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Claim

1. An oil equalizing operation control device for use in an air
conditioner comprising:

a pluralitv of thermal source units each having at least a compressor
and a thermal-source-side heat exchanger:

a main liquid line to which the plural thermal source units are
connected in parallel with each other:

a main gas line to which the plural thermal source units are
connected in parallel with each other: and

a user unit which has at least a used-side heat exchanger and which
is connected to the main liquid line and the main gas line:

in which refrigerant discharged from the compressor is condensed by
one of the heat exchangers. is expanded by the expansion mechanism and is
then evaporated by the other heat exchanger:

an oil equalizing operation control device comprising oil equalization
mechanisms for conducting lubricating oil stored in an oil reserving part
provided on the discharge side of the compressor of each of the thermal
source units to the suction side of the compressor of the other thermal source

unit.
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(57) Abstract

Two outdoor units (2A. 2B) and three indoor units (3A, 3B, 3C) ar¢ connected to a main liquid line (7L}
and a main gas line (7G) in series and parallel, respectively. Lubricant balancing mechanisms (9A, 9B) are provided

on the respective outdoor units (2A, 2B) for guiding excessive lubricant stored in a lubricant reservoir (91) provided
on the discharge side of a compressor (21) of one of the two outdoor units to the suction side of the co
(21) of the other of the two units. At the time of cooling operation, respective gas by-pass passageways (95,

sor
) and

| respective lubricant balancing by-pass pipes (93, 94) are controlied to be opened and/or closed such that lubricamt
flows alternately between the respective outdoor units (2A, 2B). At the time of heating operation, the respective oil

| balancing by-pass pipes (93, 94) are controlled to be open
the respective outdoor units (2A,

ed and/or closed such that lubnicant flows alternately between
2B) with the downstream side of the lubricant balancing mechanisms (9A, 9B) being

maintained at a low pressure to thereby uniformize lubricant.
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SPLECIFFLCATION

OIL EQUALIZING OPERATION CONTROL DEVICE
FOR AIR CONDITIONER

[ Technical Field |
This invention relates to an oil equallizing operation
control device for an air conditioner having a plurality of

thermal source units.

[ Background Art |

There has been a conventional air conditioner in which a
compressor, a four-way selector valve, an outdoor heat
exchanger, a motor-operated expansion valve and an indoor heat
exchanger are connected in order as disclosed in the Japanese
Patent Application Laid-Open Gazette N0.3-186156. In cooling
operation, by the switching of the four-way selector valve,
refrigerant discharged from the compressor is condensed by the
outdoor heat exchanger, is expanded by the motor-operated
expansion valve and is then evaporated by the indoor heat
exchanger. In heating operation, by the switching of the four-
way selector valve, refrigerant discharged from the compressor
is condensed by the indoor heat exchanger, is expanded by the
motor-operated expansion valve and is then evaporated by the

outdoor heat exchanger.

- Problem to be solved -
Since the above-mentioned air conditioner has a single
outdoor unit, no regard is needed for oil equalizing operation

le,



if only oil backing operation is performed.

Accompanying with the recent increascd capaclity of an air
conditioner, there has been developed an air conditioner in
which a plurality of outdoor units are provided. 1In this case.

5 lubricating oil is discharged from each of the compressors of
the outdoor units. However, since 1lubricating oil 1Is not
necessarily returned to each of the compressors of the outdoor
units by the same amount as discharged therefrom. oil
collecting phenomena that lubricating oil is collected to the

1D compressor of one of the outdoor units may occur.

When the above olil collecting phenomena occur, one of the
compressors may cause lack in Jubricating oil. This presents
a problem that air conditioning cannot be continued.

This invention has been made in view of the above problem

1S and has its object of eliminating oil collecting phenomena to
prevent lack in 1lubricating oil when an air conditioner 1is

provided with a plurality of thermal source units.

[ Disclosure of Invention |
20 In order to attain the above object, this invention takes
measures of conducting lubricating oil from an oil rescrving
part on the high-pressure side of a compressor of one thermal

source unit to the low-pressure side of another thermal source

unit.
A5
[ ol st dciaeinod
CUTIS T O U U LU0
——
In detail, as shown i Do - . a measure taken in the
jr-—gonditioner .
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Thus according to the present invention. there is provided an oil
equalizing operation control device for use in an air conditioner comprising:
a plurality of thermal source units each having at least a compressor

and a thermal-source-side heat exchanger:
a main liquid line to which the plural thermal source units arc

connected in parallel with each other:
a main gas line to which the plural thermal source units are

connected in parallel with each other: and
a user unit which has at least a used-side heat exchanger and which
is connected to the main liquid line and the main gas line:

in which refrigerant discharged from the compressor is condensed by
one of the heat exchangers. is expanded by the expansion mechanism and is
then evaporated by the other heat exchanger:

an oil equalizing operation control device comprising oil equalization
mechanisms for conducting lubricating oil stored in an oil reserving part
provided on the discharge side of the compressor of each of the thermal
source units to the suction side of the compressor of the other thermal source
unit.

A measure taken in the invention according to claim 2 is so composed
that in the invention of claim 1. the oil equalization mechanisms {9A. 9B. ..}
each conduct only surplus lubricating oil above a set amount of storage out of
lubricating oil stored in the oil reserving part {91) to the suction side of the
compressor (21) of the other thermal source unit {2A. 2B. ...).
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A measure taken in the invention according to claim 3 is
so composed that in the invention of claim L, the compressor
(21) has an oil discharge mechanism (40) for discharging. when
lubricating o0il stored in the compressor (21) exceeds a sctl
amount, the excess of lubricating oil and the oil equalization
mechanisms (9A. 9B) each conduct only surplus lubricating otl
above a set amount of storage out of lubricacing oil stored in
the oil reserving part ({(91) to the suction side of tLhe

compressor (21) of the other thermal source unit (2A, 2B, .. .).

A measure taken in the invention according to claim 4 s
so composed that in the invention of claim 1, 2 or 3. the oil
reserving part (91) has an oil separating function of

separating lubricating oil from discharged refrigerant.

A measure taken in the invention according to claim 5 1is

so composed that in the 1invention of ¢laim 4. the oll

equalization mechanisms (9A., 9B, ...) each have an oijl
equalizing bypass pipe (93, 94, ...) for conducting lubricating
oil from the o0il reserving part (891, 91, ...} to the suction

side of the compressor (21) of the other thermal source unit

(2A, 2B, ...), an end of the oil! equalizing bypass pipc (93,
94, ...) is introduced into the oil reserving part (91) and the
introduced end of the oil ecqualizing bypass pipe (93, 94, ...)

is located at the level higher by a set height than the bottom

of the o0il reserving part (91).

A measure taken in the invention according to claim 6
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depends upon the invention of claim 1, 2 or 3, whercin therc
is provided a pressure cqualizing line (6E) which is connected
at respective ends thereof to respective refrigerant piping
sections (26) connected to the gas rcfrigerant sides of the
thermal-source-side heat exchangers (24) of the respective
thermal source units (2A, 2B, ...) and allows interruptable

communication of gas refrigerant in dual directions between the

thermal source units {(2A, 2B, ...).
Further, the olil equalization mechanisms (9A, 9B, ...)
each have a gas bypass passage (95. 96, ...) which is conneceted

to the pressure equalizing line (6E) and a gas line (8A, 61,

.} of the corresponding thermal sourcc unit (2A, 2B, ...) and
allows interruptable communication of lubricating oll. and an
0il equalizing bypass pipe (93, 94, ...) which is connected to
the oll reserving part (91) and the pressure equalizing line
(6E) and allows interruptable communication of lubricating oil.
In addition, oil equalizing control means (8Ll) iIs provided for
controlling the respective gas bypass passages (95. 96, ...}
and the respective oil equallizing bypass pipes (93, 94, ...)
between thelr communication states and their interruption
states so that ltubricating oil flows altcrnately between the

thermal source units (2A, 2B, ...) in cooling cyclec operation.

A measure taken in the invention according to claim 7
depends upon the invention of c¢laim 8, wherein a first therma’
source unit (2A) and a second thermal source unit (ZB) are
provided.

Further, the oil equalization mechanism (8A) of the first
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thermal source unit (2A) has a sccond gas bypass passage (90)
connected to the pressure cquatizing Line (61) and the gas tine
(86B) of the second thermal source unit (2B), and has a first
0oil equalizing bypass pipe (93) connected to the o0il reserving
part (91) of the first thermal source unit (2A) and the
pressure equalizing line (8E).

Furthermore, the oil equalization mechanism (9B) of the
second thermal source unit (2B) has a first gas bypass passage
(935) connected to the pressure equalizing line (6E) and the gas
line (BA) of the first thermal source unit (2A). and has a
second o0il equalizing bypass pipe (94) connected to the oil
reserving part (81) of the second thermal source unit (2B) and
the pressure equalizing line (6[F).

In addition, the oil equalizing control mecans (8l) is so
composed as to perform a first oll cqualizing operation for
providing communication in the first oil equalizing bypass pipe
{83) and the second gas bypass passage (96) and Interrupting
the second oil equalizing bypass pipe (94) and the first gas
bypass passage (83) to conduct lubricating oil from the first
thermal source unit (2A) to the second thermal source unit (2B)
and to perform a second oil equalizing operation for providing
communication in the second oil cqualizing bypass pipe (94) and
the first gas bypass passage (95) and interrupting the flirst
0ll equallizing bypass pipe (93) and the second gas bypass
passage (96) to conduct lubricatrting oil from the second thermal

source unit (2B) to the first thermal source unit (241).

A measure taken in the invention according to claim 8

6



depends upon the invention of claim 1, 2 or 3, wherecin there
is provided a pressure equalizing line {(6F) which Is conneccled
at respective ends thereof to respective refrigerant piping
sections (28) connected to the gas refrigerant sides of the

g thermal-source~-side heat exchangers (24) of the respective
thermal source units (2A, 2B, ...} and allows Interruptable
communication of gas refrigerant in dual directions between the
thermal source units (2A, 2B, ...).

Further, the o0il equalization mechanisms (9A, 98, ...)

10 each have a gas bypass passage (95. 96, ...) connected to the
pressure equalizing line (6E) and a gas line (8A, 6B, ...) of
the corresponding thermal source unit (2A, 2B, ...) and allows

interruptable communication of lubricating oil, and an oll
equallizing bypass pipe (93, 94, ...) connected to the oll
I~ reserving part (91) and the pressure equalizing line (8L) and
allows interruptable communication of lubricating oil. In

addition, o0il equalizing control means (81) 1is provided f(or

controlling the respective gas bypass passages (95, 96, ...)
and the respective oil equalizing bypass pipes (93. 94, ...)
0 between their communication states and their interruption

states so that lubricating oil simultaneously flows in dual
directions between the thermal source units (2A, 2B, ...) in
¢ooling operation.

QY A measure taken in the invention according to claim 9
depends upon the invention of claim 1, 2 or 3, wherein there
is provided a pressure equalizing line (6E) which is connected
at respective ends thereof to respective refrigerant piping

@ﬁz@” \ 7
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sections (26) connected to the gas refrigerant sides of the
thermal-source-side hcat exchangers (24) of the respectlive
thermal source units (2a, 2B, ...) and allows interruptable

communication of gas refrigerant in dual directions between the

thermal source units (2A, 2B, ...).
Further, the oil equalization mechanisms (89A, 8B, ...)
each have an oil equalizing bypass pipe (93, 94, ...) connected

to the pressure equalizing line (8E) and the oil reserving part
(91). In addition, oil equalizing control means (81) Iis
provided for controlling the respective o0il equalizing bypass
pipes (93, 94, ...} between their communication states and
their interruption states so that lubricating oil flows
alternately between the thermal source units (2A, 2B, ...) in
heating cycle operation and for holding the downstream sides
of the o0il equalization mechanisms (9A. 9B. ...) in low

pressure condition.

A measure taken in the invention according to claim 10
depends upon the invention of claim 9, wherein a first thermal
source unit (2A) and a second thermal source unit (2B) are
provided.

Further. the oil equalization mechanism (89A) of the first
thermal source unit (2A) has a first oil equalizing bypass pipe
(93) connected to the oil reserving part (91) of the first
thermal source unit (2A) and the pressure equalizing line (8E).

Furthermore, the oil equalization mechanism (9B) of the
second thermal source unit (2B) has a second oil equalizing

bypass pipe (94) connected to the o©il reserving part (91) of

8



the sccond thormal source unit (2B) and the pressure equalizing
ITine (6E).

In addition, the oil equalizing control means (81) is so
composed as to perform a first oil equalizing operation for
providing communication in the first oil equalizing bypass pipe
(93) and the pressure equalizing line (6E), Interrupting the
second o0il ecqualizing bypass passage (94) and adjusting tLhe
expansion mechanism (25) of the sccond thermal source unit (2B)
into a small opening to conduct lubricating oil from the first
thermal source unit (2A) to the second thermal source unit (2B8)
and to perform a second oll equalizing opcration for providing
communication in the second oil equalizing bypass pipe (94} and
the pressure equalizing line (8E), interrupting the first ol
equalizing bypass pipe (93) and adjusting the expansion
mechanism (25) of the first thermal source unit (2A) into a
small opening to conduct 1lubricating oil from the sccond

thermal source unit (2B) to the first thermal source unit (2A).

- Operations -

ITn the invention of claim 1 having the above structure,
In cooling operation or heating operation, cach of the oll
equalization mechanisms {(9A, 9B, ...) conducus lubricating oil
stored in the oil reserving part (91) provided on the discharge
side of the thermal source unit (2a, 28, ...) to the suction
side of the compressor {(21) of the other thermal source unit
(2A, 2B, ...). thereby performing oil equalization betwecn the
thermal source units (2A, 2B, ...).

Particularly, in the invention of claim 2, only surplus

P\ 9



1 &

=10

<5

lubricating oil is conducted Lo the suction side of the other
thermal source unit (2A, 2B, ...). In the invention of claim
3, when lubricating oil storcd in the compressor {(2l) coxceeds
a set amount, the ex¢ess of lubricating oil is discharged by
the oil discharge mechanism (40) and is then stored in the oil

reserving part (91).

[n the invention of claim 4, the oll rescrving part (91)
stores lubricating oil separated from refrigerant. In the
invention of claim 3, when an amount of storage of lubricating
oil in the oil reserving part (91) excceds the set level so
that surplus lubricating oil stores in the oil reserving part
(91)., only the surplus lubricating oil above the set amount of
storage flows out through the oil equalizing pipe (93, 94,

2.

In the invention of c¢laim 6 and particularly 1in the
invention of claim 7, in cooling cycle operation, lubricating
oll stored in the oil reserving part {91) of the first thermal
source unit (2A) passes from the first oil equalizing bypass
pipe (93) to the pressure equalizing line (8F), flows into the
gas line (6BY through the second gas bypass passage (96) and
is then introduced into the compressor (21) of the second
thermal source unit (2B).

Thereafter, on the contrary., lubricating oil stored in the
oll reserving part (91) of the second thermal source unit (28)
passes from the second oil equalizing bypass pipe (94) to the
pressure equalizing line (BE), flows into the gas line (86A)
through the first gas bypass passage (935) and (s then

10
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introduced into the compressor (21) of the first thermal source
unit (2A). 0Oil equalization between the thermal source units
(2A, 2B) is performed in such a manner as to repeat the above

operation.

In the invention of claim 8, lubricating oil stored in the
0il reserving part (981) of each of the thermal source units
(2A, 2B, ...) passes from the oil equalizing bypass passage
(93, 34, ...) to the pressure equalizing line (BE), flows into
the gas line (B8A, 8B, ...) through the gas bypass passage (95,
96, ...) and is then introduced into the compressor (21) of the
other thermal source unit (2A. 2B, ...). In this manner, oil
equalization is performed between the thermal source unils (2A,

2B, ...).

In the invention of claim 9 and particularly in the
invention of <c¢laim 10, in heating c¢ycle opecration. the
expansion mechanism (25) of the second thermal source unit (2B)
is adjusted into a small opening so that the downstream side
of the 0il equalization mechanism (9A) is turned into a low
pressure. Thus, lubricating oil stored in the o©il reserving
part (91) of the first thermal source unit (2A) passes from the
first o©il equalizing bypass pipe (93) to the pressure
equalizing line (6E) and is then introduced into the compressor
(21) of the second thermal source unit (2B).

Thereafter, on the contrary, the expansion mechanism (23)
of the first thermal source unit (2A) is adjusted into a small

opening and the downstream side of the o0il equalization

11



mechanism (9B) is turned into a low pressure. Thus, lubricating
oil stored in the oil reserving part (91) of the second thermal
source unit (2B) passes from the second oil equalizing bypass
pipe {94) to the pressure equalizing line (6E) and 1s then
introduced into the compressor (21) of the first thermal source
unit (2A). 0il equalization between the thermal source units
(2A, 2B) is performed in such a manner as to repeat the above

operation.

- Effects -
According to the invention of celaim 1, since lubricating

oil is conducted from a high pressure side of each tThermal

source unit (2A, 2B, ...), which is the discharge side of the
compressor (21), to a low pressure side of the other thermal
source unit (2A, 2B, ...), there can be securely prevented oll

collecting phenomena that lubricating oil collects to one of
the thermal source units (2A, 2B, ...).

As a result, lack in 1lubricating oil can be securely
prevented so that secure normal temperature control operation

can be continued.

According to the invention of c¢laim 2, since surplus
lubricating oll which is stored in the oil reserving part (81)
and exceeds a set amount of storage is discharged, the oil
c¢ollecting phenomena can be securely eliminated so that normal
temperature control operation can be securely continued.

In particular, oil collecting phenomena can be prevented

while lack in lubricating oil can be prevented in the thermal

12
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source units (2A., 2B, ...) from which lubricating oil 1is

discharged,

According to the invention of claim 3, when lubricating
oil stored 1in the compressor (21) exceeds a set amount,
lubricating oil is discharged. Thus, the excess of lubricating
0oil can be securely stored in the olil reserving part (91) so

that oil collecting phenomena can be securely prevented.

According to the invention of claim 4, since the oijl
reserving part (91) has the oil separating factlon, it also
serves as an oil separator. This reduces the number of
elements. Particularly, according to the invention of claim 5,
surplus lubricating oil can be securely discharged from the
internal end position of the o0il equalizing bypass pipe (93,
94, ...) so that the structure can be simplified.

According to the inventions of claim 6, 7. 9 and 10, since
0oil equalizing operation is performed in a cooling cycle at the
cooling operation and in a heating cycle at the heating
operation, o0il equalizing operation is performed in the same
cycle as in normal temperature control operation. Accordingly,
no variation in refrigerant flow or the like occurs so that oil
equallzing operation can be readily performed.

Further, since surplus lubricating oil is discharged by
the pressure equatlizing control means (81), lack in lubricating
oil can be prevented without any oll level sensor and at the

same time o0il collecting phenomena can be prevented.
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According to the invention of c¢laim 8, since oil
equalization can be simultancously preformed in dual directions
between the thermal source units (2A, 2B, ...), oil equalizing

operation can be completed in a short time.

According to the inventions of claims 9 and 10, when
reverse-cycle defrosting operation is performed in heating
operation in such a manner that high-pressure gas refrigerant
is fed from one of the thermal source units {2A, 2B, ...) to
the other one with use of the pressure equalizing line (6E) and
the gas bypass passage (95, 96, ...), the defrosting operation
and oil equalizing operation can be simultaneously performed.
Accordingly, since it is not necessary to scparately perform
0ll equalizing cperation, normal temperature control operation

can be performed with efficiency.

| Brietr Description of Drawings |

Fig. 1 is a refrigerant circuit diagram showing an air
conditioner of this invention.

Fig. 2 is a refrigerant circuit diagram showing oil
equalizing operation in cooling operation.

Fig. 3 is a refrigerant circuit diagram showing another
0il equalizing operation in cooling operation.

Fig. 4 is a refrigerant circuit diagram showing oil
equalizing operation in heating operation.

Fig. 3 is a refrigerant circuit diagram showing another
oil equalizing operation in heating operation.

Fig. 6 is a refrigerant circuit diagram for explaining oil

14
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collecting phenomena.

Fig. 7 is an enlarged clrcuitl diagram showing a compressor
of Embodiment 4.

Fig. 8 is a graph showing characteristics of an oil
discharge ratio with respect to an amount of storage of

lubricating oil in an oil discharge mechanism.

[ Best Mode for Carrying Out the Invention ]

Below, description is made about embodiments of this
Invention with reference to the drawings.

< Embodiment 1 >

As shown in Fig. 1, an air conditioner (10) is so composed
that two outdoor units (2A, 2B) and three indoor units (3A, 3B,
3C) are connected in parallel to a main liquid line (7L} and
are connected in parallel to a main gas line (7G).

Each of the first outdoor unit (2A) and second outdoor
unit (2B) has a compressor (21), a four-way selector valve
(22). an outdoor heat exchanger (24) as a thermal-source-side
heat exchanger in the vicinity of which an outdoor fan (23) is
disposed, and an outdoor motor-operated expansion valve (23)
as an expansion mechanism, and forms a thermal source unit
reversibly operable between a cooling cycle and a heating
cycle. The outdoor heat exchanger (24) 1s connected at a gas
refrigerant side end thereof to a refrigerant piping section
{26) and is connected at the other end of liquid refrigerant
side to a liguid line (35A, 3B).

The refrigerant piping section (26) is connected to the

suction side and discharge side of the compressor (21) so as

15



AD

to be switchable therebetween by the four-way selector valve
(22). Further, a gas line (B8A, 06B) is connected, through the
refrigerant piping section (28), to the suction side and
discharge side of the compressor (21) so as to be switchable
therebetween by the four-way selector valve (22). The gas line
(A, 6B) is connected to the main gas line (7G). An accumulator
(27) 1is provided in the refrigerant piping section (286),
between the suction side of the compressor (21) and the four-
way selector valve (22).

Each capacity of the outdoor units (24, 2B) 1is set
according to the number of indoor units (3A, 3B, 3C) connected
thereto. The compressor (21) of the first ocutdoor unit (24) is
composed so as to be operable by inverter control. The
compressor {21) of the second outdoor units (2B) is composed
so as to be switchably operable among capacities of 100%, 50%
and 0% by unload control. Each of the compressors (21) is
controlled based on control signals from a controller (80).

Each of the indoor unit (3A, 3B. 3C) has an indoor heat
exchanger (32) as a used-side heat exchanger in the vicinity
of which an indoor fan (31) is disposed and an indoor motor-
operated expansion valve (33), and forms a user unit. The
indoor heat exchangers (32) are connected in parallel to the
main liquid line (7L) and the main gas line (7G) through an
indoor 1liquid duct (34) and an indoor gas duct (33),
respectively. The indoor motor-operated expansion valve (33)

is provided in the indoor liquid duct (34).

Meanwhile, the air conditioner (10) is provided with a
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piping unit (11). In the piping unit (11), the liguid lines
(5, 3B) of the outdoor units (24, 28) arce connccted to Lhe
main liquid line (7L) and the gas lines (67, 6B) of the outdoor
units (2A, 2B) are connected to the main gas line (7G).

In detail, each of the liquid lines (5A, 3B) 1is composed
of a liquid pipe (51) extending outside from the outdoor unit
(2A; 2B) and a liquid passage (32) connecting to an outer end
of the liquid pipe (51). The liquid pipe (51) 1is connected at
an inner end thereof to the outdoor heat exchanger (24) and is
provided with the outdoor motor-operated expansion valve (25).
The liquid passage (52) is connected to the mail 1iquid line
(7L) through a receiver (12).

Each of the gas lines (8A, 6B) is composed of a gas pipe
(81) extending outside from the outdoor unit (2A, 2B) and a gas
passage (62) connecting to an outer end of the gas pipe (81).
The gas pipe (861) is connected to the compressor (21) through
the four-way selector valve (22) and the refrigerant piping
section (286).

The main liquid line (7L) is composed of a main liquid
pipe (71) extending toward the indoor units (3A, 3B, 3C) and
a main liquid passage (72) which connects to an end of the main
liquid pipe (71) and to which the liquid passages (52) of the
outdoor units (2A, 2B) connect through the receiver (12). The
indoor liquid ducts (34) of the indoor units (3A, 3B, 3C) are

connected to the other end of the main liquid pipe (71).

The main gas line (7G) is composed of a main gas pipe (73)

extending toward the indoor units (3A, 3B, 3C) and a main gas
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passage (74) which connects to an end of Lhe main gas pipe (73)
and to which the gas passages (62) of the outdoor units (27,
2B) connect. The Indoor gas ducts (35) of the indoor units (3A,
3B, 3C) are connected to the other end of the main gas pipe
(73).

The liquid passages (532) of the liquid lines (5A, 3B) of
the outdoor units (2A, 2B). the gas passages (62} of the gas
lines (6A, 8B) of the outdoor units (2A, 2B), the main liquid
passage {(72) of the main liquid Iine (7L), the main gas passage
(74) of the main gas line (7G) and the receiver (12) are
integrally formed so that they are unitized into the piping

unit (11).

Further, a gas stop valve (SVR1) is also Iintegrally united
in the piping unit {(11). The gas stop valve (SVR1) is disposed
in the gas passage (62) of the gas line (6B) extending from the
second outdoor unit (2B) to open and c¢lose the gas passage
(62), and is so composed as to fully close based on control
signals of the controller (80) at the deactivation of the
second outdoor unit (2B} in heating operation.

The outdoor motor-operated expansion valve (25) of the
second outdoor unit (2B) is so composed as to fully close based
on control signals of the controller (80) at the deactivation
of the second outdoor unit (2B) in cooling operation and

heating operation.

A pressure equalizing line (BE) is provided between the

first outdoor unit (2A) and the second outdoor unit (2B).
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The pressure cquatizing line (8lK) is conncceted al an ond
thereof Lo the gas refrigerant side of the refrigerant plping
section (26) of the outdoor hcat exchanger (24) of the [irst
outdoor unit (2A) and i{s connected at the other cnd thereofl to
the gas refrigerant side of the refrigerant piping section (26)
of the outdoor heat exchanger (24) of the second outdoor unit
(2B), SO as to allow dual-directional refrigerant
communication.

The preéssure equalizing line (8E) 1s so composed that
respective outer ends of pressure equalizing pipes (63)
extending outside from the respective outdoor units {(2A, 2B)
are connected to a pressure equalizing passage {(64). The
pressure equalizing passage (64) is provided with a pressure
equalizing wvalve (8VB1) which is fully «closed at the
deactivation of the second outdoor unit (2B) Iin cooling
operation to block refrigerant communication toward the second
outdoor unit (2B}.

The pressure equalizing passage ({64) and the pressure
equalizing wvalve (SVB1l) are integrated into the piping unit

(11) so as to be unitigzed.

As one of features of this invention, there are provided,
between the first outdoor unit (2A) and second ontdoor unit
(2B), the first oil equalization mechanism (9A) for conducting
lubricating o0il discharged from the compressor (21) of the
first outdoor unit (2A) to the suction side of the compressor
(21) of the second outdoor unit (2B) and the second oil

equalization mechanism (9B) for conducting lubricating oil
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discharged (rom the compressor (21) of the seccond cutdoor unit
(23) to the suction side of the compros<or (21} of the [irst
outdoor unit (2A), and Lhe controller (80) s provided with an
oll equalizing control means (81).

lkach of the oil equalization mechanism (97, 9B) has an ol
reserving part (91), an oil equalizing bypass passage (33, 94)
and a gas bypass passage (95, 98). The oil reserving part (91)
is disposed in the refrigerant piping section (26) connected
to the discharge side of the compressor (21) so as Lo store
lubricating oil discharged from the compressor (21) and also
serves as an oil separator having an oil separating function
of separating lubricating oil from refrigerant. The bottom of
the 0il reserving part (81) is connected to an oil backing pipe
(92), which has a capillary, for returning lubricating oil to

the compressor (21).

Fach of the oil equalizing bypass pipes (93, 94) 1is
eonnected at an end thereof to the oil reserving part (91} and
is connected at the other end thereof to the pressure
equalizing pipe (63) of the pressure equalizing line (8E). Each
of the oitl equalizing bypass pipes (93, 94) has an oil
equalizing valve (8V0l, SV02) so as to derive only a surplus
above a set amount of storage out of lubricating oll stored in
the oil reserving part (91).

In detail, one end of each oil equalizing bypass pipc (83,
94) 1is introduced into the oil reserving part (91), The
introduced end of the oil equalizing bypass pipe (93, 94) is

located at the level higher by a set height than the bottom of
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the ofl reserving part (01), Specilicalty, while a set amount
ot ol tubricating oil stored in the obl reserviog part (91)
is returned Lo the compressor (21) through the ofl backing plpe
(92), surplus lubrijcating oil accumulates in the otl rescerving
part (91). When an amount of storage of lubricating oil exceeds
the set level in the oil reserving part (91) so that surplus
lubricating oil accumulates, only the surplus lubricating oil
above the set amount of storage flows out through the oil
equalizing bypass pipe (83, 84).

Both the gas bypass passages (93, 96) are Integrated into
the piping unit (11). The first gas bypass passage (95) is
connected at an end thereof to the second outdoor unit (2B)
side from the pressure equalizing valve (SVB1) of the pressure
equalizing passage (64), is connected at the other end thereof
to the gas passage (62) of the first outdoor unit (2A), and has
a first bypass valve (SVY1l)}.

The second gas bypass passage (96) is connected at an end
thereof to the first outdoor unit (2A) side from the pressure
equalizing valve (SVB1l) of the pressure cqualizing passage
{84), 1s connected at the other end thereof to the gas passage
(62) of the second outdoor unit (2B), and has a second bypass

valve (SVYZ2).

Further, the o0il equalizing control means (81) 1is so
composed as to perform, in normal operation, 2 to 3 minutes oil
equalizing operation once in evetry 2 to 3 hours and to perform
oil equalizing operation after oil backing operation and after
defrosting operation in heating operation. The o0il equalizing
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control means (81) controls the respective gas bypass passages
(U5, 96) and the respeetive oll ecqualizsalong bypass pipes (93,
9-4) between thetr communication states and their interruption
states In order that tubricating oil flows alternately between
the outdoor units (27, 2B) tn cooling cyele operatjon.

In detail, the oil cqualizing control means (81) s so
composed as to perform f{irst oill cqualizing opcration of
opening the first oil equalizing valve {(SVOl) and the sccecond
bypass valve (SVY2) with closing the pressure cqualizing valve
(SVB1) to conduct lubricating oil from the first outdoor unit
(2A) to the second outdoor unijt (2B), and perform sccond oil
equalizing operation of opening the second oil equalizing valve
(SV02) and the first bypass valve (5VY1) with closing the
pressure equalizing valve (SVB1) to conduct lubricating oll
from the second outdoor unit (28) to the first outdoor unit

(2A).

In addition, the oil equalizing control means (81)
controls the respective oil equalizing bypass pipes (93, 94)
between their communication states and their interruption
states in order that lubricating oil flows alternately between
the outdoor units (2A, 2B) in heating cycle operation, and
holds the downstream sides of the oil equallization mechanisms
{9A, 9B) in low-pressure condition.

In detail., the o0il equalizing control means (8l1) is so
composed as to perform first oil equalizing operation of
opening the pressure equalizing valve (SVB1) and the first oil

equalizing wvalve (SV01) with c¢losing the respective bypass
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valves (SYY T, SYY2) and the seeond ol oqualiziag valyve (5V02)
and s lmultancously  adjusting  the  outdoor  motor aperaled
expansion valve (23) of the second outdoor untt (28 futo o
small opening, thereby conducting lubrieating oil from {he
Flrst outdoor unltt {2A) to the second ountdoosr antlld {218) .
Further, the il equaliving control means (81) s so composed
as Lo perform second oll cqualizing operation of opening the
proessure cqgualizing valve (SVB1) and the scecond of b equaliaing
valve (SV02) with eclosing the reospective bypass valves (sVy L],
SVYZ2) and the first oil cqgualizing valve (SVO1) and
simultaneously adjusting the outdoor motor-operated expansion
valve (25) of the first outdoor unit (2A) into a small opening,
thereby conducting ltubricating oil from the sccond outdoor unit

(2B) to the first outdoor unit (2A).

Next, description is made about reasons for the provision
of the oil equalization mechanisms {(9A, 98B).

As shown in Fig. 6, if the oil reserving part (91), the
01l equalizing bypass pipes (93, 94) and the gas bypass
passages (95, 96) are not provided and oil equalizing operation
is not performed, the four-way selector valve (22) is switched
as shown in the broken line in heating operation so that
refrigerant circulates as shown in the dot-dash line. Supposing
that an amount of circulation of refrigerant GR on the
discharge side P1 of the compressor (21) of the first outdoor
unit {(2A) is 84Kg/h and an oll discharge ratio LO as a content
of lubricating oil in the gas refrigerant of the discharge side

Pl is 0.1%, an amount of discharge of lubricating oil LD is
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O0.084h/h. Supposing  that ano oamotind of  olrcutation  of
refrirerant GR on the discharge <hde 12 of the comproessar (21
ol the sceond outdoor unit (28 is 203 Kg/h and an o ol
discharge ratio LO as a content of lubricating ol in the gas

f rofrigerant of the discharge side P2 is 0.5%, an amount of
discharge of lubricating ofl 1D s | 7Kg /h.

Conscquently, at a4 point P3 of the main gas fine (76G) at
which refrigerant is conftluent. an amount of c¢ircutation of
refrigerant GR is 377Kg/h, an oil discharge ratio [.O Is 0.412%

(b and an amount of circulation of lubricating oil LD is
1.534Kg/h. I lubricating oil is suctioncd into the compressor
(21) by the same amount as the amount of circulation of the
discharged refrigerant GR, an amount of circulation of
refrigerant GR on the suction side P4 of the compressor (21)

Ny of the first outdoor unit (2A) is 84Kg/h and an oil discharge
ratio LO on the suction side P4 is 0.412% so that an amount oOf
backing lubricating oil LS becomes 0.348Kg/h. On the other
hand, an amount of circulation of refrigerant GR on the suction
side P5 of the compressor (21) of the second outdoor unit (2B)

D is 293Kg/h and an oil discharge ratio LO on the suction side
P4 is 0.412% so that an amount of backing lubricating oil LS
becomes 1.21Kg/h.

As a result, only 1.21Kg/h lubricating olil is returned to
the second outdoor unit (2B) in spite of 1.47Kg/h discharged

OQ(” lubricating oil so that lack in lubricating oil may occur.

Further, the four-way selector valve (22) is switched as

shown in the solid 1line 1in cooling operation so that
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refrigerant civculates as shown jin the sotid line. Supposing
that an amount of circulation of refrigerant CR on the
discharge side Pl of the compressor (21) of the first outdoor
unit (2A) is 84Kg/h and an oil discharge ratio LO in the gas
refrigerant of the discharge side P1 is 0.1%, an amount of
discharge of lubricating oil LD is 0.084Kg/h. Supposing that
an amount of circulation of refrigerant GR on the discharge
side P2 of the compressor (21) of the second outdoor unit (2B)
is 293Kg/h and an oil discharge ratio LO in the gas refrigerant
of the discharge side P2 is 0.5%, an amount of discharge of
lubricating oil LD is 1.47Kg/h.

Consequently, at a point P6 of the main lliquid line (7L)
at which refrigerant is confluent, an amount of circulation of
refrigerant GR is 377Kg/h, an oil discharge ratio LO is 0.412%
and an amount of circulatjon of 1lubricating oil LD 1is
1.554Kg/h. For the reason that gas refrigerant forms an annular
flow when it is returned to the respective outdoor units (2A,
2B) and other reasons, lubricating oil may be evenly
distributed. Thus, an amount of circulation of refrigerant GR
on the suction side P4 of the compressor (21) of the first
outdoor wunit (2A) 1is 84Kg/h so that an amount of backing
lubricating ©il LS becomes 0.777Kg/h. On the other hand. an
amount of circulation of refrigerant GR on the suction side P5
of the compressor (21) of the second outdoor unit (2B) 1is
293Kg/h so that an amount of backing lubricating oil LS becomes
0.777Kg/h.

As a result, only 0.777Kg/h lubricating oil is returned
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to the second outdoor unit (2B) in spite of 1.47Kg/h discharged
lubricating oil so that lack in lubricating oil may occur.
To solve these problems, the above-mentioned o1l

equalization mechanisms (9A, 9B) are provided.

- Operations of the Air Conditioner in Embodiment 1 -

Next, description is made about operations of the above
air conditioner (10).

First, in cooling operation, the four-way selector valves
(22) are switched as shown in the solid line of Fig. 1, and
then high-pressure gas refrigerant discharged from the
respective compressors (2L) of the outdoor units {2A, 2B) is
condensed by the respective outdoor heat exchangers (24) to
turn liquid refrigerant. The liquid refrigerant is confluent
in the main liquid passage (72), is reduced in pressure by the
indoor motor-operated expansion valve (33) and is then
evaporated by the indoor heat exchanger (32) to turn low-
pressure gas refrigerant. The gas refrigerant is distributed
to the respective gas passages (82) and is returned to the
respective compressors (21) of the outdoor units (2A, 2B). This
circulation is repeated.

On the other hand, in heating operation, the four-way
selector valves (22) are switched as shown in the broken line
of Fig. 1. High-pressure gas refrigerant discharged from the
respective compressors {(21) of the outdoor units (2A. 2B} is
confluent in the main gas passage (74) and is then condensed
by the indoor heat exchanger (32) to turn liquid refrigerant.

The liquid refrigerant is distributed to the respective liquid
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passages (52) of the outdoor units (2A, 28) through the main
lLiquid passage (72). Then, the liquid refrigerant Is reduced
in pressure by the respective ocutdoor motor-operated expansion
valves (25) and is then evaporated by the respcctive outdoor
heat exchangers (24) to turn low-pressure gas refrigerant. The
gas refrigerant is returned to the respective compressors (21)

of the ocutdoor units (2A, 2B). This circulation is repeated.

In the <cooling operation and heating operation, the
controller (80) controls the respective openings of the indoor
motor-operated expansion valves (33) and the respective
openings of the ocutdoor motor-operated expansion valves (23)
and controls the respective capacities of the compressors (21)
of the outdoor units (2A, 2B) in aceordance with indoor load.
When the indoor units (3A, 3B, 3C) are reduced in load so that
the capacity of the first outdoor unit (2A) can deal singly
with the cooling operation or heating operation, the second
outdoor unit (2B) is deactivated.

Further. 1imr either of cooling operation and heating
operation, the pressure equalizing valve (SVBl) is opened when
both the outdoor units (2A, 2B) are operated. In cooling
operation, high-pressure gas refrigerant flows through both the
outdoor heat exchangers (24) at an approximately uniform flow
rate. In heating operation, low-pressure gas refrigerant flows
through both the outdoor heat exchangers (24) at an
approximately uniform flow rate.

For example, when a capacity of the second outdoor unit

(2B) becomes large as compared with the load in cooling
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operation, a part of refrigerant discharged from the compressor
(21) passes through the pressure cqualizing lince (6F) and then
flows into the outdoor heat exchanger (24) of the first outdoor
unit (2A).

On the other hand, when a capacity of the second outdoor
unit (2B) becomes large as compared with the load in heating
operation, a part of refrigerant flows from the outdoor heat
exchanger (24) of the first outdoor unit (2A) to the oll
equalizing line (6E) and then is suctioned into the compressor

(21) of the second outdoor unit (2B).

When the second outdoor unit (2B) 1is deactlivated In
cooling operation, the pressure equalizing valve (SVBl1) 1is
fully closed. When the second outdoor unit (2B) is deactivated
in heating operation, the pressure equalizing valve (SVBl) is
held opened.

Further, when the second outdoor unit (2B) is deactivated
in heating operation, the gas stop valve (SVR1) is closed. When
the second outdoor unit (2B) 1is deactivated 1in cooling
operation and heating operation, the outdoor motor-opérated
expansion valve (25) of the second outdoor unit (2B) is fully
closed. Thereby, it is prevented that liquld refrigerant is
stored in the second outdoor unit (2B) in deactivation.

In the above cooling operation and heating operation, the
bypass valves (SVY1l, SVYZ2) and the oil equalizing valves (5V0l,

8V02) are closed.

As one of features of this invention, the present
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cmbodiment is so composcd that oll cqualizing operation is
performed in either of cooling operation and heating operation
so that an amount of lubricating oil is equalized between the
compressors (21) of the outdoor units (2A, 2B).

More specifically, in cooling operation, oil equalizing
operation is performed as shown in Figs. 2 and 3. In these
figures, a solid arrow shows refrigerant and a dot-dash arrow
shows lubricating oil.

First, as shown in Fig. 2, first oil equalizing operation

is performed. That is, the first oil equalizing valve (SVO1l)

ro
and the second bypass valve (SVY2) are opened with the pressure
equalizing valve (SVB1l) closed, and the second oil equalizing
valve (SV02) and the first bypass valve (SVYl) are closed.
In this state, a surplus out of lubricating oil stored in
13 the o0il reserving part (91) of the first outdoor unit (24)
passes from the first oil equalizing bypass pipe (83) to the
pressure equalizing line (BE), flows into the gas line (6B) via
the second gas bypass passage (96) and is then introduced into
tpe compressor (21) of the second outdoor unit (2B). In this
LD manner, lubricating oil is conducted from the first outdoor
unit (2A) to the second outdoor unit (2B).
Thereafter, as shown in Fig. 3, second oil equalizing
operation is performed. That is, the second oil equalizing
&S// valve (SV02) and the first bypass valve (SVY1l) are opened with
the pressure equalizing valve (SVBl) closed. and the first oil
equalizing valve (SVO1l) and the second bypass valve (SVYZ) are
c¢losed.
, ;;smﬂé, \ 29
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in this state, a surplus out of tubricating oil stored in
the oil reserving part (91) of the second outdoor unit (213)
passes from the second oil equalizing bypass pipe (94) to the
pressure equaltizing line (8L), flows into the gas line (6A) via
the first gas bypass passage (95) and is then introduced into
the compressor (21) of the first outdoor unit (2A). In this
manner, lubricating oil is conducted from the second outdoor
unit (2B) to the first outdoor unit (2A).

0il equalization is performed between the outdoor units

(2A, 2B) in such a manner that the above operation is repeated.

On the other hand, in heating operation, oil equalizing
operation is performed as shown in Figs. 4 and 5. In these
figures, a solid arrow shows mefrigerant and a dot-dash arrow
shows lubricating oil.

First, as shown in Fig. 4, first oil equalizing operation
is performed. That is, the first oil equalizing valve (SVOl)
and the pressure equalizing valve (SVBl) are opened with the
first bypass valve (SVYl) and the second bypass valve (SVY2)
closed, and the second oil equalizing valve (8V02) is closed.
Then, the opening of the motor-operated expansion valve (25)
of the second outdoor unit (2B) is set to be slightly small so
that the second outdoor unit (2B8) side of the pressure
equalizing line (6E) is held in a low pressure.

In this state, a surplus out of lubricating oil stored in
the oil reserving part (91) of the first outdoor unit (2A)
passes from the first oil equalizing bypass pipe (93) to the

pressure equalizing line (8E) and is then introduced into the
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compressor (21) of the second »u.door unit (2By. In this
manner, lubricating oil is conducted from the first outdoor

unit (2A) to the second outdoor unit (2B).

Thereafter, as shown in Fig. 5, second oil equalizing
operation 1is performed. That Is, the second oill equalizing
valve (SV02) and the pressure equalizing valve (SVBl) are
opened with the first bypass valve (SVYl) and the second bypass
valve (SVY2) closed, and the first oil equalizing valve (SVO1)
is closed. Then, the opening of the motor-operated expansion
valve (25) of the first outdoor unit (2A) is set to be slightly
small so that the first outdoor unit (2A) side of the pressure
equalizing line (6E) Is held in a low pressure.

In this state, a surplus out of lubricating oil stored in
the oil reserving part (91) of the second outdoor unit (2B)
passes from the second oil equalizing bypass pipe (84) to the
pressure equalizing line (8E) and is then introduced into the
compressor (21) of the first outdoor unit (2A). In this manner,
lubricating oil is conducted from the second outdoor unit (2B)
to the first outdoor unit (2A).

0i)l equalization is performed between the outdoor units
(2A, 2B) in such a manner that the above operation is repeated.

The above o0il equalizing operation is made for 2 to 3
minutes in every 2 to 3 hours, and is also made after the
completion of o0il backing operation and after the completion

of defrosting operation.

- Effects of 0il Equalizing Operation in Embodiment 1 -

.
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As describoed above, according to the present cmbodimont,
since fubricating ofl {s conductaed from the high pressure gide
as the discharge side of the compressor (21) of one outdoor
unit (2A, 2B) to the Jow-pressure side of the other ocutdoor
unit (2A, 2B), there can be securely prevented oll collecting
phenomena that lubricating oil 1Is collected to onc of the
outdoor units (2A, 2B).

As a result, lack in lubricating oil can be securely

prevented so that secure normal temperature control o¢operaticn

can be continued.

Further, since surplus lubricating oil which is stored in
the o0il reserving part (91) and exceeds a set amount of
storage, 1is discharged from the o0il separator (43), oil
collecting phenomena can be securely eliminated so that normal
temperature control operation can be continued more securely.

In particular, o1l collecting phenomena can be prevented
while lack in lubricating oil can be prevented in each outdoor

unit (2A, 2B) from which lubricating oil is discharged.

Further, since the 0il reserving part (91) has the o¢il
separating function, it also serves as an oll separator thereby
accomplishing reduction in number of elements. In particular,
since surplus lubricating oil can be securely discharged from
the internal end positions of the respective oil equalizing

bypass pipes (93, 94, ...), the structure can be simplified.

Furthermore, since oil equalizing operation is performed
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fin a cooling eyele at the coolling operation and nona heating
cyele al, the heating operation, oil cqualizing operation is
performed In the same cycle as in normal tempetrature control
operation. Accordingly, no variation in reflrigerant flow or the
llKke occurs so that oll cqualizing operation ¢an be readily
performed.

Further, since surplus lubricating oil is discharged by
the pressure equalizing control means (81). lack in lubricating
oil can ve prevented without any oil level sensor and at the

same time oil collecting phenomcna can be prevented.

- Modifications of Embodiment 1 -

As for the o0il equalizing operation in heating operation
in the above embodiment, the opening of the motor-operated
expansion valve (25) of the second outdoor unit (2B) to which
lubricating oil is returned in first oil equalizing operation
is set to be slightly small and the opening of the motor-
operated expansion valve (25) of the first outdoor unit (2A)
to which lubricating oil is returned in second oil equalizing
operation is set to be slightly small. However, the motor-
operated expansion valve (25) of the second outdoor unit (2B)
in first oil equalizing operation may be fully closed and the
motor-operated expansion valve (25) of the first outdoor unit
(2A) in second oil equalizing operation may be fully closed.
Thus, o0il equalization can be promptly performed.

Alternatively, as for the o0il equalizing operation in
heating operation, the motor-operated expansion valve (25) of

the first outdoor unit (2A) from which lubricating oll 1is
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discharged in Cirst oil cqualizing operation may be siightly
Parge  in opening or fully opened and  the motor operaled
expanston valve (25) of the scecond outdoor unit (2B) from whiceh

lubrleating ol s dischargoed in wsocond oll cquatlzing

5 operation may be stightiy targe o opeaing or fully opened.
Thus, stightly moist roefrigerant flows through the pressure
cqualizing ltine (8L) so that Jubricating oil can be smoothly
delivered.

Vo < Embodiment 2 >

The oil equalizing opcration in c¢ooling operation in the
above embodiment Is so performed that the operations of Figs.
2 and 3 arc repecated. Alternatively, as another embodiment, the
oll equalizing control means (81) may simultaneously perform

Xyl the first oil equalizing operation of Fig. 2 and the second oil
equalizing operation of Fig. 3.

In detail, with the pressure equalizing valve (SVBl)
closed, the first oil equalizing valve (SV01), the second oll
equalizing valve (SV02), the first bypass valve (SVY1l) and the

XD second bypass valve (SVYZ2) are opened.

In this state, a surplus out of lubricating oil stored In
the oil reserving part (91) of the first outdoor unit (2ZA)
passes from the first oil equalizing bypass pipe (93) to the
pressure equalizing line (8E), flows into the gas line (8B} via

¢&S/ the second gas bypass passage (96) and is then introduced into
the compressor (21) of the second outdoor unit (2B). At the
same time, a surplus out of lubricating oil stored in the oil
reserving part (91) of the second outdoor unit (2B) passes from
DI W
% &
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the sccomd ol cqualizing bypaws pipe (O:0) 1o the pressuaee
equalltzing line (6i), Clows into the pas ine (BA) via the
first gas bypass passage (95) and is then introduced into the
compressor (21) of the Mirst ountdoor unit (2A).
As o result, tubrleating ofl Is dedlvered mutunlly hetween
the irst outdoor untt (2A) and second ontdoor unbt (2B3).
According to Lhis modif{lication, oil cquallzing oporation

can be complieted In g short time.

< bEmbodiment 3 >

The above air conditioner (10) parforms defrosting
operation in heating operation. As still another cmbodiment,
the air conditioner {(10) may simultaneously perform Lthe
defrosting operation and oil equalizing operation.

More specifically. in the case that the outdoor heat
exchanger (24) of the first outdoor unit (2A) is frosted, the
first outdoor unit (2A) and second outdoor unit (2B) are
operated in a cooling cycle, the first bypass valve (S5VY1l) is
opened and the second bypass valve (SVY2) 1ls closed.

At the time, the gas stop valve (SVR1l) is opened, and the
pressure equalizing valve (SVB1) and the outdoor motor-operated
expansion valve (25) of the second outdoor unit (2B) are fully
closed.

As a result, while high-pressure gas vrefrigerant
discharged from the compressor (21) of the first outdoor unit
(2A) is fed to the frosted outdoor heat exchanger (24), high-
pressure gas refrigerant discharged from the compressor (21)

of the second outdoor unit (2B) is fed to the compressor (21)
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of the first outdoor unit (2A) through the pressure equalizing
Fine (6GF), the lrst bypagss passapge () and the gas passitge
(62) .

Then, the suetloned gas refrigerant of the compressor (21)
of the ir«st outdoor wnlt (24) fs Inercascod o temporalare wo
that the discehargend gas vefripgerant of the eompressor (213 of
the First outdoor unlt (2A) Is Increased in temperature,
therehy promptly performling the defrosting of the Tirst outdoor
untt (20).

AU this time, by opening the sceond ol equalizing valve
(SVO2), oll ecquallizing operation s« simultancously performed
for conducting tubricating obl from the sccond outdoor untt

(208) 1o the fir«t outdoor anlt (2A).

On Lhe contrerary, in the case that the second ountdoor unlt
(2B3) 1s 'rosted, the second hypass valve (SVYZ2) is openced, the
flrst bypass valve (SVY]) is closed, and delrosting operntion
Is made In the opposite manner ta the abiove operatlon. Thus,
high pressure gas refrigerant. dlscharged from the comprossor
(21) of the first ontdoor unit (2A) is [fed to the comprossor
(21} of the second ouldoor unit (2B) through the pressure
cquatizing line (61<), the second bypass passage {(96) and Lhe
gas passage (62). Then, the discharged gas refrigerant of tLhe
comproesgor (21) of the second outdoor unit (283) s increased
in temperature so that the defrosting of the second outdoor
unit (2B) is promptly performed.

At this time, by opening the first oil equalizing valve

(SVOl), oil iualizing operation is simultaneously performed
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For condueting lubricating oil from the fierst outdoor unit (2A)

to the second outdoor unit (2H).

Purther, itn the case that both the first outdoor unit (Z2A)
and sceond outdoor unit (2B) are Trosted, both the First bhypassy
vilve (SVY L) and second bypuass valve {(SVYL2) are closcd and both
Lthe Pirst and sccond outdoor unlts (2A, 2B are subjecled to
defrosting operation In cooling cycles. When  delrost ing
speral fon s completed In one of the outdoor anits 2\, 28),
one o the bypass valves (SVYL, SVY2) are openced.

For example, when defrosting operation is flrst completed
In the second outdoor unit (2B), the Mrst bypass valve (SVY L)
is opened so that as mentlonced above, hilgh femperature gas
rofrigerant (8 fod to the irst putdoor nnit (2A1, At the same
time, the second ofl ecquallzing valve (SV0O2) Is opened so that
oll cqualizing operation is  simalLancously performed  for
conducting lubricating oil from Lhe second outdoor unit (2B)

to the first outdoor unit (2A).

According to the present cmbodiment, since [t 1s not
necessary to perform oil cqualizing opoeration separately,
normal temperature control operation can he performed with

efficiency.

< FKmbodiment., 4 >
The present embodiment is so composed that the compressor
(21) in any one of Embodiments 1 to 3 has an oil discharge

mechanism (40) shown in Fig. 7. 1In detail, each of the
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comprossors (21, 21) shown in Figs. | to 5 of Embodiment 1 has
the oitl discharge mechanism (40).

The oil discharge mechanismm {(40) s so composed as Lo
discharge, when Inbricaling oll stored In a casing excoeoods o
st amount, the toubricating ofl.

tn detail, the compressor (21) s a seroll compressor ol
fow-prassure dome Lype, in which Tubricating oil is accumulated
al the bottom inslde the casing. The il discharge mechanism
(40) has o diseharge pump (41) disposed at the bottom inside
the compressor (21, A suction port (4s) of Lhe discharge pump
(1) Iy wel Lo a speclifled position. As shown fn Fig. 8, tho
0l dlschnrge  mechanlsm {0 fw  so  composed thitt whoy)
lubriecating il ~tored o the cading aceamnlates up Lo the

Level of the wucthon port {(dw) Yo reach i sel o mmount {Soe n

IR\ point 1Y, the Tubricating o) 1w conducted From the divehnrge
pump {(41) to a suclion port of the scroll through a discharge
pipe {(42) =0 that a discharge amount of lubrleatlng oll s
nbhiraptly {nerenaed,

That b, nocortaln nmount of Tuabirtenting oll - discharged

AP together with discharged vefrigerant at o n polnt 1’2 of Pig. §
nnd o discharge amount of tubirieating ofl [ abruptiy increased
at o the polnt P, Then, at o polnl PA, a cepvtain mpount of
Jubrivating ol Te dixeharged fn onecordanec with Lhe voline of
the diacharge pump (413,

TAY By the ol discharge mechantysm (A0}, an exeess of
lubricating oi)l above the sol amount s fnerensed (o prossare
by the scroll so as to be stored in the ol rescerving parct

Jp—
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{(91). As mentioned above, lubricating oil stored in the oil
reserving part (91) is fed from the first outdoor unit (2A) Lo
the second outdoor unit (2B) or from the second outdoor unit
(2B) to the first outdoor unit (2A).

Thus, according to the present embodiment, since
lubricating oil stored in the compressor (21) is discharged
when it exceeds a set amount, the excess can be securely stored
in the o0il reserving part (91) so that oil collecting phenomena

can be securely eliminated.

< Qther Modifications >

in the air conditioner (10), the method of oil equalizing
operation may be as follows. First, in a method of oil
equalizing operation in cooling opération, when a set amount
of lubricating oil is stored in the oil reserving part (81) of
the first thermal source unit (2A), first oil equalizing
operation is so performed that the stored lubricating oil is
conducted to the suction side of the compressor (21) of the
second thermal source unit (2B). Thereafter. when a set amount
of lubricating oil is stored in the oil reserving part (91) of
the second thermal source unit (2ZB), second oil equalizing
operation is so performed that the stored lubricating oil is
conducted to the suction side of the compressor (21) of the
first thermal source unit (ZA).

More specifically., for example, the first oil equalizing
operation is so performed that out of lubricating oil stored
in the il reserving part (91) having the oil separating

function, only an excess above a set amount of storage 1is

SR °?
[}

5 S W

erre €O



Ay

a{

conducted from the first thermal source unit (2A) to the
suction side of the compressor (21) of the seccond thermal
source unit (2B) through the oil equalizing bypass pipe (93}.
Subsequently, the second o0il equalizing operation 1is so
performed that out of lubricating oil stored in the oil
reserving part (91) having the oil separating function, only
an excess above a set amount of storage is conducted from the
second thermal source unit (2B) to the suction side of the
compressor (21) of the first thermal source unit (2A} through
the oil equalizing bypass pipe (94).

Further, as another o0il equalizing operation method in
cooling operation, the above first oil equalizing operation and
second o0il equalizing operation may be performed at the same
time. That 1is, out of 1lubricating oil stored in the oil
reserving part (91) having the oil separating function of the
first thermal source unit (2A), only surplus lubricating oil
above a set amount of storage is conducted to the suction side
of the compressor (21) of the second thermal source unit (2B)
through the o0il equalizing bypass pipe (93). At the same time,
out of lubricating oil stored in the oil reserving part (91)
having the oil separating function of the second thermal source
unit (2B)., only surplus lubricating oil above a set amount of
storage is conducted to the suction side of the compressor (21)
of the first thermal source unit (24) through the oil

equalizing bypass pipe (94).

In the above case that the first oil equalizing operation

and second oil equalizing operation are sequentially prefeormed
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and the case that the first oil equalizing operation and sccond
0il equalizing operation are periormed simultaneously, Lthe oil
discharge mechanism (40) of the invention according to claim
3 may be applied. In detail, when lubricating oll stored in the
compressor (21) exceeds a set amount, the oil discharge
mechanism (40) discharges the excess above the set amount to
the o0il reserving part (81). Then, out of lubricating oil
stored in the 0il reserving part (91), only surplus lubricating
oil above a set amount of storage is conducted from the first
thermal source unit (2A) to the second thermal source unit (2B)
or from the second thermal source unit (2B) to the first

thermal source unit (2A).

On the other hand, a method of oill equalizing operation
in heating operation is approximately equal to the method of
0il equalizing operation in cooling operation. When a set
amount of lubricating oil is stored in the oil reserving part
(91) of the first thermal source unit (24), first oil
equalizing operation 1is so performed that the stored
lubricating o0il is conducted to the suction side of the
compressor (21) of the second thermal source unit (2B).
Thereafter, when a set amount of lubricating oll is stored in
the 0il reserving part (81) of the second thermal source unit
{2B), second oil equalizing operation is so performed that the
stored lubricating oil is conducted to the suction side of the
compressor (21) of the first thermal source unit (2a).

More specifically, for example, the first oil equalizing

operation is so performed that out of lubricating oil stored
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ih the oill reserving part (91) having the oil scparating
function, only surplus lubricating oil above a sel amount of
storage is conducted from the first thermal source unit ({2A)
to the suction side of the compressor {(21) of the second
[~ thermal source unit (2B) through the oil equalizing bypass pipe
(93). Subsequently, the second oil equalizing operation is so
performed that out of lubricating oil stored in the oil
reserving part (91) having the oil separating function, only
surplus 1lubricating oil above a set amount of storage 1is
(o) conducted from the second thermal source unit (2B) to the
suction side of the compressor (21) of the first thermal source

unit (2A) through the o0il equalizing bypass pipc (94).
In the above case that the first oil equalizing operation
and second ©0il equalizing operation are sequentially preformed,
i the 0il discharge mechanism (4) of the invention according to
claim 3 may be applied. In detail, when lubricating oil stored
in the compressor{(2l) exceeds a set amount, the oil discharge
mechanism (40) discharges the excess above the set amount of
lubricating oil to the o©0il reserving part (91). Then, out of
L) lubricating oil stored in the oil reserving part (81), only
surplus lubricating oil above a set amount of storage 1is
conducted from the first thermal source unit (2A) to the second
thermal source unit (2B) or from the second thermal source unit

(2B) to the first thermal source unit (2A).

The above embodiments disclose the air conditioner (10)
reversibly switchable between a cooling cycle and a heating

cycle. However, a cooling-only air conditioner may be applied
=
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to the inventions of claims 1 to 6 and a heating-only air
conditioner may be applied to the inventions of claims 1, 2,

3, 7 and 8.

In the above embodiments., the number of ocutdoor units (2A,
2B) is two. However, the number of outdoor units to be provided
in the air conditioner of this invention is not limited to two,
or three or more outdoor units may be provided. For example,
in the case that three outdoor units are provided, ol]

equalizing operation of Embodiment 1 or Embodiment 2 may be

10
‘performed between the first outdoor unit and second outdoor
unit and may be then performed between the first outdoor unit
and third outdoor unit. Alternatively, oil equalizing operation
may be sequentially performed between the first outdoor unit
15 and second outdoor unit, between the second outdoor unit and
third outdoor unit and between the third outdoor unit and first
outdoor unit.
In the above embodiments, the number of indoor units (3A,
A0 3B, 3C) is three. However, it is a matter of course that the
number of indoor units is not limited to three, or a single
indoor unit or four or more indoor units may be provided in the
air conditioner of this invention.
Further, in the above embodiments, the 0il reserving part
a5 (91) also serves as an oil separator. However, the oil
reserving part may be an individual oil reservoir without
serving as an oil separator and may be formed inside the
compressor {(21).
. oé‘fw‘z‘% 43
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[ Industrial Applicability |
As described above, since the oil equalizing operation
control device for air conditioner can securcly precvent oil
collecting phenomena, it is useful for air conditioners which
are disposed in large-scale buildings or the like and have a

plurality of thermal socurce units.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-
1. An oil equalizing operation control device for use in an air
conditioner comprising:

a plurality of thermal source units each having at least a compressor

and a thermal-source-side heat exchanger:
a main liquid line to which the plural thermal source units are

connected in parallel with each other:

a main gas line to which the plural thermal source units are
connected in parallel with each other: and

a user unit which has at least a used-side heat exchanger and which
is connected to the main liquid line and the main gas line:

in which refrigerant discharged from the compressor is condensed by
one of the heat exchangers. is expanded by the expansion mechanism and is
then evaporated by the other heat exchanger:

an oil equalizing operation control device comprising oil equalization
mechanisms for conducting lubricating oil stored in an oil reserving part
provided on the discharge side of the compressor of each of the thermal
source units to the suction side of the compressor of the other thermal source
unit.
2. An oil equalizing operation control device for air conditioner
according to claim 1. wherein the oil equalization mechanisms each conduct
only surplus lubricating oil above a set amount out of lubricating oil stored in
the oil reserving part to the suction side of the compressor of the other
thermal source unit .
3. An oil equalizing operation control device for air conditioner
according to claim 1. wherein:

the compressor has an oil discharge mechanism for discharging.
when lubricating oil stored in the compressor exceeds a set amount. the
excess of lubricating oil: and

the oil equalization mechanisms each conduct only surplus
lubricating oil above a set amount out of lubricating oil stored in the oil
reserving part to the suction side of the compressor of the other thermal
source unit.
4. An oil equalizing operation control device for air conditioner
according to any preceding claim. wherein the oil reserving part has an oil
separating function of separating lubricating oil from discharged refrigerant.
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5. Au il equalizing operation control device for air conditioner
according to claim 4, wherein:

the oil equalization mechanisms each have an oil equalizing bypass
pipe for conducting lubricating oil from the oil reserving part to the suction
side of the compressor of the other thermal source unit;

an end of the oil equalizing bypass pipe is introduced into the oil
reserving part; and

the introduced end of the oil equalizing bypass pipe is located at the
level higher by a set height than the bottom of the oil reserving part.

6. An oil equalizing operation control device for air conditioner
according to any one of claims 1 to 3. further comprising:

a pressure equalizing line which is connected at respective ends
thereof to respective refrigerant piping sections connected to the gas
refrigerant sides of the thermal-source-side heat exchangers of the respective
thermal source units and allows interruptable communication of gas
refrigerant in dual directions between the thermal source units:

wherein the oil equalization mechanisms each have a gas bypass
passage which is connected to the pressure equalizing line and a gas line of
the corresponding thermal source unit and allows interruptable
commuuication of lubricating oil, and an oil equalizing bvpass pipe which is
connected to the oil reserving part and the pressure equalizing line and
allows interruptable communication of lubricating oil: and

oil equalizing control means is provided for controlling the respective
gas bypass passages and the respective oil equalizing bypass pipes between
their communication states and their interruption states so that lubricating
oil flows alternately between the thermal source units in cooling cvcle
operation.

7. An oil equalizing operation control device for air conditioner
according to claim 6. wherein:

a first thermal source unit and a second thermal source unit are
provided:

the oil equalization mechanism of the first thermal source unit has a
second gas bypass passage connected to the pressure equalizing line and the
gas line of the second thermal source unit, and has a first oil equalizing
bypass pipe connected to the oil reserving part of the first thermal source

unit and the pressure equalizing line:
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the oil equalization mechanism of the second thermal source unit has
a first gas bypass passage connected to the pressure equalizing line and the
gas line of the first thermal source unit. and has a second oil equalizing
bypass pipe connected to the oil reserving part of the second thermal source
unit and the pressure equalizing line: and

the oil equalizing control meauns is so composed as to perform a first
oil equalizing operation for providing communication in the first oil
equalizing bypass pipe and the second gas bypass passage and interrupting
the second oil equalizing bypass passage and the first gas bypass passage to
conduct lubricating oil from the first thermal source unit to the second
thermal source unit and to perform a second oil equalizing operation for
providing communication in the second oil equalizing bypass pipe and the
first gas bypass passage and interrupting the first oil equalizing bypass pipe
and the second gas bypass passage to conduct lubricating oil from the second
thermal source unit to the first thermal source unit.

8. An oil equalizing operation control device for air conditioner
according to any one of claims 1 to 3. further comprising:

a pressure equalizing line which is connected at respective ends
thereof to respective refrigerant piping sections connected to the gas
refrigerant sides of the thermal-source-side heat exchangers of the respective
thermal source units and allows interruptable communication of gas
refrigerant in dual directions between the thermal source units:

wherein the oil equalization mechanisms each have a gas bypass
passage connected to the pressure equalizing line and a gas line of the
corresponding thermal source unit and allows interruptable comumunication
of lubricating oil. and an oil equalizing bypass pipe connected to the oil
reserving part and the pressure equalizing line and allows interruptable
communication of lubricating oil: and

oil equalizing contrel means is provided for controlling the respective
gas bypass passages and the respective oil equalizing bypass pipes between
their communication states and their interruption states so that lubricating
oil simultaneously flows in dual directions between the thermal source units

in cooling operation.
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0, An oil equalizing operation control device for air conditioner
according to any one of claims 1. 2 or 3. further comprising:

a pressure equalizing line which is connected at respective ends
thereof to respective refrigerant piping sections connected to the gas
refrigerant sides of the thermal-souwrce-side heat exchangers of the respective
thermal source units and allows interruptable communication of gas
refrigerant in dual directions between the thermal source units:

wherein the oil equalization mechanisms each have an oil equalizing
bypass pipe connected to the pressure equalizing line and the oil reserving
part; and

oil equalizing control means is provided for controlling the respective
oil equalizing bypass passages between their communication states and their
interruption states so that lubricating oil flows alternately between the
thermal source units in heating cycle operation and for holding the
downstream sides of the oil equalization mechanisms in low pressure
condition.

10. An oil equalizing operation control device for air conditioner
according to claim 9. wherein:

a first thermal source unit and a second thermal source unit are
provided:

the oil equalization mechanism of the first thermal source unit has a
first oil equalizing bypass pipe connected to the oil reserving part of the first
thermal source unit and the pressure equalizing line;

the oil equalization mechanisn of the second thermal source unit has
a second oil equalizing bypass pipe connected to the cil reserving part of the

second thermal source unit and the pressure equalizing line: and
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the oil equalizing control means performs a first oil equalizing
operation for providing communication in the first oil equalizing bypass pipe
and the pressure equalizing line, interrupting the second oil equalizing
bypass passage and adjusting the expansion mechanisny of the second
thermal sowrce unit into a small opening to conduct lubricating oil from the
first thermal source unit to the second thermal source unit and performs a
second oil equalizing operation for providing communication in the second
oil equalizing bypass pipe aud the pressure equalizing line, interrupting the
first oil equalizing bypass pipe and adjusting the expansion niechanism of
the first thermal source unit into a small opening to conduct lubricating oil

from the second thermal source unit to the first thermal source unit.

DATED this thirtieth day of October 1997

DAIKIN INDUSTRIES. LTD
Patent Attorneys for the Applicant:

F.B. RICE & CO.



ABSTRACT

Two outdoor units (2A, 2B) are connected in parallel to
a main liquid line (7L) and a main gas line (7G). Three indoor
units (3A, 3B, 3C) are connected in parallel to the maln liquid
line (7L) and the main gas linc (7C). The outdoor units (2A,
2B) are each provided with an oil equalization mechanism (9A,
9B8) for conducting a surplus out of lubricating oil stored in
an oll reserving part (91) provided on the discharge side of
a compressor (21) to the suction side of a compressor (21) of
another outdoor wunit (2A, 2B). In cooling operation, the
respective o0il equalization mechanisms (8A, 9B} <control
respective gas bypass passages (95, 98) and respective oil
equalizing bypass pipes (93, 94) to open and close them so that
lubricating oil flows alternately between the outdoor units
(2A, 2B}, thereby equalizing lubricating oil. 1n heating
operation, the respective oil equalization mechanisms (9A, 913)
control the respective o0il equalizing bypass pipes (893, 94) to
open and close them so that lubricating oil flows alternately
between the outdoor units (2A, 2B) and hold the downstrcam
sides of the oil equalization mechanisms (9A, 9B) in low

pressure condition, thereby equalizing lubricating oil.
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