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Description

[0001] The present invention relates to an air condi-
tioner.

[0002] Generally, anair conditioner is a device for cool-

ing or heating in order to provide a comfortable indoor
climate, which draws in indoor air, heats or cools the in-
door air, and discharges the heated or cooled air to a
confined space.

[0003] Recently, in order to achieve a heating or cool-
ing capacity corresponding to the number of operating
indoor units, multi-type air conditioners, which include a
plurality of compressors or a plurality of outdoor units
connected to each other in parallel, have been devel-
oped.

[0004] A conventional multi-type air conditioner in-
cludes a plurality of compressors, a plurality of indoor
units, and refrigerant tubes for connecting the outdoor
units to the indoor units.

[0005] Each of the plural outdoor units includes a com-
pressor for compressing low-temperature/low-pressure
gas refrigerantinto high-pressure gas refrigerant, an out-
door heat exchanger for performing heat exchange be-
tween circulated refrigerant and outdoor air, and a four-
way valve for switching the direction of the refrigerant
flow according which of the heating mode and the cooling
mode is being used.

[0006] Each of the indoor units includes an expansion
device and an indoor heat exchanger for performing heat
exchange between the circulated refrigerant and indoor
air.

[0007] Inthe conventional air conditioner as described
above, the refrigerant compressed by the compressor is
fed to the outdoor units by the four-way valve in the cool-
ing mode. The refrigerant passing through the outdoor
heat exchangers is condensed due to heat exchange be-
tween the refrigerant and ambient air and is fed to the
expansion device.

[0008] The refrigerant expanded by the expansion de-
vice enters the indoor units and is evaporated by absorb-
ing heat from indoor air, thereby cooling the indoor air.
[0009] Inthe heating mode, the four-way valve switch-
es the refrigerant path configuration so that the refriger-
ant discharged from the compressor passes through the
four-way valve, the indoor units, the expansion device,
the outdoor units, and the four-way valve to heat a con-
fined space.

[0010] However, inthe conventional multi-type air con-
ditioner, when any one of the compressors installed in
the plural outdoor units malfunctions, the conventional
multi-type air conditioner can only be re-operated after
all of the refrigerant circulating through the multi-type air
conditioner has been discharged, the malfunctioning
compressor replaced, vacuum applied to the multi-type
air conditioner, and the multi-type air conditioner refilled
with refrigerant. Thus, all heating and cooling operations
must be stopped and replacement of the malfunctioning
compressor is considerably time consuming and expen-
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sive.

[0011] Therefore, the present invention has been
made in view of the above and/or other problems, and it
is an object of embodiments of the present invention to
provide a multi-type air conditioner for simultaneous
heating and cooling use in which a compressor can be
replaced without stopping heating and cooling operations
when the compressor malfunctions so that it is conven-
ient to use and costs can be reduce.

[0012] The present invention id defined in the accom-
panying independent claims. Some preferred features
are recited in the dependent claims.

[0013] A multi-type air conditioner for simultaneous
heating and cooling use is disclosed in which refrigerant
in a malfunctioning outdoor unit of plural outdoor units is
withdrawn to other outdoor units such that the other out-
door units work normally, whereby a compressor can be
replaced and/or the malfunctioning outdoor unit can be
repaired without stopping heating and cooling opera-
tions.

[0014] Inaccordance with embodiments of the present
invention, the above and other aspects can be accom-
plished by the provision of a multi-type air conditioner for
simultaneous heating and cooling use including: a plu-
rality of outdoor units respectively including acompressor
unit, a four-way valve, and an outdoor heat exchanger;
a plurality of indoor units respectively including an indoor
heat exchanger and an electronic expansion valve; a dis-
tributor installed between the plural outdoor units and the
plural indoor units to selectively guide refrigerant to the
plural indoor units according to operation conditions of a
cooling mode, a heating mode, and a cooling and heating
mode; and a refrigerant withdrawing device installed be-
tween the plural outdoor units to withdraw the refrigerant
from a malfunctioning outdoor unit to the other outdoor
units when a compressor unit in the malfunctioning out-
door unit among the plural outdoor units is replaced.
[0015] Preferably, the refrigerant withdrawing device
includes refrigerant withdrawing tubes for withdrawing
the refrigerant discharged from the compressor unit of
the malfunctioning outdoor unit among the plural outdoor
units to the other outdoor unit, and opening and closing
valves for opening and closing the refrigerant withdraw-
ing tubes.

[0016] The compressor unit may include one side to
which a compressor suction tube, through which the re-
frigerant is sucked from the indoor units, is connected,
and another side to which a bypass for bypassing the
discharged refrigerant such that the refrigerant does not
pass through the outdoor heat exchangers is connected.
[0017] The refrigerant withdrawing tubes may connect
the bypass of the malfunctioning outdoor unit to the com-
pressor suction tube of the other outdoor units.

[0018] The distributor may include a high-pressure re-
frigerant tube for guiding high-pressure gas refrigerant
discharged from the compressor unit to the indoor unit
for performing the heating operation, a low-pressure re-
frigerant tube for guiding refrigerant passing through the
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first, second, third, fourth, fifth, and sixth indoor units to
a suction port of the compressor, a liquid refrigerant tube
for guiding liquid refrigerant discharged from the outdoor
heat exchangers to the indoor units for performing cool-
ing operation, and a valve device for selectively opening
and closing the high-pressure refrigerant tube and the
low-pressure refrigerant tub.

[0019] The outdoor unit may furtherinclude an outdoor
discharge tube for guiding the liquid refrigerant dis-
charged from the outdoor heat exchangers.

[0020] The compressor suction tubes, the bypasses,
and the outdoor heat exchanger discharge tubes may be
respectively connected to the low-pressure refrigerant
tube, the high-pressure refrigerant tube, and the liquid
refrigerant tube by service valves.

[0021] Inaccordance with embodiments of the present
invention, the above and other aspects can be accom-
plished by the provision of a method for withdrawing re-
frigerant of a multi-type air conditioner for simultaneous
heating and cooling use, including: a first step of blocking
the refrigerant flow to indoor units by closing a service
valve installed in a malfunctioning outdoor unit among a
plurality of outdoor units when one of the plural outdoor
units malfunctions; a second step of opening an opening
and closing valve installed in a refrigerant withdrawing
tube of the malfunctioned outdoor unit; a third step of
operating compressor units of the other outdoor units to
pump down to withdraw the refrigerant in the malfunc-
tioning outdoor unit to the other outdoor units; a fourth
step of closing the opening and closing valve once all of
the refrigerant in the malfunctioning outdoor unit is with-
drawn; and a fifth step of replacing a compressor unit of
the malfunctioning outdoor unit and normally operating
the other outdoor units.

[0022] Preferably, the first step further comprises the
sub-step of closing a service valve for connecting com-
pressor suction tubes of the other outdoor units to the
distributor.

[0023] The fourth step may furtherinclude the sub-step
of opening a service valve of the other outdoor units.
[0024] These and/or other aspects and advantages of
the present invention will become apparent and more
readily appreciated from the following description of the
embodiments, taken in conjunction with the accompany-
ing drawings, in which:

Fig. 1 is a systemic view illustrating a multi-type air
conditioner for simultaneous heating and cooling use
according to a preferred embodiment of the present
invention;

Fig. 2 is a view illustrating withdrawal of refrigerant
from a malfunctioning first outdoor unit of the multi-
type air conditioner for simultaneous heating and
cooling use according to the preferred embodiment
of the present invention; and

Fig. 3 is a flowchart illustrating a method for with-
drawing refrigerant from the multi-type air condition-
er for simultaneous heating and cooling use accord-
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ing to the preferred embodiment of the present in-
vention.

[0025] The multi-type air conditioner for simultaneous
heating and cooling use according to one preferred em-
bodiment of the present invention, as shown in Fig. 1,
includes a plurality of outdoor units 10, a plurality of indoor
units 20, a distributor 30, disposed between the plural
outdoor units 10 and the plural indoor units 20, to selec-
tively guide refrigerant to the plural indoor units 20 ac-
cording to the operating mode, i.e. a cooling mode, a
heating mode, or a cooling and heating mode, and a re-
frigerant withdrawing device for withdrawing the refriger-
ant from a malfunctioning outdoor unit among the plural
outdoor units 10 to other outdoor units when replacing a
part of the malfunctioning outdoor unit.

[0026] Here, the plural outdoor units 10 include three
outdoor units, i.e. first, second, and third outdoor units
51, 52, and 53. Only the plural outdoor units 10 including
the three outdoor units 51, 52, and 53 are described.
[0027] The first, second, and third outdoor units 51,
52, and 53 respectively include first, second, and third
compressor units 54, 55, and 56, first, second, and third
four-way valves 57, 58, and 59, and first, second, and
third heat exchangers 60, 61, and 62.

[0028] Each of the first, second, and third compressor
units 54, 55, and 56 includes two compressors. Only one
of these compressor units having two compressors is
described.

[0029] The first compressors pair 54 are connected to
each other via a common accumulator 63. The second
compressor pair 55 are connected to each other via a
second common accumulator 64. The third compressor
pair 56 are connected to each other via a third common
accumulator 65.

[0030] One side of each of the first, second, and third
compressor units 54, 55 and 56 is connected to respec-
tive first, second and third compressor suction tubes 54a,
55a and 56a into which refrigerant is drawn from the first,
second, third, fourth, fifth and sixth indoor units 71, 72,
73, 74, 75 and 76. The other side of each of the first,
second and third compressor units 54, 55 and 56 is con-
nected to respective first, second, and third compressor
discharge tubes 54b, 55b and 56b for guiding refrigerant
discharged from the first, second and third compressor
units 54, 55, and 56 to the respective first, second and
third four-way valves 57, 58 and 59.

[0031] The first, second and third compressor dis-
charge tubes 54b, 55b and 56b are respectively connect-
ed to first, second, and third bypasses 54c, 55¢ and 56¢
for allowing refrigerant to bypass the first, second, and
third outdoor heat exchangers 60, 61, and 62.

[0032] The high-pressure refrigerant compressed by
the first, second and third compressor units 54, 55 and
56 is fed to one or more indoor units for performing a
heating operation among the plural indoor units 20
through the first, second and third bypasses 54c, 55c and
56¢.
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[0033] Discharging parts of the first, second, and third
outdoor heat exchangers 60, 61, and 62 are respectively
connected to first, second and third outdoor heat ex-
changer discharge tubes 60a, 61a and 62a for guiding
liquid refrigerant discharged from the first, second and
third outdoor heat exchangers 60, 61 and 62.

[0034] First, second and third outdoor heat exchanger
discharge valves 60b, 61b and 62 are respectively in-
stalled in the first, second and third outdoor heat ex-
changer discharge tubes 60a, 61a and 62a.

[0035] Only the pluralindoor units 20 including the first,
second, third, fourth, fifth and sixth indoor units 71, 72,
73,74, 75, and 76 will be described.

[0036] Each of the first, second, third, fourth, fifth and
sixth indoor units 71, 72, 73, 74, 75 and 76 includes an
indoor heat exchanger 77 and an electronic expansion
valve 78.

[0037] Moreover, the distributor 30 includes a first dis-
tributor 31 connected to the first, second and third indoor
units 71, 72 and 73, and a second distributor 32 connect-
ed to fourth, fifth and sixth indoor units 74, 75 and 76.
[0038] Each of the first and second distributors 31 and
32 includes a high-pressure refrigerant tube 80 for guid-
ing high-pressure gaseous refrigerant discharged from
the first, second and third compressor units 54, 55, and
56 to one or more indoor units for performing the heating
operation. A low-pressure refrigerant tube 90 guides re-
frigerant passing through the first, second, third, fourth,
fifth and sixth indoor units 71, 72, 73, 74, 75 and 76 to
the outdoor units. A liquid refrigerant tube 100 guides
liquid refrigerant discharged from the first, second and
third outdoor heat exchangers 60, 61 and 62 to one or
more indoor units for performing the cooling operation.
A valve means selectively open and close the high-pres-
sure refrigerant tube 80 and the low-pressure refrigerant
tube 90.

[0039] The high-pressure refrigerant tube 80 is divided
into first, second, third, fourth, fifth and sixth high-pres-
sure refrigerant tubes 81, 82, 83, 84, 85 and 86 which
arerespectively connected to the indoor heat exchangers
77 of the first, second, third, fourth, fifth and sixth indoor
units 71,72,73,74,75and 76. The other side is branched
and connected to the first, second and third bypasses
54c, 55¢ and 56¢.

[0040] The low-pressure refrigerant tube 90 is divided
into first, second, third, fourth, fifth and sixth low-pressure
refrigerant tubes 91, 92, 93, 94, 95 and 96 respectively
connected to the indoor heat exchangers 77 of the first,
second, third, fourth, fifth and sixth indoor units 71, 72,
73, 74, 75 and 76. The other side is branched and con-
nected to the first, second, and third compressor suction
tubes 54a, 55a, and 56a.

[0041] The liquid refrigerant tube 100 includes is divid-
ed into first, second, third, fourth, fifth and sixth liquid
refrigerant tubes 101, 102, 103, 104, 105 and 106 re-
spectively connected to the electronic expansion valves
78 of the first, second, third, fourth, fifth and sixth indoor
units 71,72,73,74,75and 76. The other side is branched
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and connected to the first, second and third outdoor heat
exchangers 60a, 61a and 62a.

[0042] In the first outdoor unit 51, the first bypass 54c
is connected to the high-pressure refrigerant tube 80 by
a first service valve 111. The first compressor suction
tube 54a is connected to the low-pressure refrigerant
tube 90 by a second service valve 112. The first outdoor
heat exchanger discharge tube 60a is connected to the
liquid refrigerant tube 100 by a third service valve 113.
[0043] In the second outdoor unit 52, the second by-
pass 55c¢ is connected to the high-pressure refrigerant
tube 80 by a fourth service valve 114. The second com-
pressor suction tube 55a is connected to the low-pres-
sure refrigerant tube 90 by a fifth service valve 115. The
second outdoor heat exchanger discharge tube 61a is
connected to the liquid refrigerant tube 100 by a sixth
service valve 116.

[0044] In the third outdoor unit 53, the third bypass 56¢
is connected to the high-pressure refrigerant tube 80 by
a seventh service valve 117. The third compressor suc-
tion tube 56a is connected to the low-pressure refrigerant
tube 90 by an eighth service valve 118. The third outdoor
heat exchanger discharge tube 62a is connected to the
liquid refrigerant tube 100 by a ninth service valve 119.
[0045] The valve device includes first, second, third,
fourth, fifth and sixth high-pressure valves 81a, 82a, 83a,
84a, 85a, and 86a, which are respectively installed in the
first, second, third, fourth, fifth and sixth high-pressure
refrigerant tubes 81, 82, 83, 84, 85 and 86. These valves
are open in the heating mode and closed in the cooling
mode. First, second, third, fourth, fifth, and sixth low-pres-
sure valves 91a, 92a, 93a, 94a, 95a and 96a are respec-
tively installed in the first, second, third, fourth, fifth and
sixth low-pressure refrigerant tubes 91, 92, 93, 94, 95
and 96. These are open in the cooling mode and closed
in the heating mode.

[0046] The refrigerant withdrawing device includes a
refrigerant withdrawing tubing for withdrawing refrigerant
discharged from a compressor unit of a malfunctioning
outdoor unit among the plural outdoor units 10 to the
other outdoor units, and an opening and closing valve
means for opening and closing the refrigerant withdraw-
ing tube.

[0047] The refrigerant withdrawing tubing includes a
first refrigerant withdrawing tube 121 for connecting the
first outdoor unit 51 to the second outdoor unit 52, a sec-
ond refrigerant withdrawing tube 122 for connecting the
second outdoor unit 52 to the third outdoor unit 53, and
a third refrigerant withdrawing tube 123 for connecting
the third outdoor unit 53 to the first outdoor unit 51.
[0048] The first refrigerant withdrawing tube 121 con-
nects the first bypass 54c¢ to the second compressor suc-
tion tube 55a. The second refrigerant withdrawing tube
122 connects the second bypass 55c to the third com-
pressor suction tube 56a. The third refrigerant withdraw-
ing tube 123 connects the third bypass 56¢ to the first
compressor suction tube 54a.

[0049] The opening and closing valve means include



7 EP 1 677 055 A1 8

afirst opening and closing valve 121a installed in the first
refrigerant withdrawing tube 121, a second opening and
closing valve 122a installed in the second refrigerant
withdrawing tube 121, and a third opening and closing
valve 123a installed in the third refrigerant withdrawing
tube 123.

[0050] The multi-type air conditioner according to this
embodiment of the present invention is operated as fol-
lows.

[0051] First, assuming that the first compressor 54 of
the first outdoor unit 51 malfunctions, as a first step (S1),
the first, second and third service valves 111, 112, and
113 are closed to block refrigerant flow between the first
outdoor unit 51 and the indoor units 20.

[0052] Then, the fourth service valve 114 installed in
the second outdoor unit 52 is closed to prevent refrigerant
from entering the second outdoor unit 42.

[0053] After that, as a second step (S2), the first open-
ing and closing valve 121ainstalled in the first refrigerant
withdrawing tube 121 is opened to open the first refrig-
erant withdrawing tube 121.

[0054] In athird step (S3), the second compressor unit
55 of the second outdoor unit 52 is operated to pump
down such that refrigerant in the first outdoor unit 51 is
withdrawn to the second outdoor unit 52.

[0055] Therefore, all of the refrigerant in the first out-
door unit 51 is withdrawn to the second outdoor unit 52
through the first refrigerant withdrawing tube 121.
[0056] When all of the refrigerant in the first outdoor
unit 51 has been withdrawn, in a fourth step (S4) the first
opening and closing valve 121a is closed to seal the first
refrigerant withdrawing tube 121.

[0057] The fourth service valve 114 is then opened
such that refrigerant can flow between the second out-
door unit 52 and the indoor unit 20 (step S5).

[0058] Afterwards, in a sixth step (S6), the first com-
pressor unit 54 of the first outdoor unit 51 is replaced
while the second and third outdoor units 52 and 53 can
continue to be operated normally.

[0059] After the replacement of the compressor unit of
the first outdoor unit 51, vacuum is applied to the first
outdoor unit 51 and the first, second and third service
valves 111,112, and 113 are opened to normally operate
the first outdoor unit 51.

[0060] Meanwhile, since the withdrawal of refrigerant
when the second outdoor unit 52 or the third outdoor unit
53 malfunctions is similar to the withdrawal of refrigerant
from the first outdoor unit 51, a description thereof will
be omitted.

[0061] Since, when one of the plural outdoor units 10
malfunctions, heating and/or cooling can be performed
by continuing to drive the remainder of the plural outdoor
units, the malfunctioning compressor unit can be re-
placed without interruption of heating and/or cooling.
[0062] The multi-type air conditioner for simultaneous
heating and cooling use and the method for withdrawing
refrigerant therefrom has the following advantages.
[0063] According to the disclosed multi-type air condi-
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tioner for simultaneous heating and cooling use and the
method for withdrawing refrigerant therefrom, the refrig-
erant withdrawing device is provided between the plural
outdoor units, refrigerant in a malfunctioning outdoor unit
is withdrawn to the other outdoor units and the other out-
door units are normally operated while the compressor
unit of the malfunctioning outdoor unit among the plural
outdoor units is replaced. Thus, the compressor can be
replaced, and/or the outdoor unit repaired, without inter-
ruption of heating and/or cooling.

[0064] Moreover, since there is no need to remove the
entirety of the refrigerant from the system, time spent
replacing the compressor is reduced and the replace-
ment of the compressor is made more convenient. Thus,
since loss of refrigerant is minimized, costs can be re-
duced.

[0065] Although the preferred embodiments of the
presentinvention have been disclosed for illustrative pur-
poses, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible,
without departing from the scope of the invention as dis-
closed in the accompanying claims.

Claims
1. An air conditioner comprising:

a plurality of outdoor units (10) each including a
compressor unit, a multi-way valve, and an out-
door heat exchanger;

a plurality of indoor units (20) each including an
indoor heat exchanger and an electronic expan-
sion valve;

a distributor (30) installed between the plural
outdoor units (10) and the plural indoor units (20)
to selectively guide refrigerant to the plural in-
door units (20) according to operation of the air
conditioner; and

a refrigerant withdrawing means installed be-
tween the plural outdoor units (10) to enable
withdrawal of refrigerant from one outdoor unit
to the other outdoor units).

2. The air conditioner as set forth in claim 1, wherein
the refrigerant withdrawing device comprises:

refrigerant withdrawing tubes (121, 122, and
123) for withdrawing the refrigerant discharged
from the compressor unit of the one outdoor unit
to the other outdoor unit(s); and

opening and closing valves (121a, 122a, and
123a) for opening and closing the refrigerant
withdrawing tubes (121, 122, and 123).

3. The air conditioner as set forth in claim 2, wherein
the compressor unit includes:
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one side to which a compressor suction tube
(544, 55a, and 56a), through which the refriger-
antis drawn from the indoor units, is connected;
and

another side to which a bypass (54c, 55c, and
56c¢) for bypassing the discharged refrigerant
such that the refrigerant does not pass through
the outdoor heat exchangers is connected.

The air conditioner as set forth in claim 3, wherein
the refrigerant withdrawing tubes (121, 122, and 123)
connect the bypass of the malfunctioning outdoor
unit to the compressor suction tube of the other out-
door units.

The air conditioner as set forth in claim 4, wherein
the distributor (30) comprises:

a high-pressure refrigerant tube (80) for guiding
high-pressure gas refrigerant discharged from
the compressor unit to the indoor unit for per-
forming a heating operation;

a low-pressure refrigerant tube (90) for guiding
refrigerant passing through the first, second,
third, fourth, fifth and sixth indoor units (20) to a
suction port of the compressor;

a liquid refrigerant tube (100) for guiding liquid
refrigerant discharged from the outdoor heat ex-
changers to the indoor units for performing cool-
ing operation; and

a valve device for selectively opening and clos-
ing the high-pressure refrigerant tube (80) and
the low-pressure refrigerant tub (90).

The air conditioner as set forth in claim 5, wherein
the outdoor unit (10) further comprises outdoor dis-
charge tube (60a, 61a, and 62a) for guiding the liquid
refrigerant discharged from the outdoor heat ex-
changers.

The air conditioner as set forth in claim 6, wherein
the compressor suction tubes (54a, 55a, and 56a),
the bypasses (54c, 55¢, and 56c¢), and the outdoor
heat exchanger discharge tubes (60a, 61a, and 62a)
are respectively connected to the low-pressure re-
frigeranttube (90), the high-pressure refrigerant tube
(80), and the liquid refrigerant tube (100) by service
valves (111, 112, 113, 114, 115, 116, 117, 118 and
119).

The air conditioner of claim 1 constructed and ar-
ranged as a multi-type air conditioner for simultane-

ous heating and cooling.

A method for withdrawing refrigerant from a unit of
an air conditioner, comprising:

a first step of blocking the refrigerant flow to in-
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door units by closing a service valve installed in
one outdoor unit among a plurality of outdoor
units (10);

asecond step of opening an opening and closing
valve installed in a refrigerant withdrawing tube
of the one outdoor unit;

a third step of operating compressor units of the
other outdoor units to pump down to withdraw
the refrigerant from the one outdoor unit to the
other outdoor units; and

a fourth step of closing the opening and closing
valve once all of the refrigerant in the one out-
door unit is withdrawn, whereby the other out-
door units can be operated normally after refrig-
erant is withdrawn from the one outdoor unit.

10. The method as set forth in claim 9, wherein the first

11.

step further comprises the sub-step of closing a serv-
ice valve for connecting compressor suction tubes
of the other outdoor units to the distributor (30).

The method as set forth in claim 9, wherein the fourth
step further comprises the sub-step of opening a
service valve of the other outdoor units.
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