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(54) Refrigerant system

(57)  Arefrigerant system, includes: an air conditioner
(1) configured to condition air in a building by using a first
refrigerant cycle; a cooler (2) configured to cool air in a
storage compartment of the building by using a second
refrigerant cycle; and a refrigerant heat exchanger (4)

FIG. 1

configured to exchange heat between a refrigerant of the
air conditioner and a refrigerant of the cooler, wherein
the cooler includes a main compressor (211) and an aux-
iliary compressor (212) configured to backup the main
compressor.
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Description

[0001] Exemplary embodiments of the present inven-
tion relate to a refrigerant system performing a refrigerant
cycle.

[0002] A refrigerant system of the related art performs
arefrigerant cycle of compression, condensation, expan-
sion, and evaporation to heat/cool an indoor space or
cool a food in a storage.

[0003] Such arefrigerant system includes a compres-
sor for compressing refrigerant, an indoor heat exchang-
er where the refrigerant exchanges heat with indoor air,
an expander expanding the refrigerant, and an outdoor
heat exchanger where the refrigerant exchanges heat
with outdoor air. Further, the refrigerant system may in-
clude an accumulator for dividing the refrigerant that is
introduced to the compressor into liquid refrigerant and
vapor refrigerant, a four-way valve configured to change
a flow direction of the refrigerant for performing the re-
frigerant cycle, a fan forcibly moving the indoor air or
outdoor air respectively to the indoor heat exchanger or
the outdoor heat exchanger, and a motor for rotating the
fan.

[0004] Whenanindoorspaceiscooled,theindoorheat
exchanger functions as an evaporating member, and the
outdoor heat exchanger functions as a condensing mem-
ber. When the indoor space is heated, the indoor heat
exchanger functions as a condensing member, and the
outdoor heat exchanger functions as an evaporating
member. A shift between the heating and cooling of the
indoor space is performed by changing the flow direction
of the refrigerant with the four-way valve.

[0005] Accordingly, the present invention is directed
to a refrigerant system that substantially obviate one or
more problems due to limitations and disadvantages of
the related art.

[0006] Anadvantage of the presentinvention is to con-
tinually cool a food or other material, and preventdamage
to the food or other material due to a cooling stop.
[0007] Additional features and advantages of the in-
vention will be set forth in the description which follows,
and in part will be apparent from the description, or may
be learned by practice of the invention. The objectives
and other advantages of the invention will be realized
and attained by the structure particularly pointed out in
the written description and claims hereof as well as the
appended drawings.

[0008] To achieve these and other advantages and in
accordance with the purpose of the presentinvention, as
embodied and broadly described, a refrigerant system
may include: an air conditioner configured to condition
air in a building by using a first refrigerant cycle; a cooler
configured to cool air in a storage compartment of the
building by using a second refrigerant cycle; and a refrig-
erant heat exchanger configured to exchange heat be-
tween a refrigerant of the air conditioner and a refrigerant
of the cooler, wherein the cooler includes a main com-
pressor and an auxiliary compressor configured to back-
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up the main compressor.

[0009] The refrigerant system may include a break-
down sensor configured to sense a breakdown of the
main compressor and a controller configured to control
the auxiliary compressor to replace the main compressor
if the breakdown sensor senses a breakdown of the main
compressor.

[0010] The breakdown sensor may include a current
sensor configured to sense a current of the main com-
pressor. The controller may controls the auxiliary com-
pressor to replace the main compressor if the current
sensed by the current sensor is greater than a reference
current. The controller may control the auxiliary compres-
sor to replace the main compressor if the current sensed
by the current sensor is less than a reference current.
[0011] The breakdown sensor may include a temper-
ature sensor configured to sense a refrigerant tempera-
ture at a discharge side of the main compressor. The
controller may control the auxiliary compressor to replace
the main compressor if the temperature sensed by the
temperature sensor is greater than a reference temper-
ature.

[0012] The refrigerant system may include a break-
down signaler configured to output a breakdown signal
if the breakdown sensor senses a breakdown of the main
compressor.

[0013] Therefrigerant system mayinclude anoverload
sensor configured to sense an overload of the main com-
pressor and a controller configured to control the auxiliary
compressor to supplement the main compressor if the
overload sensor senses an overload of the main com-
pressor.

[0014] The overload sensor may include a tempera-
ture sensor configured to sense an outdoor temperature.
The controller may control the auxiliary compressor to
supplement the main compressor if the temperature
sensed by the temperature sensor is greater than a ref-
erence temperature.

[0015] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to pro-
vide further explanation of the invention as claimed.
[0016] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention.

[0017] In the drawings:

[0018] FIG. 1 is a schematic view illustrating a refrig-
erant system.

[0019] FIG. 2 is a schematic view illustrating a flow of

refrigerant in the refrigerant system of FIG. 1.

[0020] FIG. 3 is a block diagram illustrating a control
signal flow of the refrigerant system of FIG. 1.

[0021] FIG. 4 is a block diagram illustrating another
control signal flow of the refrigerant system of FIG. 1.
[0022] FIG.5isaflowchartillustratinga method of con-
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trolling the refrigerant system according to the control
signal flow of FIG. 4.

[0023] FIG. 6 is a schematic view illustrating a flow of
the refrigerant when the refrigerant system operates un-
der an overload condition.

[0024] FIG. 7 is a schematic view illustrating a flow of
the refrigerant when the main compressor of the refrig-
erant system is broken.

[0025] FIG. 8 is a block diagram illustrating another
control signal flow of a refrigerant system of FIG. 1.
[0026] FIG.9isaflowchartillustratinga method of con-
trolling the refrigerant system of FIG. 7.

[0027] Reference will now be made in detail to embod-
iments of the present invention, examples of which is
illustrated in the accompanying drawings.

[0028] FIG. 1 is a schematic view illustrating a refrig-
erant system.

[0029] Referring to FIG. 1, the refrigerant system may
include an air conditioner 1 performing a refrigerant cycle
to condition indoor air, and coolers 2 and 3 each perform-
ing a refrigerant cycle for cooling a storage compartment.
For example, the air conditioner 1 may condition air in a
building and coolers 2 and 3 may each cool a storage
compartment of the building, such as a storage compart-
ment attached to the building or connected with the build-
ing in some manner.

[0030] The coolers 2 and 3 may include a refrigerator
(also denoted by 2) for refrigerating, for example, a food,
and a freezer (also denoted by 3) for freezing, for exam-
ple, afood. Refrigerant of the air conditioner 1, refrigerant
of the refrigerator 2, and refrigerant of the freezer 3 may
flow independently from one another.

[0031] The air conditioner 1 may include: an air con-
ditioner compressor 11 for compressing the refrigerant
flowing through the air conditioner 1; an air conditioner
outdoor heat exchanger 14 where the refrigerant ex-
changes heat with outdoor air; air conditioner expanders
131, 132, and 133 for expanding the refrigerant; and an
indoor heat exchanger 12 where the refrigerant exchang-
es heat with indoor air. The air conditioner 1 may include
an accumulator 16 for dividing the refrigerant introduced
tothe air conditioner compressor 11 into vapor refrigerant
and liquid refrigerant, and a four-way valve 15 for chang-
ing a flow direction of the refrigerant discharged from the
air conditioner compressor 11.

[0032] The refrigerator 2 may include: refrigerator
compressor 21 for compressing the refrigerant flowing
through the refrigerator 2; a refrigerator outdoor heat ex-
changer 24 where the refrigerant exchanges heat with
outdoor air; refrigerator expanders 231 and 232 for ex-
panding the refrigerant; and a refrigerator heat exchang-
er 22 where the refrigerant exchanges heat with air ad-
jacent to a food. The outdoor air of the refrigerator 2 may
be the same as the outdoor air of the air conditioner 1 or
may be the indoor air of the air conditioner 1.

[0033] The freezer 3 may include: a freezer compres-
sor 31 for compressing the refrigerant flowing through
the freezer 3; a freezer outdoor heat exchanger 34 where
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the refrigerant exchanges heat with outdoor air; a fan
motor assembly 35 for forcibly moving outdoor air to the
freezer outdoor heat exchanger 34; a freezer expander
33 for expanding the refrigerant; and a freezer heat ex-
changer 32 where the refrigerant exchanges heat with
air adjacent to a food. The outdoor air of the freezer 3
may be the same as the outdoor air of the air conditioner
1 or may be the indoor air of the air conditioner 1.
[0034] In other words, each of the refrigerator 2 and
the freezer 3 may include: a cooler compressor for com-
pressing the refrigerant flowing through the refrigerator
2 orthe freezer 3; a cooler outdoor heat exchanger where
the refrigerant exchanges heat with outdoor air; a cooler
expander for expanding the refrigerant; and a cooler heat
exchanger where the refrigerant exchanges heat with air
adjacent to a food. The cooler compressors may include
the refrigerator compressor 21 and the freezer compres-
sor 31. The cooler outdoor heat exchangers may include
the refrigerator outdoor heat exchanger 24 and the freez-
eroutdoor heatexchanger 34. The cooler expanders may
include the refrigerator expanders 231 and 232 and the
freezer expander 33. The cooler heat exchangers may
include the refrigerator heat exchanger 22 and the freez-
er heat exchanger 32.

[0035] The air conditioner expanders 131, 132, and
133; the refrigerator expanders 231 and 232; and the
freezer expander 33 may be any device such as an elec-
tronic valve that can discharge and cut off a refrigerant
flow, expand refrigerant, and control a flow rate of refrig-
erant. The refrigerant system may include a fan motor
assembly 6 for forcibly moving outdoor air to the air con-
ditioner outdoor heat exchanger 14 and the refrigerator
outdoor heat exchanger 24. When the air conditioner out-
door heat exchanger 14 is adjacent to the refrigerator
outdoor heat exchanger 24, the single fan motor assem-
bly 6 may be provided to forcibly move outdoor air to both
the air conditioner outdoor heat exchanger 14 and the
refrigerator outdoor heat exchanger 24. However, two
fan motor assemblies may be provided to correspond
respectively to the air conditioner outdoor heat exchang-
er 14 and the refrigerator outdoor heat exchanger 24,
such as when the air conditioner outdoor heat exchanger
14 is spaced a predetermined distance from the refrig-
erator outdoor heat exchanger 24,.

[0036] The refrigerant system may include refrigerant
heat exchangers 4 and 5 such that the air conditioner 1
exchanges heat with the refrigerator 2 and the refriger-
ator 2 exchanges heat with the freezer 3. The refrigerant
heat exchangers 4 and 5 may include a first refrigerant
heat exchanger (also denoted by 4) where the refrigerant
of the air conditioner 1 exchanges heat with the refriger-
ant of the refrigerator 2, and a second refrigerant heat
exchanger (also denoted by 5) where the refrigerant of
the refrigerator 2 exchanges heat with the refrigerant of
the freezer 3.

[0037] Passages 41 and 42 may be disposed within
the first refrigerant heat exchanger 4 such that the refrig-
erant of the air conditioner 1 and the refrigerant of the
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refrigerator 2 independently flow to exchange heat with
each other. In addition, passages 51 and 52 may be dis-
posed within the second refrigerant heat exchanger 5
such that the refrigerant of the refrigerator 2 and the re-
frigerant of the freezer 3 independently flow to exchange
heat with each other.

[0038] The first refrigerant heat exchanger 4 may be
connected in parallel to the indoor heat exchanger 12 of
the air conditioner 1. The air conditioner 1 may further
include air conditioner refrigerant pipes 101, 102, and
103 for guiding a flow of the refrigerant of the air condi-
tioner 1. The air conditioner refrigerant pipes 101, 102,
and 103 may include: afirst refrigerant pipe (also denoted
by 101) connecting the air conditioner compressor 11,
the air conditioner outdoor heat exchanger 14, and the
first refrigerant heat exchanger 4 to one another; a sec-
ond refrigerant pipe (also denoted by 102) guiding the
refrigerant discharged from the air conditioner compres-
sor 11 or the refrigerant discharged from the air condi-
tioner outdoor heat exchanger 14 to the indoor heat ex-
changer 12; and a bypass pipe (also denoted by 103)
connected in parallel to a third expansion valve (also de-
noted by 131) to be described later. That is, a first end
of the second refrigerant pipe 102 may be connected to
a first point of the first refrigerant pipe 101 between the
air conditioner outdoor heat exchanger 14 and the indoor
heat exchanger 12, and a second end of the second re-
frigerant pipe 102 may be connected to a second point
of the first refrigerant pipe 101 between the indoor heat
exchanger 12 and the air conditioner compressor 11. A
first end of the bypass pipe 103 may be connected to the
first refrigerant pipe 101 between the air conditioner out-
door heat exchanger 14 and the third expansion valve
131, and a second end of the bypass pipe 103 may be
connected to the first refrigerant pipe 101 between the
third expansion valve 131 and the first refrigerant heat
exchanger 4.

[0039] The bypass pipe 103 may be provided with a
flow limiter 17 that limits a flow direction of the refrigerant
flowing through the bypass pipe 103 to a predetermined
direction. The flow limiter 17 may prevent the refrigerant
flowing from the indoor heat exchanger 12 to the air con-
ditioner outdoor heat exchanger 14 from passing through
the bypass pipe 103. Thus, the refrigerant flowing from
the indoor heat exchanger 12 to the air conditioner out-
door heat exchanger 14 may pass through the third ex-
pansion valve 131. The flow limiter 17 may be any device,
for example, such as a check valve that can limit the flow
direction of refrigerant to a predetermined direction.
[0040] The air conditioner expanders 131, 132, and
133 may include a first expander (also denoted by 132)
installed on the second refrigerant pipe 102 to corre-
spond to an intake side of the indoor heat exchanger 12,
a second expander (also denoted by 133) installed on
the first refrigerant pipe 101 to correspond to an intake
side of the first refrigerant heat exchanger 4, a third ex-
pander (also denoted by 131) installed on the first refrig-
erant pipe 101 adjacent to the air conditioner outdoor
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heat exchanger 14. The air conditioner expanders 131,
132, and 133 may adjust the degree of opening of the
first and second refrigerant pipes 101 and 102, and may
selectively close the first and second refrigerant pipes
101 and 102. The first expander 132 may adjust the
amount of the refrigerant introduced to the indoor heat
exchanger 12 and selectively cut off the flow of the re-
frigerant to the indoor heat exchanger 12; and the second
expander 133 may adjust the amount of the refrigerant
introduced to the first refrigerant heat exchanger 4, and
selectively cut off the flow of the refrigerant to the first
refrigerant heat exchanger 4. The third expander 131
may expand the refrigerant introduced to the air condi-
tioner outdoor heat exchanger 14 and close the first re-
frigerant pipe 101 such that the refrigerant discharged
from the air conditioner outdoor heat exchanger 14 by-
passes the third expander 131.

[0041] Since thefirst expander 132 may selectively cut
off the flow of the refrigerant to the indoor heat exchanger
12, the first expander 132 may be a flow cutoff part.
[0042] The second refrigerant heat exchanger 5 may
be connected in parallel to the refrigerator heat exchang-
er 22 on the refrigerator 2. The refrigerator 2 may further
include refrigerator refrigerant pipes 104 and 105 for
guiding the refrigerant flowing through the refrigerator 2.
The refrigerator refrigerant pipes 104 and 105 may in-
clude: a third refrigerant pipe (also denoted by 104) con-
necting the refrigerator compressor 21, the refrigerator
outdoor heat exchanger 24, the first refrigerant heat ex-
changer 4, and the second refrigerant heat exchanger 5
toone another; and a fourth refrigerant pipe (also denoted
by 105) guiding a portion of the refrigerant that is intro-
duced to the second refrigerant heat exchanger 5 to the
refrigerator heat exchanger 22. That is, a first end of the
fourth refrigerant pipe 105 may be connected to a first
point of the third refrigerant pipe 104 between the refrig-
erator compressor 21 and the second refrigerant heat
exchanger 5, and a second end of the fourth refrigerant
pipe 105 may be connected to a second point of the third
refrigerant pipe 104 between the first refrigerant heat ex-
changer 4 and the second refrigerant heat exchanger 5.
[0043] In addition, the second refrigerant heat ex-
changer 5 may be connected in series to the freezer heat
exchanger 32 on the freezer 3. The freezer 3 may further
include a freezer refrigerant pipe 106 for guiding the re-
frigerant flowing through the freezer 3. The freezer re-
frigerant pipe 106 may be sequentially connected to the
freezer compressor 31, the freezer outdoor heat ex-
changer 34, the second refrigerant heat exchanger 5, the
freezer expander 33, and the freezer heat exchanger 32.
[0044] Inotherwords, the refrigerator 2 and the freezer
3 may include cooler refrigerant pipes (also denoted by
104, 105, and 106), which guide the refrigerant flowing
through the refrigerator 2 and the freezer 3. The cooler
refrigerant pipes 104, 105, and 106 may include the re-
frigerator refrigerant pipes 104 and 105, and the freezer
refrigerant pipe 106.

[0045] The refrigerator expanders 231 and 232 may
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include a fourth expander (also denoted by 232) installed
onthethird refrigerant pipe 104 to correspond to anintake
side of the second refrigerant heat exchanger 5, and a
fifth expander (also denoted by 231) installed on the
fourth refrigerant pipe 105 to correspond to an intake side
of the refrigerator heat exchanger 22.

[0046] A receiver dryer 26 may be installed between
the refrigerator outdoor heat exchanger 24 and the first
refrigerant heat exchanger 4. The refrigerant flowing
through the refrigerator refrigerant pipes 104 and 105
may be stored in a liquid state within the receiver dryer 26.
[0047] The refrigerator compressor 21 may include a
main compressor 211 and an auxiliary compressor 212
that backups the main compressor 211. The main com-
pressor 211 may be connected in parallel to the auxiliary
compressor 212 on the third refrigerant pipe 104.
[0048] Intake sides of the main compressor 211 and
the auxiliary compressor 212 may be simultaneously
connected to the refrigerator heat exchanger 22 and the
second refrigerant heat exchanger 5, and discharged
sides of the main compressor 211 and the auxiliary com-
pressor 212 may be simultaneously connected to the re-
frigerator outdoor heat exchanger 24. Thus, the refriger-
ant within the third refrigerant pipe 104 may selectively
flow through at least one of the main compressor 211
and the auxiliary compressor 212.

[0049] Hereinafter, a flow of refrigerant when a refrig-
erant system cools an indoor space and storage com-
partment will be described with reference to the accom-
panying drawings.

[0050] FIG.2is aschematic view illustrating an exem-
plary flow of refrigerant in the refrigerant system of FIG.
1 when the refrigerant system cools an indoor space.
[0051] Referring to FIG. 2, the refrigerant discharged
from the air conditioner compressor 11 to the air condi-
tioner outdoor heat exchanger 14 has a high temperature
and a high pressure. At this point, the four-way valve 15
disposed between the air conditioner compressor 11 and
the air conditioner outdoor heat exchanger 14 guides the
refrigerant, discharged from the air conditioner compres-
sor 11, to the air conditioner outdoor heat exchanger 14.
[0052] While the refrigerant flows through the air con-
ditioner outdoor heat exchanger 14, the refrigerantis con-
densed and the temperature of the refrigerant decreases
by emitting heat to outdoor air. The refrigerant discharged
from the air conditioner outdoor heat exchanger 14 pass-
es through the first expander 132 of the air conditioner
expanders 131, 132, and 133, and thus, is expanded to
a low temperature/low pressure state. At this point, the
third expander 131 is maintained in a closed state, and
the refrigerant discharged from the air conditioner out-
door heatexchanger 14 isintroduced to the first expander
132 through the bypass pipe 103.

[0053] The refrigerant discharged from the first ex-
pander 132 is introduced to the indoor heat exchanger
12. While the refrigerant flows through the indoor heat
exchanger 12, the refrigerant absorbs heat from indoor
air, and thus, is evaporated and the temperature of the
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refrigerant increases.

[0054] The refrigerant discharged from the indoor heat
exchanger 12 is introduced to the accumulator 16. At this
point, the four-way valve 15 disposed between the indoor
heat exchanger 12 and the accumulator 16 guides the
refrigerant, discharged from the indoor heat exchanger
12, to the accumulator 16.

[0055] While the refrigerant passes through the accu-
mulator 16, liquid refrigerant is separated from the refrig-
erant, and only vapor refrigerant is introduced again to
the air conditioner compressor 11. While the refrigerant
passes through the air conditioner compressor 11, the
refrigerant is compressed to a high temperature/high
pressure state.

[0056] Astherefrigerantcontinually flows as described
above, the indoor space may be cooled.

[0057] Next, when refrigerant flows through the refrig-
erator 2, the refrigerant is discharged in a high temper-
ature/high pressure state from the main compressor 211,
and passes through the refrigerator outdoor heat ex-
changer 24 and the first refrigerant heat exchanger 4.
[0058] While the refrigerant passes through the refrig-
erator outdoor heat exchanger 24 and the first refrigerant
heat exchanger 4, the refrigerant is condensed and the
temperature of the refrigerant decreases. While the re-
frigerant flows through the refrigerator outdoor heat ex-
changer 24, the refrigerant emits heat to outdoor air. In
addition, while the refrigerant flows through the first re-
frigerant heat exchanger 4, the refrigerant of the refrig-
erator 2 emits heat to the refrigerant of the air conditioner
1. Thus, the refrigerant of the refrigerator 2 is condensed
and the temperature of the refrigerant further decreases.
[0059] The refrigerant is cooled when the refrigerant
passes through both the refrigerator outdoor heat ex-
changer 24 and the first refrigerant heat exchanger 4,
and thus, reaches a lower temperature state than when
passing through one of the refrigerator outdoor heat ex-
changer 24 and the first refrigerant heat exchanger 4.
Thus, the refrigerator 2 may have a higher coefficient of
performance (COP) when the refrigerant passes through
both the refrigerator outdoor heat exchanger 24 and the
first refrigerant heat exchanger 4 than when passing
through only the refrigerator outdoor heat exchanger 24.
[0060] The refrigerant discharged from the refrigerator
outdoor heat exchanger 24 and the first refrigerant heat
exchanger 4 is introduced to the refrigerator expanders
231 and 232. The refrigerant discharged from the refrig-
erator outdoor heat exchanger 24 and the first refrigerant
heat exchanger 4, is introduced to the fourth and fifth
expanders 232 and 231. While the refrigerant passes
through the refrigerator expanders 231 and 232, the re-
frigerant is expanded to a low temperature/low pressure
state.

[0061] The refrigerant discharged from the fourth ex-
pander 232 is introduced to the second refrigerant heat
exchanger 5, and the refrigerant discharged from the fifth
expander 231 is introduced to the refrigerator heat ex-
changer 22. That is, the refrigerant discharged from the
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refrigerator expanders 231 and 232 is introduced to the
second refrigerant heat exchanger 5 and the refrigerator
heat exchanger 22.

[0062] While the refrigerant flows through the second
refrigerant heat exchanger 5, the refrigerant of the refrig-
erator 2 absorbs heat from the refrigerant of the freezer
3, and thus, is evaporated and the temperature of the
refrigerant increases. While the refrigerant flows through
the refrigerator heat exchanger 22, the refrigerant ab-
sorbs heat from air adjacent to the refrigerator heat ex-
changer 22, and thus, is evaporated and the temperature
of the refrigerant increases.

[0063] Then, the refrigerant, discharged from the sec-
ondrefrigerantheat exchanger 5 and the refrigerator heat
exchanger 22, flows to the main compressor 211. While
the refrigerant passes through the refrigerator compres-
sor 21, the refrigerant is compressed to the high temper-
ature/high pressure state.

[0064] When refrigerant flows through the freezer 3,
the refrigerant is discharged in a high temperature/high
pressure state from the freezer compressor 31, and is
introduced to the freezer outdoor heat exchanger 34.
While the refrigerant flows through the freezer outdoor
heat exchanger 34, the refrigerant emits heat to outdoor
air, and is condensed and the temperature of the refrig-
erant decreases.

[0065] Therefrigerantdischarged from the freezer out-
door heat exchanger 34 is introduced to the second re-
frigerant heat exchanger 5. While the refrigerant flows
through the second refrigerant heat exchanger 5, the re-
frigerant of the freezer 3 emits heat to the refrigerant of
the refrigerator 2, and thus, is condensed and the tem-
perature of the refrigerant further decreases.

[0066] At this point, the refrigerant is cooled when the
refrigerant passes through both the freezer outdoor heat
exchanger 34 and the second refrigerant heat exchanger
5, and thus, reaches alower temperature state than when
passing through one of the freezer outdoor heat exchang-
er 34 and the second refrigerant heat exchanger 5. Thus,
the freezer 3 may have a higher coefficient of perform-
ance (COP) when the refrigerant passes through both
the freezer outdoor heat exchanger 34 and the second
refrigerant heat exchanger 5 than when passing through
only the freezer outdoor heat exchanger 34.

[0067] The refrigerant discharged from the second re-
frigerant heat exchanger 5 is introduced to the freezer
expander 33. While the refrigerant passes through the
freezer expander 33, the refrigerant is expanded to a low
temperature/low pressure state. The refrigerant dis-
charged from the freezer expander 33 is introduced to
the freezer heat exchanger 32. While the refrigerant flows
through the freezer heat exchanger 32, the refrigerant
absorbs heat from air adjacent to the freezer heat ex-
changer 32, and thus, is evaporated and the temperature
of the refrigerant increases.

[0068] Then, the refrigerant discharged from the freez-
er heat exchanger 32 passes through the freezer com-
pressor 31, and thus, is compressed to the high temper-
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ature/high pressure state.

[0069] When therefrigerant system operatesin aheat-
ing mode, a flow direction of the refrigerant flowing
through the second refrigerant pipe 102 of the air condi-
tioner 1 is switched to be opposite to the flow direction
of the refrigerant in a cooling mode as described above.
[0070] Whentherefrigerant system operatesin a heat-
ing mode, the refrigerant of the air conditioner 1 is dis-
charged from the air conditioner compressor 11, and
then, is introduced to the indoor heat exchanger 12. At
this point, the four-way valve 15 guides the refrigerant,
discharged from the air conditioner compressor 11, to
the indoor heat exchanger 12.

[0071] While the refrigerant flows through the indoor
heat exchanger 12, the refrigerant emits heat to indoor
air, and is condensed to a low temperature/high pressure
state. The refrigerant discharged from the indoor heat
exchanger 12 is introduced to the third expander 131 of
the air conditioner expanders 131, 132, and 133. At this
point, since the flow limiter 17 prevents the refrigerant
discharged from the indoor heat exchanger 12 from pass-
ing through the bypass pipe 103, the refrigerant dis-
charged from the indoor heat exchanger 12 is introduced
tothethird expander 131. The third expander 131 is main-
tained in a full open state, and thus, the refrigerant ex-
pands substantially in the third expander 131. That is,
while the refrigerant passes through the third expander
131, the refrigerant is expanded to a low temperature/low
pressure state.

[0072] The refrigerant discharged from the third ex-
pander 131 is introduced to the air conditioner outdoor
heat exchanger 14. While the refrigerant flows through
the air conditioner outdoor heat exchanger 14, the refrig-
erant absorbs heat from outdoor air, and thus, is evapo-
rated to and the temperature of the refrigerant increases.
[0073] The refrigerant from the air conditioner outdoor
heat exchanger 14 is introduced to the accumulator 16,
and liquid refrigerant and vapor refrigerant are separated
from each other. At this point, the four-way valve 15
guides therefrigerant, discharged from the air conditioner
outdoor heat exchanger 14, to the accumulator 16. Then,
only the vapor refrigerant separated at the accumulator
16 is introduced to the air conditioner compressor 11,
and is compressed again to the high temperature/high
pressure state.

[0074] Astherefrigerantcontinually flows as described
above, the indoor space can be heated.

[0075] When the refrigerant system operates in the
heating mode, the flows of the refrigerant in the refriger-
ator 2 and the freezer 3 may be the same as those in the
cooling mode of the refrigerant system.

[0076] Hereinafter, a configuration and a method for
controlling the refrigerant system will be described in de-
tail with reference to the accompanying drawings.
[0077] FIG. 3 is a block diagram illustrating a control
signal flow of the refrigerant system of FIG. 1. FIG. 4 is
a block diagram illustrating another control signal flow of
the refrigerant system of FIG. 1. . FIG. 5 is a flowchart
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illustrating a method of controlling the refrigerant system
according to the control signal flow of FIG. 4. FIG. 6 is a
schematic view illustrating a flow of the refrigerant when
the refrigerant system operates under an overload con-
dition. FIG. 7 is a schematic view illustrating a flow of the
refrigerant when the main compressor of the refrigerant
system is broken.

[0078] Referring to FIG. 3, in the control configuration
of the refrigerant system, the refrigerant system may fur-
ther include: a breakdown sensor 61 sensing a break-
down of the main compressor 211; an overload sensor
62 sensing an overload of the main compressor 211; a
breakdown signaler 69 outputting a breakdown signal
when the main compressor 211 is broken; and a control-
ler 65 controlling the main compressor 211, the auxiliary
compressor 212, and the breakdown signaler 69 based
on signals received from the breakdown sensor 61 and
the overload sensor 62. The breakdown sensor 61, the
overload sensor 62, the main compressor 211, the aux-
iliary compressor 212, the breakdown signaler 69, and
the controller 65 may be electrically connected to one
another to communicate with each other through electri-
cal signals.

[0079] When the breakdown sensor 61 senses a
breakdown of the main compressor 211, the controller
65 controls the auxiliary compressor 212 to replace the
main compressor 211 and the breakdown signaler 69
outputs a breakdown signal indicating to the user that a
breakdown of the main compressor 211 has occurred.
[0080] When the overload sensor 62 senses an over-
load of the main compressor 211, the controller 65 con-
trols the auxiliary compressor 212 to supplement the
main compressor 211.

[0081] Referring to FIG. 4, in the control configuration
of the refrigerant system, the refrigerant system may fur-
ther include: a current sensor 71 sensing a current of the
main compressor 211; an outdoor temperature sensor
72 sensing an outdoor temperature; a breakdown signal-
er 79 outputting a breakdown signal when the main com-
pressor 211 is broken; and a controller 75 controlling the
main compressor 211, the auxiliary compressor 212, and
the breakdown signaler 79 based on the current of the
main compressor 211 and the outdoor temperature,
which are sensed by the current sensor 71 and the out-
door temperature sensor 72. The current sensor 71, the
outdoor temperature sensor 72, the main compressor
211, the auxiliary compressor 212, the breakdown sig-
naler 79, and the controller 75 may be electrically con-
nected to one another to communicate with each other
through electrical signals.

[0082] Referring to FIG. 5, in the method of controlling
the refrigerant system, the refrigerant system starts to
operate and an outdoor temperature is sensed in oper-
ation S11. The outdoor temperature may be sensed by
the outdoor temperature sensor 72.

[0083] When the outdoor temperature is equal to or
greater than a reference temperature in operation S12,
the controller 75 controls the main compressor 211 and
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the auxiliary compressor 212 to simultaneously operate
in operation S13. The reference temperature may be the
lower limit of the outdoor temperature at which a load is
too great for the main compressor 211 to withstand. That
is, when the outdoor temperature is equal to or greater
than the reference temperature, an overload condition
that normal cooling of a food only with the main compres-
sor 211 is difficult is recognized. Thus, to withstand the
load that the main compressor 211 cannot withstand, the
auxiliary compressor 212 operates to support the main
compressor 211.

[0084] A flow of the refrigerant when the main com-
pressor 211 and the auxiliary compressor 212 operate
at the same time is illustrated in FIG. 6. That is, the re-
frigerant discharged from the refrigerator heat exchanger
22 and the second refrigerant heat exchanger 5 simulta-
neously passes through the main compressor 211 and
the auxiliary compressor 212, and then, is introduced to
the refrigerator outdoor heat exchanger 24.

[0085] However, when the outdoor temperature is
smaller than the reference temperature in operation S12,
only the main compressor 211 operates in operation S14.
[0086] Next, a current of the main compressor 211 is
sensed in operation S15. The current of the main com-
pressor 211 may be sensed by the current sensor 71.
[0087] When the current of the main compressor 211
sensed by the current sensor 71 is outside a reference
range, i.e. greater than a first reference current or less
than a second reference current in operation S16, the
controller 75 controls the auxiliary compressor 212 to re-
place the main compressor 211 and operates to output
the breakdown signal in operation S17. The breakdown
signal can be output by the breakdown signaler 79. That
is, when the sensed current is outside the reference
range, only the auxiliary compressor 212 operates, and
the breakdown signal is output.

[0088] The reference range may be a current range
from the main compressor 211 when the main compres-
sor 211 normally operates. The reference range may be
a predetermined current range measured when the main
compressor 211 normally operates. Thus, when the cur-
rent of the main compressor 211 is greater than the first
reference current, that is, out of a normal current value,
the refrigerator heat exchanger 22 is considered to be
abnormal. In addition, while the main compressor 211
normally operates, the current from the main compressor
211 has a predetermined value greater than zero. Thus,
when the current of the main compressor 211 is less than
a second reference range, such as being zero, the main
compressor 211 is considered to be abnormal. For ex-
ample, when an anomaly or a short connection occurs
in a motor of the main compressor 211, the current of the
main compressor 211 may be zero.

[0089] As aresult, when the sensed current is greater
than the first reference current or less than a second ref-
erence current, the main compressor 211 is considered
to be broken, and thus, the auxiliary compressor 212 op-
erates to replace the main compressor 211, so that the



13 EP 2 479 519 A2 14

refrigerator 2 can continually cool a food or other material.
Since the freshness of a food depends on a storage tem-
perature, when the cooling of the refrigerator 2 is stopped,
the quality of a food may be quickly deteriorated. How-
ever, since the auxiliary compressor 212 can continually
cool a food even when the main compressor 211 is bro-
ken, a damage of a food due to a cooling stop can be
prevented.

[0090] A flow of the refrigerant when the auxiliary com-
pressor 212 operates to replace the main compressor
211 is illustrated in FIG. 7. That is, the refrigerant dis-
charged from the refrigerator heat exchanger 22 and the
second refrigerant heat exchanger 5 passes through only
the auxiliary compressor 212, and then, is introduced to
the refrigerator outdoor heat exchanger 24.

[0091] Since a breakdown of the main compressor 211
may be sensed based on a current of the main compres-
sor211, the currentsensor 71 may be called a breakdown
sensor for sensing a breakdown of the main compressor
211.

[0092] However, when the sensed currentis not great-
er outside the reference range in operation S16, the out-
door temperature is sensed again. That is, when the
sensed current is not greater than the reference current
or not equal to zero in operation S16, the process that
the main compressor 211 and the auxiliary compressor
212 are controlled according to the outdoor temperature,
and the process that a current of the main compressor
211 is sensed to determine whether a breakdown occurs
are repeated.

[0093] Thus, according to the embodiment, since the
auxiliary compressor 212 operates to replace the main
compressor 211 when the main compressor 211 is bro-
ken, the refrigerator 2 can continually cool a food.
[0094] Inaddition, under anoverload condition that the
main compressor 211 cannot withstand, the auxiliary
compressor 212 operates together with the main com-
pressor 211, and thus, a refrigeration performance of the
refrigerator 2 can be maintained or improved.

[0095] Hereinafter, a configuration and a method for
controlling a refrigerant system according to another em-
bodiment will be described in detail with reference to the
accompanying drawings. The embodiment is different in
that a breakdown of a main compressor is sensed using
a refrigerant temperature at the discharge side of the
main compressor. Thus, a description of the same con-
figuration as that of the first embodiment will be omitted
here.

[0096] FIG. 8 is a block diagram illustrating another
control signal flow of a refrigerant system of FIG. 1. FIG.
9 is a flowchart illustrating a method of controlling the
refrigerant system of FIG. 7.

[0097] Referring to FIG. 8, in the control configuration
of the refrigerant system, the refrigerant system may fur-
therinclude: a refrigerant temperature sensor 81 sensing
adischarge side refrigerant temperature of the main com-
pressor 211; an outdoor temperature sensor 82 sensing
an outdoor temperature; a breakdown signaler 89 out-
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putting a breakdown signal when the main compressor
211 is broken; and a controller 85 controlling the main
compressor 211, the auxiliary compressor 212, and the
breakdown signaler 89 based on the discharge side re-
frigerant temperature of the main compressor 211 and
the outdoor temperature, which are sensed by the refrig-
erant temperature sensor 81 and the outdoor tempera-
ture sensor 82. The refrigerant temperature sensor 81,
the outdoor temperature sensor 82, the main compressor
211, the auxiliary compressor 212, the breakdown sig-
naler 89, and the controller 85 may be electrically con-
nected to one another to communicate with each other
through electrical signals.

[0098] Referring to FIG. 9, in the method of controlling
the refrigerant system, the refrigerant system starts to
operate and an outdoor temperature is sensed in oper-
ation S21. The outdoor temperature may be sensed by
the outdoor temperature sensor 82.

[0099] When the outdoor temperature is equal to or
greater than a reference temperature in operation S22,
the controller 85 controls the main compressor 211 and
the auxiliary compressor 212 to simultaneously operate
in operation S23.

[0100] However, when the outdoor temperature is
smaller than the reference temperature in operation S22,
only the main compressor 211 operates in operation S24.
[0101] Next, a discharge side refrigerant temperature
of the main compressor 211 is sensed in operation S25.
The discharge side refrigerant temperature of the main
compressor 211 may be sensed by the refrigerant tem-
perature sensor 81.

[0102] When the discharge side refrigerant tempera-
ture of the main compressor 211 sensed by the current
sensor 81 is greater than the reference temperature in
operation S26, the controller 85 controls the auxiliary
compressor 212 to replace the main compressor 211 and
operates to output the breakdown signal in operation
S27. The breakdown signal can be output by the break-
down signaler 89. That is, when the sensed refrigerant
temperature is greater than the reference temperature,
only the auxiliary compressor 212 operates, and the
breakdown signal is output.

[0103] The reference temperature may be an upper
limit of the discharge side refrigerant temperature of the
main compressor 211 when the main compressor 211
normally operates. The reference temperature may be a
predetermined range of the discharge side refrigerant
temperature, which can be measured when the main
compressor 211 normally operates. Thus, when the dis-
charge side refrigerant temperature of the main compres-
sor 211 is greater than the reference temperature, that
is, out of a normal refrigerant temperature, the main com-
pressor 211 is considered to be abnormal. For example,
when inner frictional force of the main compressor 211
is increased by a foreign substance attached to the main
compressor 211, or by mechanical wear of the main com-
pressor 211, the discharge side refrigerant temperature
of the main compressor 211 may increase.
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[0104] That is, when the sensed refrigerant tempera-
ture is greater than the reference temperature, the main
compressor 211 is considered to be broken, and thus,
the auxiliary compressor 212 operates to replace the
main compressor 211, so that the refrigerator 2 can con-
tinually cool a food.

[0105] Since a breakdown of the main compressor211
may be sensed based on the discharge side refrigerant
temperature of the main compressor 211, the refrigerant
temperature sensor 81 may be called a breakdown sen-
sor for sensing a breakdown of the main compressor211.
[0106] However, when the sensed refrigerant temper-
ature is not greater than the reference temperature in
operation S26, the outdoor temperature is sensed again.
That is, when the sensed refrigerant temperature is not
greater than the reference temperature, the process that
the main compressor 211 and the auxiliary compressor
212 are controlled according to the outdoor temperature,
and the process that the discharge side refrigerant tem-
perature of the main compressor 211 is sensed to deter-
mine whether a breakdown occurs are repeated.
[0107] Thus, according to the embodiment, since the
auxiliary compressor 212 operates to replace the main
compressor 211 when the main compressor 211 is bro-
ken, the refrigerator 2 can continually cool a food.
[0108] Inaddition, under an overload condition that the
main compressor 211 cannot withstand, the auxiliary
compressor 212 operates together with the main com-
pressor 211, and thus, a refrigeration performance of the
refrigerator 2 can be maintained or improved.

[0109] Also, the method of sensing a breakdown of the
main compressor 211 based on the current of the main
compressor 211, and the method of sensing a breakdown
ofthe main compressor 211 based on the refrigerant tem-
perature of the main compressor 211 may be used to-
gether. For example, when the current of the main com-
pressor 211 is outside the reference current range,
and/or when the discharge side refrigerant temperature
of the main compressor 211 is greater than the reference
temperature occurs, the main compressor 211 may be
considered to be broken.

[0110] It will be apparent to those skilled in the art that
various modifications and variation may be made in the
present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the
present invention cover the modifications and variations
of this invention provided they come within the scope of
the appended claims and their equivalents.

Claims

1. Avrefrigerant system, comprising:
an air conditioner configured to condition air in
a building by using a first refrigerant cycle;

a cooler configured to cool air in a storage com-
partment of the building by using a second re-
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frigerant cycle; and

a refrigerant heat exchanger configured to ex-
change heat between arefrigerant of the air con-
ditioner and a refrigerant of the cooler,
wherein the cooler includes a main compressor
and an auxiliary compressor configured to back-
up the main compressor.

2. Therefrigerant system of claim 1, further comprising:

a breakdown sensor configured to sense a
breakdown of the main compressor; and

a controller configured to control the auxiliary
compressor to replace the main compressor if
the breakdown sensor senses a breakdown of
the main compressor.

3. Therefrigerant system of claim 2, wherein the break-
down sensor includes a current sensor configured
to sense a current of the main compressor.

4. The refrigerant system of claim 3, wherein the con-
troller controls the auxiliary compressor to replace
the main compressor if the current sensed by the
current sensor is greater than a reference current.

5. The refrigerant system of claim 3, wherein the con-
troller controls the auxiliary compressor to replace
the main compressor if the current sensed by the
current sensor is less than a reference current.

6. Therefrigerant system of any of claims 2 to 5, where-
in the breakdown sensor includes a temperature
sensor configured to sense arefrigeranttemperature
at a discharge side of the main compressor.

7. The refrigerant system of claim 6, wherein the con-
troller controls the auxiliary compressor to replace
the main compressor if the temperature sensed by
the temperature sensor is greater than a reference
temperature.

8. Therefrigerant system of claim 1, further comprising:

a breakdown sensor configured to sense a
breakdown of the main compressor; and
a breakdown signaler configured to output a
breakdown signal if the breakdown sensor sens-
es a breakdown of the main compressor.

9. Therefrigerant system of any of claims 1 to 8, further
comprising:

an overload sensor configured to sense an over-
load of the main compressor;

a controller configured to control the auxiliary
compressor to supplement the main compres-
sor if the overload sensor senses an overload
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of the main compressor.
10. The refrigerant system of claim 9, wherein the over-
load sensor includes a temperature sensor config-
ured to sense an outdoor temperature. 5
11. The refrigerant system of claim 10, wherein the con-
troller controls the auxiliary compressor to supple-
ment the main compressor if the temperature sensed
by the temperature sensor is greater than a refer- 170

ence temperature.

12. A method of operating a refrigerant system accord-

ing to any of claims 1 to 11.
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