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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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TECHNI CAL FIELD  This invention relates to a refrigerati on apparatus
having a plurality of therna#*source“Uﬁrts————- BACKGROUND
ART  Conventionally, air coml‘lhl 183%r eml a%ym as refrigera- tion
apparatus in which a plurality are connect ed_i-# egg&ﬁﬁ%l
w th one another through refri #ﬂ i th respegts \gsa %?Ar&be
outdoor unit in order to form

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—mgntioned 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 same 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,



mul ti-type indoor unLLsr_ai_QL§g#%§ggULgothe Japanese Patent Application
Laid Open Gazette No 208370 or unit has a conpressor -
four-way sel ector valvéﬁwéhmunké&ﬂhqh g} exchanger, an out

nmot or - oper at ed expanS|o éceiver. The in ssﬁﬁ%t
I ndoor not or - oper at ed e gmland an i ndoor heaa ex&ﬁ In
cooling operation, a refrig arged fromthe c essor is

circulated, so as to be condensed at the outdoor heat exchanger, reduced

pressure at the indoor notor-operated expansion val ve, evaporated at the
i ndoor 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.



heat exchanger and then returned to the conpressor. In a heating operation,

a—LeLLFgeFanP—dfsehafged fromthe com pressor is circulated, so as to be

condensed th ndpor heat exchanger, reduced in pressure at the outdo-
Pansi on val ve, evaporated at the outdoor heat_e

and t miﬂlﬁi o the conpressor. Further, in the outdoe j

capac res- sor is regul ated accordlng to tRedag

i ndoor unit. In t he above-nentioned air conditioner, si\nce
outdoor unit is provided, many kinds of outdoor units

[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-



are required having different capacities fromone another to correspond

with the indoor |load, i.e., the nunber of indoor units to be connected. In
addi ti on, when the indoor |oad does ThixShespHisdEeaRegl ’
outdoor unit, the capacity of the out ﬂﬂu

increased in spite of a small indoor
probl ens, a plurality of outdoor units
having different capacities fromone another, may be co b1 ned mnth one
another in order to formnulti-type outdoor units.

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 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) disposed on the liquid line
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This Sheet Has Been Replaced

(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



In such a case, when_the outdoor unit under cooling or heating operation
and the outdoor unit in deactivation exist at the sane tine, the
refrigerant nust be %v%mt@dSqun)hapheadng stored in the outdoor i
deactivation in order rcul ati on amount of Yeains s
retained. That is, it prevent |ack of a circul REE
of refrigerant. Fur ther en one o

f the outdoor units i eacti vat ed

the slave thermal source unit (2B), there is disposed a 1lig-
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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during heating operation, a |large anount of gas refrigerant can be
condensed in the outdoor unit or the refrigerant piping. Therefore, it is

during a reactivation of the outdoor unit. Furt her nore
conditioner has a plurality of outdoor units, the reffi
extending fromthe outdoor units is connected to two
mai n pi pes are connected on the indoor side. However, Th case that the
pi pi ng arrangenent is done by hand during installation,

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. —_—

eet Has Been Replaced
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an angle of tilt of piping required for backing oil cannot be secured or

pan of piping to be horizontally arranged may be inclined. This
Ciihg R6k¢cHds B @egldcyd prevent s highl y-reliable air conditioning.

th 1 obl ens, this invention has been nade. The
prEl nis to prevent the conpression of |iquiditi®
th

of the refrigerant and the |ike and to provide accurate

I gerant needed for circulation resulting fr
nstal l ation

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)
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of the refrigerant piping.
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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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3 Dl SCLOSURE OF THE INVENTION To attain the foregoing object,
a refrigeration apparatus of the present invention has a cl osing nechani sm
for allow ng and preventing a fl ow of ThisiShéegiess Badn Replitdd Or has e ectineg

nmeans for ejecting a refrigerant or rec | for rECQWEEERFIAR -
refrigerant, and/or has a construction nectl Ng paEPLAFED

plurality of thermal source units is

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
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unitized. In detail, a refrigeration apparatus according to the clains of

this invention conprises a plurality of thermal source units (2A, ZB)

each have a conpressor (ZIMsamdfasB&Equkusource si de heat exc

connected at an end thereof rge side of the 2
and in which liquid lines ( connected to t\nE®
t hermal - sour ce-si de heat e respectively.

5@B) are connected to the inlet S|des of the conpressors (21)
respectively. Further, in

hi ch

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



the refrigeration apparatus, a connecting circuit part (11) is provided for
connecting outer ends of the Iitquid |ines (5LA, 5LB) and outer ends of the
gas |ines (5GA, Tii(HEBpet Has BeedWdblacelii qui d 1ine (4L) and a main gas |inpe—{4

respectively, so Thl f | source units (2A, 2B) ape-7T§
parallel with on ﬂngﬁernnre, the refrigeration gﬁpar
plurality of user uni , "9B) which each have a user - silde—ex

mechani sm (33) and a user-side heat exchanger (32) and which are connected
tothe main liquid line (4L) and the main gas line (4G so as to be
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



arranged in parallel with one another. In addition, on the liquid line
(5LB) of at |east one thermal source unit (2B) between the plural

source units (2A, 2B), there is disposed a |liquid-line closing—m
(M) which is fully closed when the thermal source unit (2
during cooling operation. In a refrigeration apparatus o
i nvention, a receiver (12) for connecting each of the |iqui0 I|nes (5LA,
5LB) to the main liquid line (4L) nay be di sposed at a connecting part
between the liquid Iines (5LA, 5LB) and the

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.

Sheet Has Been Replaced
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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
(ZA, 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



As shown in FIG 1, a refrigeration apparatus of the present invention
conprlses__a_nasLeL_LheFﬁaF—source unit (2A) which has a conpressor
thernal-source si de hea ?xchanger (24) connected at an epdther
di scharge si side of the conpressor (21) dﬂ%§
switchable b S|des of the conpressor (21) and

end to a liqu A thernal - source-side expansion nechanlsn1(25)

i s di sposed on the liquid line (5LA), and a gas line (5GA) is connected to
t he

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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di scharge side and_the inlet side—ef—the conpressor (21) so as to be
swi tchabl e between the two sides of the conpressor (21). A slave ther?

source unit (2B) is PhgWesiBepB flas a conpressor (21), a TET HAS
t her mal - source-side h j ¥24) connected at an e@@ﬁ%@@ﬁﬂﬂfp
di scharge side and th the conpressor (21)\ so g 0

swi tchabl e between the two sides of the conpressor (21) ‘' at the other

end to a liquid Iine (5LB), and a thernal -source-side expansi on nmechani sm

(25) disposed on the liquid line (5LB), in which a gas line (5GB) is

connect ecetant hks 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 deacﬁivated
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
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di scharge side and the inlet side of the conpressor (21) so as to be
sw t chabi ¢ between the two sides of the—conpressor(2Iy. Further, in the
refrigeration apparatus, there is pro%%? teB1.5 BRNSEH] circuit
for connecting outer ends of the |iqui B i ) @G
the gas lines (5GA, 5GB) to a main |iqu ﬁ I nd a\ main
(4G, respectively, so that the thernal (2A,
in parallel with each other. Furthernore, the refrigeration apparatus has a
plurality of user units (3A, 3B) which each have a user-side heat exchanger
(32) and which

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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are connected to the main liquid line (4L) and the main gas line (4G to be
arranged in parallel with one another. I'n addition, on the liquid line
(5LB) extending toward the sIHuseShednﬁsslménl&ﬁldéeae uni t (ZB)

di sposed a liquid-line closing mhlch is fu
t he slave thermal source unit ated during r
operation. On the gas line (5 e oward the sl ave sour ce

unit (2B), there is provided a gas I|ne cl osi ng nmechani sm (V2) mhlch S
fully closed when the slave thermal source unit (2B) is deactivated during
heati ng 1liquid 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 refrigergnt 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-
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oper ati on. Further, in a refrigeration apparatus of the present inven-
tion, a receiver (12) for pnnnecLLng.each of -the liquid |ines (5LA o)
to the main I|qU|d I|ne be dlsposed at a connecting R

the liquid lines ( ‘ﬁi"m‘if main liquid line

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
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5 In additi in a refrigeration apparatus of the pres invention, a
ypass line (29) which bypasses the conpressor (21) of the slave therna =
ASIEEE

h&mHhE@ ﬂ#ﬁ be connected to the discharge and inlet S|---E
N

refrigerant flowing into the slave thermal soufce 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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a bypass
Furt her,

l'i quid refr"ﬂﬁ‘{s%@m&%l&‘pﬂ&d' n the slave thermal source unit (2B)

a nmanner
thermal - s
thernmal s

after the

cl osi ng nechani sm (V3) is disposed on the bypass line (29).

arefrigerant €jecting neans (61) may be provided for eJectlng

as t ss cl osi ng nmechani sm (V3), the
ourc Fal m n mechani sm (25) (each incl ]
ourc ing deactivation), the lig

sl ave thermal source unit (2B) is deactivated during heating

oper ati on.

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

22
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In a nore detail ed enbodi ment of a refrigeration appa- ratus of the present
invention, there may be disposed in each of the user units (3A, 3B) a
user-si de expansi on nechanlsnr(33;_mhrch_Ls~LocaLed between the main liquid

line (4L) and the user-side heat exchan er (32 Further there are g
vi ded: refrigerant-amunt detecti g detectrnq aek
circul ati on anount of refrigerant a reco~“?1 %ﬁ%' 3 or

recovering a refrigerant fromthe s ¢
deactivation when the slave thermal source unit (ZB) | Sege’t |vated during
heati ng 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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operation. The refrigerant-anmount detecting neans (62) detects the |ack of
a circulation anount of refrigerant, in such a manner as to open the

t her mal - sour ce-si de expansioﬁgﬁEEﬁaﬁT§ﬁTt257-of~1he sl ave thermal source
unit (2B) in deactivation and ahfShdef¥is bie#ed;Ld Ne cl 0si ng mechani sm (V1) .
The refrigerant-anount detectin rther throttles the user_side
expansi on nechani sm (33) so as tlmmﬂkmglﬂ

to a saturation pressure accord

in FIG 2, arefrigeration apparatus of the

air tenpera

tion time is higher than a saturation pressur'“éééording 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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present invention may conprise a master thermal source unit (2A) having a
conpressor (21), a thermat=source-side heat exchanger (24) connected

end thereof to the dischar e inlet side of the ’réﬁnﬂ
so as to be the other gﬂ' ““ﬁuqmﬂﬁg -~ ?ne (5LA), and a the ‘
ﬂm osed on the 1iqu} oy

expansi on mechani sm ( 25)
when a flash of gas flows into the main liquid line (4L) or

capabl e of regulating an

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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6 gas linc (SGA) I's connected to the discharge side and the inlet side of
the conpressor (21) so as to be switchabic

This. Sheet Has Been Replaced

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 remain;ng 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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bet ween the two sides of the conpressor (21). A slave thermal source unit
(2B) is provided having a conpressor (21) a thernal-sourcc S|de hea
exchanger (24) connected atThigfhestHasBeennReplaced t he di scha 2 @mﬂAﬁﬁ@EN
inlet side of the conpressor Lbe smntchable &
si des of the conpressor (21) er end to a |iquic
and a thernmal source-side expansion nmechanism (25) which is disposed on the
liquid line (5LB) and capabl e of regulating an opening thereof. A gas line
(5@B) is connected to the discharge side thereof and the inlet side of
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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t he conpreséor (21) so as to be switchable between the two sides of the
A sl ave thermal source unit (2B) is provided having a

end
SO a
at t

%ﬁagﬁaﬁmpncdihernal- sour ce- si de heat exchanger (24) co

di scharge side and the inlet side ofyt §gmﬁﬁﬁ§%'§§$ 1)
a “4 bl e betmeen_the two sides of the co

aliquid line (5LB), and a thernal -

expan5|on mechani sm (25) which is disposed on the liquid line (5LB) and
capabl e of regulating an opening thereof. A gas line (53) is connected to

t he

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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di scharge side thereof and the inlet side of the conpressor (21) so as to
be sw tchabl e between the two sides—ef—+the—econpressor—(21). A connecting

circuit part (11) is provided for conpecting outer ends of the i quid A
(5LA, 5LB) and outer ends of the gas ﬁiﬁ@l B rtgu.scBE{E}“n
(4L) and a main gas line (4G, respect H u TP AL,

units (2A, 2B) are arranged in paralle he '

user units (3A, 3B) are provided which each have a user-5|oe heat exchanger
(32) and which are connected to the main liquid line (4L) and the mai n gas
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 condi-
tioner showing Example 1 of a refrigeration apparatus of the
present invention.

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

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

FIG.4 is a refrigerant circuit diagram of an air condi-
tioner showing another modification of the Example 2.

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 condi-
tioner showing Example 3 of a refrigeration apparatus of the
present invention.

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

FIG.9 is a refrigerant circuit diagram of an air condi-
tioner showing-Example 4 of a refrigeration apparatus of.the
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line (4G so as to be arranged in parallel with one another. Furt her, at
a connecting part |ocated between the liquid lines (5LA 5LB) and the '

liquid line (4L), a receiver (12) which conn each of _ Aﬁmﬁé§
(5LA, 5LB) to the main |iqui Ine (4L) is disposed. In
gas line (5GB) extending tOVVar@hJstceﬂ{aaBeentRhﬁF%I sour ce \uni t

I's provided a gas-line closing mhlch Is fulTy closed when
the slave thermal source unit (2 ted during heating operation
Furthernore, there is provided f ure control means (6) for control -

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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444ﬁr++mrTﬁ§?ﬁﬁr?§5urce si de expansion mechani sm (25) of the slave thernal

ééﬁhstBeén?l&)ﬂaPﬂ deactivation to be fully closed when the slave

O = e e

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) is 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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In a further enbodi nent of a refrigeration apparatus of the present
i nvention, a bypass—L;ne_ézg}—Mh+eh bypasses the conpressor (21) of the
sl ave thermal source unit ﬁﬁ be connected to the dischargs gsIBﬁ‘T*

si des of the commmsﬁmﬁiﬁ a bypass closing necha

YL
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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provi ded on the bypass line (29). Further, there is disposed refrigerant
ejecting means (61) for ejecting a'liquid refrig- erant remaining in

slave thermal source unit (2B) in sucChigshbRRRHeecA&phRdOPeEN t he

cl osing nmechani sm (V3) and the thermal p a3 SHF
each included in the slave thermnal soul Hm M| ﬁ'“ [

e sl ave thermm
source -unit (2B) is deactivated during heatlng oper ati on. In stil

the gas closing nmechanism (V2) for a s ter

anot her aspect of the refrigeration apparatus of the

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 1is.

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 each 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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present invention, there may be provided in each of the user units (3A, 3B)
a user-si de expansion mechani sm (33) |ocated between the main liquid |ine
(4L) and the user-side heat exchanger (32). Further, the refrigera

apparatus has refrigerant-anount detecting neans (62) f Qr—e ]
a circulation amount of refrigerant, and refrigerant r edoWt
(63) for recovering a refrigerant fromthe slave thermal
i n deactivation when the slave thernmal source unit (2B) 1Is dcactlvatcd
during heating operation. The refrigerant-anount detecting neans (62)

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).
Sheet Has Been Replaced
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detects the lack of a circulation amount of refrigerant, in such a

as to open the thernmal-source- SIdé—EXDHnSTtﬂrTﬁﬁﬂﬁﬁﬁﬂHﬂ (25)

thermal source unit (2B) in reaCt'Vafh'ls%'ﬂee?ﬁﬂBtee roLl
expansi on nechanism (33) so as to red

f fihe | i BE
refrigerant to a saturation pressure mnﬂm B[Hﬁ[ N opewr r terrperature
As shown in FIG 7, a further feature eration apparatus, a

refrigerant

recovering line (8) through which a refrigerant flows fromthe

sl ave thermal source unit (2B) to the master thermal source unit (2A) may

be di sposed

Each of the gas lines (5GA, 5GB) is composed of a gas

pipe (55, 58) extending 6utward from the outdoor unit (2A, 2B)

and a gas passage (57, 58) connecting to an outer end of the

gas pipe (55, 58). 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 the indoor unit's (3A, 3B) side, and a

main liquid passage (42) connecting to an end of the main

liquid pipe (41) and the liquid passages (53, 54) on the

outdoor unit's (2A, 2B) side. The main liquid pipe (41) 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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bet ween a gas;refrigefant pi pe (26) extending fromthe thermal -source-side
heat exchanger (24) of the nmaster ther- mal '
line (5GB) extending fromthe slave thernal

- This Sheet Has Been R

TR

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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8 As shown in FIG 9, the refrigeration apparatus has a
circuit part (11) for connecting Eeachof eitds—of—+i quid | i nes

of nmster
(4L) and

LRI L A 2
connecting an outer end of eet%aggee C?dSGA)
thermal source unit (2A) to a main ga, m"ﬂﬁ ' nst ey

and sl ave thernmal sourc to a mai

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 siave 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 (8) 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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t he connecting circuit part (11) and the gas cl osing necha- ni sm (V2)

di scussed above. Further, in the refrigeration apparatus of FIG 9, there
i s disposed a branch line (5a) which is connected at an end thereof to
gas-refrigerant pipe (26) extending fromthe thermal -source-side ‘
exchanger (24) of the master thermal source unit (2A).
the connecting circuit part (11), there is disposed a con
circuit (9) which has a normally high-pressure passage
in a state of high pressure and a normal Iy | ow pressure -.ssage (92) held
normally in a state

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-dperated expénsion

valve (25) for a set time.

- Operation of Example 1 -

Description is made next about operations for controlling

the air conditioner (1).
This Sheet Has Been Replaced
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of | ow pressure. The nornmally high-pressure passage (91) and the nornmal |y
I ow pressure passage (92) are each con- nected to the main gas |line
and the branch line (5a). In t he comﬁiﬂﬁ&}nfmﬁﬁnqmmaﬂrCU|t 0 G

line (5GB) of the slave thernal sour G -:.”“; B
normal |y  hi gh-pressure passage (91) ref?' A ile
fromthe gas line (5G) toward the nor ressure5“W”"ssage (91),
and the gas |line (5@) of the slave thernal source unit (2B) is connected

to the normally | ow pressure passage (92) in order that a refrigerant
flows fromtheAt a cooling operation, the four-way selector valve (22)

is switched as shown in dash lines in FIG.1. The respective
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-
changerl(az) 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 returned 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 linee 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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normal Iy | ow pressure passage (92) toward the gas |ine (5CB): The

refrigeration apparatus of_the present invention my i ncl ude a
(12) for connecting each of the liquid Iines (5LA, 5LB)

liquid line (4L) which is diBixSbestHas necting part

liquid |ines (5LA, 5LB) and d line (4L).

FIG 10, a connecting circuit ranch line (5a) and a

constant-pressure circuit (9) are prOV|ded i nstead of -the connecting
circuit part (11) and the

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

40




gas-line closing nmechanism (V2) of ELG 2 The refrigeration apparatus

may al so i-nclude a refrigerant recovering passage (8a) through whi ~

refrigerant flows fromthe gas |Iﬁng Emdkﬂﬂhwhsﬂave - g .gﬁwuﬁdﬁf
d

unit (28)  toward the normally |ow (92) B hepgaren
nnect Ween t he
In .

I’

stant pressure circuit (9) wherein pas
normal |y | ow pressure passage (92) and the gas

in FIG 11, a connecting gas line (10) is provi ded mhlch i s connected at
respective ends thereof to the

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 liquiad
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 (81)
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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respéctive gas refrigerant pipes (26) of the thermal-source- si de heat
exchangers (24) of the thermal source units (2A

This Sheet Has Been Replace

(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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2B) and which has a cl osing nmechanism (V19) for prevent- ing a refrigerant
fromflow ng, when at | east one thermal source unit (2B) is deactivated
during cooling operation, into t he thernal source unit (2B) dum

deacti vati on. The connect iThig Skeet'HaslBéen Repldced 11) of FI G

in asingle unit. Qoerat i on IIII" IIII ”I”III

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 slave outdoor unit (2B) is deactivated during heating
operation, thereby prevénting a liquid refrigerant from stor-
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Under the above constructions, high-pressure gas refrig- erants discharged
fromthe conpressors—{21) of the thermal source units (2A, 2B) are fi I’St
condensed at the thernal- source si de heat exchangers (24) to becone L

refriger- ants. The t Been Replacddi qui d refrigerants neet
liquid |line (4L) of th rcuit part (11). In 3
liquid refrigerants ma eceiver (12). Then,

user units (3A, 3B), the liquid refrigerant is reduced in
user side expansi on nechani sm (33) and evaporated at the user-side heat

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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exchanger (32) to becone a gas refrigerant having | ow pressure. The gas
refrigerant is distributed at the connecting circuit part (11) to the
| i ndbis SheeAJas B&BRegastel t hen returned to the conpressors (21) of
sour ¢ [ B). A cooling operation is nmade by repe
circul m Furt her, when at |east one thermal

I s deactivate ng cool ing operation, the liquid-Iline 'ng nmechani sm
(VI) is closed to prevent the liquid refrigerant frombeing stored in the
thermal source unit (2B)

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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In the refrigeration apparatus of FIGS. 1 and 2, at
hi gh- pressure gas—LeiL+geLan%s—d+scharged fronlthe conpressors (21) of

t hermal source unlts 2A 2B are first condensed at the

t her mal - sour ce- s ﬁ rs (24) to becone |iquid refr

two flows of the rants neet at the main |IﬂWﬁéﬂh

t he connecting ci In particular, the liguid cetrigerants

may neet at the recelver (12) Then, in each of the use

Units (3A, 38),

the liquid refrigerant is reduced in pressure at the user-side expansion

mechani sm

(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 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-

46

Its cooling operation,



(33) or the like and evaporated at the user-side heat exchanger (32) to

becone a gas refrigerant having Tow pressure. The gas refrigerant
distributed at the connecting Cirhibhebt H3gBdenRépldced O t he gas |ines

and then returned to the conpres
2B). The cooling operation is ma
process. _

S

e t her mal__seqr&estm’
m t he aboleTe! rsggjt’\a&-@

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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10 In a j eration, high-pressure gas refrigerants discharged

fronlthe conpressors (21) of the t hermal source
as Been Replaced

T

-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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units (2A, 2B) flow into the connecting circuit part (11) and neet at the
main gas line (4G . Then, the col | ect ed gas refrigerant flows into the user
units (3A, 3B). The gas refrlgerant |§h§§hmdﬁ58&ma&maﬁmh of the user-si
heat exchangers (32) to becone a |iquid he |i guie :
flows through the main liquid Iine (4L) g!ﬁlst OB X
connecting circuit part (11) to the liqui I|ne

thermal source units (2A, 2B). In particular, the refrige may be

distributed at the receiver (12). Then, in the thermal source units (2A,
2B), the to the air conditioner (1) shown in FIG.1.

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—returp 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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distributed liquid refrigerants are each reduced in pressure at the
t her mal - sour ce- si de expansion mechani sm (25) and evaporated at the

| ow pressure. Then the gas refrigerants are returned to,Lhe~'
(21) of the thernal source units (2A, 2B). The heating oféeratist w 1
repeating the above circul ati ng process. When t he sl ave theﬁﬁth ur ce
unit (2B) is deactivated during heating operation, the gaEfTThe cl osi ng
mechani sm (V2) is closed so that the liquid refrigerant is prevented from

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).

is Sheet Has Been Replaced -
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being stored in the slave thermal source unit (2B) during deactivation and

a circulation amount of refrigerant is pre- vented+f+om being di mnished
bet ween the master thermal source unit (2A) and the Juser units (3A 3B).
Further, when the slave thermal souTluéheﬁHPS mﬂ dgeact i vated during

cool ing operation and heating operat -line closin
(VI) or the thernmal - source-side exp n1(2 :

that the liquid refrigerant is prevente fron1be|ng stor
thermal source unit (2B) during deactivation and a circu
- 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 const;nt—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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tion anount of refrigerant is prevented frombeing dimn- ished between the
master thermal source unit (2A) and the user units (3A, 3B)

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




In the refrigeration apparatus of the claims, just after h slave

therna
r ekhysj
the
uni

TTEC anl sm

source unit (2B) is deactivated during heatlng operation, the
tHasBe@JReplidemg nmeans (61) opens bypass cl osing nmechani sm (V3), the

Sou

qui d-line closing mechanism (VI) and the gas- leesl bsi ng

u de expansi on nechani sm (25) of the slave thernal

r a set time. In one aspect of

A refrigerant recovering paséage (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

53



the refrigeration apparatus of the present invention, just after the slave
t hermal souree—unrit+—(2B)y—+s—deacti vated during heatlng operation, the
refrigerant eLﬁiﬁﬁ an 61% opens the bypass closing nech

the thermal - »{gﬁtﬂ’h@ﬁ
i ne closing nechanism (V2) f

source unit (2B
Consequent |y, e gas refrigerant in the mas

source unit (2A) flows |nto the liquid line (5LB) via the gas line (5GB) of
the slave thermal source unit (2B), so that the liquid refrigerant
remaining in the slave thernal
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 valve (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

54



source unit in deactivation is ejected—nto—the main liquid line (4L) or

the like,

detail, when the refrigerant flows thro
| i ke, the pressure of the refrigerant i

the user units (3A, 3B) under heating o ,
pressure | osses of the user units (3A, 3B) resulting tromg
bet ween the piping | engths thereof is conpensated. For exdnp

anmount of refrigerant.
Replpasl | i ne (4G or

fﬁ 0 a pressues

eet

thus preventing lack of a ci Wati n

di fference between the pressure |losses is com

from the outdoor units (2A, 2B) to the main liquid line (4L)
during cooling operation, and diétributes 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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pensated by a notor-operated expansion valve at the user- side expansion
mechanism (33). As a result of this,  the pressure of the refrigerant in the
main liquid line (4L) becones | ower than the pressure of the refrige ZEN

which is discharged fromthe cHW Be lacedo that the |igui-d gy naS®
refrigerant remaining in the sl I rce unit (ZByvﬁ%"ﬁ?gg
the main liquid line (4L) or th I he refrigeration_app

LGP
at us of

anot her aspect of the invention, when the slave thermal soufrce unit (2B) is

deac- tivated during heating operation and the refrigerant-anount

(V19) disposed in the connecting gas passage (10b). The.stop
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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detecting neans (62) detects lack of a circulating amunt of refrigerant,
the refrigerant recovering neans (63)—epeﬂs—%he—Lhe#naL~source side -

expansi on nmechani sm (25) and the I|q- i ng nechanlsn1(j(§A&
throttles the user-side expansion rrech ﬁﬁem ghy equgisn i

EE
pressure of the liquid refrigerant to-a ssur
open-air tenperature. In still a further| refr

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

heating operation and the refrigerant- anount detecting neans (62) detects
| ack of a thecslavéngutdoor 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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anount of
12

refrigerant, the refrigerant recovering neans (63)

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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(0]

l'i qui
tenpe,ﬂ

t her m
evapor at e
When t he

operati on,

user.nggsqlg ﬁmﬁcﬁecham sm (33), thereby reducing the pressure of the

ce-si de expansion nmechani sm (25) and throttles the

0 a saturation pressure according to an open-air
ently, the liquid refrigerant remaining in the slave

Imm (2B) in deactivation is evaporated so that the

d refrigerant is returned to the master thernmal _sotT
sl ave thermal source unit (2B) is deactivated d rﬂﬁ-

the refrigerant recovering line (8)
- 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-

59




may be designed to establish conmunications between the gas |line (5GB)
connecting to the stave thernal—source unit (2B) and a | ow pressure gas
side of the mast emisisheriRpes lgc%duni t (2A), so that the refrigerant

remaining-in the s ource unit (2B) in deactivation is re
to the nmaster ther Hm' ﬂt (2A). In the refrigerallor¢gpRs
FIG 9, a gas refr: g into the slave thernal s'aW@é.Mgmm'

and a gas refrigerant discharged fromthe slave thermal soyrce ur
fl ow through the normal ly high-pressure passage (91)

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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and the normally | ow pressure passage (92) each formng the
constant-pressure circuit (9) when flow ng between the gas |line (5@) and
the main gas line (4G . Accordingly, the liquid refrigerant i
frombeing stored in the slave thermal source unit (2B) wthg
gas-line closing nmecha- nism (V2). Further, the receiver
and distributes the liquid refrigerant. In a further aspegt of =2
refrigeration apparatus of the present invention, when the ave t her nal
source unit (2B)

dispensed with. When the slave 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.

This Sheet Has Been Replace
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i s deactivated during heating operation, the refrigerant recovering passage
(8a) normal ly establishes conmunica- tions between the gas |line (SGB
connecting to the slave thermal source unit (2B) and a | ow press
side of the master thermal source unit (2A) through the Cnnﬁvaﬁﬁ ,
circuit (9), so that the refrigerant Tbnﬁmﬂ

unit (2B) in deactivation i.s returned t herna source unit
(2A). In the refrigeration apparatus e gas refrig- erant
pi pes (26) of the thernal -source side heat exchangers

CLAIMS
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 conhected 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 euter 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 enother; 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-

i} R

vated during cooling operation



(24) of the thermal source units (2A, 2B) are comuni cated with each ot her
through the connecting gas line (10). Accordingly, circulation amunts of

refrigerants which flow t hrough-the—+espective thermal - source-side heat
exchangers (24) are apprOX|nater o each other, thereby in :
a coefficient of perfornmance (CCP i W mfﬂ'atlon appar

2. - The refrigeration apparatus according to claim 1, wherein

a receiver (12) for connecting each of the liquid lines (5LA,
5LB) to 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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Ef f eets 13 According to the
refriger.ati of the presen I nvention, since the liquid
line ( i st Ha B0 R EaH&lone t her mal . source unit (2B) is provided
with th |Iﬁ | I“ Iﬂ | osi ng -

" 7 "REPLACE

nism (25) disposed on the liquid line (5LB), 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,

“ RO T O
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mechani sm (VI) which is fully cl osed
(2B) is deactivated during cooling op f—a liquid refrigerant
is prevented frombeing stored in the Thi gl %ource unit (2B) in
deactivation. This prevents |ack This ﬂ o iee Kp 'on amount of
refrigerant between anot her the m|mmﬂt (2A) and us '
(3A, 3B). As a result of th| E§Dar\'éé3E
units (2A, 2B) can be conbi ned. Further, since a gBLNﬂE
t her mal source units (2A, 2B) having different ca rom one
anot her can be produced and conbined, this enables a few .
SLB) to the main liquid line (4L) is disposed at a connecting

gzg
QJCD

he t her nal source unit

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 cqmpressor (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

LT —




kinds of thermal source units (2A—2B)to-cope—w-th—any ki nds of

| oads. Accordingly, S|nce prOV|S|on of a single receiver (12)
can di spense with respect|v ﬁ% t her

units (2A, 2B), this reduces the nunq . Fur{ higts SHEE I) Si ncge
distribution of a liquid refrigerant rried REPL

unbal anced fl ow of refrigerant can be securely vent ed even when
a flash of gas flows into the main liquid l'ine (4L) or the Ilike.

Further, the gas-line closing nechanism (V2) and the
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 sourcg 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

oA O
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l'iquid-line closing mechanism (VlI) may be di sposed on the gas line

(5@B) and the liquid line (5LB) which connect to t he sl ave thermnal
source unit (2B) respectively, the |i quitikSheetHas Been Rdp€dCl 0Ssi ng nmechani sm
(M) is closed when the sl ave th it (2B) i.
deactivated during cooling operaTEm m:ﬂmim:g operat

gas-line closing mechani sm (V2) i ) the s\ &\

source unit (2B) is deactivated during heating operatiena— Accord-
ingly, a liquid refrigerant can be prevented from being stored in

the slave thermal source unit (2B) in deactivation, for
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

NN O o7
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exanple, the liquid refrigerant can _be prevented from being stored
in areceiver or the like. In detail, because the pressure of the
liquid refrigerant at the operation Bmm%mxﬂmmk han a

saturati on pressure according to an o ature
d t he
qU|d

liquid refrigerant may be stored in t

this refrigeration apparatus, the storag

can be prevented. Further, according to this refri

apparatus, |ack of a circulation anount of refrigerant between

the master liquid linkhdri®)l as@uremnsdts (€é¢haofl the dsquidniltingsgA SIB)
can be

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

oo NN




prevented, and it is prevented that the liquid refrigerant
remaining in the slave thermal source unit (2B) is com pressed
by the conpressor (21) at a reactivation of the sl ave

source unit (2B). ThlsSheetHasBeenR

I

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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14 __Aé_g_nggLLagLrlg%s a plurality of thermal source units (2A..2 i
be combined. In a ron, since a plurality of thernal Eﬁifﬁgﬁﬁﬁmﬁi

2B) haﬂhm
conblne
with na

sou
eeli Hab BéeR REpife@Paci ties fromone another can be prp

L

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

uced&mhchD

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
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According to other aspects of the invention discussed above, since

provi sion. of a single receiver (12) caﬁ_ﬂ‘Spense—mrfh—+espect|ve receivers
of the thermal source units (2A, 2B), thTﬁs@§Q¥ﬁ§§en of el ements

er

Further, since distribution of a liquid r %gb ely .ﬁgtadSEEEN
out, an unbal anced flow of refrigerant ca " ﬂlﬁHH r ev&rittEy gu@MOERen

a flash of gas flows into the main liquid he I\ ke

According to the refrigeration apparatus of addltlonal aspects noted above,
just after the slave thermal source unit

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

R BN 7
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(2B) is deactivated during heating operation, the refrigerant ejecting
nmeans (61) operates so that—a high-pressure gas refrigerant flows frg

master thermal source unit (aﬂ%shghgwhaﬁRglgH;d line (5LB) via th "a§§
(5@B) and the slave thernal sou Accordi ngly,

refrigerant remaining in the s ource unit (2B)
vation is ejected into the mai (41) or the like
securely preventing | ack of a C|rculat|on anount of refriger
when the refrigerant-anount detecting neans

connected to the normally high-pressure passage (91) in order

nt . Furt her,

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, 5LB) 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

= N
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(62) detects lack of a circulation amount of refrigerant, the refrigerant
recoveLLng_neans—eés}—ﬁay throttle the user-side expansi on nmechani sm (33)

to reduce a

accor di ngu
refrlgera
deactlvatl

pressure quuid refrigerant to a saturation pressure

as tenperature As a result of this, the liquid
in the slave thermal source unit (2B) ipn.
ed and returned to the nmaster thermal§

Accordlngly, the lack of a circulation amount of refriggrant

securely prevented at any tine. As an additional feature of

i nventi on,

since the ther- _
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

SRR ) 73
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mal - sour ce- si de expansi on nechani sm ( 25)y—+s—futty—ctosed—wnhen the sl ave

t hermal source unit (2B) is deactivated _d%f'sgl%eﬁgobieerﬂ qpey ation and
heati ng operation, storage of a liquid refr s e sl ave thernal
source unit (2B) can be prevented. Further JJEM[ Eplﬁd-l i ne cl gsi

mechani sm (VlI) can be dispensed with, the L ; nts
r educed. According to an additional aspect of the present
when the slave thermal source unit (2B) is deactivated during he;
operation, the refrigerant recovering line (8) =

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

* C L " S *

line (5GB): and



est abl i shes communi cati ons between the gas |ine (5GB)
15

This Sheet Has Been Repl

AW lIIl

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.

R O ) 0
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connecting to the slave thermal source unit (2B) and a | ow pressure gas
side of the master thermal source unit (2A). Accordingly, a refrigerant- -
remaining in the slave thermal source unit (2B) in deactivation can be.>
returned to the master thermal source unit (2A). In addition, sincegt
refrigerant ejecting neans (61) and the refrigerant recovering nea' MAB3)
can be dispensed with, the construction of the refrig- eration app at us
can be sinplified. Since there is provided the constant-pregswe circuit

(9)

16. The refrigeration apparatus according to any of claims 1

to 15, wherein

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

unit.

This Sheet Has Been Replace
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t hrough which gas refrigerants flowing into and fromthe slave thernal

source unit (2B) pass, the high pressure gas refrigerant does not flow into
the slave thermal source unit (2B) when the slave thernmal source unit (ZB)
is deactivated during refrigerating operation. Accordingly, storagerqf
liquid refrigerant into the slave thermal source unit (2B) ggn/ 3 D
prevented. In addition, since the gas-line closing nmecha-: mgﬁn
di spensed with, the construction of the refrigeration app atu
sinplified. According to additional features of the pres

A

be

i nventi on,

ABSTRACT

Liquid lines (5LA, S5LB) and gas lines (5GA, 5GB) are
connected to a main liquid line (4L) and a main gas line (4G)
respectively so that a master outdoor unit (2A) and a slave
outdoor unit (2B) are arranged in barallel with each other. On
the gas line (5GB) extending from the slave outdoor unit (2B),
a gas stop valve (V2) which is fully closed when the slave
outdoor unit (2B) is  deactivated during heating operation is
disposed. On the liquid line (5LB) extending from the slave
outdoor unit (2B), a liquid stop valve (V1) which is fully
closed when the slave outdoor unit (2B) is deactivated during
cooling operation and heating operation is disposed. Thus,
compressidn of a liquid refrigerant and lack of a circulation

amount of refrigerant are prevented.

__',———-—-———P‘_‘_’-——_
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when the slave thermal source unit (2B) is deactivated during heating
operation, the constant-pressure circuit (9) and the refrigerant recovering
passage (8a) establishes com nunications between the gas |ine (5GB) R
connecting to the slave thermal source unit (2B) and a | ow pressure gas
side of the nmaster thernal source unit (2A). Accordingly, a refrigerant—-
remaining in the slave thermal source unit (2B) in deactiv nﬂunﬁﬁéﬁT%ésBLLN
returned to the master thermal sourcd gnit (2A). In additipn, siREEBACER

refrigerant ejecting means (61) and thAE refrigerant recovering neans (63)
can be

This Sheet Has Been Rep.
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di spensed with, the construction of the refrigeration appa- ratus can be
sinplified. According to additional features of the present invention,
since the gas-refrigerant pipes (26) of the thermal-source- side heat
exchangers (24) of the thermal source units (2A, 2B) are communi cat ed—w
each other, circulation anounts of refrigerants which fl owgts ‘g@gnetﬁés
respective thermal - source-side heat exchangers (24) can bd TR
equal to each other, thereby |ncreas§Q& a coefficient of pe nce (COP)
of the refrigeration apparatus. |In add“
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tion, between the thermal source units (2A, 2B), a high- pressure sensor
for detecting a high pressure at a cooling operation and a | ow pressure
sensor for detecting a | ow pressure at a heating operation can be shared.
This reduces the nunmber of elenents. Furt her, when the slave therma
source wunit (2B) is deactivated during heating operation, a refrigerant
remain- ing in the slave thermal source unit (2B) in deactivation can be

securely returned to the naster ther%ﬁ! source unit (2A).
s SHEET HAS BEEN
REPLACED
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According to additional features of the present invention, since the
connecting circuit part (11) between the thermal source units (2A, 2B)
the user units (3A, 3B) is unitized, an angle of tilt of piping._req
for backing oil can be secured and a part of piping to be ho rﬂﬁﬁﬁ
arranged can be held in a horizontal position. This enables hj gh-t
air conditioning. In addition, since the nunber of pipes can b€ reduced
when a plurality of thermal source unéyg (2A, 2B) are installed, this
reduces the nunber of steps at a pipe !
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arrangenment, thereby sinplifying the pipe arrangenent.
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BRI EF DESCRI PTION OF DRAWNGS FIG 1 is a refrigerant circuit diagram of
an air conditioner show ng Exanple 1 of a refrigeration apparatus of the

present invention, FIG 2 is arefrigerant circuit diagram of an .ai ZEN
condi tioner showi ng Exanple 2 of a refrigeration apparatus d Tﬁﬂses&ﬁﬁ@é’eﬁt‘;
I nventi on. FIG 3 is arefrigerant circuit diagramof an &air com8PAdne
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showi ng a nodification of the Exanple 2. FIG 4 is arefrigerant circuit
di agram of an air conditioner show ng another nodification of the Exanple

2. FIG 5 is a sectional view showi ng that an external- equalizing
reversi bl e valve is opened. FIG- 6 is a sectional view sHOWiR®: Hﬂmﬁ“ﬁ
external - equalizing-type reversible valve is closed. FIG 7 i RERLACE

refrigerant circuit diagramof an air conditioner show ng
refrigeration apparatus of the presen§4gnvention.
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FIG 8 is arefrigerant circuit diagramof an air conditioner showi ng a
nodi fi cation of the Exanple 3. FIG 9 is arefrigerant circuit diagran1of

an air conditioner show ng Exanple 4 of a refrigeration appuh$g¥%§?

present invention. FIG 10 is a refrigerant circuit diagr

HACBEEN
LRCﬁD

condi - tioner showi ng a nodification of the Exanple 4. FI

refrigerant circuit diagramof an air condi- tioner show ng Exanple 5 of a

refrigeration apparatus of the presen@b{nventlon
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FIG 12 is arefrigerant circuit diagramof an éir condi - tioner showi ng a
nodi fi cati on of the Exanple 5.
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18 BEST MODE FOR CARﬁYI NG QUT THE I NVENTI ONS
Detail ed description is nade bel ow about exanples of the present invention,

with reference to the draw ngs. EXAVRLE-1] - —
shows an exanple of a refrigeration apparatus [ THIS SHEET HAS BE

SEPLACED |
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according to an aspect of the present invention. Reference nuneral (1)

I ndi cates an air conditioner as a refrigeration apparatus. In the air

conditioner (1), two outdoor units (2A, 2B) are connected to a main liquid

line (4L) ‘tand a main gas line (4G so as to be arranged in parallel wth

each other; and‘two indoor units (3A, 3B) are connected tjoTfiResHBETIHAS BEFN

line (4L) and the main gas |line (46%859 as to be arranged in pREBLAGED wi t h
unrxg

each ot her. Each of the outdoor (2A, 2B) serves as=a thernmal source
unit having a conpressor (21), a four-way sel ector
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val ve (22), an outdoor heat exchangepy§ 2AEER8A8 BEBEr el - source-side heat

= exchanger which s in the proxinity of agerostepor fah (23)|, REPOAGEMENTt SIOEET

* not or - oper at ed expan5| k;gggf as a&tnernal-source Sijdg—expans+en
mechanism An end of t at exchangefy P in whidh gas_flo
connected to a gas- refrlgﬂyant pi pe (26) and a ﬁﬂ% end tharegﬁ3pﬁ Wﬁ@é

liquid flows is connected to a | ISREQGLRIGATICBLA, 5LB). Thg
gas-refrigerant pipe (26) is connected to a dlscharge sidgd and an inl et

side of the conpressor (21) via the four-way

REFRIGERAT ION 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 throuéh
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
outdoor heat exchanger, an outdoor motor-operated expansion
valve and a receiver. The indoor unit has an indoor wmotor-
operated expansion valve and an indoor heat exchanger.

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

circulated, so0 as to be condensed at the indoor heat
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val ve (22) which switchably selects the discharge and inlet] SEBACEMENTHSHEET

- conpressor (21). The liquid |i eﬁhggﬁﬁgﬁhﬁziﬁmNewding f r om|t e out door nheaj
exchanger (24) is connected toT e nﬁt;ﬁLA ggui d | fne (4L) vija thfsoytéqg%

not or - oper at ed expansi on val ve 25y—amd—=a recerver (27) for qtoring a
liquid refrigerant in order. Furthep, the conpressor (2%1) Y-s—eentrected
to a gasxchae: , YeldBked a inheregiiirger aat pithe (2akrdodbiq eatori-ne (5GA,

5@B) is connected to the discharge side and the inlet side o the
conpr esgPerbt bl Viekddhe iRl wia¥reY aleNRpoddkediath the outdoor heat

exchanger and then returned to the compressor.
Further, in the outdoor unit, the capacity of the
compresgor 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 co;respondence 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
disadvantageously 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
capacities 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 same 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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switchably sel ects the di schay sides of the conprieRsPrAGERIENT SHEET
“and al so connected to the nmi ﬁ%%S¥EM@H6$@tFN n accunul at or {( 38y—+s

provi ded between the inlet si RERBAGRIDIr esgor (21) and tHe fogrs-B/EE 1896
valve (22) in the mddle of the gas refrigerant pipe (26).

it 1is necessary to prevent lack of a circulation aFount 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
piping. Therefore, it is required t§ prevent the compressor
from compressing a liquid refrigerant at a reactivation of
the outdoor unit.

Furthermore, when the air conditioner has a plurality of
outdoor wunits, the refrigerant piping extending from the
outdoor wunits is connected to two main pipes and the main
pipes 1is conducted on the indoor side. However, in case that
the piping arrangement is made at a free hand at the
installation, an angle of tilt of piping required for
backing ' 0il cannot be secured or a part of piping to be
horizontally arranged may be inclined. This

disadvantageously prevents high-reliable air conditioning.

In wview of the foregoing problems, this invention has
been made. The present invention has its object of preventing
the compressién of a liquid refrigerant and fhe lack of a
circulation amount of refrigerant owing to the storage of the
refrigerant and the like and securing an accurate installation

of the refrigerant piping.
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19 Each of the indoor units (3A, 3B) serves as a user unt—havi-Hg—af—
~indoor heat exchanger (32) 3s ot EW%{@%Q@Q& exchanger wh{ cRERLACEMENTSHEET
proximty of an indoor fan (é?ﬂ, E& &l ndoof not or - oper at ¢d [exXpanston
valve (33) as a user-side expansiea—weetanT ST The i ndoor heal @(SW%%
: 4

[Disclosure of Invention]

To attain the foregoing object, a refrigeration 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 soﬁrce
units (2A, 2B) which each have a compressor (21) and a
thermal-source-side heat exchanger (24) connected at an end
thereof to the discharge side of the compressor (21), and in
which liquid lines (SLA, 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 compressors (21) respectively. Further, in the
refrigeration apparatus, there is provided a connecting
circuit part (11) for connecting outer ends of the liquid
lines (5LA, S5LB) and outer ends of the gas lines (5GA, 5GB)
to a main liquid 1line (4L) and a main gas line (4G)
respectively so that the thermal source units (2A, 2B) are

arranged in parallel with one another. Furthermore, the
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(32) is connected to the main |i Gue Ii":. 'S\HE?NQ an in o%ﬁ”f‘?%w |§HEET
L(Iég

§ i
- (34) and connected to the nmain gcsTW$r ! aph i ndopr{ gas pipe (35)
D

The i ndoor notor-operated expan- lsion 2 33§ di sppskd 2 3 DEG199%dopr
l'iquid pipe (34). The two outdoor units (2A ZB) is ong pf features of
“the present invention, and so conposedsthat a single mas{er—outdoor unit

(2A) anée@ril_:lleghe1§ha&9pa%da@r heei b (@Bhraletgosrectigdr al
each ot her he capacity of each outdoor unit (2A, 2B) is set according to

?21; ndogg)! gRdch eSch hA%enNdMi8Er0k1BIORLPHALLSN( 3NechBhishhg389MRRAS SO

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 liguid 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'
mechanism (V1) which is fully closed when the thermal source

unit (2B) is deactivated during cooling operation.

In a refrigeration‘apparatus of claim 2 according to
claim 1 of the present invention, a receiver (12) for
connecting each of the liquid lines (S5LA, 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.1, a fefrigeration 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
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) disposed on the ligquid
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of the siﬁtﬂfﬂh%ﬁ 1&&@“ (2A) is conposed SO that the cap cﬁEtP}A@EfME’\QO\SHE%T

set in I nvert €T 1 vt i he conpregspr (21) of the
sl ave out I's conp; T}ﬁé Sht]é']A g;éréll:r@NcEpam ty th reoQ 3 DETE1996

SW tchabl 50% and trol . r¥ hernore,
various kinds of sensors are disposed i the master outdoor{ unrt—{2Ar—and

t he indoof Qi gm)"}A S in!vhibe _r%sé% PUidopseaNi {s (Z8nndeted  to

di schar ge-'gas tenpef a- ture Rensor or detecting a tenperature of a

gas refrlggraglsghasgggrgle&iefro tllgee £PLesSRL (A 1nd SchSPISES: (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 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 1liquid
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 ligquid 1line (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 appafatus has a plurality of wuser units (33,
3B) which each have a user-side heat exchanger (32) and
which are connected to the main 1liquid 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) extehding toward

the slave thermal source unit (2B), there is disposed a



at a part of the gas-refrigerant pipe (26)I§§;ph I's located on the
“di scharge side of the conpregs (ZEET 1O B gas tenp T T,
(Th2) for detecting a tenperotmlg gégp@(ms redl gerant tq( ggH‘s%@&&ﬁT|$ﬁF(§T
the conpressor (21) is di sposegd—at—a—part of t(he refrigenqant pipe (26)
“which is located on the inlet side of the conpressor (21). |An2 GUDEQ996
liquid teipeidtlinesenseingTherhbai siel(ee)i agiant eBPENALY @166ed Whaui d
refrigerant on the outdoor heat exchanger's (24) side is dlsposeu o tiTe

liquid |iag e%er)a tRRe¢mal @BRRcR LniEMMoBY! YE€q88BEvatilduboh detecting &
tenperature of

refrigerating operatlon. 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.

In a refrigeration apparatus of claim 4 according to
claim 3 of the present invention, a receiver (12) for
connecting 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).

In a refrigeration apparatus of claim 5 according to
claim 3 or 4 of the present invention, a bypass line (29)
which bypasses the coﬁpressor (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
disposed on the bypass‘line (29). Further, there is
disposed 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 méchanism (Vv3) and
the thermal-source-side expaﬁsion mechanism (25) each included

in the slave thermal source unit (2B) in deactivation, the
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" the conpressor (21), and a | ow pressurg sensor (LPS) for

open ai

Furt her,

refrige
t he gas

pressur
dispose
on the

r is disposed in the vic ﬂ‘ng/SEQHETIIHM pEEMdor heat @EEWMNT(QHQET
a hi gh-pressure sensor| ( HPSREPOACE[Rt ect iing t he {pr

rant di scharged fromthe conpressor (21) Is dispdsdd Z @quﬁééor (f
- refrigerant pipe (26) which is | ocated on the di hb of

BB-35] CHURTRRL gherpBeai WaineRgl pErEohaeithe ) i

|nlet side of the co ressor
losing mea%anlsm %% for g s%t time just after the slave

thermal source unit (2B) is deactivated during heating

operation.

In a refrigeration apparatus of claim 6 according to
claim 3, 4 or S of the present inventioh, there is disposed in
each of the user units (3A, 3B) a user-side expansion
mechanism (53) which is located between the main liquid line
(4L) and the user-side heat exchanger (32). Further, there are
provided: refrigerant-amount detecting means (62) 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 operation and the refrigerant-amount detecting means
(62) detects the 1lack of a circulation 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 deactivation and the liquid-line closing mechanism (V1)
and throttle the user-side expansion mechanism (33) so as to
reduce a pressure of a liquid refrigerant to a saturation

pressure according to an open-air temperature.

As shown in FIG.2, a refrigeration apparatus of claim 7
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of the present invention comprises: a master the¢rmal source

unit (2A) having a compressor (21), a thermal-soufce-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 liguid line (5LA), and a thermal-source-
side expansion mechanism (25) which is disposed on the 1liquid
line (5LA) 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 coﬁpressor (21) so as
to be switchable between the two sides of the compressor (21)
and at the other end to a ligquid line (5LB), and a thermal-
source-side expansion mechanism (25) which is disposed on the
ligquid line (5LB) and capable of regulating 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 iiquid line (4L) and a main gas line
(4G) respectively 80 that the thermal source units (2A, 2B)

are arranged in parallel with each other; and a plurality of



In each qugggg, gt s (3A, SB) an indoor-liquidt nﬂﬁféﬁgﬁﬂﬁ & _
~ (Thb) fo nper at ( a_|iquid refrigerant pnlthe indoor hgat

exchanger \WHME di spo‘ eI‘HIS BHERE HW QG iquid pi
indoor-ga ensor Th6)1ﬂniAdebec“|n a tenpefature of a gas
’ refrigerant on the I ndoor heat exchan ~32)side is dlsposedTn the

i ndoor gasePifg {593 ar}ga)aa,;}g_fgﬂ té‘gﬁ}?@?&d&{% ﬁ.f_-,fé%ﬁfsl(d@@

roomtenperature Is SpOSG I'n the vicini t he 1 ndoor

Dot ect i oy IRk S ik EIR LiFs MR AEEYS ol halH 1 Bt 1ine (42) ana

the main gas line (4G) so as to be arranged in parallel with
one another.

Further, at a connecting part located between the 1ligquid
lines (5LA, 5LB) and the main liquid line (4L), a receiver
(12) which connects each of the ligquid lines (SLA, 5LB) to the
main liquid 1line (4L) is disposed. In addition, on the gas
line (SGE) extending toward the slave thermal source unit
(2E), there 1is provided a gae-line closing mechanism (V2)
which is fully closed when the slave thermal source unit (2B)
is deactivated dufing heating operation. Furthermore, there is
provided full-closure control means (6) for controlling the
thermal-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

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 (2;) of the slave thermal source unit
(2B) 1is connected to the discharge and inlet sides of the
compressor (21), and a bypass closing mechanism (V3) is
provided on the bypass line (29). Further, there is
disposed refrigerant ejecting means (61) for ejecting a liquid

refrigerant remaining in the slave thermal source unit (2B) in



LPS) are inputted into a control

| on th$ AEBIACEMENT SHEET
- signals, the controller (6) contr not ¢r
expansi on val ve (25, 33) and the

apamlﬁEPLA EQhe CONpr ess (2&) q e
li ke. The air conditioner (1) h 'prng unit (11) ag ) H@ggi%

“circuit part. The piping unit (11) isiane feature of thejpnesent jinventieon
and connect.s the 1i | nes LB) and the gas |ines. (S 5GB) . on
the i nddBfthf (&} %s 2tE§3 %‘?%él-t[%et 3 (£49 Mot igs LV 3R onin

as I|ne 4G)., respecti vel
g ( gher f) urce)glde 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 6peration.

In a refrigeration apparatus of claim 9 according to
cléim 7 or 8 of the present invention, there is provided in
each of the user units (3A, 3B) a user-side expansion
mechanism (33) located between the main liquid line (4L) and
the user-side heat exchanger (32). Further, the
refrigeration apparatus has refrigerant-amount detecting
means (62) 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) 1is deactivated during heating operation and the
refrigerant-amount detecting means.(62) detects the lack of a
circulation 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 deactivation. and throttle
the user-side expansion mechanism (33) so as to reduce a
pressure of the iiquid refrigerant to a saturation pressure

according to an open-air temperature.
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In detail, each of the liqg
(51, 52) extending outward

e A B) is co
TETHASIBIN dnit (2A,
passage (53, 54) connecti ng oute? end ¢f the |

liquid pipe (51,52) is connected at an inner end ther

the receiver (27) are disposed in the liquid pipe (5
gas lines (5GA, 5@B) is conposed of a gas pipe (55, 5

fromthe outdoor unit (2A . , ) ,
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 gas-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)
of master and slave thermal source units (237, 2B) to a main
ligquid 1line (4L) and connecting an outer end of the gas 1line
(5GAa) 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
refrigeration apparatus, there is disposed.a branch line (5a)
which is connected at an end thereof to a gas-refrigerant pipe
(26) extending from the thermal-source-side heat exchanger (24)
of 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
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ter end of the gas pipe

he COprfSSﬂg;&%&}—*&éLli&;
line (4L) |iBE MENT SHEER

2B) and a gas passage (57, 58) cg%ﬁé%tﬂd;g@
(55, 56). The gas pipe (55, 56 S
four-way sel ector valve (22).

main |iquid pipe (41) extending on the |ndoor unit's (3A |3p) srade;, amd

‘main |iquid passage (42) connect ed toan end of the main {ifui 3;”'93?1%1)
and the liquid ass ges i % on the outdoor unit's (24 J2F) side.”"fhe
mai n | i gt PP ) #s ‘BB‘H?\ LY ctO%TPY9RS W R23FREE he? 2bf +-he J.ndoor

i quid pipes {34) of the indoor units (3A 3B).
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 normally high-pressure passage (91) in
order that a refrigerant flows from the gaé line (5GB)
toward the normally high-pressure passage (91), and the gas
line (5GB) of the slave thermal source wunit (2B) is' connected
to the normally Ilow-pressure passage (92) in order that a
refrigerant flows from the normally low-pressure passage (92)

toward the gas line (5GB).

In a refrigeration apparatus of claim 12 according to
claim 11 of the present invention, a receiver (12) for
connecting each of the liquid lines (5LA, 5LB) to the main
1iquid 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 rgfrigeration appératus of claim
13 of the present invention, there are provided a connecting
circuit part (11), a branch line (5a) and ;' constant—preséure
circuit (9) as are in claim 11, instead of the connecting

circuit part (11) and the gas-line closing mechanism (V2) of

This Sheet Has Been Replac
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Each of the main gas |lines (4G
~ extendi ng on the indoor unit’ STRR Sy and a | t4)
connected to an end of the ndin ga§E I nd thﬂgmmﬁ%@z@zgg %éiT 58)
on the outdoor unit's (2A, 2B che- : '
“the other end thereof to the indoor gas, pipes

3B).

S conposed of a main gas _pipe (43)

jas pi pe 43% I s connectfed at
35) of |t <dDEC 1996t 3 (3A

—r/-\

claim 7.

In a refrigeration apparatus of claim 14 according to any
of claims 11-13 of the present invention, a refrigerant
recove;ing passage (8a) through which a refrigerant flows from
the gaé line (5GB) of the slave thermal source unit (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).

As shown in FIG.11, in a refrigeration apparatus of claim
15 according to any of claims 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-

. refrigerant pipes (26) of the thermal-source-side heat

exchangers (24) of the thermal source units (2A, 2B) and
which has a c¢losing mechanism (V19) for preventing a
refrigerant from flowing, when at least one thermal source
unit (2B) is deactivated during cooling operation, into the

thermal source unit (2B) in deactivation.

In a refrigeration apparatus of claim 16 according to any
of claims 1-15 of the present invention, the connecting

circuit part (11) is formed in a single unit.
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The piping unit (11) is so conposed that the liq ages—{53—E
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- Operation -

Under the above constructions, in the refrigeration
apparatus of claim 1, high-pressure gas refrigerants
discharged from the compressors (21) of the thermal source
units (2A, 2B) are first condensed at the thermal-source-side
héat exchangers (24) to turn liquid refrigerants. The two flows
of the 1liquid refrigerants meet at the main liquid line (4L)
of the connecting ciréuit part (11). In particular, in case of
the refrigeration apparatus of claim 2, the liquid
refrigerants wmeet at the receiver (12). Then, in each of the
user units (3A, 3B}, the liquid refrigerant is reduced in
pressure at the wuser-side expansion mechanism (33) and
evaporated at the user-side heat exchanger (32) to turn a
gas refrigerant. having 1low pressure. The gas refrigerant is
distributed at the connecting circuit part (11) to the gas
lines (5GA, 5GB) and then returned tb the compressors (21)
of the thermal source units (23A, 2B). A cooling operation 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 1liquid refrigerant

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
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the main |jauhd: fdsiGen®pioed t he gas—passages (57, 58) of the gas lines (5GA
Thid Shist s Bl ﬂlf (2A,| 3B S$i5g8 HanmBEENG nmai n gas passage (44) of

- 5@GB) on the REpig
the main gamml mgﬁml e intdgrall GRd and funi fi - las a
feature of ention, the piping unit (1f) AGEM st ETstop
“valve (VI) and a gas stop valve (V2) W& ch are integfally unitized. [THe gas

st op valfren e icomprepesed i (21)hofganepzivagal( 30urel LRATGELNaR)5CB)

on the slave outdoor unit's (2B) side, and serves as{ajgas |ine closing
nmechani $Rd @i rReRHidHHMHL L 125 ithe tt'h‘érgﬁi-l%@%&%esidle heat exchangers

(24) to turn liquid refrigerants. The two flows of the 1liquid
refrigerants meet at the main liquid line (4L) of the
connecting circuit part (11). In particular, in cases of the
refrigeration apparatus of claims 4 and 7, the liquid
refrigerants meet at the receiver (12). Then, in each of the
user units (3A, 3B), the 1liquid refrigerant is reduced in
préssure at the user-side expansion mechanism (33) or the like
and evaporated at the wuser-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 1lines (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 refrigerants
discharged from thé compressors (21) of the thermal source
units (2A, 2B) flow into the connecting circuit part (11) and
meet at the main gas line (4G). Then, the collected gas
refrigerant flows into the user units (3A, 3B). The gas
refrigerant is condensed at each of the user-side heat
exchangers (32) to turn a liquid refrigerant. The 1liquid
refrigerant flows through the main liquid line (4L) and then is
distributed at the connecting circuit part (11) to the

liquid 1lines (5LA, 5LB) running to the thermal source units



(58). The gas stop valve (V2) is di sposed in the proxinitlyREPLACENBRNES EiE'i‘g
“part between the gas passage (58] sl.ave outdoor u

the mai n gas passage (44) of the P, and c
e o Ie o) ¢ contr g&?g& %%t e

be fully closed based on a contr® _
‘sl ave outdoor unit (2B) is deactivat ed][ﬂurl ng Ling op r tion The
e I|qU|d passagej (54) of the l'i qui

liquid stop valve (VI) is disposed in
line (5LE8Aon 2Bk- s| By Pk Hoskamni in scqom of ddie aref
l'i quid-line closing mecha-

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 thermal-source-side expansion mechaniém (25)
and evaporated at the thermal-source-side heat exchanger (24)
to turn a gas refrigerant having 1low pressure. Then, the

gas refrigerants are returned to the compressors (21) of the
thermal source units (2A, 2B). The heating operation is made
by repeating 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
deactivation 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) is
deactivated during cooling operation and heating operation,
the liguid-line closing mechanism (V1) in case of claim 3 or
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

prevented from being lacked between the master thermal

source unit (2A) and the user units (3A, 3B).
This Sheet Has Been Replaced
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unit (2B) is deactivated during8cooling operatian jand heatin

slave thermal source unit (2B) is deactivated during heating
operation, the refrigerant ejecting means (61) opens the
bypass closing mechanism (V3), the thermal-source-side
expansion 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 thermal-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 ﬁnit (27A) flows into
the liguid line.(SLB) via the gas line (SGB) of the slave
thermal source unit (2B), so that the liquid refrigerant
remaining in the slave thermal source unit in deactivation
is ejected into the main liquid line (4L) or the like, thus
preventing lack of a circulating amount of refrigerant.

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 user units (3A, 3B)

under heating operation, the difference between the pressure

losses of the user units (3A, 3B) resulting from the
difference between the piping lengths thereof is compensated.

For example, the difference between the pressure losses is



di scharge and inlet sides of the—caupressor (21) so as t
sconpressor (21). On the bypass || THIS sp2@ HASTERe IS provi
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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 liquid line (4L) or the like.

In the refrigeration apparatus of claim 6, 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 the liquid-line closing mechanism
(Vi) 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. 1In
the refrigerating apparatus of claim 9, when the slave
thermal source wunit (2B) is deactivated during heating
operation and the refrigerant-amount detecting means (62)
detects lack of a circuléting 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 pressuré according to
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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

(23a) .

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
deactivation is returned to the master thermal source unit

(2n) .

In the refrigeration apparatus of claims 11 and 13, a gas
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-pressure 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)
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22 Further, as a feature of the present invention, the-caontrol- ler (6)

= has a refrlgerant anount dete neans (62) and a refrl qE?DAp
nmeans (63). The refrigerant aﬁﬁmnﬁ1‘¢§g\ ans (62) ils @mﬁMﬁfﬁSh S
to detect lack of a circulatlion anuqmbLgf ji gerant, wher “the air
“conditioner (1) is in a heating ope the sl ave qutjdodsd DRCt199¢B
n

I s deactivated, in case the outdoor n@ﬂor-operated expang
without the gas-line closing mechanism (V2).

Further, in the refrigeration apparatus of claims 12 and
13, the receiver (12) collects and distributes the liquid

refrigerant.

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)
connecting to the slave thermal source unit (2B) and a low-
pressure gas side of the master thermal source unit (2A)
through the constant-pressure circuit (9), so that the
refrigerant remaining .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-
refrigerant pipes (26) of the thermal-source side heat
exchangers (24) of the thermal source units (2A, 2B) are
communicated 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
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- Effects_-

According to the refrigeration apparatus of claim 1,
gince the 1liquid line (5LB) of at least one thermal source
unit (2B) is provided with the liquid-line closing wmechanism
(Vi) which is fully closed when the thermal 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 between another thermai source unit (2A) and wuser
units (3A, 3B).

As a result of this, a plurality of thermal source units
(2A, 2B) can be combined. Further, since a plurality of
thermal source units (24, 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 claim 2,
since provision of a single receiver (12) can dispense with
respective receivers of the thermal source units (2A, 2B),
this reduces the number of elements. Further, since
distribution of a 1liquid refrigerant is securely carried |

out, an unbalanced flow of refrigerant can be securely
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and throttle the indoor notor-operated expansion valve (33) for a set ti

thereby reducing a pressure of a liquid refrlgerant to 3
pressure according to an open-aig g% I “Tys, theliﬁéﬁé %¢ggﬁﬁ'%r
n 2) !

in the slave outdoor unit (2B)

"to the master outdoor unit (2A) .=
means (63) is conposed, if the outdoorz%ntor-operated expansi on val ve {( 4
of the Fremenfigdio®@vemiwhereB)a ifilatducti @ad dilows gt il g

evapprpt ed and r et urjndd
> reffijpelaOEC1998- (erfi

t he out door notor-operated expansion valve (25) for alset _tjne.
line (4L) or the like.

According to the refrigeration apparatus of claim 3, the
gas-line closing mechanism (V2) and the liquid-lihe closing
mechanism (V1) are disposed on the gas line (5GB) and the
liquid ling (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
deactivated during cooling operation and heating operation, and
the gas-line c¢losing mechanism (V2) is closed when the
slave thermal source unit (2B) is deactivated during heating
operation. Accordingly, a liquid refrigerant can be prevented
from being stored in the slave thermal source unit (2B) in
deactivation, for example, the liquid refrigerant can be
prevented from being stored in a receiver or the 1like. 1In
detail, because the pressure of the liquid refrigerant 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 and the like. In this refrigeration
apparatus, the storage of the liquid refrigerant can be
prevented.

Further, according to this refrigeration apparatus, 1lack
of a circulation amount of refrigerant between the master

thermal source unit (2A) and the user units (3A, 3B) can be
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OQperation of Exanple 1 Descrigption is _nade next about QB@VEFWENE JHEET
- controlling the air conditioner| THY. SHEEAtHAs g@N ijng opér @ti on, the fouf-hay
sel ector valve (22) is switched,__as BEBwCHMN dash |ine$ §{n FBOECQ 19%he
respective high-pressure gas refrigerants disc ged fgointhe conpres-}sprs
" (21) of both the outdoor units (2A, 2B) are first condgnsed at the outdopr
heat exchangers (24) to turn liquid r@#rigerants. The flows of the
li qui d peevegsedat sandet 14t ishprewentedqbohdtpabsagéiqudy orefhddprphiig unit
(11). Then,
remaining in the slave thermal source unit (2B) is compressed

by the compressor (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 plurality of
thermal source units (22, 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 elements. Further, since
distribution of a 1liquid 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 claims 5 and
8, just after the slave thermal source unit (2B) is deactivated
during heating operation, the refrigerant ejecting means (61)
operates so that a high-pressure gas refrigerant flows from

the master thermal source unit (2A) into the liquid 1line (5LB)
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the collected liquid refrigerant flows into the indoor [ s (37381 E§T
each of the indoor units (3A r3B—the liquid refrigera ﬁﬁsgge
pressure at the indoor notor- d %H@ﬁ"%&$aasmcn val ve ({3 ) 86atec
at the indoor heat exchanger {32) f"6PbaGNe a Ijow pressyr cefriger
ant. The gas refrigerant is distributed at the piping unfit (11) to t he gasg
passages (57, 58) and then returned t @& he conpressors (ZI) of~the—eui-doo

units (4a XBe gascddinend 588 amnidorthies siave pherspdatsiong cehardboi@B) .

circulating pro- cess.

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 preventing

lack of a circulation amount of refrigerant.

According to the refrigeration apparatué of claims 6 and
9, when the refrigerant-amount detecting means (62) detects
lack of a circulation amount of refrigerant, the refrigerant
recovering means (63) throttles the user-side expansion
mechanism (33) to reduce a pressure of a liquid refrigerant
to a saturation pressure according to an open-air temperature.
As a result of this, the liquid refrigerant remaining in the
slave thermal source unit (2B) in deactivation is evaporated
and returned to.the master thermal sdurce unit (23).
Accordingly, the lack of a circulation amount of refrigerant

can be securely prevented at any time.

According to the refrigeration apparatus of c¢laim 7,
since the thermal-source-side expansion mechanism (25) 1is
fully closed when the slave thermal source unit (2B) is
deactivated during cooling operation and heating operation,.
storage 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 élosing mechanism (V1) can be
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dispensed with, the number of elements can be reched.

According to 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 (23).
Accordingly, a refrigerant remaining in the slave thermal
source unit (2B) in deactivation can be returned to the
master thermal source unit (2A). 1In addition, since the
refrigerant ejecting means (61) and the refrigerant
recovering means (63) can be dispensed with, the

construction of the refrigeration apparatus can be simplified.

According to each of the refrigeration apparatus of
claims 11 to 13, since there is provided the constant-pressure
circuit (9) through which gas refrigerants flowing into and
from the slave thermal source unit (2B) pass, the high-
pressure gas;refrigerant does not flow into the slave thermal
source uniti(ZB) when the slave thermal source unit (2B) is
deactivated during refrigerating operation. Accordingly,
storage of a liquid refrigerant into the slave thermal source
unit (2B) can be p:evented. In addition, since the gas-line

closing mechanism (V2) can be dispensed with, the construction
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According to the refrigeration apparatus of claim 14,

when the slave thermal source unit (2B) is deactivated during
heating operation, the constant-pressure circuit (9) and the
refrigerant ;ecovering passage (8#) establishes communications
between the gas line (5GB) connecting to the slave thermal
gsource unit (2B) and a low-pressure gas side of the master
thermal source unit (2A). Accordingly, a refrigerant remaining

in the slave thermal source unit (2B) in deactivation can be

returned to the master thermal source unit (23a). In addition,

since the refrigerant ejecting means (61) and the refrigerant

recovering means (63) can be dispensed with, the construction

of the refrigeration apparatus can be simplified.

According to the refrigeration apparatus of claim 15,

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 wunits (2A, 2B), a high-pressure sensor for

detecting a high pressure at a cooling operation and a low-
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-units (2A. 2B), the distributed_liquid refrigerants are|l egctrredoced
ressure at the outdoor notor- QprHIgtseEse val ve {2b) V. rg
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at the outdoor heat exchanger 424) tRed@aeeRe a | pw prespu
refrigerant. Then, the gas refrigerants—arc—tetdt ned tojt
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" (21) of the outdoor units (2A, 2B). Th@gheating operatipn is nade by

repeat i ngreBeugboveefisbeul BbrngePEOEERS. a 16W phesatipye

operations, the controller (6) controls openings of

1
respective indoor

not or - opgpak8lion 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 16,

since the connecting circuit part (11) between the thermal

source units (2A, 2B) and the user units (3A, 3B) is unitized,

an angle of tilt of piping required for backing oil can be

'secured and a part of piping to be horizontally arranged can

be held in a horizontal position. This enables high-reliable

air conditioning. In addition, since the number of pipes can

be reduced when a plurality of thermal source units (2A, 2B)

are installed, this reduces the number of steps at a pipe

arrangement, thereby simplifying the pipe arrangement.

[Brief Description of Drawings]

FIG.1 is a refrigerant circuit diagram of an air

conditioner showing Example 1 of a refrigeration apparatus of

the present invention.

FIG.2 1is a refrigerant circuit diagram of an air

conditioner showing Example 2 of a refrigeration apparatus of

the present invention.
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expansi on val ves (33) and openi ngs of respective outdo
- expansi on val ves (25) and contr Lt of theREPpAGEMENToBHERT
respective outdoor units (2A TEB Sﬁﬁﬁhﬁéﬁ)ﬁﬂ’éhqe wi t —-rrdoor—T0ag.
detail, the controller (6) contfol s tREEL&GRRCi ty Jof the Fong @%3f§ﬁ§2 )
“the slave outdoor unit (2B) so as to be switched anong 1303££
" and controls the capacity of the conprz$sor

(2A) so as torhe. Thaged opnfidrgitel itduia |diepfanpr
| oad by the inverter circuit.

of

conditioner
FI1G.4

conditioner

(21) of th

Qi iy t o an i ndopr

Wien the | oad of the indées
showing a modification of the Example 2.

i demib
oarir Lo

is a refrigerant circuit diagram of an air

showing another modification of the Example 2.

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

equalizing-type reversible valve is opened.

FIG.6

is a sectional view showing that the external-

equalizing-type reversible valve is closed.

FIG.7
conditioner
the present

¥iGc.8
conditioner

FIG.9
conditioner
the present

FIG.10
conditioner

FIG.1l1
conditioner
the present

FIG.12

conditioner

[Best Mode for Carrying Out the Inventions

is a refrigerant circuit diagram of an air
showing Example 3 of a refrigeration apparatus of
invention.
is a refrigerant-circuit diagram of an air
showing a modification of the Example 3.
is é'refrigerant circuit diagram of an air
showing Example 4 of a refrigeration apparatus of
invention.
is a refrigerant circuit diagram of an air
showing a modification of the Example 4.
is a refrigerant circuit diagram of an air
showing Example 5 of a refrigeration apparatus of
invention.
is a refrigerant circuit diagram of an air

showing a modification of the Example 5.

[
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(3A, 3B) is decreased with respect to the capacity of t
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- 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 refrigerétion
apparatus. In the air conditioner (1), two outdoor units (23,
2B) are connected 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
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
expansion valve (25);as a thermal-source-side expansion
mechanism. An end of the outdoor heat exchanger (24) in which
gas flows is connected to a gas-refrigerant pipe (26) and
another end thereof in which liquid flows is connected to a
liquid ' line (5LA, 5LB).

The gas-refrigerant pipe (26) 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 1line (5LA, B5LB)
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the main 1liquid 1line (4L) via the outdoor motor-operated
expansion valve (25) and a receiver (27) for storing a 1liquid
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) is connected to the discharge side and the inlet side of
the compressor (21) via the four-way valve (22) which
switchably selects the discharge and inlet sides of the
compressor (21), and also connected to the main gas line (4G).
An accumulator (28) is provided between the inlet side of the
compressor (21) and the four-way valve (22) in the middle of
the gas-refrigerant pipe (26).

Each of the indoor units (3A, 3B) serves as a user upit
having an indoor heat exchanger (32) as a user-side heat
exchanger which is in the proximity of an indoor fan (31),
and an indoor motor-operated expansion valve (33) as a user-
side expansion mechanism. The indoor heat exchanger (32) is
connected 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)
ié disposed in the indoor liquid pipe (34).

The two outdoor units (2A, 2B) is one of features of the
present invention, and so composed that a single master
outdoor unit (2A) and a single slave outdoor unit (2B) are

connected in parallel with each other. The capacity of
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each outdoor wunit (2A, 2B) is set according to an indoor
load, i.e:, the number of indoor units (34, 3B). The compressor
{(21) of the @aster outdoor unit (23A) is composed so that the
capacity thereof is set in multi-steps by an inverter
circuit, while the compressor (21) of the slave outdoor unit
(2B) 1is 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
temperature sensor (Thl) for detecting a temperature of a gas
refrigerant discharged £from the compressor (2i) is disposed
at a part of the gas-refrigerant pipe (26) which is located on
the discharge side of the compressor (21), an inlet-gas
temperature sensor (Th2) for detecting a temperature of a gas
refrigerant to be sucked into the compressor (21) is disposed
at a part of the refrigerant pipe (26) which is located on
the inlet side of the compressor (21), an outdoor-liquid
temperature 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 disposed in the vicinity of the outdoor heat
exchanger (24). Further, a high-pressure sensor (HPS) for
detecting a pressure of a gas refrigerant discharged from the

compressor (21) is disposed ' at a portion of the gas-
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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 pipe (26) which is located on the inlet side of the
compressoxr (21).

In each of the indoor units (3A, 3B), an indoor-liquid
temperature sensor (Th5) for deteqting a temperature of a
liquid refrigerant on the indoor heat exchanger’s (32) side is
disposed in the indoor liquid pibe (34), an indoor-gas
temperature sensor (Thé) for detecting a temperature of a gas
refrigerant 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 wvicinity of the indoor fan (31).

Detection signals from the above sensors (Thi-Th7, HPS,
LPS) are inputted into a controller (6), and based on the
detection signals, the controller (6) controls openings of the
motor-operated expansion 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
features of the present invention, and connects the liquid

lines (5LA, G5LB) and the gas lines (5GA, 5GB) on the indoor

This Sheet Has Been Rep

[T




I n detail ,mw&tﬁil%e&ﬂ{ L&agrant_ilows through the mai nigREPIACRRIENTQHERE | he
Tike, the p refrrgasamtar%A@ | due to E. In
t he i ndoor H“] lﬂ at @ _heat Rergaepgr atiop, the di feisg}cﬁe bet wegpn
the pressur i ndoor uni ) resul {i hg G s

.di fference between the pi p| ng I engths t ereof i s conpep-Lsated by the

I ndoor nntor-operated expansion valve (33).. As a result of this, the
pressur e Y- fe (2 i F@)aftider thdheimein ddianid ddnbltiBeandhdhouer than

the pressure of the refrigerant discharged fromthe conpressor (21), so
that themain gas line (4G), respectively.

In detail, each of the liquid lines (5LA, 5LB) is
composed 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 heat exchanger (24). The outdoor motor-
operated expansion valve (25) and the receiver (27) are
disposed in the 1liquid pipe (51, 52).

Each of the gas lines (5GA, 5GB) is composed of a gas
pipe (55, 56) extending outward from the outdoor unit (2A, 2B)
and a gas passage (57, S58) connecting to an éuter end of the
gas pipe (55, 56). 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 1liquid
pipe (41) extending on the indoor unit’s (3A, 3B) side, and a
main liquid passage (42) connecting to an end of the main
liquid pipe (41) and the liquid passages (53, 54) on the
outdoor wunit’s (2A, 2B) side. The main liquid pipe (41) is
connected at the other end thereof to the indoor liquid pipes
(34) of the indoor units (3, 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) connecting to an end of the main gas

pipe (43) and the gas passages (57, 58) on the outdoor unit’s
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exchanger (24) "according to the detection signals of the outdoor-Iiquid
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
passages (53, 54) of the liguid lines (5LA, 5LB) on the
outdoor unit’s (2A, 2B) side, the main liquid passage (42) of
the main liquid 1line (4L), the gas passages (s7, 58) of the
éas lines (5GA, G5GB) on the outdoor unit’s (2A, 2B) side, and
the main gas passage (44) of the main gas line (4G) are

integrally formed and unitized.

Further, as a feature of the present invention, the
piping wunit (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 meéhanism 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 dgfing heating
operation.

The 1liquid stop valve (V1) is disposed in the liquid
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mechanism 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 passage (54)-on the
slave outdoor wunit’s (2B) side and the main liquid passage
(42) of the main 1liquid line (4L), 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
cooling operation and heating operation.

As a feature 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 (6),
there 1is provided a fefrigerant ejecting means (61), which
opens, for a set time, e.g., for a few ﬁinutes, the bypass
stop wvalve (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

(2a) .

Further, as a feature of the present invention, the
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and a refrigerant recovering means (63). The refrigerant-

amount detecting means (62) is composed so as to detect lack
of a circulation amount of refrigerant, when the air

conditioner (1) is in a heating operation and the slave

outdoor unit (2B) 1is deactivated, in case that the outdoor
motor-operatéd expansion valve (25) of the master outdoor unit
(2a) is fully opened and that a superheating degree of a
refrigerant of the outdoor heat exchanger (24) according to the
detection 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 during heating operation, 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 refrigeraﬁt
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 returned to the master outdoor
unit (2A). In this case, the refrigerant recovering means (63)
is composed, if the outdoor motor-operated expansion wvalve
(25) of the slave outdoor unit (2B) in deactivation is not

opened, so as to open the outdoor motor-operated expansion
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valve (25) for .a set time.

- Operation of Example 1 -

Description is made next about operations for controlling
the air conditioner (1) .

At aié;oling operation, the four-way selector wvalve (22)
is switched as shown in dash lines in FIG.1. The respective
high-pressure gas refrigerants discharged from the compressors
(21) of both the outdoor units (2A, 2B) are first condensed
at the outdoor heat exchangers (24) to turn liquid
refrigerants. The two flows of the liquid refrigerants meet
at the main 1liquid 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
liquid refrigerant is reduced in pressure at the indoor
motor-operated expansion valve (33) and evaporated at the.
indoor heat exchanger (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 returned 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 Qalve (22)
is switched as shown in solid lines in FIG.1l. The respectiﬁe
high-pressure gas refrigerants discharged from the compressors

(21) of both the outdoor units (2A, 2B) flow into the piping
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outdoor unit (2B), the gas st¢p}val ve VQ ca be cl osed when the slave
outdoor unit (2B) is deacti vatlec dp 3 DEC gioperati-on, thereby
preventing a liquid refrigerardt {from storing_iin{tHeTsls ' unit (2B)
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between the master outdoor unit (2A) and.the—iadoor umi .

Further, since the liquid stop valve (9P) is prOV|ded on the liqurd |ine

(5LB) conpaat i)t %ﬂd"@néé@\éﬁ: UHA MR i Yds pHBsaddq 44)q6sd tHeOP pidivey (V1)

can be cl osed when the sl ave
unit (11). Then, the collected gas refrigerant flows into the
indoor wunits (3A, 3B). The gas refrigerant is condensed at
each of the indoor heat exchangers (32) to turn a liquid
refrigerant. The 1liquid refrigerant flows through the
main liquid passage (42) of the piping unit (11) and then is
distributed at the piping unit (11) to the liquid passage
(53, 54) running 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
expanéion valve (25) ahd evaporated at the outdoor heat
exchanger (24) to turn a low-pressure gas refrigerant. Then,
the gas refrigerants are returned-to the compressors (21) of

the outdoor units (2A, 2B). The heating operation is made by

repeating the above circulating process.

In the above cooling and heating operations, the
controller (6) controls openings of respective indoor motor-
operated expansion wvalves (33) and openings of respective
outdoor motor-operated expansion valves (25) and controls the
capacities of the compressors (21) of respective outdoor units
(2A, 2B) in accordance with an indoor load. In detail, the
controller (6) controls the capacity of the compressor (21)
of thé slave outdoor unit (2B) so as to be switched among

100%, 50% and 0%, and controls the capacity of the compressor
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unit (2B) is deactivated during
approximately in a linear proportion to an indoor load by

the inverter circuit. When the load of the indoor units (33,
3B) 1is decreased so as to be responded by the capacity of
the master outdoor wunit (2A), the controller (6) 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 1liquid stop valve (V1) thereby preventing
storage of the liquid refrigerant into the receiver (27) and
the 1like. In detail, because the pressure of the liquid
refrigerant at the operation time is higher than a
saturation pressure according to an open-air temperature,
the 1liquid refrigerant may be stored in the receiver (27). The
controller (6) prevents the storage of the liquid refrigerant.

In addition, when the slave ouédoor unit (2B) is
deactivated during heating operation, the controller (6) closes
the gas stop valve (V2), thereby preventing storage of the
liquid refrigerant into the slave outdoor unit (2B) in
deactivation and preventing 1lack of a circulation amount of
refrigerant between the master outdoor unit (232) 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 slave outdoor unit (2B), the

out door unit—(2B) TS deacti ve eactlvate Vi@ Id operation and heating
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time, e.g., for a few minutes. As a result of this, the high-

pressure gas refrigerant flows from the master outdoor unit
(2a) into the liquid line (5LB) via the gas line (5GB) of the
slave outdoor unit (2B), so that the liquid refrigerant in the
slave outdoor unit (2B) in deactivation is ejected into the
main liquid line (41l) 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
difference 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 refrigerant
discharged from the compressor (21), so that the liquid
refrigerant in the slave outdoor unit (2B) is ejected into
the wmain liquid line (4L) or the like.

When the air conditioner (1) is in heating operation and
while the slave outdoor unit (2B) is deactivated, the
refrigerant-amount detecting means (62) detects whether a
circulation amount of refrigerant is lackihg or not. In case
that the outdoor motor-operated expansion valve (25) of the

master outdoor wunit (2A) is fully opened and that the
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outdoor-liquid 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 (62) detects
the lack of a circulating amount of refrigerant, the
refrigerant recovering means (63) opens the liquid stop valve
(Vi) for a set time and throttles the indoor motor-operated
expansion valve (33) for a set time 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 (2B) 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 Example 1 -
According to this example, since the gas stop 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
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backing can be secured and a flash |of~tTgurd refrl SV ¢
. This enables high- reliable air copditi §ﬂ% dj tion, since
nunber of pipes can be reduced whep ;ydp utdoor (2A, 2B) are
installed, this reduces the nunber ¢f rpej arrange- nent,

t her eby EBEmpELAYPNgOMKEOPEpENAET 4ABéndAt . deactivated | during heating

operation, thereby preventing a liquid refrigerant from
storing in the slave outdoor unit (2B) in deactivation.
This prevents lack of a circulation amount of refrigerant
between the masﬁer outdoor unit (2A) and the indoor units (3Aa,
3B).

Further, since the liquid stop valve (V1) is provided on
the liquid 1line (SLB) 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 1liquid refrigerant
from being stored in the receiver (27) and the like.

As a result of this, a plurality of outdoor wunits (24,
2B) can be combined. In addition, éince'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 (61)
operates so that the high—pressure gas refrigerant flows into
the 1liquid 1line (5LB) through the slave outdoor unit (2B).
Accordingly, the liquid refrigerant in the slave outdoor unit
(2B) in deactivation is ejected into the main liquid line (41)

or the like, thereby securely preventing lack of a circulation

amount of refrigerant.
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When the refrigerant-amount detecting means (62) detects

lack of a circulation amount of refrigerant, the refrigerant
recovering. means (63) throttles the indoor motor-operated
expansion valve (33) to reduce the pressure of the 1liguid
refrigerant to a saturation preésure according to an open-air
temperature. As a result of this, the liquid refrigerant in
the slave ogtdoor unit (2B) which is deactivated during
heating operation is evaporated and returned to the master
outdoor unit (2A). Accordingly, lack.-of a circulation amount
of refrigerant can be securely prevented at any time.
Further, since piping connections between the outdoor
units (22, 2B) and the indoor units (3A, 3B) are formed into
the single piping unit (11), an angle of tilt required for
backing o0il can be secured and a part of piping to be
horizontally arranged can be securely heid in a horizontal
position. Accordingly, oil backing can belsecured and a flash
of 1liquid refrigerant can be prevented. This enables high-
reliable air conditioning. 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
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piping unit (1 r (12)|i$ disposed at p fonneg

bet ween t he mai ge (42 nd BIEC 198§ di phssage !
running to the outdoor units -(2A, 2B)}4Ehe receiver|([L2) stores y
r

refrigerant, collects a |liquid refr. T3 ol or ynits (2A, 2B
to the ndiSFIiGA d&qs)nels( ﬁc}")m’dﬁiﬁ‘{]d' S BRI afdn hgﬁd’ d"IH'é? ributes a
liquid refrigerant fromthe main |iquid I'ine (4L) to the outdoor units, (2A,
2B) duﬂlﬁfQﬁ%ﬁqQEﬁlz) is disposed at a connectirg part between the main

Elsgectz zpoﬁe%gﬁﬁi\ﬁﬁﬁ c{gﬁfrkg ]ﬁ%ﬁli\ﬂ?@g@f\rﬁziﬁ 1;;:ciogdin_to anot her

liquid passage (42) and the liquid passages (53, 54) running
to the outdoor units (27, 2B). The receiver (12) stores a
liquid refrigerant, collects a liquid refrigerant 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 éxample, the receivers (27) as
shown in FIG.1l are dispensed with, and the liquid stop valve
(V1) 1is also dispensed with because the outdoor motor-operated
expansion valve (25) ié fully closed instead of the closure of
the liquid stop wvalve (V1).

In this example, the controller (6) 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 (2B) is déactivated during
refrigerating opgration.

According to this example, since provision of the single
receiver (12) can dispense with respective receivers in the
outddor units (27, 2B), this reduces the number of elements.
Further, since distribution 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. Other construétions,

operations and effects are the same as in Example 1 shown in



operation. In this exanple, the receivers
di spensed with, and the |iquid stop
because the outdoor notor-operated

-the controller (6) serves as a ful
t he out door notor-operated expansio
(2B) whefIG k. sl ave outdoor unit (2
oper ati on.

- Modification 1 of Example 2 -

FIG.3 1is 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

cooling 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) is connected to
a pilot circuit (14). The pilot circuit (14) is composed of: a
high-pressure circuit (l4a) which is connected to the main gas
line (4G) and the main liquid line (4L), has non-return valves
(Vv6, V7) 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 pressure 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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di spense with respective receivers
reduces the nunber of elenments. Furt
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pressure rooms (75a, 75Db) 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 FiG.S) by the movement of
“the spool (74).

The pilot valve (72) is composed of a casing (77) and a
plunger (78) reciprocatably disposed in the casing (77). 1In
the pilot valve (72), the two pilot pipes (76a, 76b) are
connected to the high-pressure circuit (14a) and the low-
pressure circuit (14b). The plungef (78) is moved by the
control signals of the controller (6), so that the high-
pressure gas or the low-pressure gas is léd to the pressure
rooms (75a, 75b) thereby moving the spool (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
example, a refrigerant recovering line (8) is provided in

addition to the air conditioner (1) shown in FIG.1l.
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The refrigerant recovering llne (8) 3 g¢omposed of a

refrigerant recovering pipe (81) extending outward from the
master outdoor unit (2A), and a refrigerant recovering
passage (82) connected to an outer end of the refrigerant
recovering pipe (81). An inner end of the refrigerant
recovering pipe (81) is connected to the gas-refrigerant pipe
(26) disposed between the outdoor heat exchanger (24) and the
four-way selector valve (22) of the master outdoor unit (23).
The refrigerant recovering passage (82) is connected at
an outer end thereéf to the gas passage (58) on the slave
outdoor unit’s (2B) side and has a éapillary (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
recovering passage (82), the capillary (83j 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
incorporated into the piping of the air conditioner (1), when
the slave outdoor unit (2B) is deactivated during heating
operation, the refrigerant recovering line (8) establishes
communications between the gas passage (58) connecting to the
slave outdoor unit (2B) and a low-pressure gas side of the

master outdoor unit (2A). Accordingly, a liquid refrigerant
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27 Modi fication 2 of Exanple 2 Fl
-reversi ble valve (7)

can be prevented from being s

(2B) . In addition, since the refrigerant ejecting means (61)
and the refrigerant recovering means (63) as in the example
shown in FIG.1l can 'be dispensed with, the construction of
the air conditioner (1) can be simplified. Other
constructions, operations and effects are the same as in

Example 1 shown in FIG.1l.

- Modificatioﬁ of Example 3 -

FIG.8'shows a 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 connecting part between the
main 1ligquid 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 units (2A, 2B) to the main iiquid 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.7 are dispensed with, and the 1liquid 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 4 -
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show ng anot her nDdlflcatlon ' g@BLAﬁHM&NWa§ﬁ§§T( 2). The

" external - equad Slb| : '
circuit (14). I U|t (1 ' ReS : [
circuit (14a) ected mai n gas l i\ne (4G and

- liquid I'ine (4L), has non-return valv onducts a hi gh-
pressure refrigerant; and a | owpre sﬁ%b CIrCUIt whi ch is connected"
to the main gH$.19 rﬁhC(WHB)Sl'arid- tane h(e4|§)1r hagonsrt-iagtan n
val ves (V8, V9) and holds a | ow pressure state.

(1), that is, an example of refrigeration apparatus according

e,

to claims 11 and 12 of the present invention. This example 1is
so composed thaﬁ a branchlline (5a) and a constant-pressure
circuit (9) are provided in the air conditioner (1).shown in
FIG.1l. The branch line (5a) 1is composed of a branch pipe (5b)
extending outward from the master outdoor unit (23), and a
branch passage (5c) connected to an outer end of the branch
pipe (Sb) . An inner end of the branch pipe (5b) is connected
to the gas-refrigerant pipe (26) disposed between the outdoor
heat exchanger (24) and the four-way selector valve (22) of
the master outdoor wunit (2A). An outer end of the branch
passage (5¢) is 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). Oné.end of the normally high-pressure passage (91) and
one end of the normally low-pressure passage (92) are connected
to the branch passage (5c¢) via non-;eturn valves (V11i, Vv12)
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 (V11l) of the normally high-pressure passage (91)
is composed so as tolallow a refrigerant to flow from the

branch passage (5c) to the normally high-pressure passage



As shomn |n FIG. 5 and FI G 6
caReplacehse (71) land

|s conpo g (73) a splool
caS|ng ( re roons

in the casing (73). The vaI
passage (58) on the slave outdoo
pi | ot pi(pas,(7éad 768he nonoweghuwhti vhlike (k eonsnpr@allyshlowre
comuni cated with each other. The gas passage (58) is switched between a
COMMU- 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 lines at a cooling operation to
-conduct a low-pressure gas refrigerant into the normally low-
pressure passage (92), and switched as shown in solid lines at
a heating operaﬁion to conduct a high-pressure gas refrigerant
into the pormally 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,
V1l5) for allowing a refrigerant to flow into the normally
high-pressure passage (91), so that the normally high-
pressure passage (91) is hold in a high-pressure state at
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 outdoar unit (2B) through non-return valves
(Vié, V17) for allowing a refrigerant to flow into the wmain
gas passage (44) and the gas passage (58), so that the
normally low-pressure passage (92) is hold in a low-pressure
gstate at any time.

A refrigerant recovering passage (8a) is connected
between 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 capillary (84) and



nicating state (see FIG 5) and a cl osi §q§mﬁte 6) by the

novenent of the spool (74). The pil ot §ONpos¢d

(77) and a plunger (78) reciprocatably dlsposed | e {casi np (ﬁ%ﬁ.
pilot valve (72), the two pilot pipes ({6R, cdnriect'’e RE
~high-pressure circuit (14a) and the |l g Lrcui tl (14Db)

pl unger

t he hi g&- ptepsuvalyas (¥ 8) hareoprpvédedn eTh

(78) is noved by the control SPgns

(75a, 75b) thereby noving the spool (74). According to the

composed so as to open when the slave outdoor unit (2B) is
deactivated during heating operation.

The constant-pressure circuit (9), the lbranch passage
(5¢), the refrigerant recovering passage (8a), the capillary
(84) and thé 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 stép valve (V2) as shown in FIG.1l 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 refrigerant' is prevented from
being stored into the slave outdoor unit (2B). Further, since
the gas 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 (61)

the contrpller (6), so that
galve—tHe8)r edSure roons
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and the refrigerant recoveri means (63) as shown in the
example of FIG.1 can be dispensed with, the construction of
the refrigeration apparatus can be simplified. Other
constructions, operations and effects are the same as in the
example shown in FIG.1.

In this example, since the stop valve (VIS) 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 valve (V18) may be dispensed with,
though the operation performance in heating is slightly

lowered.

- Modification of Example 4 -

FIG.10 shows a modification of Example 4 shown in FIG.9.
A single receiver (12) is provided in the piping unit (11).
The receiver (12) is disposed at a connecting part between the
main ligquid passage (42) and the liquid passages (53, 54)
running to the outdoor unité (2A, 2B). The receiver (12)
stores a 1liquid refrigerant, collects a liquid refrigerant
from the outdoor units (2A, 2B) to the main ligquid 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 1liquid stop
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28 EXAVPLE 3 | GEPAGEMRN S EETxe mpl e of a
refrigeration apparatus according to anf afditional aspdct} of e present
invention. In this exanple, a refrigeraht rgpyyﬁﬂjﬂ@bline (8] THs g '--o

in addition to the air conditioner (1) $hown in FIG 1.] | The refw o HﬂsBEav
-recovering line (8) is conposed of a gglritgerarmt—Tecoverihg pipe

extendi ng outward fromthe
valve (V1) is also dispensed wi

Se 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 conditioner
(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 connécted at an end
thereof to the gas-refrigerant pipe (26) extending from the
outdoor heat exchanger (24) of the master outdoor wunit (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 pipes (10a), and a stop valQe
(V1i9) disposed in the connecting gas passage (10b). The stop
valve kV19) is a closing mechanism for fully closing, when the
slave outdoor unit (2B) is deactivated during cooling
opération, to prevent a refrigerant from flowing into the

slave outdoor unit (2B).

This Sheet Has Been Replaced

(AW



mast er outdoor unit (2A), and a refrigerar

connected to an outer end of the refrlg@EEHM3 RO \pi pe (81). An inner
end of the refrigerant recov- ering pijpert(s ctled t ofthE
gas-refrigerant pipe (26) disposed bet ni@@gmﬂ%o hieat echa‘%

-and the four-way selector valve (22) oy the master outyopr un
refrigerant recovering passage (82) isj
t he gas passa@be(eepneating gravepasaade B gte _
capillary (73) and a non-return valve (% or allomnng a refrigerant to

fl ow are unitized with the piping unit (11) so as to be incorporated

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 the slave
outdoor unit (ZB)-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
exchanger (24) of the master outdoor unit (234) via the
connecting 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
the slave outdoor unit (2B) is sucked into a low-pressure side
of the master oqtdoor unit (2A). When the slave outdoor unit
(2B) is deactivated during heating operation, the stop valve
(V1i9) is opened and the gas stop valve (V2) is fully closed,
so that the-refrigerant in the slave outdoor wunit (2B) is

sucked into a low-pressure side of the master outdoor unit

(2A) via the connecting gas line (10).
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fromthe gas passage (58) to the masfe[—outdoor uniti (2A). F
V

refrigerant recovering line (8), the rafr%geygmn%ﬁeco ng
the capillary (83) and the non- retutnival ve (V10) afejuniti

piping unit (11) so as to be incorponatee—-ttrerelNTo. Thus, sin
-refrigerant recovering line (8) is iHggrpo- rated in the piping of tires
air conditioner (1), when the slave outdgor unit (2B) is deactivated during
heating oper &SRNGS (F€ H¥S Faramle e fdvse te 98¢ -f rdaenamts pipe
conrmu- ni cations between the gas passage (58) connecting to the

(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
approximately equal to each other, thereby increasing a
coefficient of performance (COP) of the refrigeration
apparatus. In addition, between the outdoor units (2A, 2B),
a high-pressure sénsor for detecting a high pressure 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
outdoor unit (2B) is deactivated 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 FIG.2.

- Modification of Example 5 -

FIG.12 shows a modification 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 bypasshiiﬁé (29a), a non-return valve

(V20) is provided for allowing a refrigerant to flow from the
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sl ave outdoor unit (2B) and a | ow pressurg—gas Slde dT t he master outdoor
unit (2A). Accordingly, aliquid refri eranE 9 dvdnt ed f bei ng
stored into the slave outdoor unit (ZB). | n“ad |t|on S|rce th ]
ej ecting nmeans (61) and the refrigeranty} rieceverrg—reatrs {(63)
.exanple shown in FIG 1 can be dlspense mnth the constrjuction 0 aic
conditioner (1) can be sinplified. Ot heF-TonsTTucT T ons, operations and
ef fects ankethsidantoathendtrahprae 1sidewnti phe| comprenserf (84l on of
Exampl e 3

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 wvalve
(22) may be in a state of a cooling operation as shown in
solid 1lines 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 wunits (2B) to
securely suck the refrigerant into the master outdoor unit

(2A) .

- 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 wunits
serves as a master outdoor unit.

In the example of FIG.1l, the receiver (12) may be

disposed at a connecting part between the main liquid
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passage (42) and the liquid passages (53, 54) extending
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toward the 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 prevented.

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 degree.
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 reco&ering means
(63) is composed so as to recover a refrigerant for a set
time. However, a pressure sensor is disposed on the |
compressor’s (21) side of the outdodr'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.2, FIG.3, FIG.4, FIG.8 and FIG.10,
the 1liquid stop valve (V1) is dispensed with, for the reason
that the outdoor motor-operéted expansion valve (25) can be

freely opened and closed. However, in case of using a valve




FIG 8 shows a nodification of ExaprhEPLACEMENT SHRET |G
(12) is provided in the piping uni} MV er
connecting part between the main |}q

passages (53, 54) running to the optgo
.stores a liquid refrigerant, colleft

units (2A, 2B) to the nmain liquid |ine (4L duringvcooling opé
di st ri bieEeh a.CaRRRE o e?F?@EYaﬂPeqimmoaﬂ* i ¥ (LY

outdoor units (2A, 2B) during _
expansion valve, the liquid stop valve (V1) is

preventing storage of a refrigerant, as shown in

like.

In the examples of FIG.l1l and the like, the
bypass stop wvalve (V3) is provided. However,
FIG.12, a one-way bypass stop valve (V3) and
bypass line (29a) may be provided.

In the above examples, description is made

A single receiver
Ls di sposed at a

provided for

FIG.1 and the

bidirectional
as shown in

an auxiliary

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 such 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

dispensed with. When the slave outdoor unit (2B)
during cooling operation, the liquid stop valve

fully closed.

Further, in the air conditioner only for

is deactivated

(Vi) 1is

cooling, as

shown in FIG.2, the receiver (12) may be disposed at a

connecting part between the main liquid passage (42) and

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

units (27, 2B).

[Industrial Applicability]
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heating operation. In this exanplfE; vﬁﬁﬁim
are dispensed with, and the quuidRéP %m )

because the outdoor notor- operatjed expansi on yallve
instead of the closure of the liquif @3PELINe (v

6Q
As described above, gccording to the_;ﬁfrigeration

appafatus 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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CLAIMS
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
exchanger (24’ connected at an end thereof to the discharge
side of the 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 (5GA, S5GB)
are connected to the inlet sides of the compressors (21)
respectively;

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 (22, 2B) are
arranged in parallel with one another;

a plurality of user units (3A, 3B) which each have a
user-side expansion mechaniém (33) and a user-side heat
exchanger (32) and which are connected to the main 1liquid
line (4L) and the main gas line (4G) so as to be arranged in
parallel with one another; and

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

deactivated during cooling operation.
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a receiver (12) for connecting each of the liquid lines (5LA,

1%

circuit (9) has a nornally hi gh

5LB) to the main liquid line (4L) is disposed at a connecting
part between the liquid lines (5LA, 5LB) and the main 1liquid

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 sidé and the inlet side of the
compressor (21) so as to be switchable between the two sides
of thel compressor (21) and connected at the other end to a
liquid line (5LA), and a thermal-source-side expaﬁéion
mechanism (25) disposed on the liquid line (5LA), and in
which a gas 1line (5GA) is connected to the discharge side
and the inlet s8ide of the compressor (21) so as to be
switchable betweeﬁ 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 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
mechanism (25) disposed on the liquid line (5LB), and in

which a gas 1line (5GB) is connected to the discharge side

_—
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swi chable between the two sides of the compressor (21);

a connecting circuit part (11) for connecting outer ends
of the liguid 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 (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 liquid-line closing mechanism (V1) which is disposed on
the 1ligquid 1line (5LB) extending toward the slave thermal
source unit (2B) and fully closed when the slave thermal
source unit (2B) is deactivated during refrigerating
operation; and

a gas-line closing mechanism (V2) which is disposed on
the gas line (5GB) extending toward the slave thermal source
unit (ZB) 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,
. BLB) to the main liquid line (4L) is disposed at a connecting

part Dbetween the liquid lines (5LA, 5LB) and the main liquid

T O A



erant t
“passage
“passage

. : F‘%/ !
o mal Ty 1 ow p”pﬂwmml ﬁmt o thd o aachOE L Bshe
. selector valve (V13) 1 sh8¥n [ '

oper at i
| ow pre
heat i ng

o flow fromthe branch passage (5c) REPLACEMENT BBERTY |hi gh- pressure

(91), and th@,isrggggfﬁagh% \ia%l e (ML ngl OW- pressure
(§c)
uni
th

gn to égyhmt a | ow pressure gas réfrigerant into
%3% sage (92), and swtched as—showr—+a—set+a—Hines during a

operation to conduct a high-pressure gas refrigerant into the

normal |y '

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 which is connected 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 opén the bypass closing mechanism (V3) and
the thermal-source-side expansion mechanism (25) each included
in the slave thermal source unit (2B) in deactivatidn, the
liqﬁid-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
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
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con- nected t orefreigeraniyasreaseagndg ddeamnd{gRe-Has-passaeirid8)a r unni ng
to the slave outdoor unit (2B) through non-return

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 (62) detects the lack of a circulation 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 deactivation and the liquid-line

closing mechanism (V1) and throttle the user-side expansion
meéhanism (33) so as to reduce a pressure of a liquid
refrigerant to a saturation preséure according to an open-air

temperature.

7. A refrigeration apparatus, comprising:

a master thermal source unit (27A) 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
mechanism (25) which is disposed on the liquid 1line (5LA)
and capable of regulating an opening thereof, in which a gas
line (5GA) is connected to the dischafge side and the inlet
side of the compressor (21) so as to be switchable between

the two sides of the compressor (21);
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a slave thermal sourcewuni%~+23+—~ha¥éﬁg a compressor

(21), a thermal-source-gside 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
liguid line (5LB), and a thermal-source-side expansion
mechanism (25) which 1is disposed on the liquid 1line (5LB)
and capable of regulatiné.an opening thereof, in which a gas
line (5GB) is connected to the discharge side and the inlet
side of the compressor (21) sé 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, 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) and the main gas line (4G) so as to be
arranged in pafallel with one another;

a receiver (12) which is disposed at a connecting part
located between the 1liquid lines (S5LA, S5LB) and the main
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 (5GB) extending toward the slave thermal source
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A refrigerant _recovering passage (8a) is connected between the
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_conposed so as to operate when the slavﬁ'b E801996 uni

unit (2B) and fully closed ﬁhen the slave theymal source unit

(2B) is deactivated during heating operation; and

full-closure control means (6) for controlling the
thermal -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

refrigerating 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 connected to
the discharge and inlet sides of the compressor (21);

~a bypass closing mechanism (V3) disposed on the bypass
line (25); and

refrigerant ejeéting means (61) for ejecting a 1liquid
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-éide 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
slave thermal source unit (2B) is deactivated duriﬁg heating

operation.

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

further comprising:
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each of the user units (3A, 3B) and located between the main
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.
refrigerant from the slave thermal source unit (2B) in
deactivation when the slave thermal source unit (2B) is
deactivated during heating opefétion and the refrigerant-amount
detecting means (62) detects the lack of a circulation 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 deactivation and throttle the user-
side expansion mechanism (33) so as to reduce a pressure of

the 1liquid refrigerant to a saturation pressure according to

an open-air temperature.

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

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 connected between a
gas-refrigerant pipe (26) extending from the thermal-source-
side heat exchanger (24) of the master thermal source unit (2A)

and the gas 1line (5GB) extending from the slave thermal
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a master thermal source unit (2A) which has a compressor

11. A refrigeration apparatus, comprising:

(21), a thermal-source-side heat exchanger (24) connected at
an end thereof to the discharge side and the inlet gide of the
compressor (21) so as to be switchable between the two sides
of the compressor (21) and connected at the other end £o a
liquid line (SLA), and a thermal-source-side expansion
mechanism (25) dis?osed on the liquid line (5LA), and in
which a gas 1line (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 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
mechanism (25) disposed on the liquid line (5LB),land 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
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heating is inproved as conpared

In this exanple, since th

connecting 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 heaf exchanger (32) and which are cohnected 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 (26) extendiné from the thermal-source-side
heat exchanger (24) of the master thermal source unit (23);

a constant-pressure circuit (9) which is disposed in the
connecting circuit part (11) and has a normally high-pressure
passage (91) held nérmally 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 passagé
(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
connected to the normally high-pressure passage (91) in order
that a refrigerant.flows frbm the gas line (5GB) towérd the
normally high-pressure 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 normally low-pressure passage (92) toward the gas
line (5GB); and

a liquid-line closing mechanism (V1) which is disposed on
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the 1liquid 1line (5LB) eﬁ;gnding,tnma:d—~é$e gslave thermal

source unit (2B) and fully closed when the slave thermal
source unit (2B) is deactivated during refrigerating

operation.

12, The refrigeration apparatus according to claim 11,
wherein |

a receiver (12) for connecting each of the liquid 1lines
(sLA, 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).

13. A refrigeration 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
of the compressor (21) and connected at the other end to a
liquid line (5LA), and a thermal-source-side expansion
mechanism (25) which is disposed on the liquid line (5LA)
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
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(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
mechanism (25) which is disposed on the liquid 1line (5LB)
and capable of regulating 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 each of
outer ends of the liquid lines (5LA, SLB) of the thermal
gsource units (2A, 2B) to a main liguid 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);

a plurality of user units (33, 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 receiver (12) which is disposed at a connecting part
located between the 1liquid lines (5LA, 5LB) and the 'main
liquid 1line (4L) and connects each of the.liquid lines (5LA,
SLB) to the main ligquid line (4L);

a branch line (5a) connected at an end thereof to a gas-
refrigerant pipe (26) extending from the thermal-source-side

heat exchanger (24) of the master thermal source unit (23);
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passage (91) held hormally 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
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 normally
low-pressure passage (92) in oraér that a refrigerant flows
from the normally low-pressure passage (92) toward the gas
line (5GB); and

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

refrigerating operation.

14. The refrigeration apparatus according to 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 unit (2B) toward the normally low-pressure

[
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connecting gas line (10)

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

line (S5GB).

15. The refrigeration 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 at
respective ends thereof to the respective gas-refrigerant pipes
(26) of the thermal-source-side heat exchangers (24) of the
thermal source units (2A, 2B) and which has a closing mechanism
(V1i9) for preventing a refrigerant from flowing, when at least
one thermal source unit (2B) is deactivated during cooling

operation, into the thermal source unit (2B) in deactivation.

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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i's conposed of connecting gas pipes (RBH.)ACEMENFCBHEGTO t-
respective outdoor units (2A, 2B),: AS| pass

<connected at both ends thereof to reéspeg r gnds of

gas pipes (10a), and a stop valve' (Y1 )%#’é&fgﬁﬁi the connecting gas
passage (10b). The stop valve (V19)}is-a closing nechanismfor fully
“cl osi ng, when the slave outdoor uni (23& i s deactivaged during cooling

operation, to prevent a refrigeranthTtmnF4eMwng - t he sl ave out door
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ABSTRACT

Liquid 1lines (5LA, 5LB) and gas 1ines; (56A, 5GB) are

connected to a main liquid line (4L) and a main gas line (4G)
respectively so that a master outdoor unit (2A) and a slave
outdoor unit (2B) are arranged in parallel with each other. On
the gas line (5GB) extending from the slave outdoor unit (2B),
a gas stop valve (V2) which is fully closed when the slave
outdoor wunit (2B) is deacﬁivated during heating operation is
'disposed. On the liquid line (5LB) extending from the slave
outdoor unit (2B), a liquid stop valve (V1) which is fully
closed when the slave outdoor unit (2B) is deactivated during
cooling operation and heatihg operation is _disposed. Thus,
compression of a liquid refrigerant and lack of a circulation
amount of refrigerant are prevented.

FIGURE 1
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REFRIGERATION APPARATUS

TECHNICAL FIELD

This invention relates to a refrigeration apparatus having
a plurality of thermal source units.

. BACKGROUND ART

Conventionally, air conditioners are known as refrigera-
tion 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 outdoor
heat exchanger, an outdoor motor-operated expansion valve
and a receiver. The indoor unit has an indoor motor-operated
expansion valve and an indoor heat exchanger.

In 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-operated expansion valve, evaporated at the indoor

- heat exchanger and then returned to the compressor. In a

heating operation, a refrigerant discharged from the com-

pressor is circulated, so as to be candensed at the indoor heat-

-exchanger, reduced in pressure at the outdoor motor-oper-

ated expansion valve, evaporated at the outdoor heat
exchanger and then retumed to the compressor.

Further, in the outdoor unit, the capacity of the compres-
sor is regulated according to the load of the indoor unit.

In the above-mentioned air conditioner, since only a
single outdoor unit is provided, many kinds of outdoor units
are required having different capacities from one another to
correspond with the indoor'load, i.e., the number of indoor
units to be connected. In addition, when the indoor load does
not correspond with the capacity of the:outdoor unit, the
capacity of the outdoor unit is disadvantageously 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
capacities from one another, may be combined with one
another in order to form multi-type outdoor units.
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In such a case, when the outdoor unit under cooling or
heating operation and the outdoor unit in deactivation exist
at the same 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,

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
piping. Therefore, it is required to prevent the compressor
from compressing a liquid refrigerant during a reactivation
of the outdoor unit.

Furthermore, when the air conditioner has a plurality of

outdoor units, the refrigerant piping extending from the
outdoor units is connected to two main pipes and the main
pipes are coanected on the indoor side. However, in case that
the piping arrangement is done by hand during installation,
an angle of tilt of piping required for backing oil cannot be
secured or a pan of piping to be horizontally arranged may
be inclined. This disadvantageously prevents highly-reliable
air conditioning. :

[n view of the foregoing problems, this invention has becn’
made. The object of the present invention is to prevent the
compression of liquid refrigerant and the lack of refrigerant
needed for circulation resulting from the storage of .thc
refrigerant and the like and to provide accurate installation
of the refrigerant piping.



outdoor unit (2B) is large with respect to a |oad thereof, a part of the _

o

refrigerant discharged fromthe conpressor (21) of the
(2B) flows into the outdoor heat exchanger (24) of the

uLu

RERIAGEM oﬁH nﬁ t

(2A) via the connecting gas |ine (10). When the sl ave joug-deer—umrt { 2B)
I s deactivated during cooling operatlspn the stop val ve { 9% mutgg%
cl osed and the gas stop valve (V2) is opened, so that th |3 I gerant in
the slave outdoor unit (2B) is sucked into a | ow pressur te—of~ T he

master outdoor unit (2A). Wen the slave outdoor unit

DISCLOSURE OF THE INVENTION

To attain the foregoing object, a refrigeration apparatus of
the present invention has a closing mechanism for aliowing
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.

In detail, a refrigeration apparatus according to the claims
of this invention comprises a plurality of thermal source
units (2A, 2B) which each have a compressor (21) and a
thermal-source-side heat exchanger (24) connected at an end
thereof to the discharge side of the compressor (21), and in
which liquid lines (SLA, SLB) are connected to the other
ends of the thermal-source-side heat exchangers (24),
respectively. Gas lines (SGA, SGB) are connected to the
inlet sides of the compressors (21), respectively. Further, in
the refrigeration apparatus, a connecting circuit part (11) is
provided for connecting outer ends of the liquid lines (SLA,
5LB) and outer ends of the gas lines (5GA, 5GB) to a main
liquid line (4L) and a ma.in gas line (4G), respectively, so
that the thermal source units (2A, 2B) are arranged in
parallel with one another. 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 mechanism

(VI) which is fully closed when the thermal source unit (2B)
is deactivated during cooling operatzon

In a refrigeration apparatus of the present invention, a
receiver (12) for connecting each of the liquid lines (SLA,
5LB) to the main liquid line (4L) may be disposed at a
connectmg part between the liquid lines (SLA SLB) and the
main liquid line (4L).



(2B) is deactivated during heating operation, the stop val JEREPMAQEMEHT SHEET

opened and the gas stop valve (V2) is fully closed, so tha
in the slave outdoor unit (2B) is sucked into a |'ow pressu
mast er outdoor unit (2A) via the connecting gas line (10).
this exanple, since the gas-refriger%t pi pe (26) of the o
exchanger (24) of the master outdoor ‘unit (2A) is communic
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gas-refrigerant pipe (26) of the outdoor heat exchanger (2#r—of—tte—stave
outdoor unit (2B), Asi kawmtinoflGinbuat eefigeration iagparaniss ofthe h

prescnt 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
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 (SLA). A thermal-
source-side expansion mechanism (25) is disposed on the
liquid line (SLA), and 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 (2B) is provided, 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 at the
other end to a liquid line (SLB), and a thermal-source-side
expansmn mechanism (25) disposed on the liquid line
(SLB), 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 ¢ compféssor
(21). Further, in the refrigeration apparatus, there is provided
a connecting circuit part (11) for connccting outer ends of
.the liquid lines (SLA, SLB) and outer cnds of the gas lines
(5GA, 5GB) to a main liquid linc (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 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) to be arranged in parallel with one another.

In addition, on the liquid line (SLB) extending toward the
slave thermal source unit (2B), there is disposed a liquid-line
closing mechanism (VI) which is fully closed when the slave
thermal source unit (2B) is deactivated during refrigerating
operation. On the gas line (SGB) 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. :

Further, in a refrigeration apparatus of the present inven-
tion, a receiver (12) for connecting each of the liquid lines
(S5LA, 5LB) to the main liquid line (4L) may be disposed at
a connecting part between the liquid lines (SLA, 5LB) and
the main liquid line (4L).




fl ow through the respective outdoor heat exchangers (24) c

approxi mately equal to each other, thereby increasing a coefficient_of
performance (COP) of the refrigeration apparatus. In ad
outdoor units (2A, 2B), a high-pressure sensor for detegth
.a cooling operation andga | ow pressure sengor
| ow- pressure at a heating operation can be shared. Thisire
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during heating operation, the refrigerant in the slave tihe

(2B)

eactivated

rmal source unit

In addition, in a refrigeration apparatus of the preseat
invention, a bypass line (29) which bypasses the compressor
(21) of the slave thermal source unit (2B) may be connected
to the discharge and inlet sides of the compressor (21), and
a bypass closing mechanism (V3) is disposed on the bypass
line (29). Further, a refrigerant ejecting means (61) may be
provided 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), the thermal-source-side
expansion mechanism (25) (each included in the slave
thermal source unit (2B) during deactivation), the liquid-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 2 more detailed embodiment of a refrigeration appa-
ratus of the present invention, there may be disposed in each
of the user units (3A, 3B) a user-side expansion mechanism
(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 (62) 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) during deactivation when the
slave thermal source unit (2B) is deactivated during heating
operation. The refrigerant-amount detecting means (62)
detects the lack of a circulation 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
deactivation and also the liquid-line closing mechanism
(VD). The refrigerant-amount detécting means (62) further
throttles the user side expansion mechanism (33) so as to
reduce a pressure of a liquid refrigerant to a saturation

_ pressure according to an open-air temperature.

As shown in FIG. 2, a refrigeration apparatus of the
present invention may comprise 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 the
other end to a liquid line (SLA), and a thermal-source-side
expansion mechanism (25) which is disposed on the liquid
line (SLA) and capable of regulating an opening thereof. A




unit L2~

deactivation can be securely returned to the nmaster outdoor
O her constructions, operations and effects are the sane ad
shown in FIG 2. Mdification of Exanple 5 FIG 12 shows
of the above Exanple 5. In this exanple, an auxiliary bypag

s i 7S
arranged in parallel with the bypass_.line (29). On the audxi |£§yb§32‘}aggg

line (29a), a non-return val ve (V20)6is provi ded for allow
to flow fromthe inlet side to the discharge side of the c

gas linc (5GA) is connected to the discharge side and the
inlet side of thc compressor (21) so as to be switchable
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between the two sides of the compressor (21). A slave

thermal source unit (2B) is provided having a comprcssor
(21), a thermal-source side heat exchanger (24) connected at
an end thercof to the discharge side and the inlet side of the
compressor (21) so as to be switchable betwcen 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 line (SLB) and capable
of regulating an opening thereof, A gas line (5GB) is
connected to the discharge side thereof and the inlet side of
the compressor (21) so as to be switchable between the two
sides of the compressor (21). A slave thermal sourcc unit
(2B) is provided 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)
s0 as to be switchable between the two sides of the com-
pressor (21) and at the other end to a liquid line (SLB), and
a thermal-source-side expansion mechanism (25) which is
disposed on the liquid line (SLB) and capable of regulating
an opening -thereof. A gas line (SGB) is connected to the
discharge side thereof 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) is provided
for connecting outer ends of the liquid lines (SLA, 5LB) and
outer ends of the gas lines (5GA, SGB) 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) are provided
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 (SLA, SLB) and the main liquid line (4L), a receiver
(12) which connects each of the liquid fines (SLA, SLB) to
the main liquid line (4L) is disposed. In addition, on the gas
line (SGB) 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 full-closure control means (6) for control-
ling the thermal-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 deacti-
vated during refrigerating operation.
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In a further embodiment of a refrigeration apparatus of the
present invention, a bypass line (29) which bypasses the
compressor (21) of the slave thermal source unit (2B) may
be connected to the discharge and inlet sides of the com-
pressor (21), and a bypass closing mechanism (V3) is
provided 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 deactiva-
tion, and the gas closing mechanism (V2) for a set time just

after the slave thermal source unit (2B) is deactivated during
heating operation.

In still another aspect of the refrigeration apparatus of the
present invention, there may be provided in each of the user
units (3A, 3B) a user-side expansion mechanism (33)
located between the main liquid line (4L) and the user-side
heat exchanger (32). Further, the refrigeration apparatus has
refrigerant-amount detecting means (62) for detecting lack
of a circulation amount of refrigerant, and refrigerant recov-

ering means (63) for recovering 2 refrigerant from the slave
thermal source unit (2B) in deactivation when the slave
thermal source unit (2B) is dcactivated during heating
opcration, The refrigerant-amount detecting means (62)
detects the lack of a circulation 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
reactivation 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, a further feature of the rcfrigeration
apparatus, a refrigerant rccovering line (8) through which a

- refrigerant flows from the slave thermal source unit (2B) to

the master thermal source unit (2A) may be disposed
between a gas-refrigerant pipe (26) extending from the
thermal-source-side heat exchanger (24) of the master ther-
mal sourcc unit (2A) and the gas line (SGB) extending from
the slave thermal source unit (2B). '



When the slave outdoor unit (2B) is deactivated during heating operaf.l
the refrigerant in the slave outdoor unit (2B) is sucked. inte

| ow pressure side of the master outdoor unit (2A) via tthPbm@&?f
line (10), as explained in the above Exanple 5. At this\t
sel ector valve (22) may be in a statg of a cooling operatilo
solid lines in FIG 12. In such a case, when the bypass sto?‘

the bypass |ine (2| »9nQEeFr@y9Vﬁ4eV?erE§Eraﬁbh%ﬁ&9até‘s '

fromthe dischar Yonnbiti 811' uﬁ? part (11) for connecting each of ,
ends of llqutd lines (SLA, 5LB) of master and slave thermal
source units (2A, 2B) to a main liquid line (4L) and
connecting an outer end of the gas line (SGA) of the master
thermal source unit (2A) to a main gas line (4G), instead of
the connecting circuit part (11) and the gas closing mecha-
nism (V2) discussed above. Further, in the refrigeration
apparatus of FIG. 9, there is disposed a branch line (5a)
which is connected at an end thereof to a gas-refrigerant pipe _
(26) extending from the thermal-source-side heat exchanger
(24) of 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. The normally high-pressure passage (91)
and the normally low-pressure passage (92) are each con-
nected 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 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 normally low-pressure
passage (92) in order that a refrigerant flows from the .

normally low-pressure passage (92) toward the gas line
(5GB).

The refrigeration apparatus of the present invention may
include a receiver (12) for connecting each of the liquid lines
(SLA, 5LB) to the main liquid line (4L) which is disposed
at a connecting part between the liquid lines (SLA, 5LB) and
the main liquid line (4L).

As shown in FIG. 10, 2 connecting circuit part (11), a
branch line (Sa) and a constant-pressure circuit (9) are
provided instead of the connecting circuit part (11) and the
gas-line closing mechanism (V2) of FIG. 2.

The refrigeration apparatus may also include a refrigerant
recovering passage (8a) through which a refrigerant flows
from the gas line (SGB) of the slave thermal source unit (2B)
toward the normally low-pressure passage (92) of the con-
stant pressure circuit (9) wherein passage (8a) is connected
between the normally low-pressure passage (92) and the gas
line (5GB).

As shown in FIG. 11, a connecting gas line (10) is
provided which is connected at respective ends thereof to the
respective gas refrigerant pipes (26) of the thermal-source-
side heat exchangers (24) of the thermal source units (2A,




inlet side of the conpressor (21), the refrigerant flows through the

conpressor (21). Therefore, the auxiliary bypass |ine (293)n¢

the slave outdoor units (2B) to securely suck the refrige aﬁgﬂwg}iéﬁ
master outdoor unit (2A). O her Modifications Each of theljair
conditioners (1) of the above exarrpI%s i s composed of two}oyt @r0Ghi18s7
(2A, 2B) and two indoor units (3A, 3B). The air conditioner iof -1 he presen
i nvention may be conposed of three or nore outdoor units @nd t.hree

2B) and which has a closing mechanism (V19) for prevent-
ing a refrigerant from {lowing, when at least onc thermal
source unit (2B) is deactivated during cooling opcration,
into the thermal source unit (2B) during deactivation.

The connccting circuit part (11) of FIG. 11 may be formed
in a single unit.

Operation _

Under the above constructions, high-pressurc gas refrig-
erants discharged from the compressors (21) of the thermal
source units (2A, 2B) are first condensed at the thermal-
source-side heat exchangers (24) to become liquid refriger-
ants. The two flows of the liquid refrigerants meet at the
main liquid line (4L) of the connecting circuit part (11). In
particular, the liquid refrigerants may meet at the receiver
(12). Then, in each of the user units (3A, 3B), the liquid
refrigerant is reduced in pressure at the user side expansion
mechanism (33) and evaporated at the user-side heat
exchanger (32) to become a gas refrigerant having low-
pressure. The gas refrigerant is distributed at the connecting
circuit part (11) to the gas lines (SGA, 5GB) and then
returned to the compressors (21) of the thermal source units
(2A, 2B). A cooling operation is made by repeating the
above circulating process.

Further, when at least one thermal source unit (2B) is
deactivated during cooling operation, the liquid-line closing
mechanism (VI) is closed to prevent the liquid refrigerant
from being stored in the thermal source unit (ZB).

In the refrigeration apparatus of FIGS. 1 and 2, 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 become liquid refrigerants. The two
flows of the liquid refrigerants meet at the main liquid line
(4L) of the connecting circuit part (11). In particular, the
liquid refrigerants may meet at the receiver (12). Then, in
each of the user units (3A, 3B), the liquid refrigerant is
reduced in pressure at the user-side expansion mechanism
(33) or the like and evaporated at the user-side heat
exchanger (32) to become a gas refrigerant having low-
pressure. The gas refrigerant is distributed at the connecting
circuit part (11) to the gas lines (SGA, 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.



or nore indoor units. In such a case, one of the plural outdoor units

serves as a master outdoor unit. In the exanple of FlI Ré LAGMEI\HCSHE@T
(12) may be disposed at a connecting part between the [ e

(42) and the liquid passages (53, 54) extending toward tlhe outd@%ﬁ ?ts
(2A, 2B), as shown in FIG 2. Accorg'ng to this, storagq o X iﬁ@ an
in an air condi- tioner having |ong Biping | ength is preyve .
exanmple of FIG 1, the refrigerant-anount detecting neans (62). is conposed
so as to detect lack of a circulation

In a heating operation, high-pressure gas refrigerants
discharged from the compressors (21) of the thermal source
units (ZA, 2B) flow into the connecting circuit part (11) and
meet at the main gas line (4G). Then, the collected gas
refrigerant flows into the user units (3A, 3B). The gas
refrigerant is condensed at each of the user-side heat
exchangers (32) to become a liquid refrigerant. The liquid
refrigerant flows through the main liquid line (4L) and then
is distributed at the connecting circuit part (11) to the liquid
lines (SLA, 5LB) running to the thermal source units (2A,
2B). In particular, the refrigerant may be distributed at the
receiver (12). Then, in the thermal source units (2A, 2B), the
distributed liquid refrigerants are each reduced in pressure at
the thermal-source-side expansion mechanism (25) and
evaporated at the thermal-source-side heat exchanger (24) to
become a gas refrigerant having low-pressure. Then, the gas
refrigerants are returned to the comipressors (21) of the
thermal source units (2A, 2B). The heating operation is
made by repeating 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) during
deactivation and a circulation amount of refrigcrant is pre-
vented from being diminished between the master thermal
sourcc unit (2A) and the user units (3A, 3B).

Further, when the slave thermal source unit (2B) is
deactivated during cooling operation and heating operation,
the liquid-line closing mechanism (VI) or thc thermal-
source-side expansion mechanism (25) is closed, so that the
liquid refrigerant is prevented from being stored in the slave
thermal source unit (2B) during deactivation and a circula-
tion amount of refrigerant is prevented from being dimin-
ished between the master thermal source unit (2A) and the
user units (3A, 3B).

T+




anount of refrigerant based on the opening of the outdoor notor-operated
expansi on val ve (25) and superheating degrec. However, the
refrigerant-anount detecting neans (62) may be conposed sp—as—t6—teteTl

| ack of a circulation anmount of refrigerant when an evapO'eRERb.ACEMEBEr%We
of a refrigerant in the outdoor heatgxchanger (24) is |oyer—by—aSeT
degree than an open-air tenperature. In the exanpl e of FI 1% n0® 1997
refrigerant recovering nmeans (63) is conmposed so as to reg¢o erz.
refrigerant for a sdén thqg refrigedatien apparatusrafshe climenivek after ifsposed—on T he
conpressor's slave thermal source unit (2B) is deactivated during heatjng

operation, the refrigerant ejecting means (61) opens th
bypass closing mechanism (V3), the thermal-source-side
expansion mechanism (25) of the slave thermal source unit
(2B), the liquid-line closing mechanism (VI) and the gas-
line closing mechanism (V2) for a set time. In one aspect of
the refrigeration apparatus of the present invention, 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 thermal-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 (SGB) of the slave thermal source unit (2B), so
that the liquid refrigerant remaining in thc slave thermal
source unit in deactivation is ejected into the main liquid line
(4L) or the like, thus preventing lack of a circulating amount
of refrigerant.

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 user units (3A, 3B)
under heating operation, the difference between the pressure
losses of the user units (3A, 3B) resulting from the differ-
ence between the piping lengths thereof is compensated. For
example, the difference between the pressure losses is com-
pensated by a motor-operated expansion valve at 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 liquid line (4L) or the like.

In the refrigeration apparatus of another aspect of the
invention, when the slave thermal source unit (2B) is deac-
tivated 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 the lig-
uid-fine closing mechanism (VI) and throttles the user-side
expansion mechanism (33), thereby reducing the pressure of
the liquid refrigerant to a saturation pressurc according to an
open-air temperature. [n still a further aspect of the refrig-
eraling apparatus, when the slave thermal source unit (2B)
is decactivated during heating operation and the refrigerant-
amount detecting means (62) detects lack of a circulating

_amount of refrigerant, the refrigerant recovering means (63)



(21) side of the outdoor heat exchanger (24) or the like in the slave

outdoor unit (28), and the refrigerant recovering neans (@Sy—may 1
conposed so as to recover the refrigerant when the pressu &mgﬁ"%ﬂ&%@i@
that the pressure of the refrigerant is decreased to a set BSSUT €.
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opens the thermal-source-side expansion mechanism (2)

=4

and throttles the user-side expansion mechanism (3
thereby reducing the pressure of the liquid refrigerant to a
saturation pressure according to an open-air tcmperature.
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 thcrmal
source unit (2A).

When the slave thermal source unit (2B) is dcactivated
during heating operation, the refrigcrant recovering line (8)
may be designed to establish communications between the -
gas line (SGB) connecting to the slave thermal source unit
(2B) and a low-pressurc gas side of the master thermal
source unit (2A), so that the refrigerant remaining in the
slave thermal source unit (2B) in deactivation is returned to
the master thermal source unit (2A).

In the refrigeration apparatus of FIG. 9, a gas refrigerant
flowing into thc 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-pressure circuit (9) when flowing between the
gas line (SGB) and the main gas line (4G). Accordingly, the
liquid refrigerant is prevented from being stored in the slave
thermal source unit (2B) without the gas-line closmo mecha-
nism (V2).

Further, the receiver (12) collects and d1stnbutes the
liquid refrigcrant.
~ In a further aspect of a refrigeration - apparatus of the
present invention, when the slave thermal source unit (2B)
is deactivated during heating operation, the refrigerant
recovering passage (8a) normally establishes communica-
tions between the gas line (SGB) connecting to the slave
thermal source unit (2B) and a low-pressure gas side of the

- master thermal source unit (2A) through the constant-pres-
sure circuit (9), so that the refrigerant remaining in the slave
thermal source unit (2B) in deactivation is returned to the
master thermal source unit (2A).

In the refrigeration apparatus of FIG. 11, the gas refrig-
erant pipes (26) of the thermal-source side heat exchangers
(24) of the thermal source units (2A, 2B) are communicated
with each other through the connecting gas line (10).
Accordingly, circulation amounts of refrigerants which flow
through the respective thermal-source-side heat exch.angers
(24) are approximately equal to each other, thereby increas-
ing a coefficient of performance (COP) of the rcfnaerauon
apparatus.
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not or - oper at ed expansi on val ve (25) can be freely opened a
However, in case or using
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According to the refrigeration apparatus of the presen
invention, since the liquid line (SLB) of at least one thermall
source unit (2B) is provided with the liquid-line closing
mechanism (VI) which is fully closed when the thermal
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 between another
thermal source unit (2A) and user units (3A, 3B).

As a result of this, a plurality of thermal source units (24,
2B) can be combined. Further, since a plurality 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.

Accordingly, since provision of a single receiver (12) can
dispense with respective receivers of the thermal source
units (2A, 2B), this reduces the number of elements. Further,
since distribution 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.

Further, the gas-linc closing mechanism (V2) ard the
liquid-line closing mechanism (VI) may be disposed on the
gas line (5GB) and the liquid line (SL.B) which coanect to
the slave thermal source unit (2B) respectively, the liquid-
line closing mechanism (VI) is closed when the slave

thermal source unit (2B) is deactivated during cooling
opcration and hcating operation, and the gas-line closing .
mechanism (V2) is closcd when the slave thermal source
unit (2B) is dcactivated during hcating operation. Accord-
“ingly, a liquid refrigerant can be prevented from being stored
in the slave thermal source unit (2B) in deactivation, for
example, the liquid refrigerant can be prevented from being
stored in a receiver or the like. In detail, because the pressure
of the liquid refrigerant at the operation time is higher than
a saturation pressure according o 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 prevenied.
Further, according to this refrigeration apparatus lack of
a circulation amount of refrigerant between the master
thermal source unit (2A) 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 com-
presscd by the compressor (21) at a reactivation of the slave
thermal source unit (2B).

!



a val ve which cannot be freely opened and cl osed such as an
expansi on valve, the liquid stop valve (VI) is provided for

automati c
preventing

storage of a refrigerant, as shown in FIG 1 and the Ilike.
exanples of FIG 1 and the like, the bidirectional bypass gt

I's provided. However, as shown in FI 12, a one-way bypas
and an auxiliary bypass |ine (29a) be provi ded. In the g
exanpl es, descripti on i S ai.r. condi tioner, i.ch
revrenr)a ny bet vvegn prﬂ th15 apur {Eyoftherm source units (2A,

2B can be combined. In addition, since a plurality of
thcrmal source units (2A, 2B) having different capacities
from onc 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 other aspects of the invention discussed
above, since provision of a single receiver (12) can dispense
with respective receivers of the thermal source units (24,
2B), this reduces the number of elements. Further, since
distribution 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 liguid line (4L)
or the like.

According to the refrigeration apparatus of additional
aspects noted above, just after the slave thermal source unit
(2B) is deactivated during heating operation, the refrigerant
ejecting means (61) operates so that a high-pressure gas
refrigerant flows from the master thermal source unit (2A)
into the liquid line (SLB) via the gas line (SGB) and the slave
thermal source unit (2B). Accordingly, the liquid refrigerant
remaining in the slave thermal source unit (2B) in deacti-
vation is ejected into the main liquid line (41) or the like,
thereby securely preventing lack of a circulation amount of
refrigerant.

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

- refrigerant recovering means (63) may throttle the user-side
expansion mechanism (33) to reduce a pressure of a liquid
refrigerant to a saturation pressure according to an open-air -
temperature. As a result of this, the liquid refrigerant remain-
ing in the slave thermal source unit (2B) in deactivation is
evaporated and returned to the master thermal source unit
(2A). Accordingly, the lack of a circulation amount of
refrigerant can be securely prevented at any time.

As an additional feature of the invention, since the ther-
mal-source-side expansion mechanism (25) is fully closed
when the slave thermal source unit (2B) is deactivated
during cooling operation and heating operation, storage of a
liquid refrigerant into the slave thermal source unit (2B) can
be prevented. Further, since a liquid-line closing mechanism
(VI) can be dispensed with, the number of elements can be
reduced.

According to an additional aspect of the present inven-
tion, when the slave thermal source unit (2B) is deactivated
during heating operation, the refrigerant recovering line (8)
establishes communications between the gas line (5GB)

gmrmﬁwﬂ
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and heating cycles. The air conditioner of claiml1l or 2 nf
conditioner only for cooling. In such a case, the four-wa)
(22) and the outdoor notor-operated expansion valve (25) ¢

unit (2B) is deactivated during coohgng operation, the |iquip

(VI) is fully cl osed. Further, in"the air conditioner oply fo

as shown in Fl G conctfifs GGGk Vivd dornii¥solf:dLAROBRS) ahd

between the mai ngl) gl RIS REE of FRImARE thd¥endlsBHIR unit (2A).
Accordingly, a refrigerant remaining in the slave thermal
source unit (2B) in dcactivation can be returned to the master
thermal source unit (2A). In addition, since the refrigerant
gjecting means (61) and the refrigerant rccovering means
(63) can be dispensed with, the construction of the refrig-
eration apparatus can be simplified.

Since there is provided the constant-pressure circuit (9)
through which gas refrigerants flowing into and from the
slave thermal source unit (2B) pass, the high pressure gas
refrigerant does not flow into the slave thermal source unit
(2B) when the slave thermal source unit (2B) is deactivated
during refrigerating operation. Accordingly, storage of a
liquid refrigerant into the slave thermal source unit (2B) can
be prevented. In addition, since the gas-line closing mecha-
nism (V2) can be dispensed with, the construction of the
refrigeration apparatus can be simplified.

According to additional features of the present invention,
when the slave thermal source unit (2B) is deactivated
during heating operation, the constant-pressure circuit (9)
and the refrigerant recovering passage (8a) establishes com-
munications between the gas line (5GB) coanecting to the
slave thermal source unit (2B) and a low-pressure gas side
of the master thermal source unit (2A). Accordingly, a
refrigerant 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 construction of the refrigeration appa-
ratus can be simplified.

According to additional features of the present invention,

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 addi-
tion, between the thermal source units (2A, 2B), a high-
pressure sensor for detecting a high pressure 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. o

Further, when the slave thermal source-unit (2B).is
deactivated during heating operation, a refrigerant remain-
ing in the slave thermal source unit (2B) in deactivation can
be securely returned to the master thermal source unit (2A).



passages (53, 54) extending toward the outdoor units (2A, 2B). Industr

Applicability

iaI

As descri bed above, according to the refti-geratton dEETa
ratus of the present invention, a plurality of outdoor uHEp\sACEﬁﬁNTb§H

provi ded and efective cooling and heati ng operations an—be nauc by~

[
t he outdoor units. Accordingly, the, _refrigeration appayrat u? Fﬁﬂres
I nvention is suitable -for an air &gnditioner used in a ngl o
the Iike.

According to additional features of the present invention,
since the connecting circuit part (11) between the thermal
source units (2A, 2B) and the user units (3A, 3B) is unitized,
an angle of tilt of piping required for backing oil can be
sccured and a part of piping to be horizontally arranged can
be held in a horizontal position. This enables high-reliable
air conditioning. In addition, since the number of pipes can
be reduced when a plurality of thermal source units (2A, 2B)
are installed, this reduces the number of steps at a pipe
arrangement, thereby simplifying the pipe arrangement.

t
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is arefrigerant circuit diagram of an air conditioner
showing Example | of a refrigeration apparatus of the
present invention,

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

FIG. 3 is a refrigerant circuit diagram of an air conditioner
showing a modification of thc Example 2.

FIG. 4 is a rcfrigcrant circuit diagram of an air conditioner

-showing another modification of the Example 2.

FIG. 5§ is a sectional vicw showing that an external-
equalizing-typc reversible valve is opened. -

FIG. 6 is a scctional view showing that the external-
equalizing-type reversible valve is closed.

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

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

FIG. 9 is a refrigerant circuit diagram of an air conditioner
showing Example 4 of a refrigeration apparatus of the
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
present invention.

FIG. 12 is a refrigerant circuit diagram of an air condi-
tioner showing a modification of the Example 5.
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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 an aspect 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 connected to a main liquid line (4L) and a main gas
line (4G) so0 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
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 expansion
valve (25) as a thermal-source-side expansion mechanism.
An end of the outdoor heat exchanger (24) in which gas
flows is connected to a gas-refrigerant pipe (26) and another
end thereof in which liquid flows is connected to a liquid line
(SLA, S5LB).

The gas-refrigerant pipe (26) 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 (SLA, 5LB)

- 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
(SGA, 5GB) via the refrigerant pipe (26). The gas line (SGA,
5GB) is connected to the discharge side and the inlet side of
the compressor (21) via the four-way valve (22) which
switchably selects the discharge and inlet sides of the
compressor (21), and also connected to the main.gas line
(4G). An accumulator (28) is provided between the inlet side
of the compressor (21) and the four-way valve (22) in the
middlc of thc gas rcfrigerant pipc (26).
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having an indoor hcat cxchanger (32) as a user-sidec heat
exchanger which is in the proximity of an indoor fan (31),
and an indoor motor-operated expansion valve (33) as a
user-side expansion mechanism. The indoor heat exchanger
(32) is connected 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 expan-

sion valve (33) is disposed in the indoor liquid pipe (34).

The two outdoor units (2A, 2B) is one of features of the
present invention, and so composed that a single master
outdoor unit (2A) and a single slave outdoor unit (2B) are
connected in parallel with each other. The capacity of each
outdoor unit (ZA, 2B) is set according to an indoor load, i.e.,
the number of indoor units (3A, 3B). The compressor (21)
of the master outdoor unit (2A) is composed so that the
capacity thereof is set in multi-steps by an inverter circuit,

- while the compressor (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

refrigerant discharged from the compressor (21) is disposed .

at a part of the gas-refrigerant pipe (26) which is located on
the discharge side of the compressor (21), an inlet-gas
temperature sensor (Th2) for detecting a temperature of a
gas refrigerant to be sucked into the compressor (21) is
disposed at a part of the refrigerant pipe (26) which is
located on the inlet side of the compressor (21). An outdoor-
liquid temperature sensor (Th3) for detecting a temperature
of a liquid refrigerant on the outdoor heat exchanger’s (24)
side is disposed on the liquid line (SLA), and an open-air
temperature sensor (Th4) for detecting a temperature of
open air is disposed in the vicinity of the outdoor heat
exchanger (24). Further, a high-pressure sensor (HPS) for
detecting the 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-refrig-
erant pipe (26) which is located on the 1n1et s1de of the
compressor (21). L

......



toaliquid line, and a thermal -sourcc-side expansion mechani sm di sposed

on the liquid line, and in which a gas line is connected to the

di scharge side and the inlet side of the conpressor s@-as—to-be

swi t chabl e between the two sides of the conpressor; REFUN@EMEN@ SHEET
circuit part for connecting outer eqﬂ? of the l'i qui d}l ipres—ara—ott-et
ends of the gas lines to a main quid line and a nailn ggﬁs ne T
respectively so that the thermal source units are a[ ang aral | ¢l
with each ot hedn each of the indoor units (3A, 3B), an indoor-liqui

temperature sensor (ThS) for detecting a temperature fa
liquid refrigerant on the indoor heat exchanger’s (32) side-is
disposed in the indoor liquid pipe (34), an indoor-gas
temperature sensor (Thé) for detecting a temperature of a
gas refrigerant 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 (Th1-Th7, HPS,
LPS) are inputted into a controller (6), and based on the
detection signals, the controller (6) controls openings of the
motor-operated expansion 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 feature of
the present invention, and connects the liquid lines (SLA,
5LB) and the gas lines (SGA, SGB) on the indoor unit’s (2A,
2B) sidc to the main liquid linc (4L) and the main gas linc
(4G), respectively.

In detail, cach of the liquid lines (SLA, SLB) is composed
of aliquid pipe (51, 52) extending outward from the outdoor
unit (2A, 2B) and a liquid passage (53, 54) coanecting to an
outer end of the liquid pipe (51,52). The liquid pipe (51,52)
is connected at an inner cnd thereof to the outdoor heat
exchanger (24). The outdoor motor-operated expansion
valve (25) and the receiver (27) are disposed in the liquid
pipe (51, 52).

Each of the gas lines (§GA, 5GB) is composed of a gas
pipe (55, 56) extending outward from the outdoor unit (2A,
2B) and a gas passage (57, 58) connected to an outer end of
the gas pipe (55, 56). 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 the indoor unit’s (3A, 3B) side, and
a main liquid passage (42) connected to an end of the main
liquid pipe (41) and the liquid passages (53, 54) on the
outdoor unit’s (2A, 2B) side. The main liquid pipe (41) 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) connected 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 gas pipe (43) is connected at the
other end thereof to the indoor gas pipes (35) of the indoor
units (3A, 3B).
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the main liquid line (4L), the gas passages (57, 58) of the gas
lines (SGA, 5GB) on the outdoor unit’s (2A, 2B) side, and
the majn gas passage (44) of the main gas line (4G) are

integrally formed and unitized.

O s -
ﬁ%&h&“ﬁg@ﬁ%\}a
the slave thermal source uni t ang fully cl osed when |t -ave thermg
source unit I s deactivated during refrigerating openatj H]¥:} ﬁﬁl

d

Further, as a feature of the present invention, the piping
unit (11) has a liquid stop valve (VI) 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 (SGB) 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 (VI) is disposed in the liquid
passage (54) of the liquid line (SLB) 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 (VI) is disposed in the proximity of a
connecting part between the liquid passage (54) on the slave
outdoor unit’s (2B) side and 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
the slave outdoor unit (2B) is deactivated during cooling

operation and heating operation.

As a feature 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
is 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 mcchanism. In the
controller (6), there is provided a refrigerant ejecting means
(61), which opens, for a sct time, c.g., for a few minutes, the'
bypass stop valve (V3), the outdoor motor-opcrated expan-
sion valve (25), the liquid stop valve (VI) and the gas stop
valve (V2) just after the slave outdoor unit (2B) is deacti-
vated during heating operation, thereby cjecting a liquid
refrigerant in the slave outdoor unit (2B) toward the master

outdoor unit (2A).
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Further, as a feature of the present invention, the contfol

ler (6) has a refrigerant-amount detecting means (62) and a -

refrigcrant recovering means (63). The refrigerant amount
detecting means (62) is composed so as to detect lack of a
circulation amount of refrigerant, when the air conditioner
(1) is in a heating operation and the slave outdoor unit (2B)
is deactivated, in case the outdoor motor-operated expansion
valve (25) of the master outdoor unit (2A) is fully opened
and that a superheating degree of a refrigerant of the outdoor
heat exchanger (24) according to the detection signals of the
outdoor-liquid temperature sensor (Th3) and the inlet-gas
temperature sensor (Th2) exceeds 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 during heating opera-
tion, so as to open the liquid stop valve (VI) 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 returned to the
master outdoor unit (2A). In this case, the refrigerant recov-
ering 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 expansion valve (25) for a set time.
Operation of Example 1

Descnptlon is made next about operations for controlhng
the air conditioner (1).

At a cooling operation, the four-way selector valve (22) is
switched as shown in dash lines in FIG. 1. The respective
high-pressure gas refrigerants discharged from the compres-
sors (21) of both the outdoor units (2A, 2B) are first
condensed at the outdoor heat exchangers (24) to turn liquid
refrigerants. 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 liquid
refrigerant is reduced in pressure at the indoor motor-
operated expansion valve (33) and evaporated at the indoor
heat exchanger (32) to become a low-pressure gas refriger-
ant. The gas refrigerant is distributed at the piping unit (11)
to the gas passages (57, 58) and then returned to the
compressors (21) of the outdoor units (2A, 2B). A cooling
operation is made by repeating the above circulating pro-
cess.
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During a heating operation, the four-way selector valve
(22) is switched as shown in solid lines 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 refrig-
erant flows into the indoor units (3A, 3B). The gas rcfrig-
erant is condensed at each of the indoor heat exchangers (32)
to become a liquid refrigerant. The liquid refrigerant flows
through the main liquid passage (42) of the piping unit (11)
and then is distributed at the piping unit (11) to the liquid
passagce (53, 54) running to the outdoor units (2A, 2B). In the
outdoor units (2A, 2B), the distributed liquid refrigerants arc
each reduced in pressurc at the outdoor motor-operated

. expansion valve (25) and evaporated at the outdoor hcat
exchanger (24) to become a low-pressurc gas refrigerant.
Then, the gas refrigerants are returned to thc compressors
(21) of the outdoor units (2A, 2B). The heating operation is
made by repeating the above circulating process.

In the above cooling and heating operations, the controller
(6) controls openings of respective indoor motor-operated
expansion valves (33) and openings of respective outdoor
motor-operated expansion valves (25) and controls the
capacities of the compressors (21) of respective outdoor -
units (2A, 2B) in accordance with an indoor load. In detail,
the controller (6) controls the-capacity of the compressor
(21) of the slave outdoor unit (2B) so as to be switched
among 100%, 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 proportion to an indoor
load by the inverter circuit. When the load of the indoor units
(3A, 3B) is decreased with respect to the capacity of the
master outdoor unit (2A), the controller (6) deactivates the
slave outdoor unit (2B).

Further, when the slave outdoor unit (2B) is deactivated
during cooling operation and heating operation, the control-
ler (6) closes the liquid stop valve (VI) thereby preventing
storage of the liquid refrigerant into the receiver (27) and the
like. In detail, because the pressure of the liquid refrigerant
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 liquid
refrigerant into the slave outdoor unit (2B) during deacti-
vation and preventing lack of a circulation amount of
refrigerant between the master outdoor unit (2A) and the
indoor units (3A, 3B).
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expansion valve (25) of the slave outdoor unit (2B), the
liquid stop valve (VI) and the gas stop valve (V2) for a set
time, e.g., for a few minutes. As a result of this, the high
pressure gas refrigerant flows from the master outdoor unit
(2A) into the liquid line (5LB) via the gas line (SGB) of the
slave outdoor unit (2B), so 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 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
difference between the piping lengths thereof is compen-
sated 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
refrigerant discharged from the compressor (21), so that the
liquid refrigerant in the slave outdoor unit (2B) is ejected
into the main liquid line (4L) or the like.

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 circu-
lation amount of refrigerant is lacking or 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)
according to the detection signals of the outdoor-liquid
temperature sensor (Th3) and the inlet-gas tcmperature
sensor (Th2) exceeds a sct temperature, the refrigerant-
amount detecting means (62) detects lack of a circulation

" amount of refrigerant.

When the refrigerant-amount detecting means (62)
detects the lack of a circulating amount of refrigerant, the
refrigerant recovering means (63) opens the liquid stop
valve (VI) for a set time and throttles the indoor motor-
operated expansion valve (33) for a set time to reduce the
pressure of liquid refrigerant to a saturation pressure accord-
ing to an open-air temperature, so that the liquid refrigerant
in the slave outdoor unit (2B) 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.
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when the slave outdoor unit (2B) is deactivated during
heating operation, thereby preventing a liquid refrigerant
from storing 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
(34, 3B).

Further, since the liquid stop valve (VI) is provided on the
liquid line (5LB) connecting to the slave outdoor unit (2B),
the liquid stop valve (VI) can be closed when the slave
outdoor unit (2B) is deactivated during cooling operation
and heating operation, thereby preveuting a liquid refriger-
ant from being 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 plurahty of indoor
units (3A, 3B).

Just after the slave outdoor unit (2B) is deactivated during
heating operation, the refrigerant ejecting means (61) oper-
ates so that the high-pressure gas refrigerant flows into the
liquid line (SLB) through the slave outdoor unit (2B).
Accordingly, the liquid refrigerant in the slave outdoor unit
(2B) in deactivation is ejected into the 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 lack of a circulation amount of refrigerant, the
refrigerant recovering means (63) throttles the indoor motor-
operated expansion valve (33) to reduce the pressure of the
liquid refrigerant to a saturation pressure according (0 an

. open-air temperature. As a result of this, the liquid refrig-
erant in the slave outdoor unit (2B) which is deactivated
during heating operation is evaporated and retumed to the
master outdoor unit (2A). Accordingly, lack of a circulation
amount of refrigerant 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 oil can be secured and a part of piping to be
horizontally arranged can be securely held in a horizontal
position. Accordingly, oil backing can be secured and a llash
of liquid refrigerant can be prevented. This cnables high-
rcliable air conditioning. In addition, since thc number of
pipes can be reduced when two outdoor units (2A, 2B) are
installed, this reduccs the number of steps at a pipc arrange-
ment, thereby simplifying the pipe arrangement.
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EXAMPLE 2

FIG. 2 shows an example of a refrigeration apparatus
according to another aspect of the present invention. A single
receiver (12) is provided in the piping unit (11). The recciver
(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 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. 1 are dispensed with, and the liquid stop valve CVI) is
also dispensed with because the outdoor motor-operated
expansion valve (25) is fully closed instead of the closure of

~ the liquid stop valve (V).

In this example, the controller (6) 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 (2B) is deactivated during refrigerating
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 the number of elements.
Further, since distribution 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. Other constructions,
operations and effects are the same as in Example 1 shown
in FIG. 1.

Modification 1 of Example 2

FIG. 3 is a valve circuit (13) showing a modification of the
above gas stop valve (V2). The valve circuit (13) is com-
posed 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
(135) having a stop valve (V5) which opens at a cooling
operation. '
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FIG. 4 is an external-equalizing-type reversible valve{%4)
showing another modification of the gas stop valve (V2).
The external-equalizing-type reversible valve (7) is con-
nected to a pilot circuit (14). The pilot circuit (14) is
composed of: a high-pressure circuit (14a) which is con-
nected to the main gas line (4G) and the main liquid line
(4L), has non-return valves (V6, V7) and conducts a high-
pressure refrigerant; and a low-pressure circuit (145) 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-pressure state.

As shown in FIG. 5 and FIG. 6, the external-equalizing-
type reversible valve (7) has a valve base (71) and a pilot
valve (72). The valve base (71) is composed of a casing (73),
a 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 commu-
nicating state (sec FIG. 5) and a closing state (see FIG. 6) by

the movement of the spool (74).

The pilot valve (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 (76a, 76b) are
connected to the high-pressure circuit (14a) and the low-
pressure circuit (146). The plunger (78) is moved by the
control signals of the controller (6), so that the high-pressure
gas or the low-pressure gas is led to the pressure rooms (73a,
75b) thereby moving the spool (74). According to the
movement of the spool (74), the gas passage (58) is com-

municated or shut off.
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FIG. 7 shows an example of a refrigeration appafatus

according to an additional aspect of the present inventiotr-fr
this example, a refrigerant recovering line (8) is provided in
addition to the air conditioner (1) shown in FIG. 1.

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
passage (82) connected to an outer end of the refrigerant
recovering pipe (81). An inner end of the refrigerant recov-
ering pipe (81) is connected to the gas-refrigerant pipe (26)
disposed 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
recovering 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 refngerant recovenng hne (8) is incorpo-
rated into the piping of the air conditioner (1), when the
slave outdoor unit (2B) is deactivated during heating opera-
tion, the refrigerant recovering line (8) establishes commu-
nications between the gas passage (58) connecting to the
slave outdoor unit (2B) and a low-pressure gas side of the
master outdoor unit (ZA). Accordingly, a liquid refrigerant
can be prevented from being stored into the slave outdoor
unit (2B). In addition, since the refrigerant ejecting means
(61) 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, operauons and effects are the same as
in Example 1 shown in FIG. 1.

Modification of Example 3
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FIG. 8 shows a modification of Example 3 shown ip FIG.
7. A single receiver (12) is provided in the piping unit u).

Sl

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 from
the outdoor units (2A, 2B) to the main liquid line (4L.) during
coohng 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 dispensed with, and the liquid stop valve

(VD is also dispensed with because the outdoor motor-

operated.-expansion valve (25) is fully closed instead of the
closurc of the liquid stop valve (VI).
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FIG. 9 shows still another cxamplc of the air conditionpr
(1), that is, an cxample of rcfrigeration apparatus accordigg

to a further aspect of the present invention. This cxample i3
so composcd that a branch linc (Sa) and a constant-pressure
circuit (9) arc 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 (Sc) connected to an outer e¢nd of the
branch to the gas-refrigerant pipe (26) disposed between the
outdoor heat exchanger (24) and the four-way selector valve
(22) of the master outdoor unit (2A). An outer end of the
branch passage (5¢) is 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 normally low-pressure passage (92) are
connected to the branch passage (5c¢) 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 (V11) of the normally high-
pressure passage (91) is composed so as to allow a refrig-
erant to flow from the branch passage (5¢) to the 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 (5¢), The four-way
selector valve (V13) is switched as shown in dash lines
during a cooling operation to conduct a low-pressure gas
refrigerant into the normally low-pressure passage (92), and
switched as shown in solid lines during a heating operation
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-pressure passage (91) is held in a high-pressure state at
any time. The normally low-pressure passage (92) is con--
nected to the main gas passage (44) and the gas passage (58)
running to the slave outdoor unit (2B) through non-return
valves (V16, 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 held in a low-pressure
state at any time.
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refrigerant recovering passage (8a) is connectgd
between the normally low-pressure passage (92) and the gs
passage (58) running to the slave outdoor unit (2B). In the

refrigerant recovering passage (8a), a capillary (84) and a
stop valve (V18) are provided. The stop valve (V18) is
composed so as to operate when the slave outdoor unit (2B)
is deactivated 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, thc normally low-pressurc passage (92) and the
refrigerant rccovering passage (8a) establish communica-
tions between the gas passage (S8) running to the slave
outdoor unit (2B) and a low-pressure gas sidc of the master
outdoor unit (2A). Accordingly, a liquid refrigerant is pre-
vented from being stored into the slave outdoor unit (2B).
Further, since the gas 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 (61) and
the refrigerant recovering means (63) as shown in the
example of FIG. 1 can be dispensed with, the construction
of the refrigeration apparatus can be simplified. Other con-
structions, operations and effects are the same as in the
example shown in FIG. 1.

In this example, 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 when the non-return valve (V10) as in
Example 3 is used. However, the stop valve (V18) may be
dispensed with, though the operation performance in heating
is slightly lowered.

Modification of Example 4
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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 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 conditioner
(1). 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 (26) extending from the
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 out-
ward from the respective outdoor units (2A, 2B), a connect-
ing gas passage (10b) connected at both ends thereof to
respective outer ends of the connecting gas pipes (10a), and
a stop valve (V19) disposed in the connecting gas passage
(10b). The stop valve (V19) is a closing mechanism for fully
closing, when the slave outdoor unit (2B) is deactivated
during cooling operation, to prevent a refrigerant from
flowing into the slave outdoor unit (2B).

The connecting gas passage (105) and the stop valve
(V19) are unitized with the piping unit (11) so as to be
incorporated 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
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For cxample, when an opcrating capacity of the slave
outdoor urit (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
exchanger (24) of the master outdoor unit (2A) via the
connecting 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
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
(V19) 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 approximately equal to each other, thereby increasing
a coefficient of ‘performance (COP) of the refrigeration
apparatus. In addition, between the outdoor units (24, 2B),
a high-pressure sensor for detecting a high pressure 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
outdoor unit (2B) is deactivated 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 FIG. 2.

Modification of Example 5

F1G. 12 shows a modification 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-return valve
(V20) is provided for allowing a refrigerant to flow from the
inlet side to the discharge side of the compressor (21).
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When the slave outdoor unit (2B) is deactivated during
heating operation, the refrigerant in the slave outdoor unJiL
(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
(2A).

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. 1, the receiver (12) may be
disposed at a connecting part between the main liquid
passagc (42) and the liquid passages (53, 54) cxtending
toward the outdoor units (2A, 2B), as shown in FIG, 2.
According to this, storage of a rcfrigerant in an air condi-
tioncr having long piping length is prevented. '

In the example of FIG. 1, 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
degrec. 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. 1, 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 compressor’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 recover the refrigerant
when the pressure sensor detects that the pressure of the
refrigerant is decreased to a set pressure.
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thermal source unit and a slave thermal source unit each having a
conpressor, a thermal -source-side heat exchanaer and a
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exchangeably to tHkg the liquid stop valve (VI) is dispensed with, for

reason that the outdoor motor-operated expansion valye (25)

can be freely opened and closed. However, in case ofusing
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. 1 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 such 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 dispensed with. When the slave outdoor unit
(2B) is deactivated during cooling operation, the liquid stop
valve (VI) is fully closed.

Further, in the air conditioner only for cooling, as shown
in FIG. 2, the receiver (12) may be disposed at a connecting
part between the main liquid passage (42) and the liquid
g;s)sages (53, 54) extending toward the outdoor units (24,
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 an air conditioner used in a large building or the like.

I claim:

1. A refrigeration apparatus, comprising:

a master thermal source unit which has a compressor, a
thermal-source-side heat exchanger connected at an
end thereof to the discharge side and the inlet side of the
compressor so as to be switchable between the two
sides of the compressor and connected at the other end
to a liquid line, and a thermal-source-side expansion
mechanism disposed on the liquid line, and in which a
gas line is connected to the discharge side and the inlet
side of the compressor so as to be switchable between
the two sides of the compressor;

a slave thermal source unit which has a compressor, a
thermal-source-side heat exchanger connected at an——
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10, the liquid stop valve (VI) is dispensed with, flor
reason that the outdoor motor-operated expansion valye (25)
can be freely 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 rcfrigerant, as shown in
FIG. 1 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 .t!.1e above examples, description is made about an air
condmor.ler which is operated reversibly between a cooling
and hea}mg cycles. The air conditioner of claim 1 or 2 may
be an air conditioner only for cooling. In such 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 dispensed with. When the slave outdoor unit
(2B) is deactivated during cooling operation, the liquid stop
valve (VI) is fully closed. '
_ Further, in the air conditioner only for cooling, as shown

- 1n FIG. 2, the receiver (12) may be disposed at a connecting
part between the main liquid passage (42) and the liquid
g;s)sages (53, 54) extending toward the outdoor units (2A,
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 m‘ade by using the outdoor units. Accordingly, the

~ refrigeration apparatus of the present invention is suitable

-for an air conditioner used in a large building or the like.
I claim: '
1. A refrigeration apparatus, comprising:

a master thermal source unit which has a compressor, a
thermal-source-side heat exchanger connected at an
end thereof to the discharge side and the inlet side of the
compressor so as to be switchable between the two
sides of the compressor and connected at the other end
to a liquid line, and a thermal-source-side expansion
mccl:mnism disposed on the liquid line, and in which a
gas line is connected to the discharge side and the inlet
side of the compressor so as to be switchable between
the two sides of the compressor;

a slave thermal source unit which has a compressor, a
thermal-source-side heat exchanger connccted at an
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that the master thermal source unit con- tinues its opgragi.on.
cnd thereol to the discharge side and the inlct side of the
compressor 50 as to be switchable between the two
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sides of the compressor and connccted at the other cnd
to a liquid linc, and a thcrmal-source-side cxpansion
mcchanism disposed on the liquid line, and in which a
gas linc is connected to the discharge side and the inlet
sidc of the compressor so as to be switchable between
the two sides of the compressor;

a connecting circuit part for connecting outer ends of the
liquid lines and outer ends of the gas lines to a main
liquid line and a main gas line respectively so that the
thermal source units are arranged in parallel with each
other;

a plurality of user units which each have a user-side heat
exchanger and which are connected to the main liquid
line and the main gas line so as to be arranged in
parallel with one another;

a liquid-line closing mechanism which is disposed on the
liquid line extending toward the slave thermal source
unit and fully closed when the slave thermal source unit
is deactivated during refrigerating opcration;

a gas-line closing mechanism which is disposed on the
gas line extending toward the slave thermal source unit
and fully closed when the slave thermal source unit is
deactivated during heating operation,

a bypass line which bypasses the compressor of the slave
thermal source unit and which is connected to the
discharge and inlet sides of the compressor;

a bypass closing mechanism disposed on the bypass line;
and

refrigerant ejecting means for ejecting a liquid refrigerant
remaining in the slave thermal source unit in such a
manner as to open the bypass closing mechanism and
the thermal-source-side expansion mechanism each
included in the slave thermal source unit in deactiva-
tion, the liquid-line closing mechanism and the gas-line
closing mechanism for a set time just after the slave
thermal source is deactivated during heating operation.

2. A refrigeration apparatus, comprising:

liquid lines, gas lines, a main liquid line, a main gas line;

a plurality of thermal source units each having a com-
pressor and a thermal-source-side heat exchanger con-
nected at one end thereof to a discharge side of the
compressor and at the other end thereof to the corre-
sponding liquid line, each compressor being connected
at an inlet side thereof to the corresponding gas line;

* ¢ L M S5 *
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ext endi ng fromthe sl ave thermal source unit. 10. The| rgfTigeration
apparatus according to any of clains 1, 5 or 8, further}c rTsing:

a connectmg circuit part for connectmo respectxve uter

ends of the liquid lines and of the gas lines to the
liquid line and the main gas line respectivel y so-that the

thermal source units are arranged in parallel with each
other;

a plurality of user units having a user-side expansion
mechanism and a user-side heat exchanger and being
connected in parallel to the main liquid line and the
main gas line;

a receiver provided at each liquid line of the respective
thermal source units;

a liquid-line closing mechanism provided to at least one

liquid line and nearer to the main liquid line than the
receiver; and

a controller for controlling, when the thermal source unit
provided with the liquid-line closing mechanism at the
liquid line halts its cooling operation under the condi-
tion that at least one thermal unit continues its cooling
operation, the liquid-line closing mechanism of the
operation-halting thermal source unit to be closed fully.

3. The refrigeration apparatus according claim 2, further

comprising:

a connecting gas linc which is connccted at respective
ends thereof to respective gas-refrigerant pipes of the
thermal-source-side heat exchanger of the plurality of
thermal source units and which has a closing mecha-
nism for preventing refrigerant from flowing, when at
least one of said plurality of thermal source units is
decactivated during cooling operation, into said at least
onc of said plurality of thermal source units in deacti-
vation.

- 4. The refrigeration apparatus according to any of claim 2,
wherein the connecting circuit part is formed in a single unit.

5. The refrigeration apparatus according to claim 3,

“ wherein a receiver for connecting each of the liquid lines to
the main liquid line is disposed at a connecting part between
the liquid lines .and the main liquid line.

6. The refrigeration apparatus according to claim 5, fur-

ther comprising:

a bypass line which bypasses the compressor of the slave
thermal source unit and which is connected to the
discharge and inlet sides of the compressor;

a bypass closing mechanism disposed on the bypass line;
and

A



This Shect Has Been Replaced THIS SHEET H
AR el acip " RepuceeT S
.—\
38
23 OCT 1897

refrigerant ejecting means for ejecting a liquid refriggrant
remaining in the slave thermal source unit in sugh.a

manner as to open the bypass closing mechanism and
the thermal-source-side expansion mechanism each
included in the slave thermal source unit in deactiva-
tion, the liquid-line closing mechanism and the gas-line
closing mechanism for a set time just after the slave
‘thermal source unit is deactivated during heating opera-
tion.

7. The refrigeration apparatus according to claim 1, 5 or

6, further comprising:

a user-side expansion mechanism which is disposed in
each of the user units and located between the main
liquid line and the user-side heat exchanger;

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

refrigerant recovering means for recovering a refrigerant
from the slave thermal source unit in deactivation when
the slave thermal source unit is deactivated during
heating operation and the refrigerant-amount detecting
means detects the lack of a circulation amount of
refrigerant, in such a manner as to open the thermal-
source-side expansion mechanism of the slave thermal
source unit in deactivation and the liquid-line closing
mechanism and throttle the user-side expansion mecha-
nism so as to reduce a pressure of a liquid refrigerant
to a saturation pressure according to an open-air tem-
perature.

8. A refrigeration apparatus, comprising:

liquid lines, gas lines, a main liquid line, a main gas line;

a master thermal source unit and a slave thermal source
unit each having a compressor, a thermal-source-side
heat exchanger and a thermal-source-side expansion
mechanism provided at the corresponding liquid line,
the thermal-source-side heat exchanger being con-
nected exchangeably at one end thereof to a discharge
side and an inlet side of the compressor and connected
at the other end thereof to the corresponding liquid line,
and the gas lines being connected exchangeably to the
discharge side and the inlet side of the compressor;

a connecting circuit part for connecting outer ends of the
liquid lines and of the gas lines to the main liquid line

* c L M s *
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and thc main gas linc rcspcctivcly SO as to arrangc th
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main and slave thcrmal source units in parallcl wi
cach other;

a plurality of uscr units having a user-side heat exchanger
and being connected in parallel to the main liquid line
and the main gas line;

a liquid-line closing mechanism provided at the liquid line
of the slave thermal source unit;

a gas-line closing mechanism provided at the gas line of
the slave thermal source unit; and

a controller for controiling the liquid-line closing mecha-
nism to be closed fully when the slave thermal unit
halts its operation and for controlling the gas-line
closing mechanism to be closed fully when the slave
thermal source unit halts its heating operation, under
the condition that the master thermal source unit con-
tinues its operation.

9. The refrigeration apparatus according to claims 1 or 8,

wherein

a refrigerant recovering line through which a refrigerant
ﬂows from the slave therrnal unit to the master thermal
unit is connected between a gas-rcfrigerant pipe

extending from the thermal-source-side heat exchanger
of the master thermal source unit and the gas line
extending from the slave thermal source unit.

10. The refﬁgeration apparatus according to any of claims

1, S or'8, further comprising:

a connecting gas line which is connected at respective
ends thereof to respective gas-refrigerant pipes of the
thermal-source-side heat exchanger and which has a
closing mechanism for preventing refrigerant from
flowing, when at least one of said master thermal
source unit and said slave thermal source unit is deac-
tivated during cooling operation, into sa1d at least one
thermal source unit in deactivation. :

11. The refrigeration apparatus according to any of claims

1, 5 or 8, wherein the connecting circuit part is formed in a
single unit.

o
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source unit in deactivation. 11. The refigeration apparatus

according to any of claims 1, 5 or 8. wherein the connecting circuit part

is formed in a single unit.
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REFRIGERATION APPARATUS

ABSTRACT

Liquid lines (SLA, 5LB) and gas lines (5GA, SGB) are
connected to a main liquid line (4L) and a2 main gas line (4G)
respectively so that a master outdoor unit (2A) and a slave
outdoor unit (2B) are arranged in paralle] with each other.
On the gas line (SGB) extending from the slave outdoor unit
(2B), a gas stop valve (V2) which is fully closed when the

- slave outdoor unit (2B) is deactivated during heating opera-

tion is disposed. On the liquid line (S5LB) extending from the
slave outdoor unit (2B), a liquid stop valve (V1) which is
fully closed when the slave outdoor unit (2B) is deactivated
during cooling operation and heating operation is disposed.
Thus, compression of a liquid refrigerant and lack of a
circulation amount of refrigerant are prevented.

FIGRE 1
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[n the cxamples of FIG. 2, FIG. 3, FIG. 4, F1G. 8 and F{G
10, the hqud stop valve (VD) is dispensed with, for the i
reason that the outdoor motor-operated cxpansion valve (B3) R :
can be tresly opened and closed. However, in case of using |
a valve which cannot be freely opened and closed such as an
automatic expansion valve, the liguid stop valve (V1) is
provided for preveating storage of a refrigerant, as shown in
FIG. 1 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, 2 one-way bypass stop valve (V3) and an auxiliary
bypass lme (29c) may be provided.

In the above examples, description is made about an air
conditioner which is operated rever51bly between a cooling
and heating cycles. The air conditioner of claim 1 or 2 may
be an air conditioner only for cooling. In such a case, the
four-way selector valve (22) and the outdoor motor-operated
expansion valve (23) each shown in FIG. 1 and the gas stop
valve (V2) are dispensed with. When the slave outdoor unit
(2B) is deactivated during cooling operation, the liquid stop
valve (VI) is fully closed.

Further, in the air conditioner only for cooling, as shown
in FIG. 2, the receiver (12) may be disposed at a connecting
part between the main liquid passage (42) and the liquid
passages (33, 34) 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 an air conditioner used in a large building or the like.
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[ claam: :

1. A refrigeration apparatus, comprising:

a master thermal source unit which has a compressor, 2
thermal-source-side heat exchanger connected at an
end thereof to the discharge side and the inlet side of the
compressor so as 10 be switchable between the two
sides of the compressor and connected at the other gnd
to a liquid line, and a thermal-source-side expansion
mcchanism disposed on the liquid line, and in which a
gas line is connected to the discharge side and the inlet

side of the compressor so as to be switchable between
the two sides of the compressor;

a slave thermal source unit which has a compressor, a
thermal-source-side heat exchanger connccted at an
cad thereol o the discharge side and the inlct side of the
compressor sO as to be switchable between the two
sidcs of the compressor and connccted at the other cnd
to a liquid linc, and a thermal-source-side cxpansion
mcchanism disposcd on the liquid line, and in which a
gas linc is connccted to the discharge side and the inlet

side ot the compressar so as to be switchable betwesn
the two sides of the compressor;

a connecting circuit part for connecting outer ends of the
liquid lines and outer ends of the gas lines to a main
liquid line and a main gas line respectively so that the

thermal source units are arranged in parallel with each
other; '

a plurality of user units which each have a user-side heat
excnanger and which are coanected to the main liquid
line and the main gas line so as to be arranged in
paralle! with one another;

a liquid-line closing mechanism which is disposed on the
liquid line extending toward the slave thermal source
unit and fully closed when the slave thermal source unit
is deactivated during refrigerating opcration;

a gas-line closing mechanism which is disposed on the
gas linc exteading toward the slave thermal source unit
and fully closed when the slave thermal source unit is
deactivated during heating operation,

a bypass line which bypasses the compressor of the slave
thermal source unit and which is connected to the
discharge and inlet sides of the compressor;
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a bypass closing mechanism disposed on the bypasstire;
and ' '

refrigerant ejecting means for ejecting a liquid refrigerant
remaining in the slave thermal source unit in such a
manner as to open the bypass closing mechanism and
the thermal-source-side expansion mechanism each
included in the slave thermal.source unit in deactiva-
tion, the liquid-line closing mechanism and the gas-line
closing mechanism for a set time just after the slave
thermal source is deactivated during heating operation.

2. A refrigeration apparatus, compcising:

liquid lines, gas lines, a main liquid line, a main gas line;

-a plurality of thermal source units each having a com-
pressor and a thermal-source-side heat exchanger con-
nected at one end thereof to a discharge side of the
compressor and at the other end thereof to the corre-
sponding liquid line, each compressor being connected
at an inlet side thereof to the corresponding gas line;

3 connecting circuit part for connecting respective outer
ends of the liquid lines and of the gas lines to the main
liquid line and the main gas line respectively so that the

thermal source units are arranged in parallel with each
other;

a plurality of user units having a user-side expansion
mechanism and a user-side heat exchanger and being
coanected in parallel to the main liquid line and the
main gas line;

a receiver provided art each liquid line of the respective
thermal source units;

2 liquid-line closing mechanism provided to at least one
liquid line and nearer to the main liquid line than the
receiver; and

a controller for controlling, when the thermal source unit
provided with the liquid-line closing mechanism at the
liquid line halts its cooling operation under the condi-
tion that at least one thermal unit continues its cooling
operation, the liquid-line closing mechanism of the
operation-halting thermal source unit to be closed fully.

3. T.hc.: refrigeration apparatus according claim 2, further
comprising: i
a connccting gas line which is connccted at respective
cads thereof to respective gas-refrigerant pipes of the
thermal-source-side heat exchanger of the plurality of
thermal source units and which has a closing mecha-
nism for preventing refrigerant from fowing, when at
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least one of said plurality of thermal sourcc unitsiis

deactivated during cooling operation, into said at least
onc of said plurality of thermal soucce units in deacti-
vation. _
. 4. The refrigeration apparatus according to any of claim 2,
wherein the connecting circuit part is formed in a single unit.
5. The refrigeration apparatus according to claim 3,
wherein a receiver for connecting each of the liquid lines to
the main liquid line is disposed at a connecting part between
the liquid lines and the main liquid line.

6. The refrigeration apparatus according to claim 5, fur-
ther comprising:

a bypass line which bypasses thc compressor of the slave
thermal source unit and which is coanected to the
discharge and inlet sides of the compressor;

a bypass closmo mechanism disposed on the bypass line;
and

refrigerant cjecting means for ejecting a liquid refrigerant

remaining in the slave thermal source unit in such a
manner as to open the bypass closing mechanism and
the thermal-source-side expansion mechanism each
inctuded in the slave thermal source unit in deactiva-
tion, the liquid-line closing mechanism and the gas-line
closing mechanism for a set time just after the slave
therrnal source unit is deactivated during heating opera-
tion.

7. The refrigeration apparatus according to claim 1. 5 or
6, further comprising:

a user-side expansion mechanism which is disposed in
each of the user units and located between the main
liquid line and the user-side heat exchanger;

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

refrigerant recovering means for recovering a refrigerant
from the slave thermal source unit in deactivation when
the slave thermal source unit is deactivated during
heating operation and the refrigerant-amount detecting
means detects the lack of a circulation amount of
refrigerant, in such a manaer as to open the thermal-
source-side expansion mechanism of the slave thermal
source unit in deactivation and the liquid-line closing
mechanism and throttle the user-side expansion mecha-
nism so as to reduce a pressure of a liquid refrigerant

to a saturation pressure according to an open-air tem-
perature.

\
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8. A refrigeration apparatus, comprising:

liquid lines, gas lines, a main liquid line, a main gas line;

a master thermal source unit and a slave thermal source
unit each having a compressor, a thermal-source-side
heat exchanger and a thermal-source-side expansion
mechanism provided at the corresponding liquid line,
the thermal-source-side heat exchanger being coa-
nected exchangeably at one end thereof to a discharge
side and an inlet side of the compressor and connected
at the other end thereof to the corresponding liquid line,
and the gas lines being connected exchangeably to the
discharge side and the inlet side of the compressor;

a connecting circuit part for connecting outer ends of the
liquid lines and of the gas lines to the main liquid line
and the main gas linc cespectively so as to arrange the
main and slave thermal source units in parallcl with
cach other;

a plurality of uscr units having a user-side heat exchanger
and being connected in paralle! to the main liquid line
and the main gas line; :

a tiquid-line closing mechanism provided at the liguid tine
of the slave thermal source unit;

a gas-line closing mechanism provided at the gas line of
the slave thermal source unit: and

a controller for coatrolling the liquid-line closing mecha-
nism to be closed fully when the slave thermal unit
halts its operation and for controlling the gas-linc
closing mechanism to be closed fully when the slave
thermal source unit halts its heating operation, under
the condition that the master thermal source unit con-
tinues its operation.

9. The refrigeration apparatus according to claims 1 oc 8,
wherein

a refrigerant recovering line through which a refrigerant
flows from the slave thermal uait to the master thermal
unit is connected between a gas-rcfrigerant pipe
extending from the thermal-source-side heat exchanger
of the master thermal soucce unit and the gas line
extending from the slave thermal source unit.

10. The refrigeration apparatus according to any of claims

1, 5 or'8, further comprising:
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a connecting gas line which is connected at respective
ends thereof to respective gas-refrigerant pipes of the
thermal-source-side heat exchanger and which has a2
closing mechanism for preventing refrigerant from : i
 flowing, when at least one of said master thermal ’
source unit and said slave thermal source unit is deac- _ .
tivated during cooling operation, into said at least one !
thermal source unit in deactivation.
11. The refrigeration apparatus according to any of claims

1, 5 or 8, wherein the connecting circuit part is formed in a
single unit. '
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REFRIGERATION APPARATUS

ABSTRACT

Liquid lines (SLA, 3LB) and gas lines (3GA, 5GB) are
cornected to a main liquid line (4L) and a main gas line (4G)
- respectively so that a master outdoor unit (2A) and a slave

outdoor unit (28) are arranged in parallel with each other.
On the gas line (SGB) extending from the slave outdoor unit
(2B). a gas stop valve (V2) which is fully closed when the
slave outdoor unit (2B) is deactivated during heating opera-
tion is disposed. On the liguid line (5LB) exteading from the
slave outdoor unit (28), a liguid stop valve (V1) which is
fully closed when the slave outdoor unit (2B) is deactivated
during cooling operation and heating operation is disposed.
Thus, compression of a liquid refrigerant and lack of a

-~

trculation amount of refrigerant are prevented.

FIGRE 1
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