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SPECIFICATION

REFRIGERATION APPARATUS
[Technical Field]
This invention relates to a refrigeration apparatus

having a plurality of thermal source units.

[Background Art]

Conventionally, there has been known an air conditioner
as a refrigeration apparatus in which a plurality of indoor
units are connected in parallel with one another through
refrigerant piping with respect to a single outdoor unit in
order to form multi-type indoor units, as disclosed in the
Japanese Patent Application Laid Open Gazette No.4—208370. The
outdoor unit has a compressor, a four-way selector valve, an
Qutdoor heat exchanger, an outdoor motor-operated éxpansion
valve and a receiver. The indoor unit has an indoor motor-
operated expansion valve and an indoor heat exchanger.

At a cooling operation, a refrigerant discharged from the
compressor is circulated, so as to be condensed at the outdoor
heat exchanger, reduced in pressure at the indoor motor—opér—
ated expansion valvé, evaporated at the indoor heat exchanger
and then returned to the compressor. At a heating operation, a
refrigerant discharged form the compressor is circulated, so
as to be condensed at the indoor heat exchanger, reduced in.
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pressure at the outdoor motor-operated expansion valve,

evaporated at the outdoor heat exchanger and then returned to

the compressor. |

| Further, in the outdoor unit, the capacity of the com-

pressor is regulated according to the load of the indoor unit.
'

- Problems that the invention is to solve -

In the above-mentioned air conditioner, since only a
single outdoor unit is provided, it is required that many
kinds of outdoor.units having different capacities from one
another are produced in correspondence with the indoor load,
i.e., the number of indoor units to be connected. In addition,
when the indoor load does not accord with the capacity of the
outdoor unit, the capacity of the outdoor unit is disadvanta-
geously increased in spite of a small indoor load.

To cope-with the above problems, a plurality of outdoor
units, for example, two outdoor units, having different capac-
ities from one another, may be combined with one another in
order to form multi-type outdoor units.

In such a case, when the outdoor unit under cooling or
heating operation and the outdoor unit in deactivation exist
at the saﬁe time, the refrigerant must be prevented from being
stored in the outdoor unit in deactivation in order that a

fixed circulation amount of refrigerant is retained. That is,
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it is necessary to prevent lack of a circulation amount of

refrigerant.

Further, when one of the outdoor units is deactivated
during heating operation, a large amount of_gas refrigerant
can be condensed in the outdoor unit or the refrigerant pip-
ing. Therefore, it is required to prevent the compressor from
compressing a liquid refriéerant at a reactivation of the
outdoor unit.

Furthermore, when the air conditioner has a ﬁlurality of
outdoor units, the refrigerant piping extending from the
outdoor units is qonnected to two main pipes and the main
pipes is conducted on the indoor side. However, in case that
the piping arrangement is made at a free hand at the installa-
tion, an angle of tilt of piping required for backing'oil
cannot be secured or a part of piping to be horizontally

arranged may be inclined. This disadvantageously prevents

high~reliable air conditioning.

In view of the foregoing problems, this invention has
been made. The present invention has its object of preventing
the compression of a liquid refrigerant and the lack of a
circulation amount of réfrigerant owing to the storage of the

refrigerant and the like and securing an accurate installation

of the refrigerant piping.
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[Disclosure of Invention]

To attain the foregoing object, a fefrigeration apparatus
of the present invention has a closing mechanism for allowing
and preventing a flow of refrigerant, and/or has ejecting
means for ejecting a refrigerant or recovering means for
recovering a refrigerant, and/or has a construction in which a

connecting part of a plurality of thermal source units is

unitized.

- Construction -

In detail, a refrigeration apparatus according to claim 1
of this invention comprises a plurality of thermal source
units (2A, 2B) which each have a compressor (21) and a ther-
mal—sourcefside heat exchanger (24) connected at an end there-
of to the discharge side oflthe compressor (21), and in which
liquid lines (5LA, 5LB) are connected to the other ends of the
thermal¥source—side heat exchangers (24) respectively and gas
lines (SGA, 5GB) are connected to the inlet sides of the com-
pressors (21) respectively. Further, in the refrigeration
apparatus, there is provided a connecting circuit part (11)
for connecting outer ends of the liquid lines (5LA, 5LB) and
outer ends of the gas lines (5GA, 5GB) to a main liquid line
(4L) and a main gas line (4G) respectively so that the thermal

source units (2A, 2B) are arranged in parallel with one anoth-
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er. Furthermore, the refrigeration apparatus has a plurality

of user units (3A, 3B) which each have a user-side expansion
mechanism (33) and a user-side heat exchanger (32) and which
are connected to the main liquid line (4L) and the main gas
line (4G) so as to be arranged in parallel with one another.
In addition, on the liquid line (5LB) of at least one
thermal source unit (2B) between the plural thermal source
units (2A, 2B), there is disposed a liquid-line closing mecha-
nism (V1) which is fully closed when the thermal source unit

(2B) is deactivated during cooling operation.

In a refrigeration apparatus of c¢laim 2 according to
claim 1 of the present invention, a receiver (12) for connect-
ing each of the liquid lines.(SLA, S5LB) to the main liquid
line (4L) is disposed at a cohnecting part between the liquid

lines (S5LA, 5LB) and the main liquid line (4L).

As shown in FIG.1l, a refrigeration apparatus of claim 3
of the present invention comprises: a_master thermal source
unit (2A) which has a compressor (21), a thermal-source-side
heat exchanger (24) connected at an end thereof to the dis-
charge side-and the iplet side of the compressor (21) so as to
be switchable between the two sides of the compressor (21) and
at the other end to a liquid line (5LA), and a thermal-source-
side expansion mechanism (25) disposed on the liquid line
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(5LA), and in which a gas line (5GA) 1is connected to the

discharge side and the inlet side of the compressor (21) so as
to be switchable between the two sides of the compressor (21);
a slave thermal source unit (2B) which has a compressor (21),
a thermal-source-side heat exchanger (24) connected at an end
thereof to the discharée side and the inlet side of the com-
pressor (21) so as to be switchable between the two sides of
the compressor (21) and at the other end to a liquid line
(5LB), and a thermal-source-side expansion mechanism (25)
disposed on the liquid line (5LB), and in which a gas line
(5GB) is connected to the discharge side and the inlet side of
the compressor (21) so as to be switchable between the two
sides of the compressor (21). Further, in the refrigeration
apparatus, there is provided a connecting circuit part (11)
for connecting outer ends of the liquid lines (5LA, 5LB) and
outer ends of the gas lines (5GA, 5GB) to a main liquid line
(4L) and a.main gas line (4G) respectively so that the thermal
source units (2A, 2B) are arranged in parallel with each
other. Furthermore, the refrigeration apparatus has a plurali-
.ty of user units (3A, 3B) which each have a user-side heat
exchahger (32) and which are connected to the main liquid
line (4L) and the main gas line (4G) so as to be arranged in

paraliel with one another.

In addition, on the liquid line (5LB) extending toward
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uid-line closing mechanism (V1) which is fully closed when the
slave thermal source unit (2B) is deactivated during refriger-
ating operation. On the gas line (5GB) extending toward the
slave thermal source unit (2B), there is provided a gas-1line
closing mechanism (V2) which.is fully closed when the slave

thermal source unit (2B) is deactivated during heating opera-

tion.

In a refrigeration apparatus of claim 4 according to
claim 3 of the pfesent inventién. a receliver (12) for connect-
ing each of the liquid lines (5LA, 5LB) to the main 1liquid
line (4L) is disposed af a connecting part between the liquid

lines (5LA, 5LB) and the main liquid line (4L).

In a refrigeration apparatus of claim 5 accor@ing to
claim 3 or 4 of the present invention, a bypass line (29)
which bypasses the compressor (21) of the slave thermal source
unit (2B) is connected to the discharge and inlet sides of the
compressor (21), and a bypass closing mechanism (V3) is dis-
"posed on the bypass line (29). Further, there is disposed
refrigerant ejecting means (61) for ejecting a liquid refrig-
erant remaining in the slave thermal source unit (2B) in such
a manner as to open the bypass closing mechanism (V3) and the
thermal-source-side expansion mechanism.(25) each inciuded in
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the slave thermal source unit (2B) in deactivation, the lig-
uid-line closing mechanism (Vi) and the gas-line closing
mechanism (V2) for a set time just after the slave thermal

source unit (2B) is deactivated during heating operation.

In a refrigerétion apparatus of c¢laim 6 according to
claim 3, 4 or 5 of the present invention, there is disposed in
each of the user units (3A, 3B) a user-side expansion mecha-
nism (33) which is located between the main liquid line (4L)
and the user-side heat exchanger (32). Further, there are pro-
vided: refrigerant-amount detecting means (82) for detecting
lack of a circulation amount of refrigerant; and refrigerant
recovering means (63) for recovering a refrigerant from the
slave thermal source unit (2B) in deactivation when the slave
thermal source unit (2B) is deactivated during heating opera-
tion and the refrigerant-amount detecting means (62) detects
the lack of a circulation amount of refrigerént, in such a
manner as to open the thermal-source-side expansion mechanism
(25) of the slave thermal source unit (2B) in deactivation and
the li&uid—liﬁe closing mechanism.(Vl) and throttle the user--
side'expansion mechanism (33) so aé to reduce awgressure of a
liquid refrigerant to a saturation pressure according to an

open-air temperature. —_—
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As shown in FIG.2, a refrigeration apparatus of claim 7

of the present invention comprises: a master thermal source
unit (2A) having a compressor (21), a thermal-source-side heat
exchanger (24) connected at an end thereof to the discharge
side and the inlet side of the compressor (21) so as.to be
switchable between the two sides of the compressor (21) and at
the other end to a liquid line (5LA), and a thermal-source-
side expansion mechanism (25) which is dispdsed on the liquid
line (S5LA) and capable of regulating an opening thereof, in
which a gas line (5GA) is connected to the discharge side and
the inlet side of the compressor (21) so.as to be switchable
between the two sides of the compressor (21); a slave thermal
source unit (2B) having a compressor (21), a thermal-source-
side heat exchanger (24) connected at an end thereof to the
discharge side and the inlet side of the compressor (21) so as
to be switchable between the two sides of the compressor (21)
and at the other end to a liquid line (5LB), and a thermal-
source-side expansion mechanism (25) which is disposed on the
liquid l1line (SLB) and capable of regulating an opening there-
of, in which a gas line (5GB) is connected to the discharge
side and the inlet side of the compressor (21) so as to be
switchable between the two sides of the compressor (21); a
connecting circuit part (il) for connécting outer ends of the
liquid lines (5LA, 5LB) and outer ends of the gas.lines-(SGA,
5GB) to a main liquid line (4L) and a main gas line (4G)

9
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respectively so that the thermal source units (2A, 2B) are

arranged in parallel with each other; and a plurality of user
units (3A, 3B) which each have a user-side heat exchanger (32)
and which are connected to the main liquid line (4L) and the
main gas line (4G) so as to be arranged in parallel with one
another.

Further, at a connecting part located between the liquid
lines (5LA, S5LB) and the main liquid line (4L), a receiver
(12) which connects éach of the liquid lines (5LA, 5LB) to the
main liquid line.(4L) is disposed. In addition, on the gas
line (5GB) extending toward the slave thermal source unit
(2B), there is provided a gas-line closing mechanism (V2)
which is fully closed when the slave thermal source unit (2B)
is deactivated during heating operation. Furthermore, there is
provided fuil—closure control means (6) for controlling the
thermal-source-side expansion mechanism (25) of thé slave
thermal source unit (2B) in deactivation to be fully closed.

when the slave thermal source unit (2B) is deactivated during

refrigerating operation.

In a refrigeration apparatus of claim 8 according to
claim 7 of the present invention, a bypass line (29) which
"bypasses the compressor (21) of the slave thérmal source unit

(2B) is connected to the discharge and inlet sides of the
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compressor (21), and a bypass closing mechanism (V3) is pro-

vided on the bypass line (29). Further, there is disposed
refrigerant ejecting'means (61) for ejecting a liquid refrig-
erant remaining in the slave thermal source unit (2B) in such
a manner as to open the bypass closing mechanism (V3) and the
thermal-source-side expansion mechanism (25) each included in
the slave thermal source unit (2B) in deactivation, and the
gas closing mechanism (V2) for a set time just after the

slave thermal source unit (2B) is deactivated during heating

operation.

In a refrigeration apparatus of claim 9 aécording to
claim 7 or 8 of the present invention, there is provided in
each of the user units (3A, 3B) a user-side expansion mecha-
nism (33) located between the main liquid line (4L) and the
user-side heat exchanger (32). Further, the refriggration
apparatus has refrigerant—amoﬁnt detecting means (62) for
detecting lack-of a circulation amount of refrigerant, and
refrigerant recovering means (83) for recovering a refrigerant
from the slave thermal source unit (2B) in deactivation when
the slave thermal source unit (2B) is deactivated during
heating operation and the refrigerant-amount detecting means
(862) detects the lack of a circulétion amount of refrigerant,
in such a manner as to open the thermal-source-side expansion
mechanism (25) - of the slave thermal source unit (2B) in

11
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deactivation and throttle the user-side expansion mechanism
(33) so as to reduce a pressure of the liquid refrigerant to a

saturation pressure according to an open-air temperature.

As shown in FIG.7, in a refrigeration apparatus of claim
10 according to claim 3, 4 or 7, a refrigerant recovering line
(8) through which a refrigerant flows from the slave thermal
source unit (2B) to the master thermal source unit (2A) is
disposed between a éas-refrigerant pipe (26) extending from
the thermal-source-side heat exchanger (24) of the master
thermal source unit (2A) and the gas line (5GB) extending from

the slave thermal source unit (2B).

As shown in FIG.9, a refrigeration apparatus of claim 11
of the present invention has a connecting circuit part (11)
for connecting each of outer ends of liquid lines (5LA, 5LB)
df master and siave thermal source units (2A, 2B) to a main
liquid line (4L) and connecting an outer end of the gas line
(5GA) of the master thermal source unit (2A) to a main gas
line (4G), instead of the connecting circuit part (11) and the
gas closing mechanism (V2) of claim 3. Further, in the refrig-
eration apparatus, there is disposed a branch line (5a) which
ié connected at an end thereof to a gas-refrigerant pipe (286)

extending from the thermal-source-side heat exchanger (24) of

12
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the master thermal source unit (2A). In addition, in the

connecting circuit part (11), there is disposed a constant-
~pressure circuit (9): which has a normally high-pressure
passage (91) held normally in a state of high pressure and a
normally low-pressure passage (92) held normally in a state of
low pressure; and in which the normally high-pressure passage
(91) and the normally low-pressure passage (92) are each
connected to the main gas line (4G) and the branch line (5a).
In the constant-pressure circuit (9), the gas line (5GB) of
the slave thermal source unit (2B) is connected to the normal-
ly high-pressure passage (91) in order that a refrigerant
flows from the gas line (5GB) toward the normally high-pres-
sure passage (91), and the gas line (5GB) of the slave thermal
source unit (2B) is connected to the normally low-pressure
passage (92) in order that a refrigerant flows from the nor-

mally low—pressure passage (82) toward the gas line (5GR).

In a refrigeration apparatus of claim 12 according to
claim 11 of the presenf invention, a receiver (12) for con-
necting each of the liquid lines (5LA, 5LB) to the main liquid
line (4L) is disposed at a connecting part between the liquid

lines (5LA, 5LB) and the main liquid line (4L).

As shown in FIG.10, in a refrigeration apparatus of claim
13 of the present invention, there are provided a connecting

13



circuit part (11), a branch line (5a) and a constant-pressure
circuit (9) as are in claim 11, instead of the connecting
circuit part (11) and the gas-line closing mechanism (V2) of

claim 7.

In a refrigeration apparatus of claim 14 accbrding to any
of claims 11-13 of the present invention, a refrigerant recov-
ering passage (8a) through which a refrigerant flows from the
gas line (5GB) of thé slave thermal source unit (2B) toward
the normally lo%—pressure passage (92) of the constant-
pressure circuit (9) is connectéd between the normally low-

pressure passage (92) and the gas line (5GB).

As shown in FIG.11, in a refrigeration apparatus of claim
15 according to any of claimé 1-4, 7 and 11-13 of the present
invention, there is provided a connecting gas line (10) which
is connected at respective ends thereof to the respective gas-
refrigefant pripes (26) of the thermal-source-side heat ex-
changers (24) of the thermal source units (2A, 2B) and which
has a closing mechanism (V19) for preventing a refrigerant
from flowing, when at least one thermal source unit (2B) 1is
deactivated during cooling operation, into the thermal source

unit (2B) in deactivation.
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In a refrigeration apparatus of claim 16 according to any

of claims 1-15 of the present invention, the connecting cir-

cuit part (11) is formed in a single unit.

- QOperation -

Under the above constructions, in the refrigeration appa-
ratus of claim 1: high-pressure gas refrigerants discharged
from the compressors.(zl) of the thermal source units (2A, 2B)
are first condensed at.the thermal-source-side heat exchangers
(24) to turn liquid refrigerants. The two flows of the liquid.
refrigerants meet at the main liquid line (4L) of the connect-
ing circuit part (11). In particular, in case of the refriger-
ation apparatus of claim 2, the liquid refrigerants meet at
the receiver (12). Then, in each of the user units (3A, 3B),

-the 1liquid reffigerant is reduced in pressure at the user-
side expansion mechanism (33) and evaporated at the user-side
heat exchanger (32) to turn a gas refrigerant having low
pressure. The gas refrigerant is distributed at the connecting
circuit part (11) to the gas lines (5GA, 5GB) and then re-
turned to the .compressors (21) of the thermal source units
(2A, 2B). A cooling oberation is made by repeating the above
circulating process.

Further, when at least one thermal source unit (2B) 1is
deactivated during cooling operation, the liquid~-line closing
mechanism (V1) is closed to prevent the liquid refrigerant

15
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from being stored in the thermal source unit (2B).

In the refrigeration apparatus of claims 3 and 7, at its
cooling operation, high-pressure gas refrigerants discharged
from the compressors (21) of the thermal source units (2A, 2B)
are first condensed at the thermal-source-side heat exchangers
(24) to turn liquid refrigerants. The two flows of the liquid
refrigeranté meet at the main liquid line (4L) of the connect-
ing circuit part (11). In particular, in cases of the réfrig—
eration apparatué of claims 4 and 7, the liquid refrigerants
meet at the receivér (12). Then, in each of the user units
(3A, 3B), the -liquid refrigerant is reduced in pressure at
the user-side expahsion meéchanism (33) or the like and evapo-
rated at the user-side heat exchanger (32) to turn a gas
refrigerant having low pressure. The gas refrigerant is dis-
tributed at the connecting circuit part (11) to the gas lines
(5GA, 5GB) and then returned to the compressors (21) of the
thermal source units (2A, 2B). The cooling operation is made
by repeating the above circulating process.

At a heating operation, high-pressure gas refrigefants
discharged from the compressors (21) of the thermai source
units (2A, 2B) flow into the connecting circuit part (11) énd
meet at the main gas line (4G). Then, the collected gas re-

frigerant flows into the user units (3A, 3B). The gas refrig-
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erant is condensed at each of the user-side heat exchangers

(32) to turn a liquid refrigerant. The liquid refrigerant
flows through the main liquid line (4L) and then is distribut-
ed at the connecting circuit part (11) to the liquid lines
(5LA, 5LB) running to the thermal source units (2A, 2B). In
particular, in cases of the refrigeration apparatus of claims
4 and 7, the refrigerant is distributed at the receiver (12).
Then, in the thermal source units (2A, 2B), the distributed
liquid refrigerants are each reduced in pressure at the ther-
mal-source-side expansion mechanism (25) and evaporated at the
thermal-source-side heat exchanger (24) to turn a gas refrig-
erant having low pressure. Then, the gas refrigerants are
returned to the compressors (21) of the thermal source units
(2A, 2B). The heating operation is made by répeating the above
circulating process.

When the slave thermal source unit (2B) is deactivated
during heating operation, the gas-line closing mechanism (V2)
is closed, so that the liquid refrigerant is prevented from
being stored in the slave thermal source unit (2B) in deacti-
vation and a circulation amount of refrigerant is prevented
from being lacked between the master thermal source unit (2A)
and the user units (3A, 3B).

Further, when the slave thermal source.unit (2B) 1is
deactivated during cooling operation and heating operation,
the liquid—iine clésing mechanism (V1) in case of claim 3 or

17
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the thermal-source-side expansion mechanism (25) in case of

claim 7 is closed, so that the liquid refrigerant is prevented
from being stored in the slave thermal source unit (2B) in
deactivation and a circulation amount of refrigerant is pre-
vented from being lacked between the master thermal éource

unit (2A) and the user units (3A, 3B).

In the refrigeration apparatus of claim 5, just after the
slave thermal source.unit'(ZB) is deactivated during heating
operation, the refrigerant ejecting means (81) opens the
bypass closing mechanism (V3), the thermal-source-side expan-
sion mechanism (25) of the slave thermal source unit (2B), the
liquid-line closing mechanism (V1) and the gas-line closing
mechanism (V2) for a set time. In the refrigeration apparatus
of claim 8, just after the slave thermal source unit (2B) is
deactivated during heating operation, the refrigerant ejecting
means (61) opens the bypass closing mechanism (V3), the ther-
mal-source-side expansion mechanism (25) of the slave thermal
source unit (2B) and the gas-line closing mechanism (V2) for a
set time. Consequently, the high-pressure gas refrigerant in
the master thermal source unit (2A) flows into the liquid line
(SLB)'via-the gas line (5GB) of the slave thermal source unit
(2B), so that the liquid refrigerant remaining in the slave

thermal source unit in deactivation is e€jected into the main
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liquid line (4L) or the like, thus preventing lack of a circu-

_lating amount of refrigerant.

In detail, when the refrigefant flows through the main
gas line (4G) or the like, the pressure of the refrigerant is
reduced due to a pressure loss. In the user units (3A, 3B)
under heating operation, the difference between the pressure
losses of the user units.(aA. 3B) resulting from the differ-
ence between the piping lengths thereof is compensated. For
example, the difference between the pressure losses is compen-
sated by a motor-operated expansion valve as the user-side
expansion mechanism (33). As a result of this, the pressure of
the refrigerant in the main liquid line (4L) becomes lower
than the pressure of the refrigerant which is discharged from
the compressor (21), so that the liquid refrigerant remaining
in the slave thermal source unit (2B) is ejected into the main

liguid line (4L) or the like.

In the refrigeration apparatus of claim 8, when the slave
thermal source unit (2B) is deactivated during heating opera-
tion and the refrigerant-amount detecting means (82) detects
lack of a circulating amount of refrigerant, the refrigerant
recovering means (63) opeﬁs the thermal-source-side expansion
mechanism (25) and the liquid-line closing mechanism (V1) and
lthrottles the user-side expansion mecganism (33), thereby
reducing the pressure of the liquid reffiéerant to a satura-

18
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tion pressure according to an open-air temperature. In the

refrigerating apparatus of claim 9,.when the slave thermal
source unit (2B) is deactivated during heating operation and
the refrigerant-amount detecting means (62) detects lack of a
circulating amount of refrigerant, the refrigerant recovering
means (63) opens the thermal-source-side expansion mechanism
(25) and throttles the user-side expansion mechanism (33),
thereby reducing the pressure of the liquid refrigerant to a
saturation pressure according to an open-air temperature.
Consequently, the liquid refrigerant remaining in the slave
thermal source unit (2B) in deactivation is evaporated so that

the evaporated refrigerant is returned to the master thermal

source unit (2A).

In the refrigeration apparatus of claim 10, when the
slave thermal source unit (2B) is deactivated during heating
operation, the refrigerant recovering line (8) establishes
communications between the gas line (5GB) connecting to the
slave thermal source unit (2B) and a low-pressure gas side of
the master thermal source unit (2A), so that the refrigerant
remaining in the slave thermal source unit (2B) in deactiva-

tion is returned to the master thermal source unit (2A).

In the refrigeration apparatus of claims 11 and 13, a gas

20



[
eet Has Been Replaced

T

refrigerant flowing into the slave thermal source unit (2B)

and a gas refrigerant discharged from the slave thermal source
unit (2B) flow through the normally high-pressure passage (91)
and the normally low-pressure passage (92) each forming the
constant—pressﬁre circuit (9) when flowing between the gas
line (5GB) and the main gas line (4G). Accordingly, as in the
cases of claims 3 and 7, the liquid refrigerant is prevented
from being stored in the slave thermal source unit (2B) with-

out the gas-line closing mechanism (V2).

Further, in the refrigeration apparatus of claims 12 and

13, the receiver (12) collects and distributes the liquid re-

frigerant.

In the refrigeration apparatus of claim 14, when the
slave thermal-source unit (2B) is deactivated during heating
operation, the refrigerant recovering passage (8a) normally
establishes communications between the gas line (5GB) connect-
ing to the slave thermal source unit (2B) and a low-pressure
gas sidé of the master thermal source unit (2A) through the
constant-pressure circuit (9), so that the refrigerant remain-
ing in the slave thermal source unit (2B) in deactivation is

returned to the master thermal source unit (2A).

In the refrigeration apparatus of claim 15, the gas-
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refrigerant pipes (26) of the thermal-source side heat ex-

changers (24) of the thermal source units (2A, 2B) are commu-
nicated with each other through the connecting gas line (10).
Accordingly, circulation amounts of refrigerants which flow
through the respective thermal-source-side heat exchangers
(24) are approximately equal to each other, thereby increasing
a coefficient of performance (COP) of the refrigeration appa-

ratus.

-~ Effects -

According to the refrigeration apparatus of claim 1,
since the liquid line (5LB) of at least one thermal source
unif (2B) is provided with the liquid-line closing mechanism
(V1) which is fully closed when the therﬁal source unit (2B)
is 'deactivated during cooling operation, a liquid refrigerant

is prevented from being stored in the thermal source unit (2B)
in deactivation. This prevents lack of a circulation amount of
refrigerant betwéen another thermal source unit (2A) and user
units (3A, 3B).

As a result of this, a plurality of thermal source units
(2A, 2B) can be combined. Further, since a plurality of ther-
mal source units (2A, 2B) having different capacities from one
another can be produced and combined, this enables a few kinds

of thermal source units (2A, 2B) to cope with many kinds of
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loads.

According fo the refrigeration apparatus of claim 2,
since ﬁrovision of a single receiver (12) can dispense with
respective receivers of the thermal source units (2A,_2B),
this reduces the numbér of elements. Further, since distribu-
tion of a liquid refrigerant is securely carried out, an
unbalanced flow of refrigerant can be securely prevented even

when a flash of gas flows into the main liquid line (4L) or

the like.

According to the refrigeration apparatus of claim 3, the
gas-line closing mechanism (V2) and the liquid-line closing
mechanism (V1) are disposed on the gas line (5GB) and the
liquid line (5LB) which connect to the slave thermal source
unit (2B) respectively, the liquid-line closing mechanism (V1)
is closed when the slave thermal source unit (2B) is deacti-
vated during cooling operation and heating operation, and the
gas-line closing mechanism (V2) is closed when the slave
thermal source unit (2B) is deactivated during heating opera-
tion. Accordingly; a8 liquid refrigerant can be prevented from
being stored in the slave thermal source unit (2B) in deacti-
vation, for example, the liquid refrigerant can be prevented
from being stored in a receiver ér the like. In detail,
because the pressure of the liquid refrigerant at the opera-
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tion time is higher than a saturation pressur'“éccording to an

open-air temperature, the liquid refrigerant may be stored in
the receiver and the like. In this refrigeration apparatus,
the storage of the liquid refrigerant can be prévented.

Further, according to this reffigeration apparatus, lack
of a circulation amouht of refrigerant between the master
thermal source unit.(ZA) and the user units (3A, 3B) can be
prevented, and it is prevented that the liquid refrigerant
remaining in the slave thermal source unit (2B) is compressed
by the compresso£ (21) at a reactivation of the slave thermal
source unit (2B).

As a result of this, a plurality of thermal source units
(2A, 2B) can be combined. In addition, since a pluralify of
thermal source units (2A, 2B) having different capacities from
one another can be produced and combined, this enables a few

kinds of thermal source units (2A, 2B) to cope with many kinds

of loads.

According to the refrigeration apparatus of claims 4 and
7, since provision of a single receiver (12) can dispense with
respective receivers of the thermal source units (2A, 2B),
this reduces the number of élements. Further, since distribu-
tion of a liquid refrigerant is securely carried out, an

unbalanced flow of refrigerant can be securely prevented even
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when a flash of gas flows into the main liquid line (4L) or

the like.

According to the refrigeration apparatus of claims 5 and
8, Jjust after the slave thermal source unit (2B) is deactivat-
ed during heating operation, the refrigerant ejecting means
(81) operates so that a high-pressure gas refrigerant flows
from the master thermal source unit (2A) into the liquid line
(5LB) via the gas line (5GB) and the slave thermal source unit
(2B). Accordingly, the liquid refrigerant remaining in the
slave thermal source unit (2B) in deactivation is ejected into
the main liquid line (41) or the like, thereby securely pre-

venting lack of a circulation amount of refrigerant.

According to the refrigeration apparatus of claims 6 énd
9, when the refrigerant-amount detecting means (82) detects
lack of a circulation amount of refrigerant, the refrigerant
recovering means (63) throttles the ﬁser—side expansion mecha-
nism (33) to reduce a pressure of a liquid refrigerant to a
séturation pressure agcording to an open-air temperature. As a
result of this, the liquid refrigerant remaining in the slave
thermal source unit (2B) in deactivatién is evaporated and
returned to the master thermal source.unit (2A) . Accordingly,
the lack of a circulation amount of refrigerant can be secure;

ly prevented at any time.
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According to the refrigeration apparatus of claim 7,
since the thermal-source-side expansion mechanism (25) is
fully closed when'the slave thermal source unit (2B) is deac-
tivated during cooling operation and heating operation,.sfor—
age of a liquid refrigerant into the slave thermal source unit
(2B) can be prevented as in the case of claim 3. Further,
since a liquid-line closing mechanism (V1) can be dispensed

with, the number of elements can be reduced.

According to the refrigeration apparatus of claim 10,
when the slave thermal source unit (2B) is deactivated during
heéting operation, the refrigerant recovering line (8) estab-
lishes communications between the gas line (5GB) connecting to
the slave thermal source unit (2B) and a 1or;pressure gas side
of the master thermal source unit (2A). Accordingly, a refrig-
erant remaining in the slave thermal source unit (2B) in
deactivation can be returned to the master thermal source unit
(2A). In addition, since the refrigerant ejecting means (Glf
and the refrigerant recovering means {863) can be dispensed

with, the construction of the refrigeration apparatus can be

simplified.

According to each of the refrigeration apparatus of
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claims 11 to 13, since there is provided the constant-pressure

circuit (é) through which gas refrigerants flowing into and
from fhe slave thermal source unit (2B) pass, the high-
pressure gas refrigerant does not floﬁ into the slave thermal
source unit (2B) when the slave thermal source unit (2B) is
deactivated during refrigerating operation; Acéordingly,
storage of a liquid refrigerant into the slave thermal source
unit (2B) can be prevented. In addition, since the gas-line
closing mechanism (V2) can be dispensed with, the construction

of the refrigeration apparatus can be simplified.

According to the refrigeration apparatus of claim 14,
when the slave thermal source unit (2B)lis deactivated during
heating operation, the constant-pressure circuit (9) and the
refrigerant recovering passage (8a) establishes communications
between the gas line (5GB) connecting to the slave thermal
source unit (2B) and a low-pressure gas side of the master:
thermal source unit (2A). Accordingly, a refrigérant remaining
in the slave thermal source unit (2B) in deactivation can be
returned to the master thermal source unit (2A). In addition,
" since the refrigerant ejecting means (61) and the refrigerant
recovering means (63) can be dispensed with, the constrﬁction

of the refrigeration apparatus can be simplified.

According to the refrigeration apparatus of claim 15,
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since the gas-refrigerant pipes (26) of the thermal-source-

side heat exchangers (24) of the thermal source units (2A, 2B)
are communicated with each other, circulation amounts of
refrigerants which flow through the respective thermal-source-
side heat exchangers (24) can be approximately equal to each
other, thereby increasing a coefficient of performance (COP)
of the refrigeration apparatus. In addition, between the
thermal source units (2A, 2B), a high-pressure sensor for
detectiné a high préséure at a cooling operation and a low-
pressure sensor for detecting a low pressure at a heating
operation can be shared. This reduces the number of elements.
Further, when the slave thermal source unit (2B) is
deactivated during heating operation, a refrigerant remaining
in the slave thermal source unit (2B) in deactivation can be

securely returned to the master thermal source unit (2A).

According to the refrigeration apparatus of claim 18,
since the connecting circuit part.(ll) between the thermal
source units (2A, 2B) and the user units (3A, 3B) is unitized,
an angle of tilt of piping required for backing o0il can be se-
cured and a part of piping to be horizontally arranged can be
held in a horizontal position. This enables high-reliable air
conditioning. In additioh, since the number of pipes can be

reduced when a plurality of thermal source units (2A, 2B) are
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installed, this reduces the number of steps at a pipe arrange-

ment, thereby simplifying the pipe arrangement.

[Brief Description of Drawings]

FIG.1 is a refrigerant circuit diagram of an air
tioner showing Example 1 of a refrigeration apparatus
present invention.

FIG.2 is a refrigerant circuit diagram of an air
tioner showing Example 2 of a refrigeration apparatus
present invention.

FIG.3 is a refrigerant circuit diagram of an air
tioner showing a modification of the Example 2.

FIG.4 is a refrigerant circuit diagram of an air

tioner showing another modification of the Example 2.

condi-

of the

condi-

of the

condi-

condi-

FIG.5 is a sectional view showing that an external-equal-

izing-type reversible valve is opened.

FIG.6 is a sectional view showing that the extermnal-

equalizing-type reversible valve is closed.

FIG.7 is a refrigerant circuit diagram of an air
tioner showing Example 3 of a refrigeration apparatus
present invention.

FIG.8 is a refrigerant circuit diagram of an air
tioner showing a modification of the Example 3.

FIG.9 i1s a refrigerant circuit diagram of an air
tioner showing-Example 4 of'a refrigeration apparatus

29

condi-

of the

condi-

condi-

of the



R

T

present invention.

FIG.10 is a refrigerant circuit diagram of an air condi-
tioner showing a modification of the Example 4.

FIG.11 is a refrigerant circuit diagram of an air condi-
tioner showing Example 5 of a refrigeration apparatus of.the
pPresent invention.

FIG.12 is a refrigerant circuit diagram of an air condi-

tioner showing a modification of the Example 5.

[Best Mode for Carrying Out the Inventions]

Detailed description is made below about examples of the
present invention, with reference to the drawings.

- Example 1 -

FIG.1 shows an example of a refrigeration apparatus
according to claims 3 to 6 of the present invention. Reference
numeral (1) indicates an air conditioner as a refrigeration
apparatus. In the air conditioner (1), two outdoor units (2A,
2B) are connecfed to a main liquid line (4L) and a main gas
line (4G) so as to be arranged in parallel with each other,
and two indoor units (3A, 3B) are connected to the main liquid
line (4L) and the main gas line (4G) so as to be arranged in
parallel with each other.

Each of the outdoor units (2A, 2B) serves as a thermal

source unit having a compressor (21), a four-way selector
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valve (22), an outdoor heat exchanger (24) as a

thermal-source-side heat exchanger which is in the proximity
of an outdoor fan (23), and an outdoor motor-operated expan-
sion valve (25) as a thermal—source—side expansion mechanism.
An end of the outdoor heat exchanger (24) in which gas flows
is connécted to a gas-refrigerant pipe (26) and another end
thereof in which liquid flows is connected to a liquid line
(SLA, 5LB).

The gas-refrigerant pipe (28) is connected to a discharge
side and an inlet side of the compressor (21) via the four-way
valve (22) which switchably selects the discharge and inlet
sides of the compressor (21). The liquid line (S5LA, S5LB)
extending from the outdoor heat exchanger (24) is connected to
the main liquid line (4L) via the outdoor motor-operated
expansion valve (25) and a receiver (27) for storing a liquid
refrigerant in order.

Further, the compressor (21) is connected to a gas line
(5GA, 5GB) via the refrigerant pipe (26). The gas line (5GA,
5GB) 1is connected to the discharge side and the inlet side of
the compressor (21) via the four-way valve (22) which switcha-
bly selects the discharge and inlet sides of the coﬁpressor
(21), and also connected to the main gas line (4G). An accumu-
lator (28) 1is provided between the inlet side of the compres-
sor (21) and the four-way valve (22) in thé middle of the gas-
refrigerant pipe (28).
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Each of the indoor units (3A, 3B) serves as a user unit

having an indoor heat exchanger (32) as a_user-side heat ex-
changer which is in the proximity of an indoor fan (31), and
an indoor motor-operated exﬁansion valve (33) as a user-side
expansion mechanism. The indoor heat exchanger (32) is con-
nected to the main liquid line (4L) via an indoor liquid pipe
(34) and connected to the main gas line (4G) via an indoor gas
pipe (35). The indoor motor-operated expansion valve (33) is
disposed in the indoor liquid pipe (34).

The two outdéor units (2A, 2B) is one of features of the
present invention, and so composed that a single master out-
door unit (2A) and a single slave outdoor unit (2B) are con-
nected in parallel with each other. The capacity of each
outdoor unit (2A, 2B) is set according to an indoor load,
i.e., the number of indoor unifs (3A, 3B). The compressor (21)
of the master outdoor unit (2A) is composed so that the capac-
ity theréof is set in muiti—steps by an inverter circuit,
while the cbmpressor (21) of the slave outdoor unit (2B) is
composed so that the capacity thereof is set switchably among
100%, 50% and 0% by unloading control.

Furthermore, various kinds of.sensors are disposed in the
master outdoor unit (2A) and the indoor units (3A, 3B).

In the master outdoor unit (2A), a discharge-gas tempera-

ture sensor (Thl) for detecting a temperature of a gas refrig-
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erant discharged from the compressor (21) is disposed at a

part of the gas-refrigerant pipe (28) which is located on the
discharge side of the compressor (21), an inlet-gas tempera-
turé'éensor (Th2) for detecting a temperature of a gas refrig-
erant to be sucked into the compressor (21) is dispésed at a
part of the refrigerant pipe (28) which is located on the
inlet side of the compressor (21), an outdoor-liquid tempera-
ture sensor (Th3) for detecting a temperature of a liquid
refrigerant on the outdoor heat exchanger's (24) side is
disposed on the liquid line (5LA), and an open-air temperature
sensor (Th4) for detecting a temperature of open air is dis-
posed in the vicinity of the outdoor heat exchanger (24).
Further, a high-pressure sensof (HPS) for detecting a pressure
of a gas refrigerant discharged from the compressor (21) is
disposed at a portion of the gas-refrigerant pipe {26) which
is located on the discharge side of the compressor (21), and a
low-pressure sensor (LPS) for detecting a pressure of a gas
refrigerant to be sucked into the compressor (21) is disposed
at a portion of-the gas-refrigerant pipé (26) which is located
on the inlet side of the compressor (21).

In éach of the indoor units (3A, 3B), an indoor-liquid
temperature sensor (Th5) for detecting a temperature of a
liquid refrigerant on the indoor heat exchanger's (32) side is
disposed in the indoor liquid pipe (34), an indoor-gas temper-
ature sensor (Th6) for detecting a temperature of a gas re-
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frigerant on the indoor heat exchanger's (32) side is disposed
in the indoor gas pipe (35), and a room temperature sensor
(Th7) for detecting a room temperature is disposed in the
vicinity of the indoor fan (31).

Detection signals from the above sensors (Thl-Th7, HPS,
LPS) are inputted into a controller (é), and based on the
detection signals, the controller (6) controls openings of the
motor-operated exbansion valve (25, 33) and the capacity of

the compressor (21) and the like.

The air conditioner (1) has a piping unit (11) as a
connecting circuit part. The piping unit (11) is one of fea-
tures of the present invention, and connects the liquid lines
(5LA, 5LB) and the gas lines (5GA, 5GB) on the indoor unit's
(2A, 2B) side to the main liquid line (4L) and the main gas
line (4G), respectively.

In detail, each of the liquid lines (SLA, SLB) is com-
posed of a liquid pipe (51, 52) extending outward from the
outdoor unit (2A, 2B) and a liquid passage'(53, 54) connecting
to an outer end of the liquid pipe (51, 52). The liquid pipe
(51, 52) is connected at an inner end thereof to the outdoor
héat exchanger (24). The outdoor motor—operated expansion

valve (25) and the receiver (27) are disposed in the liquid

pipe (51, 52).
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Each of the gas lines (5GA, 5GB) is composed of a gas

pipe (55, 56) extending 6utward from the outdoor unit (2A, 2B)
and a gas passage (57, 58) connecting to an outer end of the
gas pipe (55, 568). The gas pipe (55, 56) is connected to the
compressor (21) via the four-way selector valve (22).

The main liquid line (4L) is composed of a main liquid
pipe (41) extending on thé indoor unit's (3A, 3B) side, and a
main liquid passage (42) connecting to an end of the main
liquid pipe (41) and the ligquid ﬁassages {53, 54) on the
outdoor unit's (2A, 2B) side. The main liquid pipe (41l) is
connected at the other end thereof to the indoor liquid pipes
(34) of the indoor units (3A, 3B).

Each of the main gas lines (4G) is composed of a main gas
pipe (43) extending on the indoor unit's (3A, 3B) side, and a
main gas passage (44) éonnecting to an end of the main gas
pipe (43) and the gas passages'(57, 58) on the outdoor unit's
- (2A, 2B) side._The main gés pipe (43) is connected at the
other end thereof to the-indoor gas pipes (35) of the indoor
units (3A, 3B).

The piping unit (11) is so composed that the liquid pas-
sages (53, 54) of the liquid lines (5LA, 5LB) on the outdoor
unit's (2A, 2B) side, the main liquid passage (42) of the main
liquid line (4L), the gés passages (57, 58) of the gas lines
(5GA, 5GB) on the outdoor unit's (2A, 2B) side, and the main
'gas passage (44) of the main gas line (4G) are integrally
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Further, as a feature of the present invention, the
piping unit (11) has a liquid stop valve (V1) and a gas stop
valve (V2) which are integrally unitized. The gas stop valve
(V2) is disposed in the gas passage (58) of the gas line (5GB)
on the slave outdoor unit's (2B) side, and serves as a gas-
line closing mechanism for opening and closing the gas passage
(58). The gas stop valve (V2) is disposed in the proximity of
a connecting part between the gas passage (58) on the slave
outdoor unit's (2B) side and the main gas passage (44) of the
main gas line (4G), and composed so as to be fully closed
based on a control signal from the controller (6) when the
slave outdoor.unit (2B) is deactivated during heating opera-
tion.

The liquid stop valve (V1) is disposed in the liquid
passage (54) of the liquid line (5LB) on the slave outdoor
unit's (2B) side, and serves as a liquid-line closing mecha-
nism for opening and closing the liquid passage (54). The
liquid stop valve (V1) is disposed in the proximity of a
connecting part between the liquid paésage (54) on the slave
outdoor unit's (2B) side énd the main liquid passage (42) of
the main liquid line (4L),‘and composed so as to be fully

closed based on a control signal from the controller (6) when
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the slave outdoor unit (2B) is deactivated during cooling

operation and heating operation.

As a featﬁre of the present invention, the slave outdoor
unit (2B) has a bypass line (29) which is connected to the
discharge and inlet sides of the compressor (21) so as to
bypass the compressor (21). On the bypass line (29), there 1is
provided a bidirectional bypass stop valve (V3) for opening
and closing the bypass line (29). The bypass stop valve (V3)
serves as a bypass closing mechanism. In the controller (8),
there is provided a refrigerant ejecting means (61), which
opens, for a set time, e.g., for a few minuteé, the bypass
stop valve (V3), the outdoor motor-operated expansion valve
(25), the liquid stop valve (V1) and the gas stop valve (V2)
just after the slave outdoor unit (2B) is deactivated during
heating operation, thereby ejecting a liquid refrigerant in
the slave outdoor unit (2B) toward the master outdoor unit
(24).

Further, as a feature of the present invention, the
controller (6) has a refrigerant;amount detecting means (62)
and a refrigerant recovering means (63). The refrigerant-
amount detecting means (82) is composed so as to detect lack
of a éirculation amount of refrigerant, when the air condi-
tioner (1) is in a heating operation and the slave outdoor
unit (2B) is deactivated, in case that the outdoor motor-
operated expansion wvalve (25) of the master outdoor unit (2A)
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is fully opened and that a superheating degree of a refriger-
ant of the outdoor heat exchaﬁger (24) according to the detec-
tion signals of the outdoor-liquid temperature sensor (Th3)
and the inlet-gas temperature sensor (Th2) excesses a set
temperature. |

The refrigerant recovering means (63) is composed, in
case that the refrigerant-amount detecting means (62) detects
lack of a circulation amount of refrigerant when the slave
outdoor unit (2B) is deactivated dufing heating opefation, SO
as to open the liquid stop valve (V1) for a set time and
throttle the indoor motor-operated expansion valve (33) for a
set time, thereby reducing a pressure of a liquid refrigerant
to a saturation pressure according to an open-air temperature.
Thus, the liquid refrigerant in the slave outdoor unit (2B) in
deactivation is evaporated and retufned to the master outdoor
unit (2A). In this case, the refrigerant recovering means (63)
is composed, if the outdoor motor-operated expansion valve
(25) of the slave outdoor unit (2B) in deactivation is not

opened, so as to open the outdoor motor-operated expénsion

valve (25) for a set time.

- Operation of Example 1 -

Description is made next about operations for controlling

the air conditioner (1).
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At a cooling operation, the four-way selector valve (22)

is switched as shown in dash lines in FIG.1. The resﬁective
high~pressure gas fefrigerants discharged from the compressors
(21) of both the outdoor units (2A, 2B) are first condensed
at the outdoor heat exchangers (24) to turn liquid refriger-
ants. The two flows of the liquid refrigerants meet at the
main liquid passage (42) of the piping unit (11). Then, the
collected liquid refrigerant flows into the indoor units (3A,
3B). In each of the indoor units (3A, 3B), the 1liquid refrig-
erant is reduced in pressure at the indoor motor-operated
expansion valve (33) and evaporated at the indoor heat ex-
changer (32) to turn a low-pressure gas refrigerant. The gas
refrigerant is distributed at the piping unit (11) to the gas
passages (57, 58) and then returnéd to the compressors (21) of
the outdoor units (2A, 2B). A cooling operation is made by
repeating the above circulating process.

At a heating operation, the four-way selector vélve (22)
is switched as shown in solid lineé in FIG.1. The respective
high-pressure gas refrigerants discharged from the compressors
(21) of both the outdoor units (2A, 2B) flow into the piping
unit (11) and meet at the main gas passage (44) of the piping
unit (11). Then, the collected gas refrigerant flows into the
indoor units (3A, 3B). The gas refrigerant is condensed at
each of the indoor heat exchangers (32) to turn a liquid re-
frigeraht. The liquid refrigerant flows through the main
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liquid passage (42) of the piping unit (11) and then is dis-

tributed at the piping unit (11) to the liquid passage (53,
54) runﬁing to the outdoor units (2A, 2B). In the outdoor
units (2A, 2B), the distributed liquid refrigerants are each
reduced in pressure at the outdoor motor-operated expansion
valve (25) and evaporated at the outdoor heat exchanger (24)
to turn a low-pressure gas refrigeraﬁt. Then, the gas refrig-
eraﬁts are returned to the compressors (21) of the outdoor
units (2A, 2B). The héating operation is made by repeating the

above circulating process.

In the above.cooling and heating operations, the control-
ler (8) controls openings of respective indoor motor-operated
expansion valves (33) and openings of respective outdoor
motor-operated expansion valves (25) and controls the capaci-
ties of the compressors (21) of respective outdoor units (24,
2B) in accordance with an indoor load. In detail, the control-
ler (6) controls the capacity of the compressor (21) of the
slave outdoor unit (2B) so as to be switched amonglloo%, 50%
and 0%, and controls the capacity of the compressor (21) of
the master outdoor unit (2A) so as to be changed approximately
in a linear proporﬁion to an indoor load by the inverter
circuit. When the load of the indoor-.units (3A, 3B) is de-

creased so as to be responded by the capacity of the master
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outdoor unit (2A), the controller (86) deactivates the slave

outdoor unit (2B).

Further, when the slave outdoor unit (2B) is deactivated
during cooling operation and heating operation, the controller
(6) closes the liquid stop valve (Vl)'thereby pPreventing
storage of the liquid refrigerant into the receiver (27) and
the like. In detail, because the pressure of the liquid re-
friéerant at the operation time is higher than a saturation
pressure according to an open-air temperature, the liquid
refrigerant may be stored in the receiver (27). The controller
(6) prevents the storage of the liquid refrigerant.

In addition, when the slave outdoor unit (2B) is deacti-
vated during heating operation, the controller (6) closes the
gas stop valve (V2), thereby preventing storage of the ligquid
refrigerant into the slave outdoor unit (2B) in deactivation
and preventing lack of a circulation amount of refrigerant
between the master outdoor unit (2A) and the indoor units (3A,
3B).

Just after the slave outdoor unit (2B) is deactivated
during heating operation, the refrigerant ejecting means (61)
opens the bypass stop valve (V3), the outdoor motor-operated
expansion valve (25) of the slare outdoor unit (2B), the
liquid stop valve (V1) and the gas stop valve (V2) for a set
time, e.g., for a few minutes. As a resuit of this, the high-
pressure gas refrigerant flows from the master outdoor unit
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(2A) into the liquid line (5LB) via the gas line (5GB) of the

slave outdoor unit (2B), sco that the liquid refrigerant in the
slave outdoor unit (2B) in deactivation is ejected into the
main liquid line (41) or the like. Accordingly, lack of the a
circulation amount of refrigerant is prevented.

In detail, when the refrigerant flows through the main
gas line (4G) or the like, the pressure of the refrigerant is
reduced due to a pressure loss. In the indoor units (3A, 3B)
at a heating operation, the difference between the pressure
losses of the indoor units (3A, 3B) resulting from the differ-
ence between the piping lengths thereof is compensated by the
indoor motor-operated expansion valve (33). As a result of
this, the pressure of the refrigerant in the main liquid line
(4L) becomes lower than the pressure of the fefrigerant dis-
charged from the compressor (21), so that the liquid refriger-

ant in the slave outdoor unit (2B) is ejected into the main
liquid line (4L) or the 1like.

When the air conditioner (1) is in heating operation and
while the slave outdoor unit (2B) is deactivated, the refrig-
‘erant-amount detecting means (62) detects whether a circula-
tion amount of refrigerant is lacking 6r not. In case that the
outdoor motor-operated expansion valve (25) of the master
outdoor unit (2A) is fully opened and that the superheating

degree of the refrigerant of the outdoor heat exchanger (24)
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according to the detection signals of the outdoor-liguid

temperature sensor (Th3) and the inlet—gas temperature sensor
(Th2) excesses a set temperature, the refrigerant-amount
detecting means (62) detects lack of a circulation amount of
refrigerant.

When the refrigerant-amount detecting means (82) detects
the lack of a circulating amount of refrigerant, the refriger-
ant recovering means (83) opens the liquid stop wvalve (V1) for
a set time and throttles the indoor motor-operated expansion
valve (33) for a set timé to reduce the pressure of liquid the
refrigerant to a saturation pressure according to an open-air
temperature, so that the liquid refrigerant in the slave
outdoor unit.(ZB) in deactivation is evaporated and thus the
evaporated refrigerant is returned to the master outdoor unit
(2A). In this case, if the outdoor motor-operated expansion
valve (25) of the slave outdoor unit (2B) in deactivation is
not opened, the refrigerant recovering means (63) opens the

outdoor motor-operated expansion valve (25) for a set time.

- Effects of Exgmple 1 -

According to this example, since the gas stob valve (V2)
is provided on the gas line (5GB) connecting to the slave
outdoor unit (2B), the gas stop valve (V2) can be closed when
the sléve outdoor unit (2B) is deactivated during heating
operation, thereby prevénting a liquid refrigerant from stor-
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ing in the slave outdoor unit (2B) in deactivation. This

prevents lack of a circulation amount of refrigerant between
the master outdoor unit (2A) and the indoor units (3A, 3B).

Further, éince the liquid stop valve (V1) is provided on
the liquid 1line (5LB) connecting to the slave outdoor unit
(2B), the liquid stop valve (V1) can be closed when the slave
outdoor unit (2B) is deactivated during cooling operation and
heating operation, thereby preventing a liquid refrigerant
from béing stored in the receiver (27) and the like.

As a result~of this, a plurality of outdoor units (2A,
2B) can be combined. In addition, since a plurality of outdoor
units (2A, 2B) having different capacities from each other can
be produced and combined, this enables a few kinds of outdoor
units (2A, 2B) to cope with a plurality of indoor units (3A,
3B). |

Just after the slave outdoor unit (2B) is deactivated
during heating operation, the refrigerant ejecting means (81)
operates so that the high-pressure gas refrigerant flows into
the liquid line (S5LB) through the slave outdoor unit (2B).
Accordingly, the liquid refrigerant in the slave outdoor unit
(2B) in deactivation is ejected into thé main liquid line (41)
or the like, thereby securely preventing lack of a circulation

amount of refrigerant.

When the refrigerant-amount detecting means (62) detects
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lack of a circulation amount of refrigerant, the refrigerant

recovering means (83) throttles the indoor motor-operated
expansion valve (33) to reduce ‘the pressure of the liquid
refrigerant to a saturation pressure according to an open-air
temperature. As a result of this, the liquid refrigerant in
the slave outdoor unit (2B) which is deactivated during heat-
ing operation is evaporated and returned to the master outdoor
unit (2A). Accordingly, lack of a circulation amount of re-
frigerant can be securely prevented at any time.

Further, since piping connections'between the outdoor
units (2A, 2B) and the indoor units (3A, 3B) are formed into
the single piping unit (11), an angle of tilt required for
backing 0il can be secured and a part of piping to be horizon-
tally arranged can be securely held in a horizontal position.
Accordingly, oil backing can be secured and a flash of-liquid
refrigefant can be prevented. This enables high-reliable air
conditioniné. In addition, since the number of pipes can be
reduced when two outdoor units (2A, 2B) are installed, this
reduces the number of steps at a pipe arrangement, thereby

simplifying the pipe arrangement.

- Example 2 -

FIG.2 shows an example of a refrigeration apparatus
according to claim 7 of the present invention. A single re-
ceiver (12) is provided in the piping ﬁnit (11). The receiver
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(12) is dispoéed at a connecting part between the main liquid

passage (42) and the liquid passages (53, 54) running to the
outdoor units (2A, 2B). The receiver (12) stores a liquid
refrigerant, collects a liquid refrigerant from the outdoor
ﬁnits.(ZA, 2B) to the main liquid line (4L) during.cooling
operation, and distributes a liquid refrigerant from the main
liquid line (4L) to the outdoor units (2A, 2B) during heating
operation. In this example, the receivers (27) as shown in
FIG.1 are dispensed.ﬁith, and the liquid stop valve (V1) is
also dispensed with because the outdoor motor-operated expan-
sion valve (25) is fully closed instead of the closure of the
liquid stop wvalve (V1).

In this example, the controller (8) serves as a full-
closure control means for fully closing the outdoor motor-
operated expansion valve (25) of the slave outdoor unit (2B)
when the slave outdoor unit (ZB) is deactivated during refrig-
erating operation.

According to this example, since provision of the single
receiver (12) can dispense with respective receivers in the
outdoor units (2A, 2B), this reduces thé number of elements.
Further, since distribution of a liquid refrigerant is secure-
ly carried out, an unbalanced flow of refrigerant can be
secu;ely prevented even when a flash bf gas flows into the

main liquid line (4L) or the like. Other constructions, opera-
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tions and effects are the same as in Example 1 shown in FIG.1.

- Modification 1 of Example 2 -

FIG.8 is a valve circuit (13) showing a modification of
the above gas stop valve (V2). The valve circuit (13) is
composed of a first passage (13a) having a non-return valve
(V4) through which a gas refrigerant flows from the slave
outdoor unit (2B) into the main gas line (4G), and a second
passage (13b) having a stop valVe (V5) which opens at a cool-

ing operation. -

- Modification 2 of Example 2 -

FIG.4 is an external-equalizing-type reversible valve (7)
showing another modification of the gas stop valve (V2). The
external-equalizing—type reversible valve (7) 1s connected to
a pilot circuit (14). The pilot circuit (14) is compose@ of: a
high-pressure circuit (14a) which is connected to the main gas
line (4G) and the main liquid line (4L), has non-return valves
(Ve, VT7) and conducts a high-pressure refrigerant; and a low-
pressure circuit (14b) which is connected to the main gas line
{4G) and the main liquid line (4L), has non-return valves (V8,
V9) and holds a low préssure state.

As shown in FIG.5 and FIG.6, the external-equalizing-type
reversible valve (7) has a valve base (71) and a pilot wvalve
(72). The valve base (71) is composed of a casing (73), a
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-spool (74) reciprocatably disposed in the casing (73) and
pressure rooms (75a, 75b) formed on both sides of the spool
(74) in the casing (73). The valve base (71) is connected to
the gas passage (58) on the slave outdoor unit's (2B) side and
connected to two pilot pipes (76a, 76b) through which the
pressure rooms (75a, 75b) are communicated with each other.
The gas passage (58) is switched between a communicating state
{see FIG.5) and a closing state (see FI1IG.6) by the movement of
the spool (74).

The pilot vélve (72) is composed of a casing (77) and a
plunger (78) reciprocatably disposed in the casing (77). In
the pilot valve (72), the two pilot pipes (78a, 76b) are con-
nected to the high-pressure circuit (14a) and the low-pressure
circuit (14b). The plunger (78) is moved by the control sig-
nals of the controller (8), so that the high-pressure gas or
the low-pressure gas is led to the pressure rooms (75a, 75b)
thereby moving the spooi (74). According to the movement of

the spool (74), the gas passage (58) is communicated or shut

off.

- Example 3 -

FIG.7 shows an example of a refrigeration apparatus
according to claim 10 of the present invention. In this exam-

Ple, a refrigerant recovering line (8) is provided in addition
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to the air conditioner (1) shown in FIG.1l.

The refrigerant recovering line (8) is composed of a
refrigerant recovering pipe (81) extending outward from the
master outdoor unit (2A), and a refrigerant recovering pas-
sage (82) connected to an outer end of the refrigerant recov-
ering pipe (81). An inner end of the refrigerant recovering
pipe (81) is connected to the gas-refrigerant pipe (26) dis-
posed between the outdoor heat exchanger (24) and the four-way
selector valve (22) of the master outdoor unit (2A).

The refrigerant recovering passage (82) is connected at
an outer end thereof to the gas passage (58) on the slave
outdoor unit’'s (2B) side and has a capillary (73) and a non-
return valve (V10) for allowing a refrigerant to flow from the
gas passage (58) to the master outdoor unit (2A). Further, in
the refrigerant recovering line (8), the refrigerant recover-
ing passage (82), the capillary (83) and the non-return valve
(V10) are unitized with the piping unit (11) so as to be

incorporated thereinto.

Thus, since the refrigerant recovering line (8) is incor-
_porated into the piping of the air coﬁditioner (1), when the
slave outdoor unit (2B) is deactivated during heating opera-
tion, the.refrigerant recovering line (8) establishes communi-
cations between the gas passage (58) connecting to the slave
outdoor unit (2B) and a low-pressufe gas side of the master
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outdoor unit (2A). Accordingly, a liquid refrigerant can be
prevented from being stored into the slave outdoor unit (2B).
In addition, since the refrigerant ejecting means (81) and the
refrigerant recovering means (63) as in the example shown in
FIG.1 can be dispensed with, the construction of the air
conditioner (1) can be simplified. Other constructions, opera-

tions and effects are the same as in Example 1 shown in FIG.1.

- Modification of Example 3 -

FIG.8 shows é modification of Example 3 shown in FIG.7. A
single receiver (12) is provided in the piping unit (11). The
receiver (12) is disposed at a connegting part between the
main liquid passage (42) and the liquid passages (53, 54)
running to the outdoor units (2A, 2B). The receiver (12)
stores a liduid refrigerant, collects a liquid refrigerant
from the outdoor units (2A, 2B) to the main liquid lihe (4L)
during'c001iﬁg operation, and distributes a liquid refrigerant
from the main liquid line (4L) to the outdoor units (2A, 2B)
during heating operation. In this example, the receivers (27)
as. shown in FIG.7 are disﬁensed with, and the liquid stop
valve (V1) is also dispensed with because the outdoor motor-
operated expansion valve (25) is fully closed instead of the

closure of the liquid stop valve (V1).

Sheet Has Been Replaced -

T

50



e

Sheet Has Been Replaced

R

- Example 4 -

FIG.9 shows still another example of the air conditioner
(1), that is, an example of refrigeration apparatus according
to claims 11 and 12 of the present iﬁvention. This example is
so composed that a branch line (5a) and a constant-pressure
circuit (9) are provided in the air .conditioner (1) shown in
FIG.1. The branch line (5a) is composed of a branch pipe (5b)
extending outward from the master outdoor unit (2A), and a
branch passage (5c) connected to an outer end of the branch
pipe (5b). An inner end of the branch pipe (5b) is conneqted
to the gas-refrigerant pipe (26) disposed between the outdoor
heat ex¢hanger (24) and the four-way selector valve (22) of
the master outdoor unit (2A). An outer end of the branch
passage (5c¢) 1is connected to the constant-pressure circuit
(9).

The constant-pressure circuit (9) has a normally high-
pressure passage (91) and a normally low-pressure passage
(92). One end of the normally high-pressure passage (91) and
one end of the hormally low-pressure passage (92) are connect-
ed to the branch passage (Sc) via non-return valves (V11, V12)
respectively, and respective other ends of the normally high-
pressure passage (91) and the normally low-pressure passage
(92) are connected to the main gas passage (44) of the main
gas line (4G) via a four-way selector valve (V13). The non-
return'valve (V1l) of the normally high-pressure passage (91)
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is composed so as to allow a refrigerant to flow from the
branch passage (5c) to fhe normally high-pressure passage
(91), and the non-return valve (V12) of the normally low-
pressure passage (92) is composed so as to allow a refrigerant
to flow from the normally low-pressure passage (92) to the
branch passage (5c). The four-way selector valve (V13) is
switched as shown in dash lineé at a cooling operation to
conduct a low-pressure gas refrigerant into the normally low-
pressure passage (925, and switched as shown in solid lines at
a heating operatibn to conduct a high-pressure gas refrigerant
into the normally high-pressure passage (91).

The normally high—pressure passage (91) is connected to
the main gas passage (44) and the gas passage (58) running to
the slave outdoor unit (2B) through non-return valves (V14,
V15) for allowing a refrigerant to flow into the normally
high-pressure passage (91), so that the normally high-pres-
sure passage (91) is hold in a high-pressure state af any
time. The normally low-pressure passage (92) is connected to
the main gas passage (44) and the gas passage (58) running to
the slave outdoor unit (2B) through non-return valves (Vis,
V17) for allowing a.refrigerant to flow into the main gas
passage (44) and the gas passage (58), so that the normally

low-pressure passage (92) is hold in a low-pressure state at

any time.
This Sheet Has Been Replaced
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A refrigerant recovering passage (8a) %% connected be-

tween the normally low-pressure passage (92) and the gas
passage (58) running to the slave outdoor unit (2B). In the
refrigerant recovering passage (8a), a capiilary (84) and a
stop valve (V18) are provided. The stop valve (V18) is com-
posed so as to open when the slave outdoor unit (2B) is deac-
tivated during heating operation.

The constant-pressure circuit (9), the branch passage
(5¢), the refrigerant recovering passage (8a), the capillary
(84) and the stop valve (V18) are unitized with the piping
unit (11) so as to be incorporated thereinto.

In this example, since the gas passage (57) running to
the master outdoor unit (2A) is directly connected to the main

gas passage (44), the gas stop valve (V2) as shown in FIG.1 is

dispensed with.

According to this example, since the constant-pressure
circuit (9) and the refrigerant recovering passage (8a) is
incorporated into the piping of the air conditioner (1), when
the slave outdoor unit (2B) is deactivated during heating
operation, the normally low-pressure passage (92) and the
refrigerant recovering passage (8a) establish communications
between the gas passage (58) running to the slave outdoor unit
(2B) and a low-pressure gas side of the master outdoor unit
(2A). Accordingly, a liquid refrigeraht is prevented from
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being stored into the slave outdoor unit (2B). Further, since

the gaé stop valve (V2) as show in FIG.7 is dispensed with,
the number of elements can be reduced.

In addition, since the refrigerant ejecting means (861)
and the refrigerant recovering means (63) as shown in the
exanple of FIG.l1 can be dispensed with, the construction of
the refrigeration apparatus can be simplified. Other construc-
tions, operations and effects are the same as in the example
shown in FIG.1. |

In this exaﬁple. since the stop valve (V18) is closed
during heating operation of the slave outdoor unit (2B},
operation performance in heating is improved as compared with
the case that the non-return valve (V10) as in Example 3 is
used. However, the stop wvalve (V18) may be dispensed with,

though the operation performance in heating is slightly low-

ered.

- Modification of Example 4 -

FIG.10 shows a modification of Example 4 shown in FIG.9.
A”singie receiver (12) is provided in the piping unit (11).
The receiver (12) is disposed at a connecting part between the
main liquid passage (42) and the liquid passages (53, 54)
running to the outdoor units (2A, 2B). The receiver (12)

stores a liquid refrigerant, collects a liquid refrigerant
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from the outdoor units (2A, 2B) to the main liquid line (4L)

during cooling operation, and distributes a liquid refrigerant
from the main liquid line (4L) to the outdoor units (2A, 2B)
during heating operation. In this example, the receivers (27)
as shown in FIG.9 are dispensed with, and the liquid stop
valve (V1) is also dispensed with because the outdoor motor-
operated expansion valve (25) is fully closed instead of the

closure of the liquid stop valve (V1).

- Example 5 -

FIG.11 shows still another example of the air condition-
er (1) , that is, an example of a refrigeration apparatus
according to claim 13 of the present invention. This example
is so composed that a connecting gas line (10) is provided in
the air conditioner (1) shown in FIG.2.

The connecting gas line (10) is connected at an end
thereof to the gas-refrigerant pipe (28) extending from tﬁe
outdoor heat exchanger (24) of the master outdoor unit (2A)
and connected at the other end to the gas-refrigerant pipe
(26) extending from the outdoor heat exchanger (24) of the
slave master outdoor unit (2B). The connecting gas line (10)
is composed of connecting gas pipes (10a) extending outward
from the respective outdoor units (2A, 2B), a connecting gas
passage (10b) connected at both ends thereof to respective
outer ends of the connecting gas pipeé (10a), and a stop valve
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(V19) disposed in the connecting gas passage (10b). The stop

e

S

valve (V19) is a closing mechanism for fully closing, when the
slave outdoor unit (2B) is deactivated during cooling opera-
tion, to prevent a refrigerant from flowing into the slave
outdoor unit (2B).

The connecting gas passage (10b) and the stop valve (V19)
are unitized with the piping unit (11) so as to be incorporat-
ed thereinto. |

In either of cooling and heating operations, the stop
valve (V19) is opened in the running of both the outdoor units
(2A, 2B). Thus, a high-pressure gas refrigerant flows through
both the outdoor heat exchangers (24) uniformly during cooling
operation and a low-pressure gas refrigerant flows through
both the outdoor heat exchangers (24) uniformly during heating
operation.

For example, when an operating capacity of theé slave
outdoor unit (2B) is large with respect to a load thereof, a
part of the refrigerant discharged from the compressor (21) of
the slave outdoor unit (2B) flows into the outdoor heat ex-
changer (24) of the master outdoor unit (2A) via the connect-
ing gas line (10).

When the slave outdoor unit (2B) is deactivated during
cooling operation, the stop valve (V19) is fully closed and

the gas stop valve (V2) is opened, so that the refrigerant in
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the slave outdoor unit (2B) is sucked into a low-pressure side

of the master outdoor unit (2A). When the slave outdoor unit
(2B) is deactivated during heating operation, the stop valve
(V18) is opened and the gas stop valve (V2) is fully closed,
so that the refrigerant in the slave outdoor unit (2B)-is
sucked into a low-pressure side of the master outdoor unit

(2A) via the connecting gas line (10).

According to this example, since the gas-refrigerant pipe
(26) of the outdoor heat exchanger (24) of the master outdoor
unit (2A) is communicated with the gas-refrigerant pipe (26)
of the outdoor heat exchanger (24) of the slave outdoor unit
(2B), circulation amounts of refrigerants which flow through
the respective outdoor heat exchangers (24) can be approxi-
mately equal to each other, thereby increasing a coefficient
of performance (COP) of the refrigeration appargtus. In addi-
tion, between the outdoor units (2A, 2B), a high-pressure
sensor for detecting a high pressure at a cooling operation
and a low—pfessure sensor for detecting a low pressure at a
heating operation can be shared. This reduces the number of
elements. Further, when the slave outdoor unit (2B) is deacti-
vated during heating operation. the refrigerant in the slave
thermal source unit (2B) in deactivation can be securely
returned to the master outdoor unit (2A). Other constructions,
operations and effects are the same as in Example 2 shown in
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FIG.2.

- Modification of Example 5 -

FIG.12 shows a modificatioh of the above Example 5. In
this example, an auxiliary bypass line (29a) is arranged in
parallel with the bypass line (29).

On the auxiliary bypass line (29a), a non-returm valve
(V20) is provided for allowing a refrigerant to flow from the
inlet side to the digcharge side of the compressor (21).

When the slave outdoor unit (2B) is deactivated during
heating operation, the refrigerant in the slave outdoor unit
(2B) is sucked into a low-pressure side of the master outdoor
unit (2A) via the connecting gas line (10), as explained in
the above Example 5. At this time, the four-way selector valve
(22) may be in a state of a cooling operation as shown in
solid lines in FIG.12. In such a case, when the bypass stop
valve (V3) of the bypass line (29) is a one-way valve for
allowing a refrigerant to flow from the discharge side to the
inlet side of the compressor (21), the refrigerant flows
through the compressor (21). Therefore, the auxiliary bypass
line (29a) is provided in the slave outdoor units (2B) to

securely suck the refrigerant into the master outdoor unit

(24).
This Sheet Has Been Replaced
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- Other Modifications -

Each of the air conditioners (1) of the above examples is
composed of two outdoor units (2A, 2B) and two indoor units
(3A, 3B). The air conditioner of the present invention may be
composed of three or more outdoor units and three or more
indoor units. In such a case, one of the plural outdoor units
serves as a master outdoor unit.

In the example of FIG.l{ the receiver (12) may be dis-
posed at a connecting part between the main liquid passage
(42) and the liquid passages (53, 54) extending toward fhe
outdoor units (2A,'2B), as shown in FIG.2. According to this,
storage of a refrigerant in case of the air conditioner having
long piping length is pre?ented.

In the example of FIG.1l, the refrigerant-amount detecting
means (62) is composed so as to detect lack of a circulation
amount of refrigerant based on the opening of the outdoor
motor-operated expansion valve (25) and superheating degrée.
However, the refrigerant-amount detecting means (62) may be
composed so as to detect lack of a circulation amount of
refrigerant when an evaporation temperature of a refrigerant
in the outdoor heat exchanger (24) is lower by a set degree
than an open-air temperature.

In the example of FIG.1l, the refrigerant recovering means
(63) is composed so as to recover a refrigerant for a set
time. However, a pressure sensor is disposed on the compres-
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sor's (21) side of the outdoor heat exchanger (24) or the like

in the slave outdoor unit (2B), and the refrigerant recovering
means (63) may be composed so as to finish the recover of the
refrigerant when the pressure sensor detects that the pressure
of the refrigerant is decreased to a set pressure.

In the examples of FIG.Z; FIG.3, FIG.4, FI1IG.8 and FIG.10,
the liquid stop valve (V1) ié.dispensed with, for the reason
~that the outdoor motor-operated expansion valve (25) can be
freeiy opened and closed. However, in case of using a valve
which cannot be freely opened and closed such as an automatic
expansion valve, the liquid stop valve (V1) is provided for

preventing storage of a refrigerant, as shown in FIG.1l and the

like.

In the examples of FIG.1 and the like, the bidirectional
bypass stop valve (V3) is provided. However, as shown in
FIG.12, a one-way bypass stop valve (V3) and an auxiliary
bypass line (29a) may be provided.

In the above examples, description is made about an air
conditioner which is operated reversibly between a cooling and
heating cycles. The air conditioner of claim 1 or 2 may be an
air conditioner only for cooling. In éuch a case, the four-way
selector valve (22) and the outdoor motor-operated expansion

valve (25) each shown in FIG.1 and the gas stop valve (V2) are
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dispensed with. When the sléve outdoor unit (2B) is deactivat-
ed during cooling operation, the liquid stop valve (V1) is
fully closed.

Further, in the air conditioner only for cooling, as
shown in FIG.2, the receiver (12) may be disposed at a con-
necting part between the main liquid passage (42) and the

liquid passages (53, 54) extending toward the outdoor units

(2A, 2B).

[Industrial Applicability]

As described above, according to the refrigeration appa-
ratus of the present invention, a plurality'of outdoor units
can be provided and effective cooling and heating operations
can be made by using the outdoor units. Accordingly, the
refrigeration apparatus of the present invention is suitable

for air conditioning for a large building or the like.
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1. A refrigeration apparatus, comprising:

a plurality of thermal source units (2A, 2B) which each
have a compressor (21) and a thermal-source-side heat ex-
changer (24) connected at an end thereof to the discharge side
of the compressor (21), and in which liquid lines (5LA, S5SLB)
are conﬁected to the other ends of the thermal-source-side
heat exchangers (24) respectively and gas lines (5GA, 5GB) are
connected to the inlet sides of the compressofs (21) respec-
tively:

a connecting circuit part (11) for connecting outer ends
of the liquid lines (5LA, 5LB) and 6uter ends of the gas lines
(5GA, 5GB) to a main liquid line (4L) and a main gas line (4G)
respectively so that the thermal source units (2A, 2B) are
arranged in parallel with one another;

a plurality of user units (3A, 3B) which each have a
user-side expansion mechanism (33) and a user-side heat
exchanger (32) and which are connected to the main liquid
line (4L) and the main gas line (4G) so as to be arranged in
parallel with one #nother; and

a liquid-line closing mechanism (V1) which is disposed on
the liduid line (5LB) of at least one thermal source unit (2B)

and fully closed when the thermal source unit (2B) is deacti-

vated during cooling operation
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2. - The refrigeration apparatus according to claim 1, wherein
a receiver (12) for connecting each of the liquid lines (5LA,
5LB) %o the main liquid line (4L) is disposed at a éonnecting
part between the liquid lines (5LA, SLB) and the main liquid

line (4L).

3. A refrigeration apparatus, comprising:

a master thermal source unit {(2A) which has a compressor
(21), a thermal-source-side heat exchanger (24) connected at
an end thereof to the discharge side and the inlet side of the .
compressor (21) so as to be switchable between the two sides
of the compressor (21) and connected at the other end to a
liquid line (5LA), and a thermal-source-side expansion mecha-
nism (25) disposed on the liquid line (5LA), and in which a
gas line (5GA) is connected to the discharge side and the
inlet side of the compressor (21) so as to be switchable
between the two sides of the compressor (21);

a slave thermal source unit (2B) which has a compressor
(21), a thermal-source-side heat exchangér (24) connected at
an end thereof to the discharge side and the inlet sidé of the
compressor (21) so as to be switchable between the two sides
of the compressor (21) and connected at the other end to a

liquid line (5LB), and a thermal-source-side expansion mecha-
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nism (25) disposed on the liquid line (SLB), and in which a

gas line (5GB) is cénnected to the discharge side and the
inlet side of the compressor (21) so as to be switchable
between the two sides of the compressor (21);

é connecting circuit part (11) for connecting outer ends
of the liquid lines.(SLA, SLB) and outer ends of the gas lines
(5GA, 5GB) to a main liquid line (4L) and a main gas line (4G)
respectively so that the thermal source units (2A, 2B) are
arranged in parallel with each other;

a plurality of user units (3A, 3B) which each have a
user-side heat exchanger (32) and which are connected to the
main liquid line (4L) énd the main gas line (4G) so as to be
arranged in parallel with one another;

a liquid-line closing mechanism (V1) which is disposed on
the liquid line (SLB) extending toward the slave thermal
source unit (2B) and fully closed when the slave thermal
source unit (2B) is deactivated during refrigerating opera;
tion; and

a gas-line closing mechanism (V2) which is disposed on
the gas line (5GB) extending toward the slave thermal source
unit (2B) and fully closed when the slave thermal source unit

(2B) is deactivated during heating operation.

4. The refrigeration apparatus according to claim 3, wherein

a receiver (12) for connecting each of the liquid lines (5LA,
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SLB) to the main liquid line (4L) is disposed at a connecting

part between the liquid lines (5LA, SLB) and the main liquid

line (4L).

5. The refrigeration apparatus according to claim 3 or 4,
further comprising:

a bypass line (29) which bypasses the compressor (21) of
the slave thermal source unit (2B) and whic¢h is connected to
the discharge and inlet sides of the compressor (21);

a bypass clgsing mechanism (V3) disposed on the bypass
line (29); and

refrigerant ejecting means (61) for ejecting a liquid
refrigerant remaining in the slave thermal source unit (2B) in
such a manner as to open the bypass closing mechanism (V3) and
the thermal-source-side expansion mechanism (25) each included
in the slave thermal source unit (2B) in deactivation, the
liquid-line closing mechanism (V1) and the gas-line closing
mechanism (V2) for a set time just after the slave thermal

source unit (2B) is deactivated during heating operation.

6. The refrigeration apparatus according to claim 3, 4 or 5,

further comprising:

a user¥side expansion mechanism (33) which is disposed in

each of the user units (3A, 3B) and located between the main
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liquid line (4L) and the user-side heat exchanger (32);

refrigerant-amount detecting means (62) for detecting
lack of a circulation amount of refrigerant; and

refrigerant recovering means (63) for recovering a re-
frigerant from the slave thermal source unit (2B) in deactiva-
tion when the slave thermal source unit (2B) is deactivated
during heating operation and the refrigerant-amount detecting
means (62) detects the lack of a circulation amount of refrig-
erant, in such a manner as to open the thermal-source-side
expansion mechanism (25) of the slave thermal source unit
(2B) in deactivation and the liquid-line closing mechanism
(Vi) and thrpttle the user-éide expansion mechanism (33) so-as
to reduce a pressure of a liquid refrigerant to a saturation

pressure according to an open-air temperature.

7. A refrigeration apparatus, comprising:

a méster thermal source unit (2A) having a compressor
(21), a thermal-source-side heat exchanger (24) connected at
an end thereof to the discharge side and the inlet side of the
compressor (21) so as to be switchable between the two sides
of the compressor (21) and connected at the other end to a
liquid line (5LA), and a thermal-source-side expansion mecha-
nism (25) which is disposed on the liquid line (5LA) and
capable of regulating an opening thereof, in which a gas line

(5GA) 1is connected to the discharge side and the inlet side of
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the compressor (21) so as to be switchable between the two
sides of the compressor (21);

a slave thermal source unit (2B) having a compressor
(21), a thermal-source-side heat exchanger (24) connected at
an end thereof to the discharge side and the inlet side of the
compressor (21) so as to be switchable between the two sides
of the compressor (21) and connected at the other end to a
liquid line (5LB), and a thermal-source-side expansion mecha-
nism (25) which is disposed on the liquid line (5LB) and
capable of reguléting an opening thereof, in which a gas line
(5GB) is connected to the discharge side and the inlet side of
the compressor (21) so as to be switchable between the two
sides of the compressor (21);

a connecting circuit part (11) for connecting outer ends
of the liquid lines (5LA, 5LB) and outer ends of the gas lines
(5GA, 5GB) to a main liquid line (4L) and a main gas line (4G)
respectively so that the thermal source units (2A, 2B) are
arranged in parallel with each other;

a plurality of user units (SA, 3B) which each have a
user-side heat exchanger (32) and which are éonnected to the
main liquid line (4L) and the main gas line (4G) so as to be
arranged in parallel with one another;

a receivér (12) which is disposed at a connecting part

located between the liquid lines (5LA, S5LB) and the main
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liquid line (4L) and connects each of the liquid lines (5LA,

5LB) to the main liquid line (4L);

a gas-line closing mechanism (V2) which is disposed on
the gas line'(SGB) extending toward the slave thermal source
unit (2B) and fully closed when the slave thermal source unit
(2B) is deactivated during heating operation; and

full-closure control means (6) for controlling the ther-
mal-source-side expansion mechanism (25) of the slave thermal
source unit (2B) in deactivation to be fully closed when the
slave thermal source unit (2B) is deactivated during refriger-

ating operation.

8. The refrigeration apparatus according to claim 7, further
comprising:

a bypass line (29) which bypasses the compressor (21) of
the slave thermal source unit (2B) and which is connegted to
the discharge and inlet sides of the compressor (21);

a bypass closing mechanism (V3) disposed on the bypass
line (29); and

refrigerant ejecting means (61) for ejecting a liquid
refrigerant remaining in the slave thermal source unit (2B) in
such a manner as to open the bypass closing mechanism (V3) and
the thermal-source-side expansion mechanism (25) each included
in the slave thermal source unit (2B) in deactivation, and the

gas-line closing mechanism (V2) for a set time just after the
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slave thermal source unit (2B) is deactivated during heating

operation.

9. The refrigeration apparatus according to claim 7 or 8,
further comprising:

a user-side expansion mechanism (33) which is disposed in
each of the user units (3A, 3B) and located between the main
liquid line (4L) and the user-side heat exchanger (32);

refrigerant-amount defecting means (82) for detecting
lack of a circulation amount of refrigerant; and

refrigerant recovering means (83) for recovering a re-
frigerant from the slave thermal source unit (2B) in deactiva-
tion when the slave thermal source unit (2B) is deactivated
during heating operation and the refrigerant-amount detecting
means (62) detects the lack of a circulation amount of refrig-
erant, -in such a manner as to open the thermal-source-side
expansion mechanism (25) of the slave thermal source ﬁnit
(2B) in deactivation and throttle the user-side expansion
mechanism (33) so as to reduce a pressure of the liquid re-

frigerant to a saturation pressure according to an open-air

temperature.

10. The refrigeration apparatus according to claim 3, 4 or 7,

wherein

I
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a refrigerant recovering line (8) through which a refrig-

erant flows from the slave thermal source unit (2B) to the
master thermal source unit (2A) is connected between a gas-
refrigerant pipe (28) extending from thé thermal-source-side
heat exchanger (24) of the master thermal source unit (2A) and

the gas line (5GB) extending from the slave thermal source

unit (2B).

11. A refrigeration apparatus; compriéing:

a master thermal source unit (2A) which has a compressor
(21), a thermal-source-side heat exchanger (24) connected at
an end thereof to the discharge side and the inlet side of the
compressor (21) so as to be switchable between the two sides
of the compressor (21) and connected at the other end to a
liquid line (5LA), and a thermal-source-side expansion mecha-
nism (25) disposed on the liquid line (5LA), and in Which a
gas line (5GA) is connected to the discharge side and the
inlet side of the compressor (21) so as to be switchable
betwéen the two sides of the compressor (21);

a slave thermal source unit (2B) which has a compressor
(21), a thermal-source-side heat exchanger (24) connected at
an end thereof to the discharge side and the inlet side of fhe
compressor (21) so as to be switchable between the two sides
of the compressor (21) and conneécted at the other end to a

liquid line (5LB), and a thermal-source-side expansion mecha-

o AR




This Sheet Has Been Rep

[ i

nism (25) disposed on the liquid line (5LB), and in which a

gas line (5GB) is connected to the discharge side and the
inlet side of the compressor (21) so as to be switchable
between the two sides of the compressor (21);

a connecting circuit part (11) for connecting each of
outer ends of the liquid lines (5LA, 5LB) of the thermal
source units (2A, 2B) to a main liquid line (4L) and connect-
ing an outer end of the gas line (5GA) of the-master thermal
source unit (2A) to a main gas line (4G);

a plurality of user units (3A, 3B) which each have a
user-side heat exchanger (32) and which are connected'to the
main liquid line (4L) and the main gas line (4G) so as to be
arranged in parallel with one another;

a branch line (5a) connected at an end thereof to a gas-
refrigerant pipe (28) extending from the thermal-source-side
heat exchanger (24) of the master thermal source unit (24);

a constant-pressure circuit (9) which is disposed in the
connecting circuit part (11) and has a normally high-pressure
passage (91) held normally in a state of high pressure and a
normally low-pressure passage (92) held normally in a state of
low pressure, and in which the normally high-pressure passage
(91) and the normally low-pressure passage (92) are each
connected to the main gas line (4G) and the branch line (5a),

the gas line (5GB) of the slave thermal source unit (2B) is
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connected to the normally high-pressure passage (91) in order

that a refrigerant flows from the gas line (5GB) toward the
normally high—pfessure passage (91), and the gas line (5GB) of
the slave thermal source unit (2B) is connected to the normal-
1y low-pressure passage (92) in order that a refrigerant flows
from the normally low-pressure passage (92) toward the gas
line (5GB); and

a liquid-line closing mechanism (V1) which is disposed on
the liquid line (5LB) extending toward the slave thermal

source unit (2B) and fully closed when the slave thermal

source unit (2B) is deactivated during refrigerating opera-

tion.

12. The refrigeration apparatus according to claim 11,
wherein

a receiver (12) for connecting each of the liqui@ lines
(5LA, 5LB) to the main liquid line (4L) 1is disposed at a

connecting part between the liquid lines (5LA, SLB) and the

main liquid line (4L).

13. A refrigeratioﬁ apparatus, comprising:

a master thermal source unit (2A) having a compressor
(21), a thermal-source-side heat exchanger (24) connected at
an end thereof to the discharge side and the inlet side of the

compressor (21) so as to be switchable between the two sides
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of the compressor (21) and connected at the other end to a

liquid line (S5LA), and a thermal-source-side expansion mecha-
nism (25) which is disposed on the liquid.line (S5LA) and
capable of regulating an opening there§f, in which a gas line
(SGA) is connected to the discharge side and the inlet side of
the compressor (21) so as to be switchable between the two
sides of the compressor (21);

a slave thermal source unit.(ZB) having a compressor
(21), a thermal-source-side heat exchanger (24) connected at
an end thereof té.the discharge side and the inlet side of the
compressor (21) so as to be switchable between the two sides
of the compressor (21) and connected at the other end to a
liquid line (5LB), and a thermal-source-side expansion mecha-
nism (25) which is disposed on the liquid line (5LB) and
capable of regulating an opening thereof, in which a gas 1line
(5GB) is connected to the discharge sidé and the inlet side of
the compressor (21) so as to be switchable between the two
sides of the compressor (21);

a connecting circuit part (11) for connecting each of
outer ends of the liquid lines (5LA, S5LB) of the thermal
source units (2A, 2B) to a main liquid line (4L) and connect-
ing an outer end of the gas line (5GA) of the master thermal
source unit (2A) to a main gas line (46G);

a plurality of user units (3A, 3B) which each have a
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user-side heat exchanger (32) and which are connected to the

main liquid line (4L) and the main gas line (4G) so as to be
arranged in parallel with one another;

a receiver (12) which is disposed at a connecting part
located between the liquid lines (5LA, 5LB) and the main
liquid line (4L) and connects each of the liquid lines (S5SLA,
SLB) to the main liquid line (4L);

a branch line (5a) connected at an end thereof to a gas-
refrigerant pipe (28) extending from the thermal-source-side
heat exchanger (24) of the master thermal source unit (2A);

a constant-pressure circuit (9) which is disposed in the
connecting circuit'part (11) and has a normally high-pressure
passage (91) held normally in a state of high pressure and a
normally low-pressure passage (92) held normally in a state of
low pressure, and in which the normally high-pressure passage
(91) and the normally low-pressure passage (92) are each
connected to the main gas line (4G) and the branch line (5a),
the gas line (5GB) of the slave thermai source unit (2B) is
connected to the normally high-pressure passage (91) in order
that a refrigerant flows from the gas line (5GB) toward the
normally high-pressure passage (91), and the gas line (5GB) of
the slave thermal source unit (2B) is connected to the normal-
1y low-pressure passage (92) in order that a refrigerant flows

from the normally low-pressure passage (92) toward the gas
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full-closure control means (6) for controlling the ther-

mal-source-side expansion mechanism (25) of the slave thermal
source uhit (2B) in deactivation to be fully closed when the

slave thermal source unit (2B) is deactivated during refriger-

ating operation.

14. The refrigeration apparatus according fo claim 11, 12 or
13, wherein a refrigerant recovering passage (8a) through
which a refrigerant flows from the gas line (5GB) of the slave
thermal source Qnit (2B) toward the normally low-pressure
passage (92) of the constant-pressure circuit (9) is connected

between the normally low-pressure passage (92) and the gas

line (5GB).

15. The refrigerétion apparatus according to any of claims 1,
2, 3,.4, 7, 11, 12 and 13, further comprising:

a connecting gas line (10) which is connected gt respec-
tive ends thereof to the respective gas-refrigerant pipes (28)
of the thermal-source-side heat exchangers (24) of the thermal
source units (2A, 2B5 and which has a closing mechanism (V19)
for preventing a refrigerant from flowing, when at least one
thermal source unit (2B) is deactivated during cooling opera-

tion, into the thermal source unit (2B) in deactivation.
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16. The refrigeration apparatus according to any of claims 1

to 15, wherein

.the connecting circuit part (11) is formed in a single

unit.
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