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(54) Multi-type air conditioner and method for operating the same

(57) A multi-type air conditioner includes an outdoor
unit with a compressor, a plurality of indoor units having
an electronic expansion valve and an indoor heat ex-
changer, a distributor for separating refrigerant from the
outdoor unit at a gas-liquid separator and guiding sep-
arated refrigerant to the plurality of indoor units selec-
tively depending on operation conditions, a first connec-
tion pipe for guiding the refrigerant from the outdoor unit
to the gas-liquid separator in the distributor, a second

connection pipe for guiding the refrigerant from the dis-
tributor to the outdoor unit, and a switching part in the
outdoor unit having a first four way valve provided to a
discharge side of the compressor for selective switching
of a flow direction of the refrigerant flowing in the outdoor
heat exchanger, and a second four way valve provided
to be switched in conformity with switching of the first
four way valve for maintaining refrigerant in the first con-
nection pipe at a high pressure, and that in the second
connection pipe at low pressure.
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Description

[0001] The present invention relates to air condition-
ers, and more particularly, but not exclusively, to a multi-
type air conditioner which carries out cooling and heat-
ing at the same time, and a method for operating the
same.
[0002] In general, an air conditioner is an appliance
for cooling or heating a room space, such as a residen-
tial space, a restaurant, or an office. Recently, there
have been ceaseless developments of multi-type air
conditioners for more efficient cooling or heating of a
room space partitioned into a plurality of rooms.
[0003] The multi-type air conditioner is provided with
one outdoor unit and multiple indoor units each connect-
ed to the one outdoor unit and installed in each room.
The multi-type air conditioner can be operated in either
cooling or heating mode for air conditioning a room.
[0004] For a plurality of rooms, it is sometimes the
case that certain rooms require heating while other
rooms require cooling. Since multi-type air conditioners
operate in a cooling mode or heating mode exclusively,
the multi-type air conditioner has problems dealing with
such requirements.
[0005] For example, for rooms in some buildings the
temperature differs from one room to another depending
on the location of the rooms, or the time of day. For in-
stance, when rooms in a north-facing side of a building
may require heating, rooms in a south-facing side of the
building may require cooling. A multi-type air conditioner
cannot deal with such requirements. Further, a compu-
ter room in a building may require cooling to compen-
sate for heat generated by the computers, not only in
summer, but also in winter. A multi-type air conditioner
cannot deal with such a requirement.
[0006] In order to solve such problems, it is necessary
to air condition rooms simultaneously and individually
while the multi-type air conditioner is in operation. That
is, it is required that an indoor unit in a room which re-
quires heating is operated in a heating mode, and, at
the same time, an indoor unit in a room which requires
cooling is operated in a cooling mode. Accordingly, a
multi-type air conditioner of a simultaneous cooling/
heating type is required, which can carry out above func-
tions, and has an economic installation structure.
[0007] One object of the present invention is to pro-
vide a multi-type air conditioner which can carry out
heating and cooling at the same time, and a method for
operating the same.
[0008] Another object of the present invention is to
provide a multi-type air conditioner with improved effi-
ciency, simplified production process, and reduced pro-
duction costs.
[0009] A further object of the present invention is to
provide a multi-type air conditioner which can prevent
non-uniform refrigerant flow caused by a variation of a
specific volume.
[0010] A still further object of the present invention is

to provide a multi-type air conditioner for which indoor
unit piping is simple, thereby improving outer appear-
ance.
[0011] The present invention is set out in the inde-
pendent claims. Some optional features are set out in
the claims dependent thereto.
[0012] According to one embodiment, there is provid-
ed a multi-type air conditioner including an outdoor unit
installed outside of a room having a compressor and an
outdoor unit mounted therein, a plurality of indoor units
each installed in a room having an electronic expansion
valve and an indoor heat exchanger, a distributor for
separating refrigerant from the outdoor unit at a gas-liq-
uid separator and guiding separated refrigerant to the
plurality of indoor units selectively depending on opera-
tion conditions, a first connection pipe for guiding the
refrigerant from the outdoor unit to the gas-liquid sepa-
rator in the distributor, a second connection pipe for
guiding the refrigerant from the distributor to the outdoor
unit, and a switching part in the outdoor unit having a
first four way valve provided to a discharge side of the
compressor for selective switching of a flow direction of
the refrigerant flowing in the outdoor heat exchanger,
and a second four way valve provided to be switched in
conformity with switching of the first four way valve for
maintaining the first connection pipe as a high pressure
section high pressure refrigerant flows therein, and the
second connection pipe as a low pressure section low
pressure refrigerant flows therein.
[0013] Preferably, the first four way valve selectively
switches between a state in which the discharge side of
the compressor and the outdoor heat exchanger are
connected, and a suction side of the compressor and
the second four way valve are connected, and a state
in which the discharge side of the compressor and the
second four way valve are connected, and the suction
side of the compressor and the outdoor heat exchanger
are connected. Preferably, the second four way valve
selectively switches between a state in which the sec-
ond connection pipe and the first four way valve are con-
nected, and the first connection pipe and the outdoor
heat exchanger are connected, and a state in which the
second connection pipe and the outdoor heat exchang-
er are connected, and the first connection pipe and the
first four way valve are connected.
[0014] The first connection pipe may be designated
to guide high pressure refrigerant from the second four
way valve to the gas-liquid separator in the distributor
by the switching part, and the second connection pipe
may be designated to guide low pressure refrigerant
from the distributor to the four way valve by the switching
part.
[0015] Preferably, the first connection pipe has a di-
ameter smaller than the second connection pipe. Pref-
erably, a plurality of compressors are connected in par-
allel for compressing the refrigerant.
[0016] The distributor may include the gas-liquid sep-
arator connected to the first connection pipe for sepa-
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rating the refrigerant from the first connection pipe de-
pending on a phase of the refrigerant, a guide pipe part
for guiding the refrigerant separated at the gas-liquid
separator to the plurality of indoor unit depending on
phases of the refrigerant, and guiding the refrigerant
heat exchanged at the indoor units to the distributor
again, and a valve part for controlling the guide pipe part
so that the refrigerant is introduced only to selected in-
door units out of the plurality of indoor units depending
on operation conditions.
[0017] Preferably, the guide pipe part includes a vapor
pipe for guiding vapor phase refrigerant separated at the
gas-liquid separator, vapor branch pipes branched from
the vapor pipe and connected to the indoor units, a liquid
pipe for guiding liquid phase refrigerant separated at the
gas-liquid separator, liquid branch pipes branched from
the liquid pipe and connected to the indoor units, cooling
mode return branch pipes branched from the vapor
branch pipes for returning the refrigerant heat ex-
changed at the indoor units selected depending on op-
eration conditions, heating mode return branch pipes
branched from the liquid refrigerant pipes for returning
the refrigerant heat exchanged at the indoor units se-
lected depending on operation conditions, and a return
pipe for collecting refrigerant from the cooling/heating
mode returning branch pipes, and guiding to the second
connection pipe.
[0018] The valve part may include a cooling mode
electronic expansion valve provided in a section of the
liquid pipe between the gas-liquid separator and the
heating mode return branch pipes for having an amount
of opening thereof controlled depending on an operation
condition, a heating mode electronic expansion valve
provided to the heating mode return branch pipes for
having an amount of opening thereof controlled depend-
ing of an operation condition, and two way valves pro-
vided to the vapor branch pipes, the liquid branch pipes,
and the cooling mode return branch pipes, for being se-
lectively turned on/off depending on operation condi-
tions.
[0019] Preferably, the vapor branch pipes and the liq-
uid branch pipes are arranged in parallel to each other.
Preferably, the liquid branch pipes connected between
the indoor heat exchangers and the distributor.
[0020] Preferably, when all the indoor units are to cool
the rooms, or a majority of the indoor units are to cool
the rooms and rest of the indoor units are to heat the
rooms, the first four way valve is switched to a state in
which the discharge side of the compressor and the out-
door heat exchanger are connected, and the suction
side of the compressor and the second four way valve
are connected, and the second four way valve is
switched to a state in which the second connection pipe
and the first four way valve are connected, and the first
connection pipe and the outdoor heat exchanger are
connected.
[0021] Preferably, when all the indoor units are to cool
the rooms, the heating mode electronic expansion valve

is closed fully, the cooling mode electronic expansion
valve is opened fully, all the electronic expansion valves
provided to the indoor units are controlled, all the two
way valves connected to the vapor branch pipes are
closed, and all the two way valves connected to the cool-
ing mode return branch pipes and the liquid branch
pipes are opened.
[0022] Preferably, when a majority of the indoor units
are to cool the rooms, and rest of the indoor units are to
heat the rooms, the heating mode electronic valve is
closed fully, and the cooling mode electronic expansion
valve is controlled, and with regard to the indoor units
which are to cool the rooms, the electronic expansion
valves connected to the indoor heat exchangers are
controlled, the two way valves connected to the vapor
branch pipes are closed, and the two way valves con-
nected to the cooling mode return branch pipes and the
liquid branch pipes are opened, and with regard the in-
door units which are to heat the rooms, the electronic
expansion valves connected to the indoor heat ex-
changers are opened fully, the two way valves connect-
ed to the cooling mode return branch pipes are closed,
and the two way valves connected to the vapor branch
pipes and the liquid branch pipes are opened. Prefera-
bly, the vapor refrigerant separated at the gas-liquid
separator passes through the vapor pipe and the vapor
branch pipes in succession, and introduced into indoor
heat exchangers which to heat the rooms, and the high
pressure refrigerant condensed at the indoor heat ex-
changers which to heat the rooms is discharged to the
liquid pipe due to a pressure difference with the low
pressure refrigerant which passes through the cooling
mode electronic expansion valve, and flows in the liquid
pipe.
[0023] Preferably, when all the indoor units are to heat
the rooms, or when a majority of the indoor units are to
heat the rooms and the rest of the indoor units are to
cool the rooms, the first four way valve is switched to a
state in which the discharge side of the compressor and
the second four way valve are connected, and the suc-
tion side of the compressor and the outdoor heat ex-
changer are connected, and the second four way valve
is switched to a state the second connection pipe and
the outdoor heat exchanger are connected, and the first
connection pipe and the first four way valve are connect-
ed.
[0024] Preferably, when all the indoor units are to heat
the rooms, the heating mode electronic expansion valve
is controlled, and the cooling mode electronic expansion
valve is closed fully, and all the electronic expansion
valves provided to the indoor units are opened, all the
two way valves connected to the vapor branch pipes and
the liquid branch pipes are opened, and all the two way
valves connected to the cooling mode return branch
pipes are closed.
[0025] Preferably, when a majority of the indoor units
are to heat the rooms, and rest of the indoor units are
to cool the rooms, the heating mode electronic valve is
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controlled, and the cooling mode electronic expansion
valve is closed fully, and with regard to the indoor units
which are to heat the rooms, the electronic expansion
valves connected to the indoor heat exchangers are
opened fully, the two way valves connected to the vapor
branch pipes and the liquid branch pipes are closed, and
the two way valves connected to the cooling mode re-
turn branch pipes are opened, and with regard the in-
door units which are to cool the rooms, the electronic
expansion valves connected to the indoor heat ex-
changers are controlled, the two way valves connected
to the vapor branch pipes are closed, and the two way
valves connected to the liquid branch pipes and the
cooling mode return branch pipes are opened. Prefera-
bly, the refrigerant passed through the indoor units
which are to heat the rooms passes through the liquid
branch pipes and the liquid pipe in succession, a portion
of the refrigerant flows to the heating mode return
branch pipes, and rest of the refrigerant is introduced
into liquid branch pipes connected to the indoor units
which are to cool the rooms.
[0026] In another aspect of the present invention,
there is provided a method for operating a multi-type air
conditioner, including the steps of switching a first four
way valve such that refrigerant discharged from the
compressor is introduced into an outdoor heat exchang-
er following a first connection pipe, and switching a sec-
ond four way valve such that refrigerant of a liquid phase
or two phases condensed at the outdoor heat exchanger
fully or partly is introduced into a gas-liquid separator
following the first connection pipe, in a case all the in-
door units are to cool the rooms or in a case a major
number of the indoor units are to cool the rooms and
rest of the indoor units are to heat the rooms, and switch-
ing the first four way valve such that refrigerant dis-
charged from the compressor is introduced into the sec-
ond connection pipe, and switching a second four way
valve such that refrigerant is introduced from the second
connection pipe into a gas-liquid separator following the
first connection pipe, in a case all the indoor units are
to heat the rooms or in a case a major number of the
indoor units are to heat the rooms and rest of the indoor
units are to cool the rooms.
[0027] 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 by
way of example; in which:

FIG. 1 illustrates a multi-type air conditioner in ac-
cordance with a preferred embodiment of the
present invention;
FIG. 2A is an operational diagram of the multi-type
air conditioner according to FIG. 1 when all indoor
units are arranged to cool;
FIG. 2B is an operational diagram of the multi-type
air conditioner according to FIG. 1 when the major-
ity of the indoor units are arranged to cool and the

rest of the air conditioners are arranged to heat;
FIG. 3A is an operational diagram of the multi-type
air conditioner according to FIG 1 when all indoor
units are arranged to heat; and
FIG. 3B is an operational diagram of the multi-type
air conditioner according to FIG. 1 when the major-
ity of the indoor units are arranged to heat and rest
of the air conditioners are arranged to cool.

[0028] 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.
In describing the present invention, like parts will be giv-
en like names and reference numerals.
[0029] In FIG. 1, a reference symbol 22 represents
reference symbols '22a, 22b, and 22c', 24 represents
'24a, 24b, and 24c', and 25 represents '25a, 25b, and
25c. A reference symbol 61 represents '61a, 61b, and
61c, and 62 represents 62a, 62b, and 62c'.
[0030] The multi-type air conditioner includes an out-
door unit 'A', a distributor 'B', and a plurality of indoor
units C1, C2, and C3. The outdoor unit 'A' includes a
compressor 1, four way valves 4a, and 4b, and outdoor
heat exchanger 2. The distributor 'B' includes a gas-liq-
uid separator 10, two expansion valves 31, and 32, and
a plurality of refrigerant pipes. The plurality of indoor
units C1, C2, and C3 include indoor heat exchangers
62a, 62b, and 62c, and electronic expansion valves 61a,
61b and 61c.
[0031] The multi-type air conditioner can make a plu-
rality of the indoor units cool or heat rooms selectively,
or, some of the indoor units to cool rooms, and the rest
of the indoor units to heat rooms. Since it is required to
provide refrigerant from the outdoor unit 'A' to the plu-
rality of indoor units 'C' selectively for simultaneous cool-
ing and heating, a complex distributor 'B' is required.
Therefore, to simplify the distributor 'B', the present in-
vention simplifies a pipeline for guiding the refrigerant
from the outdoor unit 'A' to the distributor 'B' and a pipe-
line for guiding refrigerant from the distributor 'B' to the
outdoor unit 'A'.
[0032] Referring to FIG. 1, a second connection pipe
3b for guiding the refrigerant from the outdoor unit 'A' to
the gas-liquid separator 10 in the distributor 'B', and a
first connection pipe 3a for guiding the refrigerant from
the distributor 'B' to the outdoor unit 'A' are respectively
designated to serve the same functions always. That is,
it is preferable that the first connection pipe 3a is desig-
nated only to guide high pressure refrigerant, and the
second connection pipe 3b is designated only to guide
low pressure refrigerant. The designation of functions of
the second connection pipe 3b and the first connection
pipe 3a simplifies an entire pipe system because a pipe
arrangement of the distributor "B" can be the same re-
gardless of cooling or heating.
[0033] A system of the present invention for fixing
pressure states of the refrigerant flowing in the first con-
nection pipe and the second connection pipe will be de-
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scribed in detail.
[0034] The outdoor unit 'A' of the present invention in-
cludes the compressor 1, the outdoor heat exchanger
2, switching part 4a and 4b, the second connection pipe
3b and the first connection pipe 3a connected between
the outdoor unit and the distributor. The second connec-
tion pipe 3b connects a return pipe 27 in the distributor
to the second four way valve 4b in the outdoor unit. The
first connection pipe 3a connects the second four way
valve 4b of the outdoor unit to the gas-liquid separator
10 in the distributor 'B'. The flow direction of the refrig-
erant is changed at the switching parts 4a and 4b so that
the second connection pipe 3b is designated as a lower
pressure section and the first connection pipe 3a is des-
ignated as a higher pressure section.
[0035] The switching parts includes a first four way
valve 4a and a second four way valve 4b, each having
two inlets and two outlets. One of the inlets is made to
communicate with one of the outlets, to form two flow
passages. Connection states of the outlets and the in-
lets are exchanged in response to a switching signal or
the like. Therefore, the four way valves are used for se-
lective changing of a flow direction of the refrigerant
flowing inside of the four way valves.
[0036] It is preferable that the first four way valve 4a
is provided at a position adjacent to the discharge side
of the compressor 1, and the second four way valve 4b
is provided at a position a distance between the four way
valve 4b and the distributor 'B' outside of the outdoor
unit 'A' is the shortest.
[0037] The first four way valve 4a changes a flow di-
rection of the refrigerant flowing inside of the outdoor
heat exchanger 2 with respect to the compressor 1 and
the outdoor unit 2.
[0038] The method by which the four way valve 4a
changes a direction of the refrigerant flowing to the out-
door heat exchanger 2 will be described in detail. In gen-
eral, for cooling and heating, the refrigerant circulates
in the order of compressor - condenser - expansion
valve - evaporator, in a thermodynamic cycle. When
heating a room, the indoor heat exchanger 62 works as
a condenser, and the outdoor heat exchanger 2 works
as an evaporator. When a room is cooled, the indoor
heat exchanger 62 works as an evaporator, and the out-
door heat exchanger 2 works as a condenser. Describ-
ing the function of a heat exchanger with reference to
the compressor 1, a heat exchanger connected to a re-
frigerant discharge side of the compressor 1 works as
a condenser, and a heat exchanger connected to a re-
frigerant inlet side of the compressor works as an evap-
orator.
[0039] Therefore, if the flow direction of the refrigerant
inside of the outdoor heat exchanger 2 is changed, the
cooling and heating by the indoor unit C1, C2, and C3
can be carried out selectively. Since circulation of the
refrigerant is made by operation of the compressor, it is
required to provide a device for changing the flow direc-
tion of the refrigerant at the refrigerant outlet of the com-

pressor 1. In the present invention, the first four way
valve 4a is provided to change the flow direction of the
refrigerant in the outdoor heat exchanger.
[0040] Referring to FIG. 2A, the first four way valve
4a forms a flow path connecting the discharge side of
the compressor 1 to the outdoor heat exchanger 2, and
a flow path connecting a suction side of the compressor
1 to the second four way valve 4b. The state in which
the first four way valve 4a is switched to change the flow
direction of the refrigerant is illustrated in FIG 3A. Re-
ferring to FIG 3A, the first four way valve 4a is switched
to a flow path connecting the discharge side of the com-
pressor 1 and the second four way valve 4b, and a flow
path connecting the suction side of the compressor 1
and the outdoor heat exchanger 2. According to this, in
FIG 2A, the outdoor heat exchanger 2 functions as a
condenser, and the indoor unit functions as a cooler. In
FIG. 3A, the outdoor heat exchanger 2 functions as an
evaporator, and the indoor heat exchanger functions as
a heater.
[0041] The second four way valve 4b is provided to
maintain the first connection pipe 3a as a high pressure
section in which the high pressure refrigerant flows and
the second connection pipe 3b is provided to maintain
the second connection pipe 3b as a low pressure section
in which the low pressure refrigerant flows in conformity
with the switching of the first four way valve 4a.
[0042] Referring to FIG 2A, the second four way valve
4b forms a flow path connecting the second connection
pipe 3b and the first four way value 3a, and a flow path
connecting the first connection pipe 3a and the outdoor
heat exchanger 2. A state in which the second four way
valve 4b is switched is illustrated in FIG 3A. Referring
to FIG. 3A, the second four way valve 4b is switched in
conformity with the switching of the first four way valves
4a, to a flow path connecting the second connection
pipe 3b and the outdoor heat exchanger 2, and a flow
path connecting the first connection pipe 3a and the first
four way valve 4a. The switching of the second four way
valve 4b facilitates maintenance of the second connec-
tion pipe 3b as the low pressure section and the first
connection pipe 3a as the high pressure section.
[0043] Referring to FIG. 2A, the refrigerant dis-
charged from the compressor 1 passes through the out-
door heat exchanger 2, working as a condenser, and is
introduced into the first connection pipe 3a through the
second four way valve 4b. As described before, the re-
frigerant in the first connection pipe 3a is in a high pres-
sure state, and the refrigerant flowing in the second con-
nection pipe 3b, passing through the expansion valve
61, the indoor heat exchanger 62, and the return pipe
27, is in a low pressure state.
[0044] Thus, by switching the second four way valve
4b in conformity with the switching of the first four way
valve 4a, the refrigerant pressure states of the first con-
nection pipe 3a and the second connection pipe 3b can
be maintained. If only the first four way valve 4a is
switched, and the second four way valve 4b is not
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switched, though the refrigerant flow direction in the out-
door heat exchanger 2 changes, the refrigerant in the
first connection pipe 3a is in a low pressure state, and
the refrigerant in the second connection pipe 3b is in a
high pressure state. Consequently, since it is required
to change a pipe system of the distributor 'B' in corre-
spondence to the change of refrigerant states in the first
connection pipe 3a and the second connection pipe 3b,
the pipe system of the distributor 'B' will become com-
plicated.
[0045] Contrary to this, the present invention provides
switching of the second four way valve 4b in conformity
with switching of the first four way valve 4a depending
on operation conditions. Accordingly, the first connec-
tion pipe 3a connecting the second four way valve 4b
and the gas-liquid separator 10 is maintained as a high
pressure section HP, and only high pressure refrigerant
flows therein. Moreover, the second connection pipe 3b
from the distributor 'B' to a side of the second four way
valve 4b the refrigerant is introduced therein is main-
tained as a low pressure section LP, and only low pres-
sure refrigerant flows therein. Since the refrigerant pres-
sure states of the first connection pipe 3a and the sec-
ond connection pipe 3b are designated, the pipe system
of the distributor 'B' is simplified.
[0046] In this instance, it is preferable that a pipe di-
ameter of the first connection pipe 3a is smaller than the
second connection pipe 3b. This is to make mass flow
rates in the first connection pipe 3a and the second con-
nection pipe 3b the same despite of the specific volume
difference of the high pressure refrigerant and the low
pressure refrigerant. That is, since a specific volume of
the high pressure refrigerant is smaller than the low
pressure refrigerant, a pipe diameter of the high pres-
sure section is made smaller than a pipe diameter of the
low pressure section, to improving an air conditioning
efficiency.
[0047] When the multi-type air conditioner has a sys-
tem for cooling or heating a plurality of indoor units 'C',
the compressor 1 is required to discharge a great mass
flow rate of refrigerant. If compression with one com-
pressor is not appropriate, it is preferable that a plurality
of compressors are connected in parallel, for discharg-
ing refrigerant from the compressors together for an ef-
ficient compression of the refrigerant.
[0048] The refrigerant from the outdoor unit 'A' is in-
troduced into the distributor 'B', passes through the gas-
liquid separator 10, and is guided to a plurality of indoor
units selectively depending on conditions of cooling,
heating and cooling/heating. As described, since the
first connection pipe 3a, the high pressure section HP,
and the second connection pipe 3b, the low pressure
section LP, are designated and connected to the distrib-
utor 'B'; the distributor 'B' system becomes much sim-
pler. That is, since the pipe system of the distributor 'B'
does not need to change depending on an operation
condition, many pipes can be simplified.
[0049] The distributor 'B' includes the gas-liquid sep-

arator 10, a guide pipe part 20, and a valve part 30. The
gas-liquid separator 10, connected to the first connec-
tion pipe 3a, separates phases of the refrigerant intro-
duced thereto from the outdoor unit 'A'. The guide pipe
part 20 guides the refrigerant separated at the gas-liquid
separator 10 to the indoor units C1, C2, and C3 selec-
tively depending on phases of the refrigerant, and
guides heat exchanged refrigerant to the distributor 'B'
again. The valve part 30 controls the guide pipe part 20
so that the refrigerant flows only to indoor units selected
from the plurality of indoor units C1, C2, and C3 accord-
ing to operation conditions.
[0050] The guide pipe part 20 includes a vapor pipe
21, vapor branch pipes 22, liquid tube 23, liquid branch
pipes 24, return branch pipes, and a return pipe 27.
[0051] Referring to FIG. 1, the vapor pipe 21 guides
vapor phase refrigerant separated at the gas-liquid sep-
arator 10. The vapor branch pipes 22 are branched from
the vapor pipe 21 and connected to the indoor heat ex-
changers 62 of the indoor units 'C'. The liquid pipe 23
guides liquid phase refrigerant separated at the gas-liq-
uid separator 10. The liquid branch pipes 24 are
branched from the liquid pipe 23, and are connected to
the indoor heat exchangers 62 of the indoor units 'C'.
[0052] The return branch pipes have cooling mode re-
turn branch pipes 25 and heating mode return branch
pipes 26. The cooling mode return branch pipes 25 are
branched from the vapor branch pipes 22 for guiding re-
frigerant, heat exchanged at indoor units 'C' selected de-
pending on operation conditions, to the return pipe 27.
The heating mode return branch pipes 26 are branched
from the liquid refrigerant pipes for returning the refrig-
erant heat exchanged at the indoor units 'C' selected
depending on operation conditions to the outdoor unit
through the return pipe 27. The refrigerant returns from
the return branch pipes 25 and 26 to the return pipe 27,
and is guided to the second connection pipe 3b.
[0053] It is preferable that the vapor branch pipes 22
and the liquid branch pipes 24 are arranged to run in
parallel. That is, the vapor branch pipes 22 and the liquid
branch pipes 24, connecting the distributor 'B' and the
plurality of indoor unit 'C', are lead to run in parallel within
a fixed duct (not shown) for better outer appearance.
Accordingly, by putting the vapor branch pipes 22 and
the liquid branch pipes 24 in the fixed duct as one set in
production, piping work can be simplified.
[0054] Meanwhile, the multi-type air conditioner of the
present invention includes the valve part 30 for control-
ling the guide pipe part 20. The valve part 30 includes
a cooling mode electronic expansion valve 31, a heating
mode electronic expansion valve 32, and a plurality of
two way valves 33.
[0055] The cooling mode electronic expansion valve
31 is provided in a section of the liquid pipe 23 between
the gas-liquid separator 10 and a heating mode return
branch pipe 26, and an amount of opening controlled
according to an operation condition. The heating mode
electronic expansion valve 32 is provided to a heating
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mode return pipe 26, an opening amount of which is con-
trolled according to an operation condition.
[0056] The plurality of two way valves 33 are provided
to the vapor branch pipes 22, the liquid branch pipes 24,
and the cooling mode return branch pipes 25, being
turned on/off depending on operation conditions. In ad-
dition to this, there is an electronic expansion valve 61
provided to each of the liquid branch pipe 24 connected
to each of the indoor units 'C'.
[0057] In the meantime, each of the indoor units 'C'
connected to the distributor 'B' includes the indoor heat
exchanger 62 connected both to the vapor branch pipe
22 and the liquid branch pipe 24, and the electronic ex-
pansion valve 61 connected to the liquid branch pipe 24.
[0058] Of the system of the outdoor unit 'A', the dis-
tributor 'B', and the indoor unit 'C', when the electronic
expansion valves 61 provided to the switching part, the
valve part 30, and the indoor heat exchanger 62 are con-
trolled appropriately, the refrigerant flows according to
the operation conditions of the air conditioner.
[0059] The multi-type air conditioner of the present in-
vention controls the refrigerant flow direction by switch-
ing the four way valves 4a and 4b at the switching part
according to an operation condition.
[0060] That is, when all the indoor units C1, C2, and
C3 are to cool the rooms, or a majority of the indoor units
C1, C2, and C3 are to cool the rooms, and rest of the
indoor units C1, C2, and C3 are to heat the rooms, the
first four way valve 4a is switched so as to connect the
discharge side of the compressor 1 and the outdoor heat
exchanger 2, and the suction side of the compressor 1
and the second four way valve 4b. At the same time as
this, the second four way valve 4b is switched so as to
connect the second connection pipe 3b and the first four
way valve 4a, and the first connection pipe 3a and the
outdoor heat exchanger 2.
[0061] When all the indoor units C1, C2, and C3 are
to heat the rooms, or a majority of the indoor units C1,
C2, and C3 are to heat the rooms, and rest of the indoor
units C1, C2, and C3 are to cool the rooms, the first four
way valve 4a is switched so as to connect the discharge
side of the compressor 1 and the four way valve 4b, and
the suction side of the compressor 1 and the outdoor
heat exchanger 2. At the same time as this, the second
four way valve 4b is switched so as to connect the sec-
ond connection pipe 3b and the outdoor heat exchanger
2, and the first connection pipe 3a and the first four way
valve 4a.
[0062] The operation of the foregoing multi-type air
conditioner of the present invention will be described
with reference to FIGS. 2A to 3B.
[0063] First, the situation in which all the indoor units
C1, C2, and C3 are operated in cooling mode will be
described.
[0064] Referring to FIG. 2A, vapor refrigerant from the
compressor 1 is introduced into, and condensed at the
outdoor heat exchanger 2 as the first four way valve 4a
is switched. For condensing the refrigerant flowing in the

outdoor heat exchanger 2, the fan 5 is put into operation,
to blow external air toward the outdoor heat exchanger
2.
[0065] The condensed liquid refrigerant is introduced
into the gas-liquid separator 10 following the first con-
nection pipe 3a as the second four way valve 4b is
switched. The high pressure/liquid state refrigerant in-
troduced into the gas-liquid separator 10 passes
through the liquid pipe 23 and the liquid branch pipes
24, expands as the refrigerant passes through the elec-
tronic expansion valve 61, and evaporates as the refrig-
erant passes through the indoor heat exchanger 62, to
cool the rooms.
[0066] Then, the evaporated refrigerant moves fol-
lowing the vapor branch pipes 22 until the two way valve
33 blocks the movement, when the refrigerant intro-
duced into the second connection pipe 3b, passing
through the return branch pipes 25 and the return pipe
27 in succession.
[0067] The refrigerant introduced into the second con-
nection pipe 3b passes through the second four way
valve 4b and the first four way valve 4a, switched al-
ready, and is drawn into the compressor 1.
[0068] The situation in which a majority of the indoor
units C1, C2, and C3 are to cool the rooms, and rest of
the indoor units C1, C2, and C3 are to heat the rooms,
will be described.
[0069] Referring to FIG. 2B, the vapor refrigerant from
the compressor 1 is introduced into the outdoor heat ex-
changer 2 as the first four way valve 4a is switched. In
this instance, unlike when all the indoor units cool the
rooms, an air blowing rate of the fan is controlled, so
that a portion of the refrigerant is not condensed, but
kept as vapor. The two phased refrigerant from the out-
door heat exchanger 2 is introduced into the gas-liquid
separator 10 following the first connection pipe 3a as
the second four way valve 4b is switched.
[0070] The liquid refrigerant separated at the gas-liq-
uid separator 10 is introduced into the liquid pipe 23,
therefrom branched to the first and second liquid branch
pipes 24a and 24b connected to the indoor units C1 and
C2 that require cooling, passes and expanded through
the first and second electronic expansion valves 61a
and 61b connected to the liquid branch pipes 24a and
24b respectively, and passes and vaporizes through the
first and second indoor heat exchangers 62a and 62b,
to cool the rooms.
[0071] At the same time with this, the vapor refrigerant
separated at the gas-liquid separator 10 is introduced
into the vapor pipe 21, and therefrom to the third vapor
branch pipe 22c connected to the indoor unit C3 that is
to heat the room. Then, the refrigerant is condensed as
the refrigerant passes through the third indoor heat ex-
changer 62c and heats the room. The condensed refrig-
erant passes through the opened third electronic expan-
sion valve 61c and the third liquid branch pipe 24c, and
joins with the liquid pipe 23.
[0072] Accordingly, the liquid refrigerant condensed
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at the first indoor heat exchanger 62c joins with the liquid
refrigerant separated at the gas-liquid separator 10 at
the liquid pipe 23, and introduced into the first and sec-
ond liquid branch pipes 24a and 24b. Thereafter, the liq-
uid refrigerant passes through and expands at the first
and second expansion valves 61a and 61b, passes
through and evaporates at the first and second indoor
heat exchangers 62a and 62b provided to the indoor
units C1 and C2 that require cooling, to cool down a plu-
rality of rooms that require cooling.
[0073] In this instance, the liquid refrigerant con-
densed at the third indoor heat exchanger 62c flows, not
in a reverse direction, but a forward direction towards
the liquid pipe 23, because of a pressure difference of
the refrigerant. That is, since the liquid refrigerant sep-
arated at the gas-liquid separator 10 is expanded, and
undergoes a pressure drop, the liquid refrigerant has a
pressure lower than the refrigerant from the third liquid
branch pipe 24c.
[0074] Then, the vaporized low pressure refrigerant
flows following the first and second vapor branch pipes
22a and 22b. The refrigerant is introduced into the sec-
ond connection pipe 3b through the first and second
cooling mode return branch pipes 25a and 25b and the
return pipe 27 in succession owing to the closed first
and second two way valves 33a and 33b.
[0075] The refrigerant introduced into the second con-
nection pipe 3b is drawn to the compressor 1 as the re-
frigerant passes through the second four way valve 4b
and the first four way valve 4a, which are switched al-
ready.
[0076] The situation in which all the indoor units C1,
C2 and C3 are to heat the rooms will be described.
[0077] Referring to FIG. 3A, vapor refrigerant from the
compressor 1 introduced into the first connection pipe
3a after passing through the second four way valve 4b
without passing through the outdoor heat exchanger 2
as the first four way valve 4a is switched. The vapor re-
frigerant passes the first connection pipe 3a and is guid-
ed to the gas-liquid separator 10.
[0078] The high pressure/vapor refrigerant is intro-
duced from the gas-liquid separator 10 to the vapor pipe
21, branched into the vapor branch pipes 22, and pass
through, and condensed at the indoor heat exchangers
62 as the rooms are heated.
[0079] Then, the condensed refrigerant passes
through the opened electronic expansion valve 61, the
liquid branch pipes 24, the liquid pipe 23, and the heat-
ing mode return branch pipe 26, is expanded at the heat-
ing mode electronic expansion valve 32, and introduced
into the second connection pipe 3b following the return
pipe 27.
[0080] The refrigerant is introduced from the second
connection pipe 3b to the outdoor heat exchanger 2
through the second four way valve 4b, switched already.
The refrigerant heat exchanges with external air, and is
evaporated at the outdoor heat exchanger 2 owing to
driving of the fan 5, and is drawn toward the compressor

1 through the first four way valve 4a, switched already.
[0081] A situation in which a majority of the indoor
units C1, C2, and C3 are to heat the rooms and rest of
the indoor units are to cool the room will be described.
[0082] Referring to FIG. 3B, the vapor refrigerant from
the compressor 1 is introduced into the second four way
valve 4b in a high pressure state without passing
through the outdoor heat exchanger 2, and therefrom to
the gas-liquid separator 10 following the first connection
pipe 3a as the first four way valve 4a is switched.
[0083] The high pressure/liquid refrigerant is intro-
duced from the gas-liquid separator 10 to the vapor pipe
21, and branched to the first and second vapor branch
pipes 22a and 22b connected to the indoor units C1 and
C2 that are required to heat the rooms. The refrigerant
passed through the first and second vapor branch pipes
22a and 22b, heats a plurality of rooms that require heat-
ing as the refrigerant passes through, and condensed
at the first and second indoor heat exchangers 62a and
62b.
[0084] The condensed refrigerant passes the opened
first and second electronic expansion valves 61a and
61b, the first and second liquid branch pipes 24a and
24b, and the liquid pipe 23 in succession.
[0085] In this instance, a portion of the condensed re-
frigerant passes through the heating mode return
branch pipe 26, expands at the heating mode electronic
expansion valve 32, and introduced into the second con-
nection pipe 3b following the return pipe 27.
[0086] At the same time, the other portion of the con-
densed refrigerant is introduced into the selected third
liquid branch pipe 24c, passes through and expands at
the third electronic expansion valve 61c, and passes
through and evaporates at the third indoor heat ex-
changer 62c, to cool the room that requires cooling.
Then, the vapor refrigerant flows following the third va-
por branch pipe 22c until blocked by the third two way
valve 33c, when the vapor refrigerant passes the third
cooling mode return branch pipe 25c and the return pipe
27 in succession, and introduced into the second con-
nection pipe 3b. The condensed refrigerant flows, not to
the liquid branch pipes 24a or 24b on a side where heat-
ing is required reversely, but to the liquid branch pipe
24c on a side where cooling is required, because of a
pressure difference. In detail, a pressure of the liquid
branch pipe 24a or 24b connected to the indoor unit C1
or C2 which requires heating is higher than a pressure
of the liquid branch pipe 24c connected to the indoor
unit C3 which requires cooling.
[0087] Thereafter, the refrigerant introduced into the
second connection pipe 3b passes through the second
four way valve 4b which is switched already, and intro-
duced into, and evaporated at the outdoor heat ex-
changer 2. Then, the refrigerant passes through the first
four way valve 4a and is drawn to the compressor 1,
continuously.
[0088] As has been described, the multi-type air con-
ditioner of the present invention facilitates optimal han-
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dling of the environments of respective rooms. It is pos-
sible not only to heat or cool all rooms, but also to cool
some rooms and heat others. The method depends on
whether a number of rooms that require cooling is great-
er or less than the number of rooms that require heating.
[0089] Moreover, by simplifying and designating the
piping system, like the first and second connection pipes
3a and 3b connected to the outdoor unit 'A', the efficien-
cy of the air conditioner can be improved, and the fab-
rication process of the air conditioner can be simplified,
thereby reducing production costs. Furthermore, the dif-
ferent pipe diameters of the first and second connection
pipes 3a and 3b prevents non-uniform refrigerant flow
rate caused by variation of a specific volume.
[0090] The multi-type air conditioner herein described
has the following advantages.
[0091] First, it is possible to deal optimally with indi-
vidual room environments. For example, it is possible to
deal with rooms having temperature differences de-
pending on positions and times, or computer rooms re-
quiring cooling, not only in summer, but also in winter.
[0092] Secondly, the use of the four way valves which
simplifies the piping system and reduces a pressure loss
gives rise to improved air conditioner efficiency, simpli-
fies a fabrication process, and reduces production
costs.
[0093] Thirdly, making the diameter of the high pres-
sure section of the first connection pipe smaller than the
diameter of the low pressure section of the second con-
nection pipe prevents the occurrence of non-uniform
flow rates between low pressure refrigerant with a great-
er specific volume and high pressure refrigerant with a
smaller specific volume.
[0094] Fourthly, the parallel vapor branch pipes and
the liquid branch pipes, which connect the distributor
and the indoor units, simplifies piping work. Moreover,
by putting the pipes into one duct, the outer appearance
can be improved.
[0095] Fifthly, the employment of two way valves in
controlling the distributor, each of which has a low price
than a four way valve, reduces production costs.
[0096] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the scope of
the invention.

Claims

1. A multi-type air conditioner comprising:

an outdoor unit A having a compressor (1);
a plurality of indoor units C having an electronic
expansion valve (61) and an indoor heat ex-
changer (62);
a distributor B for separating a refrigerant from
the outdoor unit at a gas-liquid separator (10)
and guiding separated refrigerant to the plural-

ity of indoor units selectively depending on op-
eration conditions;
a first connection pipe (3b) for guiding the re-
frigerant from the outdoor unit to the gas-liquid
separator in the distributor;
a second connection pipe (3a) for guiding the
refrigerant from the distributor to the outdoor
unit; and
a switching part in the outdoor unit having a first
four way valve (4a) connected to a discharge
side of the compressor arranged to selectively
switch a flow direction of the refrigerant flowing
in the outdoor heat exchanger, and a second
four way valve (4b) switchable in conformity
with the switching of the first four way valve for
maintaining the first connection pipe so that re-
frigerant therein flows at high pressure, and the
second connection pipe so that refrigerant
therein flows at low pressure.

2. The multi-type air conditioner as claimed in claim 1,
wherein the first four way valve selectively switches
between a state in which the discharge side of the
compressor and the outdoor heat exchanger are
connected, and a suction side of the compressor
and the second four way valve are connected, and
a state in which the discharge side of the compres-
sor and the second four way valve are connected,
and the suction side of the compressor and the out-
door heat exchanger are connected.

3. The multi-type air conditioner as claimed in claim 1,
wherein the second four way valve selectively
switches between a state in which the second con-
nection pipe and the first four way valve are con-
nected, and the first connection pipe and the out-
door heat exchanger are connected, and a state in
which the second connection pipe and the outdoor
heat exchanger are connected, and the first con-
nection pipe and the first four way valve are con-
nected.

4. The multi-type air conditioner as claimed in claim 1,
wherein the first connection pipe is designated to
guide high pressure refrigerant from the second
four way valve to the gas-liquid separator in the dis-
tributor through the switching part, and the second
connection pipe is designated to guide low pressure
refrigerant from the distributor to the four way valve
through the switching part.

5. The multi-type air conditioner as claimed in claim 1,
wherein the first connection pipe has a diameter
smaller than the second connection pipe.

6. The multi-type air conditioner as claimed in claim 1,
wherein a plurality of compressors are connected
in parallel for compressing the refrigerant.
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7. The multi-type air conditioner as claimed in claim 1,
wherein the distributor includes:

the gas-liquid separator connected to the first
connection pipe for separating the refrigerant
from the first connection pipe depending on a
phase of the refrigerant;
a guide pipe part for guiding the refrigerant sep-
arated at the gas-liquid separator to the plural-
ity of indoor units depending on phases of the
refrigerant, and guiding the refrigerant heat ex-
changed at the indoor units back to the distrib-
utor; and
a valve part for controlling the guide pipe part
so that the refrigerant is introduced to selected
indoor units depending on operation condi-
tions.

8. The multi-type air conditioner as claimed in claim 7,
wherein the guide pipe part includes:

a vapor pipe for guiding vapor phase refrigerant
separated at the gas-liquid separator;
vapor branch pipes branched from the vapor
pipe and connected to the indoor units;
a liquid pipe for guiding liquid phase refrigerant
separated at the gas-liquid separator;
liquid branch pipes branched from the liquid
pipe and connected to the indoor units;
cooling mode return branch pipes branched
from the vapor branch pipes for returning the
refrigerant heat exchanged at the indoor units
selected depending on operation conditions;
heating mode return branch pipes branched
from the liquid refrigerant pipes for returning the
refrigerant heat exchanged at the indoor units
selected depending on operation conditions;
and
a return pipe for collecting refrigerant from the
cooling/heating mode returning branch pipes,
and guiding to the second connection pipe.

9. The multi-type air conditioner as claimed in claim 8,
wherein the valve part includes:

a cooling mode electronic expansion valve pro-
vided in a section of the liquid pipe between the
gas-liquid separator and the heating mode re-
turn branch pipes, having an amount of opening
controllable according to an operation condi-
tion;
a heating mode electronic expansion valve pro-
vided to the heating mode return branch pipes,
having an amount of opening controllable ac-
cording to an operation condition; and
two way valves provided to the vapor branch
pipes, the liquid branch pipes, and the cooling
mode return branch pipes, selectively turnable

on/off depending on operation conditions.

10. The multi-type air conditioner as claimed in claim 8,
wherein the vapor branch pipes and the liquid
branch pipes are arranged in parallel to each other.

11. The multi-type air conditioner as claimed in claim 8,
wherein the electronic expansion valve provided to
each indoor unit is fitted to each of the liquid branch
pipes connected between the indoor heat exchang-
ers and the distributor.

12. The multi-type air conditioner as claimed in claim 9,
wherein, when all the indoor units are arranged to
cool, or a majority of the indoor units are arranged
to cool and the rest to heat,

the first four way valve is switched to a state
in which the discharge side of the compressor and
the outdoor heat exchanger are connected, and the
suction side of the compressor and the second four
way valve are connected, and

the second four way valve is switched to a
state in which the second connection pipe and the
first four way valve are connected, and the first con-
nection pipe and the outdoor heat exchanger are
connected.

13. The multi-type air conditioner as claimed in claim
12, wherein, when all the indoor units are arranged
to cool,

the heating mode electronic expansion valve
is closed fully, the cooling mode electronic expan-
sion valve is opened fully, all the electronic expan-
sion valves provided to the indoor units are control-
led, all the two way valves connected to the vapor
branch pipes are closed, and all the two way valves
connected to the cooling mode return branch pipes
and the liquid branch pipes are opened.

14. The multi-type air conditioner as claimed in claim
12, wherein, when a majority of the indoor units are
arranged to cool, and the rest to heat,

the heating mode electronic valve is closed
fully, and the cooling mode electronic expansion
valve is controlled, and

for the indoor units arranged to cool, the elec-
tronic expansion valves connected to the indoor
heat exchangers are controlled, the two way valves
connected to the vapor branch pipes are closed,
and the two way valves connected to the cooling
mode return branch pipes are opened and the liquid
branch pipes are opened, and

for the indoor units are arranged to heat, the
electronic expansion valves connected to the in-
door heat exchangers are opened fully, the two way
valves connected to the cooling mode return branch
pipes are closed, and the two way valves connected
to the vapor branch pipes and the liquid branch
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pipes are opened.

15. The multi-type air conditioner as claimed in claim
14, wherein the vapor refrigerant separated at the
gas-liquid separator passes through the vapor pipe
and the vapor branch pipes in succession, and in-
troduced into indoor heat exchangers which are to
heat the rooms, and

the high pressure refrigerant condensed at
the indoor heat exchangers which are to heat the
rooms is discharged to the liquid pipe due to a pres-
sure difference with the low pressure refrigerant
which passes through the cooling mode electronic
expansion valve, and flows in the liquid pipe.

16. The multi-type air conditioner as claimed in claim 9,
wherein when all the indoor units are arranged to
heat, or when a majority of the indoor units are ar-
ranged to heat, and the rest to cool,

the first four way valve is switched to a state
in which the discharge side of the compressor and
the second four way valve are connected, and the
suction side of the compressor and the outdoor heat
exchanger are connected, and

the second four way valve is switched to a
state in which the second connection pipe and the
outdoor heat exchanger are connected, and the first
connection pipe and the first four way valve are con-
nected.

17. The multi-type air conditioner as claimed in claim
16, wherein when all the indoor units are to heat,

the heating mode electronic expansion valve
is controlled, and the cooling mode electronic ex-
pansion valve is closed fully, and

all the electronic expansion valves provided
to the indoor units are opened, all the two way
valves connected to the vapor branch pipes and the
liquid branch pipes are opened, and all the two way
valves connected to the cooling mode return branch
pipes are closed.

18. The multi-type air conditioner as claimed in claim
16, wherein when a majority of the indoor units are
arranged to heat, and the rest to cool,

the heating mode electronic valve is control-
led, and the cooling mode electronic expansion
valve is closed fully, and

for the indoor units which are arranged to
heat, the electronic expansion valves connected to
the indoor heat exchangers are opened fully, the
two way valves connected to the vapor branch
pipes and the liquid branch pipes are closed, and
the two way valves connected to the cooling mode
return pipes are opened, and

for the indoor units which are arranged to cool,
the electronic expansion valves connected to the in-
door heat exchangers are controlled, the two way

valves connected to the vapor branch pipes are
closed, and the two way valves connected to the
liquid branch pipes and the cooling mode return
branch pipes are opened.

19. The multi-type air conditioner as claimed in claim
18, wherein the refrigerant passed through the in-
door units which are arranged to heat passes
through the liquid branch pipes and the liquid pipe
in succession, a portion of the refrigerant flows to
the heating mode return branch pipes, and the rest
of the refrigerant is introduced into liquid branch
pipes connected to the indoor units which are ar-
ranged to cool.

20. A method for operating a multi-type air conditioner,
comprising:

switching a first four way valve such that refrig-
erant discharged from the compressor is intro-
duced into an outdoor heat exchanger following
a first connection pipe;
switching a second four way valve such that re-
frigerant of a liquid phase or two phases con-
densed at the outdoor heat exchanger fully or
partly is introduced into a gas-liquid separator
following the first connection pipe when all the
indoor units are arranged to cool or when a ma-
jority of the indoor units are arranged to cool
and the rest to heat;
switching the first four way valve such that re-
frigerant discharged from the compressor is in-
troduced into the second connection pipe; and
switching a second four way valve such that re-
frigerant is introduced from the second connec-
tion pipe into a gas-liquid separator following
the first connection pipe, when all the indoor
units are arranged to heat or a majority of the
indoor units are arranged to heat and the rest
to cool.
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