EP 1674 807 A2

(19) 0’ European Patent Office

Office européen des brevets (11) EP 1 674 807 A2
(12) EUROPEAN PATENT APPLICATION
(43) Date of publication: (51) IntCl.:
28.06.2006 Bulletin 2006/26 F25B 13/00(29%6.01) F25B 49/02 (2006.01)

(21) Application number: 05104573.0

(22) Date of filing: 27.05.2005

(84) Designated Contracting States: + Kim, Jong- moon
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR Gyeonggi- do (KR)
HUIEISITLILTLUMCNL PLPTROSESISKTR * Shin, Jong- jin
Designated Extension States: Gyeonggi- do (KR)
AL BA HR LV MK YU * Lee, Hee-sool

Gyeonggi- do (KR)
(30) Priority: 22.12.2004 KR 2004110336
(74) Representative: Grey, lan Michael et al

(71) Applicant: SAMSUNG ELECTRONICS CO., LTD. Venner Shipley LLP
Suwon-si, 20 Little Britain
Gyeonggi-do (KR) London EC1A 7DH (GB)

(72) Inventors:
» Kim, Sung- goo
Seoul (KR)

(54)  Air conditioner

(57)  An air conditioner is disclosed comprising a

compressor, a plurality of heat exchangers, an accumu- Figure 3
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Description

[0001] The present invention relates to an air condi-
tioner comprising a compressor, a plurality of heat ex-
changers, an accumulator and, at least one expansion
valve connected in a refrigeration circuit operable to per-
form a cooling and/or heating cycle and, a control unit
for controlling operation of the air conditioner.

[0002] An air conditioner generally controls the tem-
perature of air within a building such as a house, an office
or a factory by heating, cooling air and comprises a heat
exchanger, a compressor, a condenser and an evapo-
rator connected with the compressor.

[0003] A conventional air conditioner is described in
Korean Patent Publication No. 2004-0074544. Such a
conventional air conditioner comprises an accumulator
to separate liquid and gaseous refrigerant supplied from
an evaporator at low temperature and low pressure and
allow the gaseous refrigerant to pass therethrough, a plu-
rality of compressors to compress the low temperature
and pressure gaseous refrigerant from the accumulator,
a plurality of check valves provided at each compressor
outlet to prevent a backflow of the refrigerant, a condens-
er to condense the gaseous refrigerant discharged from
the compressor at high temperature and high pressure
to a liquid state at middle temperature and high pressure
by heat exchange with external air, an electric expansion
valve to expand the liquid refrigerant at middle temper-
ature and high pressure discharged from the condenser
to a liquid refrigerant at low temperature and pressure,
an evaporator to evaporate the liquid refrigerant at low
temperature and pressure from the electric expansion
valve into gaseous refrigerant at low temperature and
low pressure through heat exchange with surrounding
air, and a ventilating fan to supply the air cooled by the
evaporating process of the evaporator indoors. The con-
ventional air conditioner further comprises a fan motor
ventilating external air to the condenser. When only one
compressor operates among the plurality of compres-
sors, the fan motor reduces the number of revolutions
from 20% to 30% in companion with a case in which the
plurality of the compressors operate.

[0004] Thus, the conventional air conditioner may in-
crease the general efficiency of the air conditioning sys-
tem by changing the fan motor velocity of the condenser
according to the number of the compressors in operation.
[0005] Also, in a conventional air conditioner, heat ex-
changers such as the evaporator and the condenser are
provided substantially above the accumulator. Hence,
the conventional accumulator should be of sufficient size
to accommodate the refrigerant contained within the heat
exchangers in a case when the air conditioning system
device stops operating. If the accumulator is not of suf-
ficient size to accommodate the refrigerant, problems
may occur when the compressor is restarted as the liquid
refrigerant may be supplied in the direction of the com-
pressor through the accumulator.

[0006] Accordingly, problems occur such as increas-
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ing volume and production costs because the accumu-
lator provided in a conventional air conditioner must be
of sufficient size to accommodate the refrigerant normally
contained within the heat exchangers.

[0007] The present invention seeks to provide a sys-
temwhich overcomes or substantially alleviates the prob-
lems discussed above.

[0008] An air conditioner according to the present in-
vention is characterised in that when the compressor
stops, the control unit is configured so as to close at least
one expansion valve to prevent refrigerant from flowing
into the accumulator.

[0009] Inapreferred embodiment, an expansion valve
is located in the refrigeration circuit between each heat
exchanger and the accumulator.

[0010] Preferably, the air conditioner comprises a sin-
gle expansion valve in the refrigeration circuit between
each pair of heat exchangers.

[0011] In one embodiment, a refrigerant flow check
valve is located in the refrigeration circuit to prevent back
flow of refrigerant into the compressor when the com-
pressor is stopped.

[0012] Preferably, a pressure control valve is disposed
between expansion valves, the control unit being config-
ured to open the pressure control valve when the pres-
sure of refrigerant in the refrigeration circuit between said
expansion valves exceeds a predetermined pressure.
[0013] Embodiments of the present invention will now
be described, by way of example only, with reference to
the accompanying drawings, in which:

Figure 1 is a schematic view of an air conditioner
according to a first embodiment of the present inven-
tion;

Figure 2 is a control block diagram of the air condi-
tioner according to the first embodiment of the
present invention;

Figure 3 is a control flow chart of the air conditioner
according to the first embodiment of the present in-
vention;

Figure 4 is a schematic view of an air conditioner
according to a second embodiment of the present
invention; and

Figure 5 is a schematic view of an air conditioner
according to a third embodiment of the present in-
vention.

[0014] Referringtothe drawings, there is shownin Fig-
ures 1 and 2 a first embodiment of an air conditioner
comprising an air conditioning system 1 provided to con-
trol air temperature and a control unit 40 to control the
air conditioning system 1.

[0015] The air conditioning system 1 comprises a com-
pressor 11, heat exchangers 15,31 which exchange heat
between a refrigerant supplied from the compressor 11
and surrounding air, electric expansion valves 17,33 pro-
vided between the heat exchangers 15,31 and an accu-
mulator 19 provided between the heat exchangers 15,31
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and the compressor 11. A refrigerant tube 7 forms a
closed circuit such that the refrigerant circulates through
the compressor 11, the heat exchangers 11,31 and the
accumulator 19. The air conditioning system 1 further
comprises a pressure control unit 21 provided to control
the pressure of the refrigerant in the portion of refrigerant
tube located between the electric expansion valves
17,33. A four-way valve 13 is provided to change the
refrigerant flow direction through the heat exchangers
15,31 such that each heat exchanger 15,31 may operate
alternately in either an air cooling or an air heating mode.
This embodiment of the air conditioning system 1 com-
prises one indoor unit 30 provided in a building such as
a house or an office and a factory to cool or heat the
interior air and an outdoor unit 10 connected to the indoor
unit 30. However, the air conditioning system 1 may be
provided as a single body equipped in one casing. In this
embodiment, the air conditioning system further compris-
es areceiver 27 provided between the plurality of electric
expansion valves 17,33 to accommodate refrigerant and
emit liquid refrigerant.

[0016] The heat exchangers 15,31 comprise a first
heat exchanger 15 provided in the outdoor unit 10, and
a second heat exchanger 31 provided in the indoor unit
30. Each heat exchanger 15,31 is provided with a venti-
lation fan 35 adjacent thereto to accelerate the heat ex-
change across the heat exchanger by forced convection.
[0017] When the air conditioning system 1 performs a
cooling operation, the first heat exchanger 15 operates
as a condenser to condense the refrigerant compressed
from the compressor 11 and the second heat exchanger
31 operates as an evaporator to evaporate the refrigerant
by absorbing heat from the surrounding air. When the air
conditioning system 1 performs a heating operation, the
first heat exchanger 15 operates as an evaporator to
evaporate the refrigerant and the first heat exchanger 15
operates as a condenser to condense the refrigerant
compressed from the compressor.

[0018] The second heat exchanger 31 may be provid-
ed as a plurality of heat exchangers according to the
quantity of indoor units 30.

[0019] The electric expansion valves 17,33 comprise
afirst electric expansion valve 17 provided in the outdoor
unit 10 and a second electric expansion valve 33 provided
in the indoor unit 30.

[0020] The electric expansion valves 17,33 are provid-
ed in the refrigerant pipe 7 located between the first heat
exchanger 15 and the second heat exchanger 31, the
first electric expansion valve 17 being located proximate
to the first heat exchanger 15 and the second electric
expansion valve 33 being located proximate to the sec-
ond heat exchanger 31.

[0021] When the air conditioning system 1 performs a
cooling operation, the first electric expansion valve 17
opens completely such that the refrigerant passing there-
through does not expand and the second electric expan-
sion valve 33 is controlled such that high temperature
and high pressure refrigerant passing therethrough ex-
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pands to a low temperature and low pressure refrigerant.
[0022] When the air conditioning system 1 performs a
heating operation, the first electric expansion valve 33 is
controlled such that high temperature and high pressure
refrigerant passing therethrough expands to low temper-
ature and low pressure refrigerant and the second elec-
tric expansion valve 33 opens completely such that the
refrigerant passing therethrough does not expand.
[0023] The accumulator 19 accommodates the refrig-
erant transmitted from the heat exchangers 15,31 and
the compressor 11. It may also be provided to prevent
the supply of liquid refrigerant to the compressor 11. The
accumulator 19 is located lower than the first and the
second heat exchangers 15,31. In this case, the refrig-
erant in the refrigerant pipe 7 flows into the accumulator
19 due to gravity when the air conditioning system 1 stops
operating. When this occurs, the first electronic expan-
sion valve 17 and the second electronic expansion valve
33 are closed by the control unit 40 such that the refrig-
erantlocated betweenthe first electronic expansion valve
17 and the second electronic expansion valve 33 does
not flow to the accumulator 19 and so the size of the
accumulator 19 may be reduced.

[0024] The four-way valve 13 controls the flow direc-
tion of the refrigerant in the air conditioning system to
alternately select the cooling or heating operation. When
the air conditioning system 1 performs a cooling opera-
tion, the refrigerant compressed by the compressor 11
is supplied to the first heat exchanger 15 by the four-way
valve 15 and the refrigerant from the second heat ex-
changer 31 is supplied to the accumulator 19. When the
air conditioning system 1 performs a heating operation,
the refrigerant compressed by the compressor 11 is sup-
plied by the four-way valve to the second heat exchanger
31 and the refrigerant from the first heat exchanger 15
is supplied to the accumulator 19.

[0025] The pressure control unit 21 is provided as a
means to prevent the pressure of the refrigerant located
between the electric expansion valves 17,33 from ex-
ceeding a predetermined pressure when the electric ex-
pansion valves 17,33 are closed by the control unit 40.
This predetermined pressure is preferably but not nec-
essarily lower than an endurable pressure of the refrig-
erant pipe 7 located between the electric expansion
valves 17,33. The pressure control unit 21 comprises an
auxiliary pipe 23 connected with respect to the refrigerant
pipe 7 between the electric expansion valves 17,33 and
the accumulator 19, and a relief valve 25 provided to the
auxiliary pipe 23. However, the pressure control unit 21
is not limited to the auxiliary pipe 23 and the relief valve
25.

[0026] The auxiliary pipe 23 connects the refrigerant
pipe 7 provided between the first and the second electric
expansion valves 17,33 and the refrigerant pipe 7 pro-
vided between the four-way valve 13 and the accumula-
tor 19. Alternatively, the auxiliary pipe 23 may be located
to connect the refrigerant pipe 7 provided between the
first and the second electric expansion valves 17,33 and



5 EP 1674 807 A2 6

the refrigerant pipe 7 provided between the second elec-
tric expansion valve 33 and the second heat exchanger
31

[0027] The relief valve 25 opens when the pressure of
the refrigerantin the section of refrigerant pipe 7 between
the first and the second electric expansion valves 17,33
increases more than the predetermined pressure. If this
occurs, the refrigerant may pass to the accumulator 19.
[0028] Thereceiver 27 is located between the first and
the second electric expansion valves 17,33 and allows
the liquid refrigerant to flow through the first or the second
electric expansion valve 17,33 such that the air condi-
tioning system 1 operates in a stable manner.

[0029] The compressor 11, the first heat exchanger
15, the accumulator 19 and the first electric expansion
valve 17 are located in the outdoor unit. As shown in
Figure 1, the four-way valve 13, the pressure control unit
21 and the receiver 27 may also be located in the outdoor
unit as well as the ventilation fan 35 adjacent to the first
heat exchanger 15.

[0030] The second heat exchanger 31 and the second
electric expansion valve 33 are located in the indoor unit
as well as the ventilation fan 35 adjacent to the second
heat exchanger 31.

[0031] The control unit 40 controls the first and second
electric expansion valves 17,33 as previously described
to prevent the refrigerant located between the first and
second electric expansion valves 17,33 from flowing to
the accumulator 19 when the air conditioning system 1
stops operating. The control unit 40 opens the first and
second electric expansion valves 17,33 such that the first
electric expansion valve 17 or the second electric expan-
sion valve 33 may perform an expansion function when
the air conditioning system 1 is operating.

[0032] With the above configuration, the control proc-
ess of the air conditioner according to the first embodi-
ment of the present invention is described hereafter with
reference to the control flowchart of Figure 3.

[0033] Firstofall, power is applied to the air condition-
ing system 1 at operation S1. The compressor 11 then
operates and the refrigerant circulates through the refrig-
erant pipe 7 at operation S3. Subsequently, the central
process confirms whether the compressor 11is operating
at operation S5. This may occur on a periodical basis or
asignal stopping the operation of the compressor 11 may
be sensed. If the compressor stops operating the first
and second expansion valves 17,33 are closed at oper-
ation S7 such that the refrigerant located between the
first electric expansion valve 17 and the second electric
expansion valve 33 cannot flow to the accumulator 19.
[0034] Asdescribed above, the air conditioner accord-
ing to the first embodiment of the invention closes the
electric expansion valves 17,33 to prevent the refrigerant
accommodated between the electric expansion valves
from flowing to the accumulator when the operation of
the compressor stops. Thus, the size of the accumulator
may be reduced as the refrigerant located between the
first and the second electric expansion valves does not
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need to be accommodated in the accumulator.

[0035] Figure 4isaschematic view of an air conditioner
according to a second embodiment of the present inven-
tion. As shown therein, an air conditioning system 101
differs from the first embodiment in that the air condition-
ing system 101 further comprises a check valve 50 pro-
vided at the outlet of the compressor 11 to prevent the
refrigerant flowing backwards to the compressor 11.
[0036] As shown in Figure 4 the check valve 50 is pro-
vided between the compressor 11 and the four-way valve
13 and prevents the backward flow of refrigerant from
the first heat exchanger 15 or the second heat exchanger
31 to the compressor 11.

[0037] Inthis embodiment wherein the check valve 50
is provided, the control unit 40 closes one of either the
first or second electric expansion valves 17,33 when the
operation of the compressor 11 is stopped. The control
unit 40 closes the second electric expansion valve 33
when the operation of the compressor 11 is stopped dur-
ing the cooling operation and closes the first electric ex-
pansion valve 17 when the operation of the compressor
11 is stopped during the heating operation.

[0038] Thus, the air conditioner according to the sec-
ond embodiment of the present invention may close the
electric expansion valves when the compressor stops
operating and preventthe refrigerantinterposed between
one of the electric expansion valves and the check valve
as well as thatinterposed between the electric expansion
valves from flowing to the accumulator thereby reducing
the size of the accumulator.

[0039] Figure5isaschematic view of an air conditioner
according to a third embodiment of the present invention.
As shown therein, the air conditioner according to the
third embodiment comprises an air conditioning system
201 provided to control air temperature and a control unit
(not shown) controlling the air conditioning system 201.
[0040] The air conditioning system 201 comprises the
compressor 11, heat exchangers 15,31 to heat-ex-
change refrigerant supplied from the compressor 11, an
electric expansion valve 217 provided between the heat
exchangers 15,31, an accumulator 19 provided between
the heat exchangers 15,31 and the compressor 11, and
the check valve 50 provided at a refrigerant outlet of the
compressor 11 to prevent the refrigerant from flowing
backwards to the compressor. The air conditioning unit
201 may further comprise the four-way valve 13 provided
to change the refrigerant flow direction through the heat
exchangers 15,31.

[0041] The electric expansion valve 217 is provided as
a single unit different from the foregoing first and second
embodiments. The detailed explanation about the func-
tion of the electric expansion valve 217 will be avoided
because it is similar to the first embodiment.

[0042] During a cooling operation, the first heat ex-
changer 15 functions as the condenser to condense the
refrigerant from the compressor 11 and the second heat
exchanger 31 functions as the evaporator to evaporate
and to absorb heat from surrounding air.
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[0043] During a heating operation, the first heat ex-
changer 15 functions as the evaporator to evaporate and
to absorb heat from surrounding air and the second heat
exchanger 31 functions as the condenser to condense
the refrigerant compressed from the compressor 11.
[0044] The explanation about the four-way valve 13
will be omitted because it is similar to the foregoing first
embodiment.

[0045] The control unit (not shown) controls the electric
expansion valve 217 such that the refrigerant located be-
tween the electric expansion valve 217 and the check
valve 50 does not flow to the accumulator 19 when it is
closed.

[0046] Thus, the air conditioner according to the third
embodiment of the present invention may prevent the
refrigerant located between the electric expansion valve
217 and the check valve 50 from flowing to the accumu-
lator 19 if the control unit closes the electric expansion
valve when the operation of the compressor stops. Ac-
cordingly, the size of the accumulator 19 may be reduced.
[0047] Further features shown in Figure 5 are omitted
from the description as they are similar to the first and
second embodiments.

[0048] Although embodiments of the presentinvention
have been shown and described, it will be appreciated
by those skilled in the art that changes may be made in
these embodiments without departing from the principles
of the invention, the scope of which is defined in the
claims and their equivalents and the foregoing descrip-
tion should be regarded as a description of preferred em-
bodiments only.

Claims

1. An air conditioner comprising a compressor, a plu-
rality of heat exchangers, an accumulator and, at
least one expansion valve connected in a refrigera-
tion circuit operable to perform a cooling and/or heat-
ing cycle and, a control unit for controlling operation
of the air conditioner characterised in that when
the compressor stops, the control unit is configured
soasto close atleast one expansion valve to prevent
refrigerant from flowing into the accumulator.

2. An air conditioner according to claim 1 wherein an
expansion valve is located in the refrigeration circuit
between each heat exchanger and the accumulator.

3. An air conditioner according to claim 1 comprising a
single expansion valve in the refrigeration circuit be-
tween each pair of heat exchangers.

4. An air conditioner according to any preceding claim
wherein a refrigerant flow check valve is located in
the refrigeration circuit to prevent back flow of refrig-
erant into the compressor when the compressor is
stopped.
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5.

10.

11.

12.

An air conditioner according to any of claims 1, 2 and
4 wherein a pressure control valve is disposed be-
tween expansion valves, the control unit being con-
figured to open the pressure control valve when the
pressure of refrigerant in the refrigeration circuit be-
tween said expansion valves exceeds a predeter-
mined pressure.

A method of controlling an air conditioner comprising
a compressor, a plurality of heat exchangers, an ac-
cumulator and, at least one expansion valve con-
nected in a refrigeration circuit operable to perform
a cooling and/or heating cycle and, a control unit for
controlling operation of the air conditioner charac-
terised by the step of closing at least one expansion
valve when the compressor stops, to prevent refrig-
erant from flowing into the accumulator.

An air conditioner comprising a freezing device com-
prising a compressor, a plurality of heat exchangers
to heat exchange a refrigerant supplied from the
compressor, a plurality of electric expansion valves
provided between the plurality of the heat exchang-
ers and an accumulator provided between the heat
exchanger and the compressor and a control unit
controlling to close the plurality of the electric expan-
sion valves to prevent the refrigerant located be-
tween the plurality of electric expansion valves from
being accommodated in the accumulator when the
operation of the compressor stops.

The air conditioner according to claim 7 wherein the
freezing device further comprises a check valve pro-
vided in arefrigerant exit area of the compressor and
preventing the refrigerant to flow backward to the
compressors.

The air conditioner accordingto claims 7 or 8 wherein
the freezing device further comprises a pressure
control unit provided to control the pressure of the
refrigerant accommodated between the plurality of
the electric expansion valves.

The air conditioner according to claim 9 wherein the
pressure control unit comprises a refrigerant pipe
provided between the plurality of the electric expan-
sion valves, an auxiliary pipe connected to the ac-
cumulator and a relief valve provided in the auxiliary

pipe.

The air conditioner according to claim 7 wherein the
freezing device further comprises a four way valve
provided to change the refrigerant flow direction in
the plurality of the heat exchangers to make an air
cooling and an air heating operation possible.

The air conditioner according to claim 7 wherein the
freezing device further comprises a receiver provid-
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ed between the plurality of the electric expansion
valves and accommodating the refrigerant and pro-
vided to discharge a liquid refrigerant.

The air conditioner according to claim 7 or claim 12
wherein the freezing device further comprises an
outdoor unit comprising the compressor, one of the
plurality of the heat exchangers and the accumulator
and an indoor unit comprising at least another one
of the plurality of the heat exchangers, one of the
plurality of the electric expansion valve is equipped
to the indoor unit and at least another one of the
plurality of the electric expansion valves is equipped
to the indoor unit.

An air conditioner comprising a freezing device com-
prising a compressor and a plurality of heat exchang-
ers to heat exchange a refrigerant supplied from the
compressor, an electric expansion valve provided
between the plurality of the heat exchangers, an ac-
cumulator provided between the heat exchanger and
the compressor, and a check valve provided in a
refrigerant exit area of the compressor and prevent-
ing the refrigerant from flowing backward to the com-
pressor, a control unit controlling to close the electric
expansion valve to prevent the refrigerant located
between the electric expansion valve and the check
valve from being accommodated in the accumulator
when the operation of the compressor stops.

The air conditioner according to claim 14 wherein
the freezing device further comprises a four way
valve provided to change the refrigerant flow direc-
tion in the plurality of the heat exchangers to make
an air cooling and an air heating operation possible.
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