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(54) REFRIGERATING CYCLE SYSTEM AND LIQUID FLOW-BACK PREVENTION METHOD

(57) Liquid flow-back is prevented, and a compressor
(4) is protected by a simple and low-cost configuration
having high reliability and an excellent maintenance
property. In a heating and cooling air conditioning system
of the present invention, a gas-liquid mixed refrigerant
sucked into an electric compressor (4) is separated, and
only a vaporized refrigerant is sucked by an electric com-
pressor (4), an electric heating element (23, 23A) is pro-
vided at a position of an allowable highest liquid level

(H3) of a liquefied refrigerant (R) in an accumulator (12)
storing a predetermined amount of the liquefied refriger-
ant (R), and a controller detects change of a heating value
of the electric heating element (23) as change of power
consumption, and performs protection operation for low-
ering the liquid level of the liquefied refrigerant (R) in a
case where the power consumption reaches a predeter-
mined threshold value.
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Description

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

[0001] The present invention relates to a refrigerating
cycle system and a liquid flow-back prevention method
for preventing liquid flow-back to a compressor.

2. DESCRIPTION OF RELATED ART

[0002] In an air conditioning system used in a store,
an office, a house, or the like, a pressure vessel shaped
accumulator is connected to the suction side of a com-
pressor that compresses and liquefies a gas refrigerant.
The accumulator stores gas-liquid mixed refrigerant gas
returned from an evaporator to a compressor once to
perform gas-liquid separation by gravity therein, and
makes the compressor suck only a vaporized refrigerant.
Consequently, a phenomenon that a liquefied refrigerant
is sucked by the compressor, called so-called liquid flow-
back, is prevented, and breakage of the compressor by
liquid compression is avoided.
[0003] As disclosed in Japanese Unexamined Patent
Application, Publication No. 2001-27460, the accumula-
tor is provided with a liquid level detector at a predeter-
mined liquid level position such that the capacity of a
stored liquefied refrigerant does not exceed. The liquid
level detector is exposed inside a pressure vessel of the
accumulator so as to be in contact with a liquefied refrig-
erant. When the liquid level reaches the position of the
liquid level detector, the liquid level detector electrically
outputs a detection signal.
[0004] When receiving this detection signal, a control-
ler of the air conditioning system takes a measure such
as reduction in the rotational speed of the compressor,
temporal shutdown of the compressor, and reduction in
the opening of an expansion valve, and performs protec-
tion operation for lowering the liquid level of the liquefied
refrigerant in the accumulator to prevent liquid flow-back.
In an air conditioning system of Japanese Unexamined
Patent Application, Publication No. 2001-27460, the tem-
perature of a heating apparatus provided in a bottom of
the accumulator is raised, so that a liquefied refrigerant
is heated to a temperature not lower than a saturation
temperature to be vaporized, and the liquid level is low-
ered.
[0005] {PTL 1}
Japanese Unexamined Patent Application, Publication
No. 2001-27460

BRIEF SUMMARY OF THE INVENTION

[0006] However, as disclosed in Japanese Unexam-
ined Patent Application, Publication No. 2001-27460,
providing of the liquid level detector in the pressure vessel
of the accumulator causes complication of the structure

of the accumulator and increase in a manufacturing cost,
and use of the liquid level detector which easily causes
failure causes reduction in reliability of the air condition-
ing system. At the time of failure of the liquid level detec-
tor, the refrigerant in the entire air conditioning system
has to be removed when the liquid level detector is de-
tached from the pressure vessel of the accumulator, and
labor and time for filling the refrigerant again are required,
and a maintenance property is poor.
[0007] The present invention has been made in view
of the above circumstances, and an object of the inven-
tion is to provide a refrigerating cycle system capable of
preventing liquid flow-back so as to protect a compressor
by a simple and low-cost configuration having high reli-
ability and an excellent maintenance property, and a liq-
uid flow-back prevention method.
[0008] In order to solve the above problem, the present
invention employs the following solutions.
[0009] A refrigerating cycle system according to the
present invention includes: a compressor that compress-
es a refrigerant; a condenser that condenses com-
pressed refrigerant discharged from the compressor; an
expansion valve that expands the compressed refriger-
ant condensed by the condenser; an evaporator that va-
porizes the compressed refrigerant expanded by the ex-
pansion valve; and an accumulator that once stores a
gas-liquid mixed refrigerant returned from the evaporator
to the compressor, separates the gas-liquid mixed refrig-
erant into a liquefied refrigerant and a vaporized refrig-
erant, and makes the compressor suck only the vapor-
ized refrigerant, wherein the accumulator includes: a
pressure vessel; a refrigerant inflow section that allows
the gas-liquid mixed refrigerant to flow into the pressure
vessel; a refrigerant outflow section that allows the va-
porized refrigerant to flow toward the compressor; and
an electric heating element provided at a position of an
allowable highest liquid level of the liquefied refrigerant
in the pressure vessel, of the pressure vessel, the refrig-
erating cycle system further including a controller that
detects change of a heating value of the electric heating
element by change of power consumption, and performs
protection operation for lowering the liquid level of the
liquefied refrigerant in a case where the power consump-
tion reaches a predetermined threshold value.
[0010] In a case of the above configuration, a heating
value of the electric heating element provided in the ac-
cumulator, namely, power consumption (e.g., a current
value) when the electric heating element is adjacent to
the liquefied refrigerant having a larger specific heat is
larger than power consumption when the electric heating
element is adjacent to the vaporized refrigerant having
a smaller specific heat. Therefore, when the liquid level
of the liquefied refrigerant reaches the height of the elec-
tric heating element, the power consumption of the elec-
tric heating element is increased. Accordingly, the con-
troller monitors the power consumption of the electric
heating element, so that it is possible to determine wheth-
er the electric heating element is adjacent to the vapor-
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ized refrigerant or the liquefied refrigerant.
[0011] When the power consumption of the electric
heating element reaches a predetermined threshold val-
ue, the controller performs the protection operation for
lowering the liquid level of the liquefied refrigerant. More
specifically, a measure such as reduction in the rotational
speed of the compressor, temporal shutdown of the com-
pressor, and reduction in the opening of the expansion
valve is taken, and the liquid level of the liquefied refrig-
erant in the accumulator is lowered. Consequently, it is
possible to prevent liquid flow-back to protect the com-
pressor.
[0012] The electric heating element is not a sensor,
and therefore it is possible to carry out this simple and
low-cost configuration compared with a configuration in
which a liquid level detector is provided in the accumu-
lator like a conventional technology. Additionally, a failure
rate is reduced, and therefore reliability of the refrigerat-
ing cycle system is also improved. Accordingly, with the
simple and low-cost configuration having high reliability,
it is possible to prevent liquid flow-back from the accu-
mulator to protect the compressor.
[0013] In the above configuration, it is considered that
a voltage applied to the electric heating element is set in
such a range that a temperature of the vaporized refrig-
erant is raised by heat generation of the electric heating
element when the electric heating element is adjacent to
the vaporized refrigerant, and the temperature of the
electric heating element is lowered by cold heat of the
liquefied refrigerant when the electric heating element is
adjacent to the liquefied refrigerant.
[0014] Consequently, the heating value of the electric
heating element can warm the vaporized refrigerant, but
cannot warm the liquefied refrigerant, and becomes such
a weak heating value that the electric heating element is
cooled by the liquefied refrigerant. Even this enables de-
termination between the vaporized refrigerant and the
liquefied refrigerant, and therefore rise of the liquid level
of the liquefied refrigerant can be detected by required
minimum power, and liquid flow-back can be prevented.
[0015] Moreover, the heating value of the electric heat-
ing element is minimized, and therefore the gas-liquid
refrigerant in the accumulator is not heated more than
necessary. Accordingly, an excessive degree of super-
heat is not given to the refrigerant by the electric heating
element, and the efficiency of the refrigerating cycle sys-
tem can be prevented from lowering.
[0016] In the above configuration, the electric heating
element may be a temperature measuring resistor that
is utilizable also as a temperature sensor. Consequently,
in a case of the refrigerating cycle system provided with
the refrigerant temperature sensor in the accumulator,
the single electric heating element can be used as both
the liquid level detection sensor for the liquefied refriger-
ant, and the refrigerant temperature sensor, and it is pos-
sible to simplify a system configuration to reduce a cost
and improve reliability.
[0017] In the above configuration, the electric heating

element may be inserted into a recess from an outer side
of the pressure vessel, the recess being provided in the
pressure vessel and being depressed to an inner side
from the outer side of the pressure vessel.
[0018] According to this configuration, the electric
heating element can be detachably mounted from the
outside of the pressure vessel of the accumulator, and
therefore, for example, in a case where the electric heat-
ing element is replaced for maintenance, the refrigerant
in the entire refrigerating cycle system does not have to
be removed, and it is possible to greatly improve a main-
tenance property.
[0019] Moreover, a surface of the electric heating ele-
ment is immersed with a wide area into the gas-liquid
refrigerant through the recess of the pressure vessel, and
therefore a heat-exchange rate between the electric
heating element and the gas-liquid refrigerant can be in-
creased compared to a case where the electric heating
element is simply stuck to the side wall of the pressure
vessel.
[0020] Consequently, when the liquid level of the liq-
uefied refrigerant in the pressure vessel rises to reach
the height of the electric heating element, time until the
power consumption of the electric heating element is in-
creased is shortened. Accordingly, time until the protec-
tion operation by the controller is started is also short-
ened. Therefore, it is possible to improve control respon-
siveness to prevent liquid flow-back, and reliably protect
the compressor.
[0021] That is, a liquid flow-back prevention method
according to the present invention includes: providing an
electric heating element at a liquid level of a liquefied
refrigerant in an accumulator, the accumulator separat-
ing a gas-liquid mixed refrigerant returned from an evap-
orator to a compressor into the liquefied refrigerant and
a vaporized refrigerant in a refrigerating cycle system,
the liquid level being a maximum storage amount of the
liquefied refrigerant; detecting change of a heating value
of the electric heating element by change of a current
value; and detecting that the liquid level of the liquefied
refrigerant reaches an allowable highest liquid level.
[0022] According to the above liquid flow-back preven-
tion method, by the simple method of providing the elec-
tric heating element at the liquid level being the maximum
storage amount of the accumulator, and monitoring the
change of the power consumption, it is possible to reliably
detect that the liquid level of the liquefied refrigerant in
the accumulator rises, perform operation for lowering this
liquid level to prevent liquid flow-back, and protect the
compressor.
[0023] As described above, according to the refriger-
ating cycle system and the liquid flow-back prevention
method according to the present invention, it is possible
to prevent liquid flow-back to protect a compressor by a
simple and low-cost configuration having high reliability
and an excellent maintenance property.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0024]

FIG. 1 is a circuit diagram illustrating a basic config-
uration of a heating and cooling air conditioning sys-
tem according to embodiments of the present inven-
tion;
FIG. 2 is a longitudinal sectional view of an accumu-
lator illustrating a first embodiment of the present
invention;
FIG. 3 is a graph illustrating an example of change
of a current value in an electric heating element; and
FIG. 4 is a longitudinal sectional view of an accumu-
lator illustrating a second embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Hereinafter, embodiments according to the
present invention will be described with reference to FIG.
1 to FIG. 3.
[0026] FIG. 1 is a circuit diagram illustrating a basic
configuration of a heating and cooling air conditioning
system 1 (an example of a refrigerating cycle system)
according to embodiments of the present invention. This
heating and cooling air conditioning system 1 is a heat
pump type heating and cooling air conditioning system
applied to a house, an office, a store, or the like, and has
a general configuration including an outdoor unit 2 in-
stalled outdoor, and an indoor unit 3 installed indoor.
[0027] Inside the outdoor unit 2, a sealed electric com-
pressor 4 (compressor) that compresses a refrigerant, a
four-way valve 5 that controls flow of the refrigerant, an
outdoor heat exchanger 6 that functions as a condenser
for condensing a refrigerant during cooling operation, and
functions as an evaporator for evaporating a refrigerant
during heating operation, a receiver drier 7 that removes
moisture in the refrigerant, and an expansion valve 8 that
expands the refrigerant are connected in this order by a
pipeline member 10. From the expansion valve 8, a pipe-
line member 11 extends to be connected to the indoor
unit 3.
[0028] An accumulator 12 is connected to the suction
side of the electric compressor 4, and a cooling fan 13
is provided in the outdoor heat exchanger 6. Further-
more, a controller 14 that controls this heating and cooling
air conditioning system 1 is installed. The controller 14
controls the electric compressor 4, the four-way valve 5,
and the expansion valve 8 by sending control signals S1,
S2, S3 to the electric compressor 4, the four-way valve
5, and the expansion valve 8, respectively.
[0029] On the other hand, inside the indoor unit 3, an
indoor heat exchanger 15 that functions as an evaporator
for evaporating a refrigerant during cooling operation,
and functions as a condenser for condensing a refriger-
ant during heating operation is incorporated, and a blow-

er fan 16 is provided along with the indoor heat exchanger
15. The pipeline member 11 extending from the outdoor
unit 2 is connected to one end of the indoor heat exchang-
er 15, a pipeline member 17 extending from the other
end of the indoor heat exchanger 15 is connected to the
accumulator 12 through the four-way valve 5 inside the
outdoor unit 2.
[0030] When the four-way valve 5 is at the angle illus-
trated in FIG. 1, the heating and cooling air conditioning
system 1 is in a cooling operation mode, high temperature
and high pressure refrigerant compressed by the electric
compressor 4 to be discharged flows into the outdoor
heat exchanger 6 through the four-way valve 5, and is
heat-exchanged with outside air by the cooling fan 13 to
be cooled in the outdoor heat exchanger 6, so that the
cooled refrigerant is brought into a liquid phase state.
Then, after moisture is removed by the receiver drier 7,
the refrigerant is expanded by the expansion valve 8 to
be set to suitable pressure. Thereafter, the refrigerant
flows into the indoor heat exchanger 15 of the indoor unit
3 through the pipeline member 11, and is vaporized in
the indoor heat exchanger 15, so that heat of the indoor
heat exchanger 15 is eliminated. At the same time, the
blower fan 16 operates, so that indoor air is cooled by
the indoor heat exchanger 15 to be blown into a room
and used for indoor air cooling. The refrigerant vaporized
by the indoor heat exchanger 15 is sucked into the electric
compressor 4 again through the pipeline member 17, the
four-way valve 5, and the accumulator 12.
[0031] When the four-way valve 5 rotates clockwise or
counterclockwise by 90 degrees from the angle illustrat-
ed in FIG. 1, the heating and cooling air conditioning sys-
tem 1 enters a heating operation mode. That is, the re-
frigerant compressed by the electric compressor 4 flows
into the indoor heat exchanger 15 through the four-way
valve 5 and the pipeline member 17, is heat-exchanged
with indoor air in the indoor heat exchanger 15 by the
blower fan 16 to be cooled, and is brought into the liquid
phase state. At this time, air warmed by heat exchange
with the refrigerant is brown into the room by the blower
fan 16 to be used for indoor air heating. Then, the refrig-
erant that passes through the indoor heat exchanger 15
to be brought into the liquid phase state is expanded by
the expansion valve 8, and is set to suitable pressure.
Thereafter, after moisture is removed by the receiver dri-
er 7, the refrigerant flows into the outdoor heat exchanger
6, is vaporized in the outdoor heat exchanger 6 to release
heat to the outside, and is sucked into the electric com-
pressor 4 again through the accumulator 12.

{First embodiment}

[0032] FIG. 2 is a longitudinal sectional view illustrating
a first embodiment of the accumulator 12.
[0033] The accumulator 12 once stores a gas-liquid
mixed refrigerant returned from the outdoor heat ex-
changer 6 or the indoor heat exchanger 15 to the electric
compressor 4, and performs gas-liquid separation by
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gravity therein, makes the electric compressor 4 suck
only a vaporized refrigerant, and stores a predetermined
amount of liquefied refrigerant R. The accumulator 12
includes a tank-shaped pressure vessel 20 having pre-
determined capacity, a pipe-shaped refrigerant inflow
section 21 and a pipe-shaped refrigerant outflow section
22 provided at a top of the pressure vessel 20, an electric
heating element 23, and a temperature sensor 24.
[0034] The refrigerant inflow section 21 is a short pipe
member bent at a right angle, an inlet opening 21a pro-
vided in one end of the refrigerant inflow section 21 is
connected to the four-way valve 5, and an outlet opening
21b provided in the other end of the refrigerant inflow
section 21 penetrates a top board of the pressure vessel
20 to be opened downward at an upper section of the
inside of the pressure vessel 20.
[0035] The refrigerant outflow section 22 is a U-shaped
pipe member longer than the refrigerant inflow section
21, and an inlet opening 22a provided in one end of the
refrigerant outflow section 22 is opened upward at an
upper section of the inside of the pressure vessel 20, and
the other end of the refrigerant outflow section 22 pene-
trates the top board of the pressure vessel 20, an outlet
opening 22b provided in this end is connected to the elec-
tric compressor 4. An intermediate section of the refrig-
erant outflow section 22 is deeply curved in a U-shape
so as to protrude downward the inside the pressure ves-
sel 20, and a curve section is located near a bottom of
the pressure vessel 20.
[0036] When the height of the outlet opening 21b of
the refrigerant inflow section 21 inside the pressure ves-
sel 20 is denoted by H1, the height H2 of the inlet opening
22a of the refrigerant outflow section 22 is set to be lower
than H1. The height H3 of the electric heating element
23 and the height H3 of the temperature sensor 24 are
each set to further lower than H2. That is, the relation of
these heights are H1 > H2 > H3. The installation height
H3 of each of the electric heating element 23 and the
temperature sensor 24 is the allowable highest liquid lev-
el of the liquefied refrigerant R inside the pressure vessel
20.
[0037] In the accumulator 12, the gas-liquid mixed re-
frigerant returned from the outdoor heat exchanger 6 or
the indoor heat exchanger 15 to the electric compressor
4 flows from the inlet opening 21a of the refrigerant inflow
section 21, and flows down from the outlet opening 21b
to enter the pressure vessel 20. This gas-liquid mixed
refrigerant is separated by gravity, and the liquefied re-
frigerant R which is a liquid phase of the gas-liquid mixed
refrigerant is stored in the pressure vessel 20 along with
lubricant oil. Thus, the liquid level H4 of the liquefied re-
frigerant R stored in the pressure vessel 20 is adjusted
so as to be lower than the height H3 of each of the electric
heating element 23 and the temperature sensor 24 during
normal operation of the heating and cooling air condition-
ing system 1. Therefore, during normal operation, the
inlet opening 22a of the refrigerant outflow section 22
sufficiently protrudes above the liquid level of the lique-

fied refrigerant R.
[0038] A vaporized refrigerant that is separated from
the gas-liquid mixed refrigerant enters the refrigerant out-
flow section 22 from the inlet opening 22a, and flows out
from the outlet opening 22b to be sucked into the electric
compressor 4. Thus, the liquefied refrigerant R is stored
in the pressure vessel 20, and only the vaporized refrig-
erant is sucked into the electric compressor 4, so that
the liquefied refrigerant R is never sucked into the electric
compressor 4.
[0039] On a side wall 20a forming a side surface of the
pressure vessel 20, a recess 20b depressed to the inner
side from the outer side of the pressure vessel 20 is
formed. This recess 20b is formed by, for example, boring
a through hole in the side wall 20a, and inserting a pipe
material 20c having a closed tip into this through hole by
a predetermined length to be welded. Then, the electric
heating element 23 and the temperature sensor 24 are
inserted into this recess 20b from the outer side of the
pressure vessel 20.
[0040] The temperature sensor 24 is not an essential
element for carrying out the present invention, and there-
fore can be omitted. Alternatively, a pressure sensor may
be provided along with the temperature sensor 24. The
pressure sensor is provided, so that the pressure of the
inside of the pressure vessel 20 is detected, and it is
possible to determine to some extent whether or not the
liquefied refrigerant R exists near the installation heights
H3 of the electric heating element 23 and the temperature
sensor 24, from a difference between the saturation
evaporation temperature of the liquefied refrigerant R un-
der the detected pressure, and an actual temperature
measured by the temperature sensor 24.
[0041] During operation of the heating and cooling air
conditioning system 1 thus configured, power is supplied
to the electric heating element 23 from the controller 14
(or a power source not illustrated) through a harness 23a.
At this time, a voltage applied to the electric heating el-
ement 23 is set to such a constant voltage that the tem-
perature of the vaporized refrigerant is raised by heat
generation of the electric heating element 23 when the
electric heating element 23 is adjacent to the vaporized
refrigerant, and the temperature of the electric heating
element 23 is lowered by cold heat of the liquefied refrig-
erant R when the electric heating element 23 is adjacent
to the liquefied refrigerant R.
[0042] That is, as illustrated in FIG. 2, when the liquid
level of the liquefied refrigerant R stored in the pressure
vessel 20 is lower than the height H3 of the electric heat-
ing element 23, the electric heating element 23 is adja-
cent to the vaporized refrigerant, and the vaporized re-
frigerant in the pressure vessel 20 is warmed by heat
generated by the electric heating element 23. In a case
where the liquid level of the liquefied refrigerant R reach-
es the height H3 of the electric heating element 23, the
electric heating element 23 is adjacent to the liquefied
refrigerant R, the electric heating element 23 is cooled
by the cold heat of the liquefied refrigerant R having larger
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specific heat than the vaporized refrigerant.
[0043] The controller 14 detects the above change of
the heating value of the electric heating element 23 by
change of power consumption. As illustrated in FIG. 3,
in a case where the power consumption reaches a pre-
determined threshold value A, protection operation for
lowering the liquid level of the liquefied refrigerant R is
performed.
[0044] For example, when the liquid level of the lique-
fied refrigerant R in the pressure vessel 20 of the accu-
mulator 12 rises to reach the height H3 of the electric
heating element 23 at a time point when time T1 elapses
from operation start, the heating value of the electric heat-
ing element 23 to which a constant voltage is supplied,
namely, a current value starts rising from a steady-state
value N. This is because a current amount required for
generating the heat of the electric heating element 23
when the electric heating element 23 is adjacent to the
liquefied refrigerant having a larger specific heat is larger
than a current required for generating the heat of the
electric heating element 23 when the electric heating el-
ement 23 is adjacent to the vaporized refrigerant R having
a smaller specific heat. Accordingly, the controller 14
monitors the current amount of the electric heating ele-
ment 23, so that it is possible to determine whether the
electric heating element 23 is adjacent to the vaporized
refrigerant or the liquefied refrigerant R.
[0045] When the current value reaches the predeter-
mined threshold value A at time T2, the controller 14
starts the protection operation. More specifically, a meas-
ure such as reduction in the rotational speed of the elec-
tric compressor 4 or temporal shutdown of the electric
compressor 4, and reduction in the opening of the ex-
pansion valve 8 is taken (suitably selected in accordance
with an operation state), and the liquid level of the lique-
fied refrigerant R in the accumulator 12 is lowered. Con-
sequently, it is possible to prevent liquid flow-back to pro-
tect the electric compressor 4.
[0046] Thereafter, when the current value exceeds a
peak value and lowers, and drops to a threshold value B
lower than the threshold value A at time T3, the controller
14 ends the protection operation. Thus, the reason why
the threshold value A when the protection operation is
started is set to be lower than the threshold value B when
the protection operation is ended is because when the
current value rises or lowers near the threshold value A,
the protection operation is prevented from frequently re-
peating the start and the end (hysteresis).
[0047] In FIG. 3, at time T4, the liquid level of the liq-
uefied refrigerant R lowers to an initial value, and the
current value is returned to the steady-state value N.
However, during actual operation, the current value rises
and lowers between the steady-state value N and the
threshold value A.
[0048] Thus, in the heating and cooling air conditioning
system 1 of this embodiment, gas-liquid separation of
the gas-liquid mixed refrigerant sucked into the electric
compressor 4 is performed, the electric heating element

23 is provided at the position of the allowable highest
liquid level H3 of the liquefied refrigerant R in the accu-
mulator 12 that makes the electric compressor 4 suck
only the vaporized refrigerant, the change of the heating
value of the electric heating element 23 is detected as
the change of the power consumption by the controller
14, and the protection operation for lowering the liquid
level is performed in a case where the power consump-
tion reaches the predetermined threshold value A.
[0049] In a case of this configuration, the electric heat-
ing element 23 is not a sensor, and therefore it is possible
to carry out this simple and low-cost configuration com-
pared with a configuration in which a liquid level detector
is provided in the accumulator 12 like a conventional tech-
nology. Additionally, a failure rate as a liquid level detec-
tion unit is reduced, and therefore it is possible to greatly
improve reliability of the heating and cooling air condi-
tioning system 1. Accordingly, with the simple and low-
cost configuration having high reliability, it is possible to
prevent liquid flow-back from the accumulator 12 to pro-
tect the electric compressor 4.
[0050] The voltage applied to the electric heating ele-
ment 23 is set in such a range that the temperature of
the vaporized refrigerant is raised by the heat generation
of the electric heating element 23 when the electric heat-
ing element 23 is adjacent to the vaporized refrigerant,
and the temperature of the electric heating element 23
is lowered by the cold heat of the liquefied refrigerant R
when the electric heating element 23 is adjacent to the
liquefied refrigerant R.
[0051] Consequently, the heating value of the electric
heating element 23 can warm the vaporized refrigerant,
but cannot warm the liquefied refrigerant, and becomes
such a weak heating value that the electric heating ele-
ment 23 is cooled. Even this enables sufficient determi-
nation between the vaporized refrigerant and the lique-
fied refrigerant R, and therefore rise of the liquid level of
the liquefied refrigerant R can be detected by required
minimum power, and liquid flow-back can be prevented.
[0052] Moreover, the heating value of the electric heat-
ing element 23 is minimized, and therefore the gas-liquid
refrigerant in the accumulator 12 is not heated more than
necessary. Accordingly, an excessive degree of super-
heat is not given to the refrigerant by the electric heating
element 23, and the efficiency of the heating and cooling
air conditioning system 1 can be prevented from lower-
ing.
[0053] The electric heating element 23 is inserted, from
the outer side, into the recess 20b provided in the side
wall 20a of the accumulator 12 (pressure vessel 20) and
depressed to the inner side from the outer side of the
pressure vessel 20.
[0054] According to this structure, the electric heating
element 23 can be detachably mounted from the outside
of the pressure vessel 20, and therefore, for example, in
a case where the electric heating element 23 is replaced
for maintenance, the refrigerant in the entire heating and
cooling air conditioning system 1 does not have to be
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removed, and it is possible to greatly improve a mainte-
nance property.
[0055] Moreover, a surface of the electric heating ele-
ment 23 is immersed with a wide area into the gas-liquid
refrigerant through the recess 20b of the pressure vessel
20, and therefore a heat-exchange rate between the elec-
tric heating element 23 and the gas-liquid refrigerant can
be increased compared to a case where the electric heat-
ing element 23 is simply stuck to the side wall 20a of the
pressure vessel 20.
[0056] Consequently, when the liquid level of the liq-
uefied refrigerant R in the pressure vessel 20 rises to
reach the height H3 of the electric heating element 23,
time until the power consumption of the electric heating
element 23 is increased (time between T1 and T2 in FIG.
3) is shortened. Accordingly, time until the protection op-
eration by the controller 14 is started is also shortened.
Therefore, it is possible to improve control responsive-
ness to prevent liquid flow-back, and reliably protect the
electric compressor 4.

{Second Embodiment}

[0057] FIG. 4 is a longitudinal sectional view illustrating
a second embodiment of an accumulator.
[0058] This accumulator 12A is different from the ac-
cumulator 12 of the first embodiment illustrated in FIG.
2 in two points, namely in that an electric heating element
23A is a temperature measuring resistor which is utiliz-
able also as a temperature sensor, and the temperature
sensor 24 illustrated in FIG. 2 is not provided. Other com-
ponents are the same as the components of the accu-
mulator 12 illustrated in FIG. 2, and therefore are denoted
by the same reference numerals, and description thereof
will be omitted.
[0059] Thus, a constant voltage is supplied to the elec-
tric heating element 23A by use of a temperature meas-
uring resistor as the electric heating element 23A, simi-
larly to the first embodiment, so that the electric heating
element 23A can be used as a liquid level detection sen-
sor of a liquefied refrigerant R.
[0060] In a case of a heating and cooling air condition-
ing system in which a refrigerant temperature sensor is
provided in the accumulator 12A, temperature data de-
tected by the electric heating element 23A is sent to a
controller 14, so that the temperature of a refrigerant can
be detected.
[0061] That is, the single electric heating element 23A
can be used as both the liquid level detection sensor for
the liquefied refrigerant R, and the refrigerant tempera-
ture sensor, and it is possible to simplify a system con-
figuration to reduce a cost and improve reliability.
[0062] As described above, according to the refriger-
ating cycle system and the liquid flow-back prevention
method of this embodiment, it is possible to prevent liquid
flow-back to protect a compressor by a simple and low-
cost configuration having high reliability and an excellent
maintenance property.

[0063] The present invention is not limited to only the
configurations of the above embodiments, changes or
modifications can be suitably added to the embodiments,
and embodiments including the changes or the modifi-
cations are included in the technical scope of the present
invention.
[0064] For example, the recess 20b into which the elec-
tric heating element 23, 23A is inserted is not always
provided in the side wall 20a of the pressure vessel 20.
For example, the recess 20b may be formed so as to be
suspended toward the inner section of the pressure ves-
sel 20 of the top board of the pressure vessel 20, and
the electric heating element 23, 23A may be inserted into
the inner section.

REFERENCE SIGNS LIST

[0065]

1 Heating and cooling air conditioning system (re-
frigerating cycle system)
2 Outdoor unit
3 Indoor unit
4 Electric compressor (compressor)
5 Four-way valve
6 Outdoor heat exchanger (condenser)
7 Receiver drier
8 Expansion valve
12, 12A Accumulator
14 Controller
15 Indoor heat exchanger (evaporator)
20 Pressure vessel
20a Side wall of pressure vessel
20b Recess
20c Pipe material
21 Refrigerant inflow section
22 Refrigerant outflow section
23 Electric heating element
23A Electric heating element (temperature measur-
ing resistor)
A Threshold value
H3 Allowable highest liquid level
R Liquefied refrigerant

Claims

1. A refrigerating cycle system comprising:

a compressor (4) configured to compress a re-
frigerant;
a condenser (6) configured to condens com-
pressed refrigerant discharged from the com-
pressor (4);
an expansion valve (8) configured to expand the
compressed refrigerant condensed by the con-
denser (6);
an evaporator (15) configured to vaporize the
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compressed refrigerant expanded by the expan-
sion valve (8); and
an accumulator (12, 12A) configured to, once a
stored gas-liquid mixed refrigerant has returned
from the evaporator (15) to the compressor (4),
separate the gas-liquid mixed refrigerant into a
liquefied refrigerant (R) and a vaporized refrig-
erant, and to make the compressor (4) suck only
the vaporized refrigerant, wherein

the accumulator (12, 12A) includes:

a pressure vessel (20);
a refrigerant inflow section (21) configured to al-
low the gas-liquid mixed refrigerant to flow into
the pressure vessel (20);
a refrigerant outflow section (22) configured to
allow the vaporized refrigerant to flow toward
the compressor (4); and
an electric heating element (23, 23A) provided
at a position of an allowable highest liquid level
of the liquefied refrigerant (R) in the pressure
vessel (20), of the pressure vessel (20),
the refrigerating cycle system further comprising
a controller (14) configured to detect a change
of a heating value of the electric heating element
(23, 23A) by detecting a change of power con-
sumption, and to perform protection operation
for lowering the liquid level of the liquefied re-
frigerant (R) in a case where the power con-
sumption reaches a predetermined threshold
value.

2. The refrigerating cycle system according to claim 1,
wherein
a voltage applied to the electric heating element (23,
23A) is set in such a range that a temperature of the
vaporized refrigerant is raised by heat generation of
the electric heating element (23, 23A) when the elec-
tric heating element (23, 23A) is adjacent to the va-
porized refrigerant, and the temperature of the elec-
tric heating element (23, 23A) is lowered by cold heat
of the liquefied refrigerant (R) when the electric heat-
ing element (23, 23A) is adjacent to the liquefied re-
frigerant (R).

3. The refrigerating cycle system according to claim 1
or 2, wherein
the electric heating element (23, 23A) is a tempera-
ture measuring resistor (23A) that is utilizable also
as a temperature sensor.

4. The refrigerating cycle system according to any of
claims 1 to 3, wherein
the electric heating element (23, 23A) is inserted into
a recess (20b) from an outer side of the pressure
vessel (20), the recess (20b) being provided in the
pressure vessel (20) and being depressed to an in-

ner side from the outer side of the pressure vessel
(20).

5. A liquid flow-back prevention method comprising:

providing an electric heating element (23, 23A)
at a liquid level of a liquefied refrigerant (R) in
an accumulator (12, 12A), the accumulator (12,
12A) separating a gas-liquid mixed refrigerant
returned from an evaporator (15) to a compres-
sor (4) into the liquefied refrigerant (R) and a
vaporized refrigerant in a refrigerating cycle sys-
tem, the liquid level being a maximum storage
amount of the liquefied refrigerant (R);
detecting change of a heating value of the elec-
tric heating element (23, 23A) by change of a
current value; and
detecting that the liquid level of the liquefied re-
frigerant (R) reaches an allowable highest liquid
level.
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