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(54) air conditioner having multiple outdoor units and control method thereof

(57) The present invention discloses an air condi-
tioner having multiple outdoor units, including a plurality
of outdoor units disposed outdoors, at least one indoor
unit connected to the plurality of outdoor units through
refrigerant tubes, for exchanging heat with indoor air,
and when part of the outdoor units are operated, a con-

trol unit for storing refrigerants in non-operated outdoor
units, so that a proper amount of refrigerants can be sup-
plied to the operated outdoor units. The air conditioner
having the multiple outdoor units can improve perform-
ance and durability by preventing the refrigerants from
being excessively concentrated on the operated out-
door units.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an air condi-
tioner having multiple outdoor units and a control meth-
od thereof, and more particularly to, an air conditioner
having multiple outdoor units which can improve per-
formance by preventing refrigerants from being concen-
trated on operated outdoor units, when part of the out-
door units are operated, and a control method thereof.

2. Description of the Background Art

[0002] In general, a heat-pump type air conditioner
can perform both cooling and heating. That is, the heat-
pump type air conditioner provided with an indoor heat
exchanger and an outdoor heat exchanger can be used
as a cooling apparatus, and also used as a heating ap-
paratus by inversing a flow of refrigerants of a refriger-
ation cycle.
[0003] Fig. 1 is a structure diagram illustrating a con-
ventional heat-pump type air conditioner.
[0004] The conventional air conditioner includes a
plurality of outdoor units 110 and 120 disposed outdoors
and connected in parallel to each other, and at least one
indoor unit 130 connected to the outdoor units 110 and
120 through refrigerant tubes 112 and 114, and dis-
posed indoors, for exchanging heat with indoor air.
[0005] The outdoor units 110 and 120 each respec-
tively includes an outdoor heat exchanger 116 for ex-
changing heat with outdoor air, a four-way valve 118 for
switching a flow of refrigerants in the forward or back-
ward direction, an expansion valve 122 for changing a
refrigerant gas supplied to the indoor unit 130 into low
temperature low pressure, compressors 124 and 126 for
compressing the refrigerants into high temperature high
pressure, and an accumulator 128 for separating the re-
frigerants into gas and liquid, and supplying gas phase
refrigerants to each compressor 124 and 126.
[0006] Here, check valves 132 for preventing an in-
verse flow of the refrigerants and oil separators 134 for
separating oil are installed at the discharge sides of the
compressors 124 and 126, respectively.
[0007] Receivers 138 for preventing oil from being ac-
cumulated in the indoor unit 130 by separating oil con-
tained in the refrigerants supplied to the indoor unit 130
are installed at discharge tubes 136 of the outdoor units
110 and 120.
[0008] The discharge tubes 136 of the outdoor units
110 and 120 are connected in parallel to the refrigerant
tube 114, and the suction tubes 140 of the outdoor units
110 and 120 are connected in parallel to the refrigerant
tube 112. The refrigerant tubes 112 and 114 are con-
nected to the suction and discharge sides of the indoor
unit 130, respectively.

[0009] In the conventional air conditioner, part of the
outdoor units 110 and 120 are operated according to
load of the indoor unit 130 or indoor and outdoor envi-
ronment, and a number of the outdoor units in operation
are controlled according to load variations.
[0010] However, when part of the outdoor units are
operated, the refrigerants flow toward the operated out-
door units and finally exceed a proper refrigerant
amount of the operated outdoor units. As a result, per-
formance and durability of the conventional air condi-
tioner are deteriorated.

SUMMARY OF THE INVENTION

[0011] Therefore, an object of the present invention is
to provide an air conditioner having multiple outdoor
units which can improve performance and durability by
preventing refrigerants from being excessively concen-
trated on operated outdoor units by compressing and
storing the refrigerants in non-operated outdoor units,
when part of the outdoor units are operated, and a con-
trol method thereof.
[0012] To achieve these and other advantages and in
accordance with the purpose of the present invention,
as embodied and broadly described herein, there is pro-
vided an air conditioner having multiple outdoor units,
including: a plurality of outdoor units disposed outdoors;
at least one indoor unit connected to the plurality of out-
door units through refrigerant tubes, for exchanging
heat with indoor air; and when part of the outdoor units
are operated, a control unit for storing refrigerants in
non-operated outdoor units, so that a proper amount of
refrigerants can be supplied to the operated outdoor
units.
[0013] Preferably, the outdoor units each respectively
includes: an outdoor heat exchanger for exchanging
heat with outdoor air; a four-way valve for switching a
flow of the refrigerants in the forward or backward direc-
tion; compressors for changing the refrigerants into high
temperature high pressure by compression; and a plu-
rality of accumulators for separating the refrigerants
supplied to the compressors into gas and liquid.
[0014] Preferably, first valves for opening or closing
discharge tubes of the outdoor units are mounted on the
discharge tubes, and second valves for opening or clos-
ing suction tubes of the outdoor units are mounted on
the suction tubes.
[0015] Preferably, the control unit includes: a sensing
unit for sensing an amount of refrigerants supplied to
the operated outdoor units; and a controller for com-
pressing and storing the refrigerants in the non-operat-
ed outdoor units, by controlling the first open/close
valves and the second open/close valves installed at the
suction and discharge tubes of the non-operated out-
door units according to the signal from the sensing unit.
[0016] According to another aspect of the present in-
vention, a control method of an air conditioner having
multiple outdoor units includes: in a partial load opera-
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tion in which part of the outdoor units are operated, a
first step for measuring an amount of refrigerants sup-
plied to the operated outdoor units; when the amount of
the refrigerants supplied to the operated outdoor units
exceeds a set amount in the first step, a second step for
compressing and storing the refrigerants in non-operat-
ed outdoor units, by closing discharge tubes of the non-
operated outdoor units; and when the refrigerants are
compressed and stored in the non-operated outdoor
units and the amount of the refrigerants supplied to the
operated outdoor units reaches the set amount in the
second step, a third step for closing suction tubes of the
non-operated outdoor units.
[0017] Preferably, the first step includes the sub-steps
of: sensing load of an indoor unit; when the indoor unit
has a partial load state, driving part of the outdoor units;
and sensing refrigerant pressures in the operated out-
door units.
[0018] Preferably, the second step includes the sub-
steps of: comparing refrigerant pressures in the high
and low pressure sides of the operated outdoor units
with a set pressure; when the refrigerant pressures of
the operated outdoor units are higher than the set pres-
sure, converting the non-operated outdoor units into a
cooling mode; and storing the refrigerants sucked into
the non-operated outdoor units in the non-operated out-
door units, by preventing discharge of the refrigerants
by closing the discharge tubes of the non-operated out-
door units.
[0019] Preferably, the third step includes the sub-
steps of: deciding whether the refrigerant pressures in
the high and low pressure sides of the operated outdoor
units reach the set pressure; and when the refrigerant
pressures of the operated outdoor units reach the set
pressure, compressing and storing the refrigerants in
the non-operated outdoor units, by blocking suction
lines of the non-operated outdoor units.
[0020] The foregoing and other objects, features, as-
pects and advantages of the present invention will be-
come more apparent from the following detailed de-
scription of the present invention when taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are in-
cluded to provide a further understanding of the inven-
tion and are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention
and together with the description serve to explain the
principles of the invention.
[0022] In the drawings:

Fig. 1 is a structure diagram illustrating a conven-
tional air conditioner;
Fig. 2 is a structure diagram illustrating an air con-
ditioner in accordance with a preferred embodiment
of the present invention;

Fig. 3 is a block diagram illustrating a control unit of
the air conditioner in accordance with the preferred
embodiment of the present invention; and
Fig. 4 is a flowchart showing sequential steps of a
control method of an air conditioner in accordance
with a preferred embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples
of which are illustrated in the accompanying drawings.
[0024] Fig. 2 is a structure diagram illustrating an air
conditioner in accordance with the preferred embodi-
ment of the present invention.
[0025] The air conditioner includes a plurality of out-
door units 10 and 20 disposed outdoors, at least one
indoor unit 30 connected to the plurality of outdoor units
10 and 20 through refrigerant tubes 12 and 14, and dis-
posed indoors, for exchanging heat with indoor air, and
when part of the outdoor units 10 and 20 are operated
according to load of the indoor unit 30, a control unit for
controlling a proper amount of refrigerants to be sup-
plied to the operated outdoor units.
[0026] The outdoor units 10 and 20 each respectively
includes an outdoor heat exchanger 22 for exchanging
heat with outdoor air, a four-way valve 24 for switching
a flow of the refrigerants in the forward or backward di-
rection, compressors 26 and 28 for changing the refrig-
erants into high temperature high pressure by compres-
sion, a plurality of accumulators 32 for separating the
refrigerants supplied to the compressors 26 and 28 into
gas and liquid, and an expansion valve 34 for changing
the refrigerants supplied to the indoor unit 30 into low
temperature low pressure.
[0027] Check valves 36 for preventing an inverse flow
of the refrigerants and oil separators 38 for separating
oil contained in the refrigerants discharged from the
compressors 26 and 28 are installed at the discharge
sides of the compressors 26 and 28, respectively.
[0028] Receivers 42 for preventing oil from being ac-
cumulated in the indoor unit 30 by separating oil con-
tained in the refrigerants supplied to the indoor unit 30
are installed at discharge tubes 40 of the outdoor units
10 and 20.
[0029] In the outdoor units 10 and 20, the discharge
tubes 40 for discharging the refrigerants to the indoor
unit 30 and the suction tubes 44 for sucking the refrig-
erants from the indoor unit 30 are connected respective-
ly. Here, each of the discharge tubes 40 is connected in
parallel to the first refrigerant tube 14, and the first re-
frigerant tube 14 is connected to the suction side of the
indoor unit 30. In addition, each of the suction tubes 44
is connected in parallel to the second refrigerant tube
12, and the second refrigerant tube 12 is connected to
the discharge side of the indoor unit 30.
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[0030] First valves 50 are installed at the discharge
tubes 40, respectively, for opening or closing the dis-
charge tubes 40 for discharging the refrigerants from the
outdoor units 10 and 20, and second valves 52 are in-
stalled at the suction tubes 44, respectively, for opening
or closing the suction tubes 44 for sucking the refriger-
ants into the outdoor units 10 and 20.
[0031] Referring to Fig. 3, the control unit includes a
load sensor 60 for sensing load of the indoor unit 30,
sensors 62 and 64 for sensing an amount of refrigerants
supplied to each outdoor unit 10 and 20, and a controller
70 for controlling driving of the compressors 26 and 28
according to the signals from the load sensor 60 and the
sensors 62 and 64, and also controlling a proper amount
of refrigerants to be supplied to the operated outdoor
units, by adjusting the first valves 50 and the second
valves 52.
[0032] Preferably, the first and second valves 50 and
52 are solenoid valves for opening or closing the dis-
charge tubes 40 and the suction tubes 44 according to
the signals from the controller 70.
[0033] When the load sensor 60 senses the load of
the indoor unit 30 and applies the sensed load to the
controller 70, the controller 70 wholly or partially oper-
ates the plurality of outdoor units 10 and 20 according
to the load of the indoor unit 30.
[0034] The first sensor 62 is a high pressure side pres-
sure sensor installed at the refrigerant tube for discharg-
ing the refrigerants compressed in the compressors 26
and 28, for sensing a pressure of the compressed re-
frigerants.
[0035] The second sensor 64 is a low pressure side
pressure sensor installed at the refrigerant tube for sup-
plying the refrigerants to the compressors 26 and 28, for
sensing a pressure of the refrigerants before compres-
sion.
[0036] The operation of the air conditioner having the
multiple outdoor units in accordance with the present in-
vention will now be described.
[0037] Fig. 4 is a flowchart showing sequential steps
of the control method of the air conditioner in accord-
ance with the preferred embodiment of the present in-
vention.
[0038] Decided is whether the indoor unit 30 performs
the partial load operation (S10).
[0039] That is, the load sensor 60 senses the load of
the indoor unit 30, and applies the sensed load to the
controller 70. The controller 70 decides the number of
the operated outdoor units 10 and 20 according to the
signal from the load sensor 60.
[0040] If the indoor unit 30 performs the partial load
operation, the amount of the refrigerants supplied to the
operated outdoor unit 10 is sensed, and whether the
amount of the refrigerants supplied to the operated out-
door unit 10 is larger than a set amount is decided (S20)
(It is presumed that the outdoor unit 10 is the operated
outdoor unit 10 and the outdoor unit 20 is the non-oper-
ated outdoor unit).

[0041] That is, the first sensor 62 installed at the op-
erated outdoor unit 10 senses a pressure of the refrig-
erants compressed and discharged from the compres-
sors 26 and 28 in the high pressure side, and the second
sensor 64 senses a pressure of the refrigerants in the
low pressure side before the refrigerants are supplied
to the compressors 26 and 28. Whether a proper
amount of refrigerants are supplied to the operated out-
door unit 10 is decided by comparing the sensed pres-
sures with a set pressure.
[0042] If the amount of the refrigerants supplied to the
operated outdoor unit 10 is larger than the set amount,
the refrigerants are compressed and stored in the non-
operated outdoor unit 20, and thus not concentrated on
the operated outdoor unit 10.
[0043] That is, the controller 70 switches the non-op-
erated outdoor unit 20 into a cooling mode, by driving
the four-way valve 24 of the non-operated outdoor unit
20, and closes the discharge tube 40 of the non-oper-
ated outdoor unit 20 by closing the first valve 50 mount-
ed on the non-operated outdoor unit 20 (S30). There-
fore, the refrigerants are not discharged from the non-
operated outdoor unit 20 to the indoor unit 30.
[0044] Here, the outdoor unit 10 is operated, and the
refrigerants discharged from the outdoor unit 10 are
supplied to the indoor unit 30, pass through the indoor
unit 30 and exchange heat with indoor air. The refriger-
ants discharged from the indoor unit 30 are supplied to
the suction tube 44 of the non-operated outdoor unit 20
as well as the suction tube 44 of the operated outdoor
unit 10 through the first refrigerant tube 12.
[0045] The refrigerants sucked into the non-operated
outdoor unit 20 are supplied to each element of the non-
operated outdoor unit 20, namely, the accumulator 32,
the compressors 26 and 28 and the receiver 42. Since
the discharge tube 40 of the non-operated outdoor unit
20 is closed by the first valve 50, the refrigerants sup-
plied to the non-operated outdoor unit 20 are com-
pressed and stored in each element of the non-operated
outdoor unit 20.
[0046] If the amount of the refrigerants supplied to the
operated outdoor unit 10 reaches the set amount, a pre-
determined amount of refrigerants are stored in the non-
operated outdoor unit 20 by closing the suction tube 44
of the non-operated outdoor unit 20, and a proper
amount of refrigerants are supplied to the operated out-
door unit 10 (S40 and S50).
[0047] That is, when the controller 70 decides that the
refrigerant pressures in the high and low pressure sides
of the operated outdoor unit 10 reach the set pressure
according to the signals from the first and second sen-
sors 62 and 64 mounted on the operated outdoor unit
10, the controller 70 closes the suction tube 44 of the
non-operated outdoor unit 20 by operating the second
valve 52 mounted on the suction tube 44. Accordingly,
the predetermined amount of refrigerants are com-
pressed and stored in the non-operated outdoor unit 20.
In addition, the proper amount of refrigerants are sup-
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plied to the operated outdoor unit 10, so that the air con-
ditioner can be efficiently driven.
[0048] As discussed earlier, in accordance with the
present invention, the air conditioner having the multiple
outdoor units can improve performance and durability
by preventing the refrigerants from being concentrated
on the operated outdoor units by compressing and stor-
ing some refrigerants in the non-operated outdoor units
in the partial load operation in which part of the outdoor
units are operated.
[0049] As the present invention may be embodied in
several forms without departing from the spirit or essen-
tial characteristics thereof, it should also be understood
that the above-described embodiments are not limited
by any of the details of the foregoing description, unless
otherwise specified, but rather should be construed
broadly within its spirit and scope as defined in the ap-
pended claims, and therefore all changes and modifica-
tions that fall within the metes and bounds of the claims,
or equivalence of such metes and bounds are therefore
intended to be embraced by the appended claims.

Claims

1. An air conditioner having multiple outdoor units,
comprising:

a plurality of outdoor units disposed outdoors;
at least one indoor unit connected to the plural-
ity of outdoor units through refrigerant tubes, for
exchanging heat with indoor air; and
when part of the outdoor units are operated, a
control unit for storing refrigerants in non-oper-
ated outdoor units, so that a proper amount of
refrigerants can be supplied to the operated
outdoor units.

2. The air conditioner of claim 1, wherein the outdoor
units each respectively comprises:

an outdoor heat exchanger for exchanging heat
with outdoor air;
a four-way valve for switching a flow of the re-
frigerants in the forward or backward direction;
compressors for changing the refrigerants into
high temperature high pressure by compres-
sion; and
a plurality of accumulators for separating the
refrigerants supplied to the compressors into
gas and liquid.

3. The air conditioner of claim 1, wherein first valves
for opening or closing discharge tubes of the out-
door units are mounted on the discharge tubes, and
second valves for opening or closing suction tubes
of the outdoor units are mounted on the suction
tubes.

4. The air conditioner of claim 3, wherein the first and
second valves are solenoid valves operated when
power is applied thereto.

5. The air conditioner of claim 3, wherein the control
unit comprises:

a sensing unit for sensing an amount of refrig-
erants supplied to the operated outdoor units;
and
a controller for compressing and storing the re-
frigerants in the non-operated outdoor units, by
controlling the first open/close valves and the
second open/close valves installed at the suc-
tion and discharge tubes of the non-operated
outdoor units according to the signal from the
sensing unit.

6. The air conditioner of claim 5, wherein the control
unit further comprises a load sensor for sensing
load of the indoor unit.

7. The air conditioner of claim 5, wherein the sensing
unit comprises:

a first pressure sensor installed at the refriger-
ant tubes for discharging the refrigerants from
the compressors, for sensing a pressure of the
refrigerants passing through the compressors;
and
a second pressure sensor installed at the re-
frigerant tubes for sucking the refrigerants into
the compressors, for sensing a pressure of the
refrigerants supplied to the compressors.

8. A control method of an air conditioner having mul-
tiple outdoor units, comprising:

in a partial load operation in which part of the
outdoor units are operated, a first step for
measuring an amount of refrigerants supplied
to the operated outdoor units;
when the amount of the refrigerants supplied to
the operated outdoor units exceeds a set
amount in the first step, a second step for com-
pressing and storing the refrigerants in non-op-
erated outdoor units, by closing discharge
tubes of the non-operated outdoor units; and
when the refrigerants are compressed and
stored in the non-operated outdoor units and
the amount of the refrigerants supplied to the
operated outdoor units reaches the set amount
in the second step, a third step for closing suc-
tion tubes of the non-operated outdoor units.

9. The method of claim 8, wherein the first step com-
prises the sub-steps of:

7 8



EP 1 528 332 A1

6

5

10

15

20

25

30

35

40

45

50

55

sensing load of an indoor unit;
when the indoor unit has a partial load state,
driving part of the outdoor units; and
sensing refrigerant pressures in the operated
outdoor units.

10. The method of claim 9, wherein the step for sensing
the refrigerant pressures senses the pressure of the
refrigerants supplied to the compressors of the op-
erated outdoor units in the low pressure sides and
the pressure of the refrigerants compressed in the
compressors in the high pressure sides, respective-
ly.

11. The method of claim 8, wherein the second step
comprises the sub-steps of:

comparing refrigerant pressures in the high and
low pressure sides of the operated outdoor
units with a set pressure;
when the refrigerant pressures of the operated
outdoor units are higher than the set pressure,
converting the non-operated outdoor units into
a cooling mode; and
storing the refrigerants sucked into the non-op-
erated outdoor units in the non-operated out-
door units, by preventing discharge of the re-
frigerants by closing the discharge tubes of the
non-operated outdoor units.

12. The method of claim 11, wherein first valves are in-
stalled at the discharge tubes, for closing the dis-
charge tubes according to the signal from the con-
troller.

13. The method of claim 8, wherein the third step com-
prises the sub-steps of:

deciding whether the refrigerant pressures in
the high and low pressure sides of the operated
outdoor units reach the set pressure; and
when the refrigerant pressures of the operated
outdoor units reach the set pressure, com-
pressing and storing the refrigerants in the non-
operated outdoor units, by blocking suction
lines of the non-operated outdoor units.

14. The method of claim 13, wherein second valves are
installed at the suction lines of the non-operated
outdoor units, for blocking the suction lines accord-
ing to the signal from the controller.
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