4,
the routine returns to S2 to increase the opening of the
bypass valve (66) until the pressure value reaches the
target value, or the opening of the bypass valve (66)
reaches the predetermined value.

[0139] Herein, the target value is set at the pressure
value where COP is maximum. The predetermined value
of the opening of the bypass valve (66) corresponds to
a predetermined opening in the present invention, and
means the opening that the bypass valve (66) cannot be
opened any more, or that the flow rate can be hardly
adjusted even if the bypass valve (66) is opened further
more.

[0140] On the other hand, when the pressure value is
equal to or smaller than the target value (NO at S2), the
routine proceeds to S6 to judge whether the pressure
value is smaller than the target value. If it is judged that
the pressure value is not smaller than the target value
(NO at S6), which means that the pressure value is equal
to the target value, the routine returns (RETURN) to
START to start the flow again.

[0141] AtS6, ifthe pressure valueisjudgedtobe small-
er than the target value (YES), the bypass valve (66)
starts being closed at subsequent S7 to finely adjust the
circulation amount of the refrigerant to the expansion
mechanism (50) so that the pressure value is the target
value. If the pressure value is still smaller than the target
value (YES at S8), the on-off valve (61) is closed at sub-
sequent S9 to reduce the circulation amount of the re-
frigerant to the expansion mechanism (50). At this time
point, the refrigerant circulation amount of the compres-
sion mechanism (40) is small, and therefore, the refrig-
erant circulation amount in the expansion mechanism
(50) should be reduced accordingly. To do so, the circu-
lation amount of the refrigerant to the expansion mech-
anism (50) is adjusted finely by the bypass valve (66).
[0142] If the pressure value is still smaller than the tar-
get value even when the on-off valve (61) is closed at S9
(YES at S10), the bypass valve (66) is fully or almost fully
closed (at the predetermined opening) (S11). If the pres-
sure value is yet smaller than the target value (YES at
S$12), the pre-throttle valve value (60) is throttled to adjust
the refrigerant circulation amount (S13). Thereafter, the
routine returns (RETURN) to START to start the flow
again.

[0143] On the other hand, if the pressure value is
judged not to be smaller than the target value at S8, S10,
or S12 (NO), which means that the pressure value is
equal to the target value, the routine returns (RETURN)
to START to start the flow again.

[0144] FIG. 10indicates one example of the valve con-
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trol according to the flowchart depicted in FIG. 9. FIG. 11
schematically shows the relationship between the refrig-
erant circulation amount in the expansion mechanism
(50) and each opening of the valves (60, 61, 66). FIG.
12 shows the relationship between the suction volume
and the pressure of the refrigerant where on-off valves
are opened. FIGS. 10 to 12 show the case where a plu-
rality of auxiliary suction ports are formed in the expan-
sion mechanism (50). In that case, the number of the on-
off valves increases accordingly, and therefore, only a
step of opening or closing the other on-off valve(s) may
be added to FIG. 9.

[0145] Asindicated in FIG. 10, if the pressure value of
the high pressure refrigerant is larger than the target val-
ue, the pre-throttle valve (60) is fully opened. As the rou-
tine proceeds (as the value of the step increases), the
bypass value (60) performs, when the difference be-
tween the pressure value and the target values is smaller,
fine adjustment of the flow rate of the high pressure re-
frigerant introduced to the expansion mechanism (50) so
that the pressure value is the target value. The on-off
valve(s) (61) is/are opened when the opening of the by-
pass valve (66) is equal to or larger than the predeter-
mined opening (80 % in the example in the drawing). In
the example indicated in FIG. 10, three suction ports are
formed in the expansion mechanism (50), in which an
on-off valve at the second suction port and an on-off valve
at a third suction port serve as a second suction valve
and a third suction valve, respectively.

[0146] In reverse, when the difference from the target
value gradually decreases as the pressure value de-
creases, the routine proceeds in a descending direction
of the step number. The flow rate is controlled by the
bypass valve (66) with the on-off valve(s) (61) closed. If
the pressure value is still smaller than the target value,
the bypass valve (66) is fully closed to allow only the pre-
throttle valve (60) to adjust the refrigerant circulation
amount.

[0147] Thus, as shown in FIG. 11, for increasing the
refrigerant circulation amount in the expansion mecha-
nism (50), the plurality of on-off valves are opened se-
quentially to increase stepwise the refrigerant circulation
amount. Additionally, the bypass valve (66) adjusts the
refrigerant circulation amount until all the on-off valves
are opened, thereby smoothly increasing the refrigerant
circulation amount. In this way, sequential opening of the
plurality of on-off valves enables an increase in suction
volume of the refrigerant, as shown in FIG. 12.

[0148] In reverse, for reducing the refrigerant circula-
tion amount in the expansion mechanism (50), the on-
off valves are closed sequentially to decrease the refrig-
erant circulation amount stepwise. Additionally, the by-
pass valve (66) adjusts the refrigerant circulation amount
until all the on-off valves are closed, thereby smoothly
decreasing the refrigerant circulation amount. Moreover,
even when all the on-off valves are closed, and the by-
pass valve (66) is fully closed, the refrigerant circulation
amount can be still adjusted by the pre-throttle valve (60).
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[0149] Hence, the above described control of the re-
frigerant circulation amount can quickly and smoothly in-
crease/decrease the circulation amount of the refrigerant
to the expansion mechanism (50) over a wide range,
thereby keeping balance to the refrigerant circulation
amount in the compression mechanism (40).

- Advantages of Example Embodiment 1 -

[0150] Thus, in the present example embodiment, the
first and second suction ports (55, 56) are formed in the
expansion mechanism (50), and the pre-throttle valve
(60) and the on-off valve (61) are provided in the first
inflow pipe (24) connected to the first suction port (55)
and the second inflow pipe (27) connected to the second
suction port (56), respectively. This enables quick and
reliable increase/decrease in amount of the high pres-
sure refrigerant introduced to the expansion mechanism
(50) according to increase/decrease in refrigerant circu-
lation amount in the compression mechanism (40), there-
by achieving efficient power recovery from the energy of
the high pressure refrigerant while balancing the circu-
lation amount of the high pressure refrigerant introduced
in the expansion mechanism (50) with the refrigerant cir-
culation amount in the compression mechanism (40).
[0151] Further, the suction ports (55, 56) are opened
at the lower part of the first fluid chamber (72) to cause
the refrigerating machine oil in the fluid chamber (72) to
stay in the suction ports (55, 56), thereby preventing re-
tention of the refrigerant therein. That is, formation of the
suction ports (55, 56) at the lower part of the first fluid
chamber (72) can prevents the suction ports (55, 56) from
being dead volume ports, thereby achieving efficient ex-
pansion of the refrigerant in the expansion mechanism
(50).

[0152] The bypass pipe (65) bypassing the expansion
mechanism (50) and the bypass valve (66) at the bypass
pipe (65) can mitigate abrupt increase/decrease of the
refrigerant circulation amount which is caused by open-
ing/closing of the on-off valve (61), with a result that the
refrigerant circulation amount in the expansion mecha-
nism (50) can be changed smoothly according to the re-
frigerant circulation amount in the compression mecha-
nism (40).

[0153] Moreover, the expansion mechanism (50) is a
two-stage rotary expander including the first rotary mech-
anism section (70) and the second rotary mechanism
section (80), and therefore, the suction ports cannot be
connected to the outflow port through the fluid chambers
dislike the single-stage rotary expander. Hence, the high
pressure refrigerant introduced from the suction ports
can be prevented from blow-through to the outflow port.
Accordingly, the high pressure refrigerant can be suffi-
ciently expanded in the fluid chambers (72, 82) of the
expansion mechanism (50).

[0154] In addition, the second suction port (56) is ar-
ranged at the angle point obtained by the predetermined
compensation for the geometrically obtained angle point
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to secure the displacement volume necessary at the rat-
ed cooling operation. This can allow the refrigerant at a
necessary flow rate to flow into the fluid chamber (72) by
way of compensation for the flow rate lowering caused
due to the pressure loss when the refrigerant flows into
the fluid chamber (72) from the second suction port (56).
Hence, excessive expansion, which might be caused by
shortage of the refrigerant to the expansion mechanism
(50) in the cooling operation, can be prevented.

- Modified Example 1 of Example Embodiment 1 -

[0155] Difference of Modified Example 1 from Example
Embodiment 1 lies in that a check valve (95) is provided
in the second suction port (56) of the expansion mecha-
nism (50), as shown in FIG. 13.

[0156] Specifically, the check valve (95), which allows
only inflow of the refrigerant into the first fluid chamber
(72), while not allowing the refrigerant to flow in the re-
verse direction, is provided in the second suction port
(56). Accordingly, even in the state that the on-off valve
(61) is closed to stop introducing the high pressure re-
frigerant from the second suction port (56), prevention of
reverse flow of the refrigerant from the fluid chamber (72)
can be ensured. As a result, prevention of reduction in
dead volume of the second suction port (56) can be en-
sured to efficiently expand the refrigerant in the expan-
sion mechanism (50).

- Modified Example 2 of Example Embodiment 1 -

[0157] Modified Example 2 is different from the above
example embodimentin a point that the expansion mech-
anism is a three-stage rotary expander including three
rotary mechanism sections, as shown in FIG. 14.
[0158] Specifically, an expansion mechanism (100) in-
cludes, in addition to a first rotary mechanism section
(101) and a second rotary mechanism (111) which are
almost the same as those in Example Embodiment 1, a
largest-diameter third rotary mechanism section (121)
thereabove.

[0159] Though not mentioned in detail because the ro-
tary mechanism sections (101, 111, 121) have the same
configuration as those in Example Embodiment 1, a first
suction port (103) and a second suction port (104) are
formed in a first cylinder (102) of the first rotary mecha-
nism section (101), and a third suction port (113) and a
fourth suction port (114) are formed in a second cylinder
(112) of the second rotary mechanism section (111). An
outflow port (123) is formed in a third cylinder (122) of
the third rotary mechanism section (121).

[0160] Further, a communication passage (115) is
formed between the second cylinder (112) and the third
cylinder (122). Specifically, the communication passage
(115) extends, in FIG. 14, from the right side of a bush
(118) of a second blade (117) extending outward from
the outer peripheral surface of a cylindrical second piston
(116) disposed in the second cylinder (112) to the left
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side of a bush (126) supporting a third blade (125) ex-
tending radially outward from a third piston (124) dis-
posed in the third cylinder (122).

[0161] With the above configuration, the fluid chamber
of the second cylinder (112) communicates with the fluid
chamber of the third cylinder (122). Hence, the refrigerant
is not only expanded while moving from the first cylinder
(102) to the second cylinder (112) as in Example Em-
bodiment 1, but also expanded while moving from the
second cylinder (112) to the third cylinder (122).

[0162] The plurality of suction ports (103, 104, 113,
114) are formed in the expansion mechanism (100) thus
configured as a three-stage rotary expander. According-
ly, efficient power recovery of the high pressure refriger-
ant can be achieved, similar to Example Embodiment 1,
and the refrigerant circulation amount in the expansion
mechanism (100) can be adjusted.

<Example Embodiment 2>

[0163] Example Embodiment 2 of the present inven-
tion will be described next in detail with reference to the
drawings. Unlike Example Embodiment 1 in which the
expansion mechanism (50) includes the two rotary mech-
anism sections (70, 80), the expansion mechanism in
Example Embodiment 2 is a scroll mechanism (200), as
shown in FIG. 15. The configurations other than the con-
figuration of this expansion mechanism are the same as
those in Example Embodiment 1, and therefore, descrip-
tion and indication thereof are omitted.

[0164] Specifically, the scroll mechanism (200) in-
cludes a fixed scroll (220) fixed to the casing (not shown),
and an orbiting scroll (210) held to the casing via an Old-
ham ring (not shown).

[0165] The fixed scroll (220) forms a scroll member,
and includes a plate-shaped fixed side end plate (not
shown) and a scroll-shaped fixed side wrap (221) stand-
ing on the fixed side end plate. On the other hand, the
orbiting scroll (210) forms a scroll member, and includes
a plate-shaped orbiting side end plate (not shown) and
a scroll-shaped orbiting side wrap (211) standing on the
orbiting side end plate. The fixed side wrap (221) of the
fixed scroll (220) and the orbiting side wrap (211) of the
orbiting scroll (210) are in engagement with each other
to form a plurality of fluid chambers (230) therebetween.
[0166] In the fixed scroll (220), a suction port (201) and
an outflow port (202) are formed, and two second suction
ports (203, 203), two third suction ports (204, 204), and
two fourth suction ports (205, 205) are formed in addition.
The suction port (201) is opened in the vicinity of the
scroll start point of the fixed side wrap (221). On the other
hand, the outflow port (202) is opened in the vicinity of
the scroll end point of the fixed side wrap (221). The sec-
ond to fourth suction ports (203, 204, 205) are formed at
points which are sequentially connected to the space on
the side of the scroll start point of the fixed side wrap
(221) in the suction stroke, as will be described later.
[0167] Of the plurality of fluid chambers (230), the
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spaces between the inside surface of the fixed side wrap
(221) and the outside surface of the orbiting side wrap
(211) serve as A chambers (231) as first fluid chambers
(230). While, the spaces between the outside surface of
the fixed side wrap (221) and the inside surface of the
orbiting side wrap (211) serve as B chambers (231) as
second fluid chambers (230).

[0168] When the orbiting scroll (210) revolves with re-
spect to the fixed scroll (220), the second to fourth suction
ports (203, 204, 205) start being connected to the fluid
chambers (230) sequentially from the second ports (203,
203), to the third suction ports (204, 204), then to the
fourth suction ports (205, 205) in this order, and are being
connected to the fluid chambers (230) until fluid cham-
bers (230) formed next start being defined into each two
chambers (until the orbiting scroll (210) revolves by 540
degrees with respect to the fixed scroll (220)).

[0169] The inflow pipes connected to the second to
fourth suction ports (203, 204, 205) are provided with on-
off valves (not shown) configured to be opened/closed
according to the high pressure (the discharge pressure
of the compressor), similarly to the on-off valve (61) in
Example Embodiment 1. In the present example embod-
iment, a pre-throttle valve is also provided in the inflow
pipe connected to the suction port (201), and a bypass
valve is provided in the bypass pipe bypassing the ex-
pansion mechanism. The control on these valves are the
same as that in Example Embodiment 1.

- Driving operation -

[0170] An expansion operation by the scroll mecha-
nism (200) will be described next. The following descrip-
tion refers to an expansion operation where the second
to fourth suction ports (203, 24, 205) are to be opened
because the pressure on the high pressure side is higher
than the target value.

[0171] First, the high pressure refrigerant introduced
from the suction port (201) flows into one fluid chamber
(230) interposed between the vicinity of the scroll start
point of the fixed side wrap (221) and the vicinity of the
scroll start point of the orbiting side wrap (211). In other
words, the high pressure refrigerant is introduced into a
fluid chamber (230) from the suction port (201).

[0172] Itis supposed herein, that the angle in the state
that the scroll start point of the fixed side wrap (221) is
in contact with the inside surface of the orbiting side wrap
(211), while at the same time the scroll start point of the
orbiting side wrap (211) is in contact with the inside sur-
face of the fixed side wrap (221) in FIG. 15 is zero degree
as a reference.

[0173] As the orbiting scroll (210) revolves to increase
the revolution angle from 60 degrees to 360 degrees, the
fluid chambers (230) expand, and are connected sequen-
tially to the second suction ports (203, 203), the third
suction ports (204, 204), and the fourth suction ports
(205, 205). When the revolution angle of the orbiting scroll
(210) exceeds 180 degrees, each fluid chamber (230) is
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gradually partitioned into two spaces. When the revolu-
tion angle thereof reaches 360 degrees, the fluid cham-
bers (230) are partitioned into the A chambers (231) and
the B chambers (232).

[0174] Subsequently, until the revolution angle of the
orbiting scroll (210) reaches 540 degrees via 420 de-
grees and 480 degrees, the second to fourth suction ports
(203, 204, 205) are connected to the A chambers (231)
and the B chambers (232) to introduce the high pressure
refrigerant. That is, the range until the revolution angle
reaches 540 degrees corresponds to the suction stroke.
[0175] Thereafter, when the revolution angle of the or-
biting scroll (210) exceeds 540 degrees, the second to
fourth suction ports (203, 204, 205) are closed against
the A chambers (231) and the B chambers (232), and
the volumes of the A chambers (231) and the B chambers
(232) are increased, thereby starting expansion of the
refrigerant in the A chambers (231) and the B chambers
(232).

[0176] The expansion stroke in the A chambers (231)
continues until the revolution angle of the orbiting scroll
(210) reaches 1020 degrees. When the orbiting scroll
(210) further rotates, the A chambers (231) are connect-
ed to the outflow port (202) to start allowing the refrigerant
in the A chambers (231) to flow outside from the outflow
port (202), thereby starting the discharge stroke.

[0177] On the other hand, the expansion stroke in the
B chambers (232) continues until the revolution angle of
the orbiting scroll (210) reaches 840 degrees. When the
orbiting scroll (210) further rotates, the B chambers (232)
are connected to the outflow port (202) to start allowing
the refrigerant in the B chambers (232) to flow outside
fromthe outflow port (202), thereby starting the discharge
stroke.

[0178] The present example embodiment provides,
but is not limited to, four kinds of suction ports. Only two
suction ports may be formed as in Example Embodiment
1, or three or five or more kinds of suction ports may be
formed.

- Advantages of Example Embodiment 2 -

[0179] Thus, according to the present example em-
bodiment, even in the expansion mechanism formed with
the scroll mechanism (200), formation of a plurality of
suction ports (201, 203, 204, 205) can result in efficient
power recovery and an increase in refrigerant circulation
amount in the expansion mechanism, as in Example Em-
bodiment 1. Thatis, whenitis necessary to, for example,
increase the refrigerant circulation amount in the expan-
sion mechanism because the pressure value on the high
pressure side is larger than the target value, introduction
of the high pressure refrigerant from the suction ports
(203, 204, 205) can ensure the necessary refrigerant cir-
culation amount, thereby balancing the refrigerant circu-
lation amount in the expansion mechanism with the re-
frigerant circulation amount in the compression mecha-
nism.
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<Other example embodiments>

[0180] The present invention may have the following
configurations in the above example embodiments.
[0181] In Example Embodiment 1, the rotary mecha-
nism sections (70, 80) of the expansion mechanism (50)
are formed with, but are not limited to, the swing piston
type rotary fluid machineries. Alternatively, each rotary
mechanism section (70, 80) may be a rolling piston type
rotary fluid machinery. In this case, in the rotary mecha-
nism sections (70, 80), the blades (76, 86) are formed
separately from the pistons (75, 85), and the bushes (77,
87) are omitted. The blades (76, 86) reciprocate in the
radial direction of the cylinders (71, 81) following the
movement of the pistons (75, 85) with their tip ends
pressed against the outer peripheral surfaces of the pis-
tons (75, 85).

[0182] Further, Example Embodiment 1 provides, but
is not limited to, the two suction ports (55, 56) in the ex-
pansion mechanism (50). Alternatively, three or more
suction ports may be formed. Moreover, Example Em-
bodiment 2 provides, but is not limited to, the four kinds
of suction ports (201, 203, 204, 205) in the scroll mech-
anism (200). Alternatively, two, three, or five or more suc-
tion ports may be provided.

[0183] In addition, in Example Embodiment 1, the pre-
throttle valve (60) is provided at a part of the suction pas-
sage connected to the first suction port (55) of the ex-
pansion mechanism (50) and on the downstream side of
the point branching apart from the suction passage con-
nected to the second suction port (56), which is not a
limitation. The pre-throttle valve (80) may be provided
upstream of the branch point. In this case, the pre-throttle
valve adjusts the total flow rate of the refrigerant to the
first and second suction ports (55, 56).

INDUSTRIAL APPLICABILITY

[0184] As described above, the present invention is
useful in refrigerating apparatuses including an expan-
sion mechanism generating power by fluid expansion.

Claims

1. A refrigerating apparatus including an expansion
mechanism (50, 100, 200) which includes a first
member (71, 81, 102, 112, 210) and a second mem-
ber (75, 85, 116, 124, 220), which are in eccentric
and relative movement, and generates power by ex-
pansion of fluid in a fluid chamber (72, 82, 230)
formed between the members, characterized in
that:

a main suction hole (55, 103, 201) connecting
the fluid chamber (72, 82, 230) to a suction pas-
sage (24) first in a suction stroke, and an auxil-
iary suction hole (56, 104, 113, 114, 203, 204,
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205) connecting the fluid chambers (72, 82, 230)
to a suction passage (27) after connection of the
main suction hole (55, 103, 201) are formed in
the expansion mechanism (50, 100, 200).

The apparatus of claim 1, wherein

in the expansion mechanism (50, 100, 200), the fluid
chamber (72, 82, 230) is defined so that at least a
suction stroke and a discharge stroke are performed
independently.

The apparatus of claim 1, wherein

the auxiliary suction hole (56, 104, 113, 114, 203,
204, 205) is formed to open at a bottom of the fluid
chamber (72, 230).

The apparatus of claim 1, wherein

an on-off valve (61) is provided in the suction pas-
sage (27) connected to the auxiliary suction hole (56,
104, 113, 114, 203, 204, 205), and

a check valve (95) allowing flow from the on-off valve
(61) to the auxiliary suction hole (56, 104, 113, 114,
203, 204, 205) is provided downstream of the on-off
valve (61).

The apparatus of claim 1, comprising:

a bypass circuit (65) bypassing the expansion
mechanism (50, 100, 200); and

a bypass flow rate adjusting valve (66) provided
in the bypass circuit (65).

The apparatus of claim 5, further comprising:

abypass flow rate control means (94) configured
to control the bypass flow rate adjusting valve
(66) on the basis of a pressure of the fluid intro-
duced in the expansion mechanism (50, 100,
200).

The apparatus of claim 1, wherein

a flow rate adjusting valve (60) is provided in the
suction passage (24) connected to the main suction
hole (55, 103, 201).

The apparatus of claim 7, wherein

the flow rate adjusting valve (60) is provided down-
stream of a point branching apart from the suction
passage (27) connected to the auxiliary suction hole
(56, 104, 113, 114,203,204,205).

The apparatus of claim 7, further comprising:

flow rate control means (92) configured to con-
trol the flow rate adjusting valve (60) on the basis
of a pressure of the fluid introduced in the ex-
pansion mechanism (50, 100, 200).
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The apparatus of claim 1, comprising:

on-off valve control means (93) configured to
control an on-off valve (61) provided in the suc-
tion passage (27) connected to the auxiliary suc-
tion hole (56, 104, 113, 114, 203, 204, 205) on
the basis of a pressure of the fluid introduced in
the expansion mechanism (50, 100, 200).

The apparatus of claim 10, wherein

a plurality of auxiliary suction holes (56, 104, 113,
114, 203, 204, 205) are provided in the expander,
and on-off valves (61) are provided in the suction
passages (27) connected to the auxiliary holes, and
when the pressure is larger than a target value, the
on-off valve control means (93) opens the on-off
valves (61) sequentially so that the fluid camber (72,
82, 230) is connected sequentially to the suction pas-
sages (27) through the auxiliary suction holes (56,
104, 113, 114,203,204,205).

The apparatus of claim 10, wherein

the auxiliary suction hole (56, 104, 113, 114, 203,
204, 205) includes a plurality of auxiliary suction
holes connected to suction passages (27), and on-
off valves (61) are provided in the suction passages
(27), and

when the pressure is smaller than a target value, the
on-off valve control means (93) controls the on-off
valves (61) to sequentially close the auxiliary suction
holes (56, 104, 113, 114, 203, 204, 205) in reverse
order of connection from one connected to the fluid
chamber (72, 82, 230) last.

The apparatus of claim 11 or 12, further comprising:

bypass flow rate control means (94) for control-
ling a bypass flow rate adjusting valve (66) pro-
vided in the bypass circuit (65) bypassing the
expansion mechanism (50, 100, 200),

wherein the bypass flow rate control means (94) con-
trols the bypass flow rate adjusting valve (66) so that
the pressure value is the target value, and

the on-off valve control means (93) opens/closes the
on-off valves (61) when the bypass flow rate adjust-
ing valve (66) reaches a predetermined opening.

The apparatus of claim 13, further comprising:

flow rate control means (92) for controlling a flow
rate adjusting valve (60) provided in the suction
passage (24) connected to the main suction hole
(55, 103, 201),

wherein the flow rate control means (92) controls the
flow rate adjusting vale (60) to adjust a flow rate in
the expansion mechanism (50, 100, 200) when the
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pressure is smaller than the target value even when
the bypass flow rate adjusting valve (66) and the on-
off valve (61) are closed.

The apparatus of claim 1, wherein

the expansion mechanism (50, 100) includes a plu-
rality of rotary mechanism sections (70, 80, 101,111,
121) connected to each other in series in an increas-
ing order of displacement volume, and

the main suction hole (55, 103) and the auxiliary suc-
tion hole (56, 104, 113, 114) are formed in a rotary
mechanism section (70, 101, 111) precedent to a
last rotary mechanism section (80, 121).

The apparatus of claim 15, wherein

the expansion mechanism (50) includes two rotary
mechanism sections (70, 80) connected to each oth-
er in series, and

the main suction hole (55) and the auxiliary suction
hole (56) are formed in a precedent rotary mecha-
nism section (70) having a smaller displacement vol-
ume.

The apparatus of claim 15, wherein

the auxiliary suction hole (56, 104, 113, 114) is
formed at an angle point obtained by adding a pre-
determined compensation value to an angle point
geometrically obtained based on a desired displace-
ment volume.

The apparatus of claim 17, wherein
the desired displacement volume is a displacement
volume necessary in a cooling operation.

The apparatus of claim 1, wherein

the expansion mechanism (200) includes a scroll
mechanism including a pair of scroll members (210,
220) including end plates and scroll wraps standing
on the end plates, the wraps (211, 221) of the scroll
members (210, 220) being in engagement with each
other to form at least a pair of fluid chambers (231,
232), and

the main suction hole (201) and the auxiliary suction
hole (203, 204, 205) are formed at points connected
to the fluid chambers (231, 232) in a suction stroke
of the scroll mechanism.

The apparatus of claim 1, wherein
refrigerant of CO2 is used as the fluid for performing
a supercritical refrigeration cycle.

An expander including an expansion mechanism
(50, 100, 200), which includes a first member (71,
81, 102, 112, 210) and a second member (75, 85,
116, 124, 220), which are in eccentric and relative
movement, and generates power by expansion of
fluid in a fluid chamber (72, 82, 230) formed between
the members, wherein
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a main suction hole (55, 103, 201) connecting the
fluid chamber (72, 82, 230) to a suction passage (24)
firstin a suction stroke, and an auxiliary suction hole
(56, 104, 113, 114, 203, 204, 205) connecting the
fluid chamber (72, 82, 230) to a suction passage (27)
after connection of the main suction hole (55, 103,
201) are formed in the expansion mechanism (50,
100, 200).
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. ‘:’ Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. ‘:l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

The matter common to the inventions of claims 1 - 21 is an expander having
an auxiliary inlet hole, as described in claims 1 and 21. However, the search
has revealed that this matter is not novel, since it was disclosed in both
JP 2004-197640 A (Daikin Industries, Ltd.), 15 July, 2004 (15.07.04), the
full descriptionsandall the figures, and JP2005-256667 A (Daikin Industries,
Ltd.), 22 September, 2005 (22.09.05), the whole specification and all the
drawings. As a result, this common matter (i.e., the expander having the
auxiliary inlet hole) is not the special technical feature within the meaning
of PCT Rule 13.2, second sentence, since the common matter (i.e., the expander
having the auxiliary inlet hole) (continued to extra sheet)

L. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. l:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest [ ] The additional scarch fees were accompanied by the applicant’s protest and, where applicable,
the payment of a protest fee.

I:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:I No protest accompanied the payment of additional search fees.
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does not explicitly specify any contribution over the prior art.
Consequently, no common matter can be found as common to claims 1 -
21.

Hence, it is apparent that the inventions of claims 1 - 21 do not
comply with the requirement of unity of invention.
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