
3 May 2006 Specification  REFRIGERATION DEVICE AND METHOD FOR DETECTING
REFRIGERANT AMOUNT OF REFRIGERATION DEVICE Technical Field 5 The present
invention relates to a refrigeration device and a method for  detecting the
refrigerant amount of a refrigeration device. More particularly, the
present invention relates to a refrigeration device that includes a
refrigerant  circuit having a compressor that compresses gas refrigerant
and a receiver that  stores liquid refrigerant, and a method of detecting
the refrigerant amount of a  10 refrigerant device. Background Art One
example of a conventional refrigeration device that includes a vapor
compression refrigeration circuit is an air conditioner that is employed to
provide  air conditioning for buildings or the like. This type of air
conditioner primarily 15 includes a heat source unit having a compressor
and a heat source side heat  exchanger, a plurality of user units having
user side heat exchangers, and gas  refrigerant connection lines and liquid
refrigerant connection lines that connect  these units. With this air
conditioner, each unit and the lines will be installed on site,  20 and
then during a test operation, the air conditioner will be charged with the
amount of refrigerant needed in accordance with the length of the
refrigerant  connection lines. When this occurs, the decision as to whether
or not the air  conditioner has been charged with the required amount of
refrigerant will be  determined based upon the time needed for charging on
site. This is because 25 the length of the refrigerant connection lines
will vary due to the site at which the  air conditioner is installed.
Because of this, the amount of refrigerant charged  into the air
conditioner must rely upon the charging task level. One air conditioner
that can solve this problem is a device which has a  configuration that can
detect when the liquid refrigerant stored inside a receiver 



-1 3 May 2006 provided in a refrigerant circuit reaches a predetermined
liquid level, and can  detect during refrigerant charging the amount of
refrigerant that needs to be  charged into the air conditioner. An air
conditioner 901 having a configuration  that can detect the liquid level of
a receiver will be described below with  5 reference to Fig. 10. The air
conditioner 901 includes a heat source unit 902, a plurality of  (here,
two) user units 5 that are connected in parallel, and a liquid refrigerant
connection line 6 and a gas refrigerant connection line 7 that serve to
connect  the heat source unit 902 and the user units 5. 10 The user units 5
primarily include a user side expansion valve 51, and a  user side heat
exchanger 52. The user side expansion valve 51 is an electric  expansion
valve that is connected to the liquid side of the user side heat  exchanger
52, and serves to adjust the refrigerant pressure, refrigerant flow rate
and the like. The user side heat exchanger 52 is a cross fin tube type heat
15 exchanger, and serves to exchange heat with indoor air. In the present
embodiment, a user unit 5 includes a fan not shown in the figures) that
takes in  indoor air into the interior thereof, and serves to blow air
outward, and is capable  of exchanging heat between the indoor air and the
refrigerant that flows in the  user side heat exchanger 52. 20 The heat
source unit 902 primarily includes a compressor 21, an oil  separator 22, a
four way switching value 23, a heat source side heat exchanger  24, a
bridge circuit 25 that includes a heat source side expansion valve 25a, a
receiver 26, a liquid side gate valve 27, and a gas side gate valve 28. The
compressor 21 serves to compress refrigerant gas drawn therein. The oil 25
separator 22 is arranged on the discharge side of the compressor 21, and is
a  vessel that serves to separate oil included in the refrigerant gas that
has been  compressed/discharged. The oil separated in the oil separator 22
is returned to  the intake side of the compressor 21 via an oil return line
22a. The four way  



switching valve 23 serves to switch the direction of the refrigerant flow
during -2 3 May 2006 switching between cooling operations and heating
operations. During cooling  operations, the four way switching valve 23 can
connect the discharge port of the oil separator 22 and the gas side of the
heat source side heat exchanger 24,  and can connect the intake side of the
compressor 21 and the gas refrigerant 5 connection line 7. During heating
operations, the four way switching valve 23  can connect the outlet of the
oil separator 22 and the gas refrigerant connection  line 7, and can
connect the intake side of the compressor 21 and the gas side of  the heat
source side heat exchanger 24. The heat source side heat exchanger  24 is a
cross fin tube type heat exchanger, and serves to exchange heat 10 between
air and refrigerant that acts as a heat source. The heat source unit  902
includes a fan (not shown in the figures) that takes in outdoor air into
the  interior thereof, and serves to blow air outward, and is capable of
exchanging  heat between the outdoor air and the refrigerant that flows in
the heat source  side heat exchanger 24. 15 The receiver 26 is, for
example, a vertical type cylindrical vessel such as  that shown in Fig. 11,
and serves to temporarily store refrigerant liquid that flows  in the main
refrigerant circuit 10. The receiver 26 includes an intake port on  the
upper portion of the vessel, and a discharge port on the lower portion of
the  vessel. The bridge circuit 25 is formed from the heat source side
expansion 20 valve 25a and three check valves 25b, 25c, 25d, and serves to
allow refrigerant  to flow into the receiver 26 from the intake port of the
receiver 26 and allow liquid  refrigerant to flow out from the discharge
port of the receiver 26, even when the  refrigerant that flows in the main
refrigerant circuit 10 flows into the receiver 26  from the heat source
side heat exchanger 24 or flows into the receiver 26 from 25 the user side
heat exchangers 52. The heat source side expansion valve 25a  is an
electric expansion valve that is connected to the liquid side of the heat
source side heat exchanger 24, and serves to adjust the refrigerant
pressure,  



refrigerant flow rate and the like. The liquid side gate valve 27 and the
gas side  gate valve 28 are respectively connected to the liquid
refrigerant connection line -3 3 May 2006 6 and the gas refrigerant
connection line 7. The main refrigerant circuit 10 of  the air conditioner
901 is formed by these devices, lines, and valves. Furthermore, the air
conditioner 901 includes a liquid level detection  circuit 930 that is
connected to a predetermined position on the receiver 26. The  5 liquid
level detection circuit 930 is connected between the predetermined position
of the receiver 26 and the intake side of the compressor 21, and can  draw
out refrigerant from the predetermined position of the receiver 26, reduce
the pressure of the refrigerant, and return the refrigerant to the intake
side of the  compressor 21. Here, the predetermined position of the
receiver 26 to which the 10 liquid level detection circuit 930 is connected
is a first predetermined position L,  (see Fig. 11) that corresponds to the
amount of liquid refrigerant that is stored in  the receiver 26 when the
required amount of refrigerant is charged in the main  refrigerant circuit
10. The liquid level detection circuit 930 includes a bypass  circuit 931
having an open/close mechanism 931a composed of a solenoid valve 15 and a
pressure reduction mechanism 931b composed of a capillary tube that  serves
to reduce the pressure of refrigerant that is provided on the downstream
side of the open/close mechanism 931a, and a temperature detection
mechanism 932 composed of a thermistor that is arranged at a position on
the  downstream side of the pressure reduction mechanism 931 b. 20 The act
of charging the main refrigerant circuit 10 of the aforementioned  air
conditioner 901 (which includes the receiver 26 and the liquid level
detection  circuit 930) with refrigerant (e.g., R407C) will be described.
First, the circuit configuration of the main refrigerant circuit 10 will be
placed into cooling operation mode. During cooling operations, the four way
25 switching valve 23 is in the state shown by the solid lines in Fig. 10,
i.e., the discharge side of the compressor 21 is connected to the gas side
of the heat  



source side heat exchanger 24, and the intake side of the compressor 21 is
connected to the gas side of the user side heat exchangers 52. In addition,
the  liquid side gate valve 27, the gas side gate valve 28, and the heat
source side -4 3 May 2006 expansion valve 25a are opened, and the aperture
of the user side expansion  valve 51 is adjusted so as to reduce the
pressure of the refrigerant. With the main refrigerant circuit 10 in this
state, refrigerant will be  charged into the main refrigerant circuit 10
from the exterior thereof, and a  5 cooling operation will be performed.
More specifically, when the heat source unit 902 fan, the user unit 5 fan,
and the compressor 21 are actuated, gas  refrigerant at a pressure PS
(about 0.6 MPa) (see point A in Fig. 12) will be taken  into the compressor
21 and compressed to a pressure Pd (about 2.0 MPa,  corresponding to a
condensation temperature of 50C for the refrigerant in the 10 heat source
side heat exchanger 24). After this, the refrigerant will be sent to  the
oil separator 22 to separate the gas refrigerant and the oil (see point B
in Fig.  12). After that, the compressed gas refrigerant is sent to the
heat source side  heat exchanger 24 via the four way switching valve 23,
exchanges heat with  outdoor air, and is condensed (see point C in Fig.
12). The condensed liquid 15 refrigerant will be sent to the user units 5
via the bridge circuit 25 and the liquid  refrigerant connection line 6.
Then, the liquid refrigerant that is sent to the user  units 5 is reduced
in pressure by the user side expansion valve 51 (see point D  in Fig. 12),
and then exchanges heat with indoor air in the user side heat  exchangers
52 and evaporated (see point A in Fig. 12). The evaporated gas 20
refrigerant is again taken into the compressor 21 via the gas refrigerant
connection line 7 and the four way switching valve 23. The same operation
as  the cooling operation is then performed. Refrigerant will be charged
into the main refrigerant circuit 10 while  continuing this operation.
Here, by controlling the flow rate of air blown by the  25 fans of each
unit 5, 902, only a portion of the total amount of refrigerant that is 



charged from the outside will be gradually stored as liquid refrigerant in
the  receiver 26, because the amount of evaporated refrigerant in the user
side heat  exchangers 52 will be balanced with the amount of condensed
refrigerant in the  heat source side heat exchanger 24. 5 3 May 2006 Next,
while the aforementioned refrigerant charging operation is  performed, the
open/close mechanism 931a of the liquid level detection circuit  930 will
be open, a portion of the refrigerant will be drawn out from the first
predetermined position L1 of the receiver 26, the pressure thereof will be
5 reduced by means of the pressure reduction mechanism 931 b, the
temperature  of the refrigerant after pressure reduction will be measured
by means of the  temperature detection mechanism 32, and then the
refrigerant will be returned to  the intake side of the compressor 21. In
the event that the amount of the liquid refrigerant stored in the  10
receiver 26 is low, and the liquid level of the liquid refrigerant does not
reach the  first predetermined position L, of the receiver 26, gas
refrigerant in the saturated  state (see point E of Fig. 13) will flow
therein. This gas refrigerant will be  reduced in pressure to pressure PS
by the pressure reduction mechanism 931 b,  and reduced in temperature from
about 57C to about 20C (a temperature  15 reduction of about 37C)(see point
F of Fig. 13). After this, when the liquid level of the liquid refrigerant
reaches the first  predetermined position L1 of the receiver 26 and liquid
refrigerant in the  saturated state in the receiver 26 flows into the
liquid level detection circuit 930  (see point H of Fig. 13), by reducing
the pressure of this liquid refrigerant to 20 pressure PS by means of the
pressure reduction mechanism 931b, the  temperature of the refrigerant will
rapidly reduce from about 50C to about 3C  (a temperature reduction of
about 47C)(see point I of Fig. 13) due to the  occurrence of flash
evaporation. Thus, in this air conditioner 901, a liquid level detection
circuit 930 is  



25 provided which takes a portion of refrigerant out from the first
predetermined  position L, of the receiver 26, reduces the pressure
thereof, measures the  refrigerant temperature, and then returns the
refrigerant to the intake side of the  compressor 21. Then, if the
refrigerant taken out from the receiver 26 is in the  gas state, the liquid
level detection circuit 930 will reduce the temperature of the -6 3 May
2006 refrigerant reduced in pressure in the liquid level detection circuit
930 a small  amount (from point E to point F of Fig. 13), and if the
refrigerant taken out from  the receiver 26 is in the liquid state, the
liquid level detection circuit 930 will  reduce the temperature of the
refrigerant reduced in pressure by means of flash 5 evaporation a large
amount (from point H to point I of Fig. 13). If this  temperature reduction
is large, the liquid level detection circuit 930 will  determine that the
liquid refrigerant in the receiver 26 is stored up to the first
predetermined position L1, and if this temperature reduction is small, the
liquid  level detection circuit 930 will detect that the required amount of
refrigerant has 10 been charged into the main refrigerant circuit 10 by
determining that the liquid  refrigerant in the receiver 26 has not been
stored up to the first predetermined  position Li. (e.g., refer to Japanese
Patent Unexamined Publication No. 2002- 350014) However, there will be
times in which the aforementioned conventional  15 air conditioner 901 must
be operated under conditions in which the temperature  of the heat source
(such as the outside air) of the heat source side heat  exchanger 24 is
high, and the refrigerant pressure on the discharge side of the  compressor
21 is high. In addition, there will be times in which the operating
refrigerant will be changed from R407C to R410A or the like having
saturation 20 pressure characteristics (i.e., a low boiling point) that are
higher in pressure than  R407C, R22, or the like. For example, as shown in
Fig. 14, when the operating refrigerant is  changed to R410A, because the
boiling point of R410A is lower than that of  



R407C, the condensation temperature of the refrigerant in the heat source
side 25 heat exchanger 24 during cooling operations is assumed to be the
same 50C  as when R407C is used, and the condensation pressure in the heat
source side  heat exchanger 24, i.e., the discharge pressure Pd' of the
compressor 21, is  assumed to be about 3.0 MPa. Under these conditions, if
the refrigeration cycle  during cooling operations is drawn in Fig. 14, a
line will connect points A', B', C' -7 3 May 2006 and D'. Here, the point
one must pay attention to is the inclination of the vapor  line at point E'
at which the line segment B'-C' intersects with the vapor line. As  shown
in Figs. 12 and 13, when R407C is used as the operating refrigerant, the
inclination of the vapor line at point E at which the line segment B-C
intersects 5 with the vapor line is approximately vertical with respect to
the horizontal axis or  inclined slightly to the right in the figures.
However, as shown in Fig. 14, when  R410A is used, the inclination of the
vapor line at point E' at which the line  segment B'-C' intersects with the
vapor line is inclined to the left. Because of this,  if one attempts to
detect whether or not the refrigerant stored in the receiver 26 10 has
reached a predetermined position by means of the liquid level detection
circuit 930, then as shown in Fig. 13, if R407C is used the degree of
temperature  reduction when gas refrigerant in the saturated state is
reduced in pressure  (from point E to point F of Fig. 13) will be smaller
than the degree of temperature  reduction when liquid refrigerant in the
saturated state is reduced in pressure 15 (from point H to point I of Fig.
13). However, as shown in Fig. 15, if R410A is  used, in order achieve the
two-phase state when gas refrigerant in a saturated  state is reduced in
pressure (point E' to point F' of Fig. 15), the same  temperature reduction
will be produced as when flash evaporation occurs if  liquid refrigerant in
the saturated state is reduced in pressure (from point H' to 20 point I' in
Fig. 15). Note that with either refrigerant, a temperature reduction of
about 47C (from 50C to 3C) will occur. Because of this, even if the liquid
level of the liquid refrigerant does not  



reach the first predetermined position L, of the receiver 26, the sudden
reduction  in the temperature of the refrigerant taken from the first
predetermined position 25 L, of the receiver 26 will be detected, and
errors'will occur in the determination  of whether the liquid refrigerant
is stored up to the first predetermined position L,  of the receiver 26. In
addition, this phenomenon is not limited only to situations in which the
operating refrigerant is R410A. Even in situations in which R407C is used,
the -8 3 May 2006 same phenomenon as with R410A will be produced if
operations occur under  conditions in which the outdoor air temperature is
high and the condensation  temperature of the refrigerant in the heat
source side heat exchanger 24 is high,  because the position of point E in
Figs. 12 and 13 will shift upward, and the  5 inclination of the vapor
phase will move leftward. Disclosure of the Invention In a refrigeration
device including a refrigeration circuit having a  compressor and a
receiver, an object of the present invention is to increase the  ability of
a liquid level detection circuit to accurately determine whether or not  10
liquid refrigerant is stored up to a predetermined position of the
receiver. The refrigeration device disclosed in claim 1 includes a main
refrigerant  circuit and a liquid level detection circuit. The main
refrigerant circuit includes a  compressor that compresses gas refrigerant,
a heat source side heat exchanger,  a receiver that stores liquid
refrigerant, and user side heat exchangers. The 15 liquid level detection
circuit is arranged so as to be capable of drawing out a  portion of the
refrigerant in the receiver from a predetermined position of the  receiver,
reducing the pressure of the refrigerant and heating it, measuring the
temperature of the refrigerant, and then returning the refrigerant to the
intake  side of the compressor, in order to detect whether the liquid level
in the receiver  20 is at the predetermined position. This refrigeration
device includes a liquid level detection circuit that is  



capable of measuring the temperature of refrigerant drawn out from a
predetermined position of the receiver after pressure reduction and
heating. With  this arrangement, because there will be a large increase in
the temperature of 25 the refrigerant due to heating when the refrigerant
drawn out from the receiver is  in the gas state, and when in the liquid
state, the heat energy due to heating will  be consumed as latent heat of
vaporization and thus there will be a small  increase in the temperature of
the refrigerant due to heating, the liquid level  detection circuit can
determine that the liquid refrigerant is not stored up to the -9 3 May 2006
predetermined position of the receiver when there is a large increase in
refrigerant temperature, and can determine that the liquid refrigerant is
stored up  to the predetermined position of the receiver when there is a
small increase in  refrigerant temperature. Thus, even under conditions in
which the refrigerant 5 drawn out from the receiver is in the saturated gas
state, and a two-phase state  is produced during pressure reduction,
because the liquid level detection circuit  can determine whether or not
liquid refrigerant is stored up to the predetermined  position of the
receiver, the determination accuracy thereof can be improved  compared to
when a conventional liquid level detection circuit is used to 10 determine
whether or not refrigerant is stored up to the predetermined position  of
the receiver by means of the size of the temperature reduction during
pressure reduction. The refrigeration device disclosed in claim 2 is the
device of claim 1, in  which the predetermined position of the receiver is
a position at which gas  15 refrigerant or liquid refrigerant can be
present when the amount of refrigerant  stored in the receiver has changed.
The refrigeration device disclosed in claim 3 is the device of claim 1 or
2,  in which the liquid level detection circuit includes a bypass circuit
and a  temperature detection mechanism. The bypass circuit includes an
open/close 20 mechanism, a pressure reduction mechanism, and a heating
mechanism, and  



connects the receiver with an intake side of the compressor. The
temperature  detection mechanism detects the temperature of the refrigerant
after being  heated by means of the heating mechanism. The refrigeration
device disclosed in claim 4 is the device of claim 3, in  25 which the
heating mechanism is a heat exchanger that uses refrigerant which  flows
inside the main refrigerant circuit as a heating source. With this
refrigeration device, another external heating source such as  for example
an electric heater or the like will be unnecessary, because a heating
mechanism is used that uses refrigerant which flows in the main refrigerant
-10 3 May 2006 circuit as a heating source. The refrigeration device
disclosed in claim 5 is the device of claim 4, in  which the heating source
of the heating mechanism is liquid refrigerant which  flows in the main
refrigerant circuit between a heat source side heat exchanger 5 and user
side heat exchangers. The heating mechanism is arranged in the  bypass
circuit more downstream of the flow of refrigerant than the pressure
reduction mechanism. With this refrigerant device, changes in refrigerant
temperature will be  small, and the refrigerant temperature will be
comparatively stable, even if heat  10 exchange is used, because the
heating mechanism uses liquid refrigerant that flows in the main
refrigerant circuit as a heating source. Because of this,  refrigerant that
flows in the liquid level detection circuit can be stably heated. The
refrigeration device disclosed in claim 6 is the device of any of  claims 1
to 5, and further includes an auxiliary liquid level detection circuit that
15 has the same structure as that of the liquid level detection circuit,
and is arranged so as to draw out a portion of refrigerant in the receiver
from a  reference position of the receiver that is continuously filled with
liquid refrigerant  even when the amount of refrigerant stored in the
receiver has changed. With this refrigeration device, by providing the
auxiliary liquid level  



20 detection circuit having the same configuration as the liquid level
detection  circuit at the reference position at which liquid refrigerant is
continuously stored  in the receiver, the temperature of the refrigerant
can be detected by means of  each temperature detection mechanism of the
two liquid level detection circuits,  and the liquid level can be detected
by comparing the temperature of the 25 refrigerant detected by the
temperature detection mechanism on the auxiliary  liquid level detection
circuit side as a reference, with the temperature of the  refrigerant
detected by the temperature detection mechanism on the liquid level
detection circuit side. Thus, the presence or absence of a liquid level can
be  easily determined, and measurement accuracy can be further improved. -
11  3 May 2006 The refrigeration device disclosed in claim 7 is the device
of any of  claims 1 to 6, in which the refrigerant that flows in the main
refrigerant circuit and  the liquid level detection circuit includes R32 at
50 wt% or greater. When the refrigerant to be used includes R32 at 50 wt%
or greater as  5 the operating refrigerant, there will be times in which
the presence or absence of  a liquid level cannot be determined with good
accuracy by a conventional liquid  level detection circuit, because there
will be a leftward inclination of the vapor  line in the pressure-enthalpy
chart at the condensation temperature (near 50C)  of the refrigerant in the
heat source side heat exchanger during cooling 10 operations and
refrigerant charging operations. However, with this refrigeration  device,
even when the above type of operating refrigerant is to be used, the
liquid level detection circuit can determine the presence or absence of a
liquid  level at the predetermined position of the receiver with good
accuracy because  the heating mechanism is provided therein. 15 The method
of detecting the amount of refrigerant in a refrigeration  device disclosed
in claim 8 is a method of detecting the amount of refrigerant in  a
refrigeration device having a refrigerant circuit which includes a
compressor  that compresses gas refrigerant, a heat source side heat
exchanger, and a  



receiver that stores liquid refrigerant, the method including a compressor
20 operation step and a liquid level detection step. The compressor
operation step  increases pressure up to the point at which the refrigerant
that flows in the  refrigerant circuit can be condensed in the heat source
side heat exchanger by  operating the compressor. During the compressor
operation step, the liquid level  detection step will draw out a portion of
the refrigerant in the receiver from a 25 predetermined position of the
receiver, will reduce the pressure of the refrigerant  and heat it, will
measure the refrigerant temperature, and will determined  whether or not
the liquid level in the receiver is at the predetermined position  based
upon the refrigerant temperature measured. With this liquid level detection
method of the refrigeration device, when -12 3 May 2006 the compressor
operates to increase pressure up to the point at which the  pressure of the
refrigerant that flows in the refrigerant circuit will cause  condensation
in the heat source side heat exchanger, refrigerant in the receiver  will
be drawn out from the predetermined position of the receiver, the pressure
of 5 the refrigerant will be reduced and the refrigerant will be heated,
and then the  temperature of the refrigerant will be measured. With this
arrangement, because  there will be a large increase in the temperature of
the refrigerant due to heating  when the refrigerant drawn out from the
receiver is in the gas state, and when in  the liquid state, the heat
energy due to heating will be consumed as latent heat 10 of vaporization
and thus there will be a small increase in the temperature of the
refrigerant due to heating, the liquid level detection circuit can
determine that the  liquid refrigerant is not stored up to the
predetermined position of the receiver  when there is a large increase in
refrigerant temperature, and can determine that  the liquid refrigerant is
stored up to the predetermined position of the receiver 15 when there is a
small increase in refrigerant temperature. Thus, even under  conditions in
which the refrigerant drawn out from the receiver is in the saturated  gas
state, and a two-phase state is produced during pressure reduction,  



because the liquid level detection circuit can determine whether or not
liquid  refrigerant is stored up to the predetermined position of the
receiver, the 20 determination accuracy thereof can be improved compared to
when a  conventional liquid level detection circuit is used to determine
whether or not  refrigerant is stored up to the predetermined position of
the receiver by means of  the size of the temperature reduction during
pressure reduction. Brief Description of the Drawings 25 Fig. 1 is a
schematic diagram of a refrigerant circuit of an air conditioner  of a
first embodiment of the present invention. Fig. 2 is an enlarged view of
Fig. 14, and shows the operation of a liquid  level detection circuit of
the first embodiment and a second embodiment. Fig. 3 is an enlarged view of
Fig. 12, and shows the operation of the -13 3 May 2006 liquid level
detection circuit of the first embodiment. Fig. 4 is a schematic diagram of
a refrigerant circuit of an air conditioner  having a first modification of
the liquid level detection circuit of the first  embodiment. 5 Fig. 5 is a
schematic diagram of a refrigerant circuit of an air conditioner  having a
second modification of the liquid level detection circuit of the first
embodiment. Fig. 6 is a schematic diagram of a refrigerant circuit of an
air conditioner  having a third modification of the liquid level detection
circuit of the first  10 embodiment. Fig. 7 is a schematic diagram of a
refrigerant circuit of an air conditioner  having a fourth modification of
the liquid level detection circuit of the first  embodiment. Fig. 8 is a
schematic diagram of a refrigerant circuit of an air conditioner  15 of a
second embodiment of the present invention. Fig. 9 shows a receiver of the
air conditioner of the second embodiment.  



Fig. 10 is a schematic diagram of a refrigerant circuit of a conventional
air conditioner. Fig. 11 shows a conventional receiver of an air
conditioner and a  20 receiver of the air conditioner of the first
embodiment. Fig. 12 is a R407C pressure-enthalpy graph, and shows the
refrigerant  cycle of a conventional air conditioner during cooling
operations or refrigerant  charging operations. Fig. 13 is an enlarged view
of Fig. 12, and shows the operation of a  25 conventional liquid level
detection circuit. Fig. 14 is a R410A pressure-enthalpy graph, and shows
the refrigerant  cycle of a conventional air conditioner during cooling
operations or refrigerant  charging operations. Fig. 15 is an enlarged view
of Fig. 14, and shows the operation of a -14 3 May 2006 conventional liquid
level detection circuit.  Best Mode For Carrying Out The Invention
Embodiments of the refrigeration device of the present invention will be
described below with reference to the figures. 5 [First Embodiment] (1)
Overall configuration of an air conditioner Fig. 1 is a schematic diagram
of a refrigerant circuit of an air conditioner  1 of a first embodiment,
and used as an example of the refrigeration device of  the present
invention. The air conditioner 1 includes, like the conventional air 10
conditioner 901, a heat source unit 2, a plurality of (here, two) user
units 5 that  are connected in parallel to the heat source unit 2, and a
liquid refrigerant  connection line 6 and a gas refrigerant connection line
7 that serve to connect  the heat source unit 2 and the user units 5. Here,
a description of the structures  of the user units 5 and the heat source
unit 2, i.e., the structure of the main 15 refrigerant circuit 10, will be
omitted because they are the same as that of the  



conventional air conditioner 901 except for the liquid level detection
circuit 30,  and thus only the structure of the liquid level detection
circuit 30 will be  described. The liquid level detection circuit 30 of the
air conditioner 1 is connected,  20 like the conventional liquid level
detection circuit 930, between the first  predetermined position L, of the
receiver 26 and the intake side of the  compressor 21, can draw out
refrigerant from a predetermined position of the  receiver 26, reduce the
pressure of and heat the refrigerant, and then return the  refrigerant to
the intake side of the compressor 21. 25 The liquid level detection circuit
30 has a bypass circuit 31 which  includes an open/close mechanism 31a
composed of a solenoid valve, a  pressure reduction mechanism 31b composed
of a capillary tube provided on  the downstream side of the open/close
mechanism 31a and which serves to  reduce the pressure of refrigerant, and
a heating mechanism 31c composed of a -15 3 May 2006 heat exchanger that
heats the refrigerant that was reduced in pressure. The  liquid level
detection circuit 30 further includes a temperature detection  mechanism 32
composed of a thermistor that is arranged at a position on the  downstream
side of the heating mechanism 31c. The heating mechanism 31c is 5 a heat
exchanger that exchanges heat with liquid refrigerant (a heat source) that
flows between the heat source side heat exchanger 24 and the user side heat
exchangers 52 (more specifically, between a bridge circuit 25 and liquid
side  gate valves 27). For example, a double tube type heat exchanger may
be used.  (2) Operation of the air conditioner 10 Next, Figs. 1, 2 and 14
(when R410A is used as the operating  refrigerant) will be employed to
describe the operation of the air conditioner 1.  Here, Fig. 2 is an
enlarged view of Fig. 14, and shows the operation of the liquid  level
detection circuit 30. (A) Cooling operations 



15 First, cooling operations will be described. During cooling operations,
the four way switching valve 23 is in the state shown by the solid lines in
Fig. 1,  i.e., the discharge side of the compressor 21 is connected to the
gas side of the  heat source side heat exchanger 24, and the intake side of
the compressor 21 is  connected to the gas side of the user side heat
exchangers 52. In addition, the 20 liquid side gate valve 27, the gas side
gate valve 28, and the heat source side  expansion valve 25a are opened,
and the apertures of the user side expansion  valves 51 are adjusted such
that the refrigerant pressure is reduced. When the heat source unit 2 fan,
the user unit 5 fans, and the  compressor 21 are actuated with the main
refrigerant circuit 10 in this state, gas  25 refrigerant at pressure P's
(about 0.9 MPa) (see point A' of Fig. 14) will be taken into the compressor
21 and compressed to pressure P'd (about 3.0 MPa). After  this, the
refrigerant will be sent to the oil separator 22 to separate the gas
refrigerant and the oil (see point B' of Fig. 14). Then, the compressed
refrigerant gas is sent to the heat source side heat exchanger 24 via the
four -16 3 May 2006 way switching valve 23, exchanges heat with outdoor
air, and is condensed (see  point C' of Fig. 14). The condensed liquid
refrigerant will be sent to the user units  5 side via the bridge circuit
25 and the liquid refrigerant connection line 6. Then,  the liquid
refrigerant that is sent to the user units 5 is reduced in pressure by the
5 user side expansion valves 51 (refer to point D' of Fig. 14), and then
exchanges  heat with indoor air in the user side heat exchangers 52 and
evaporated (refer to  point A' of Fig. 14). The evaporated gas refrigerant
is again taken into the  compressor 21 via the gas refrigerant connection
line 7 and the four way  switching valve 23. In this way cooling operations
will be performed. 10 (B) Heating operations Next, heating operations will
be described. During heating operations,  the four way switching valve 23
is in the state shown by the broken lines in Fig. 1,  i.e., the discharge
side of the compressor 21 is connected to the gas side of the  



user side heat exchangers 52, and the intake side of the compressor 21 is
15 connected to the gas side of the heat source side heat exchanger 24. In
addition, the liquid side gate valve 27, the gas side gate valve 28 and the
user  side expansion valves 51 are opened, and the apertures of the heat
source side  expansion valve 25a is adjusted so as to reduce the pressure
of the refrigerant. With the main refrigerant circuit 10 in this state,
when the heat source  20 unit 2 fan, the user unit 5 fans, and the
compressor 21 are actuated, the gas  refrigerant will be taken into the
compressor 21 and compressed, and then sent  to the oil separator 22 in
order for the oil and gas refrigerant to be separated.  After that, the
compressed gas refrigerant will be sent to the user units 5 via the  four
way switching valve 23 and the gas refrigerant connection line 7. Then, the
25 gas refrigerant sent to the user units 5 exchanges heat with the user
side heat  exchangers 52 and is condensed. The condensed liquid refrigerant
is sent to the  heat source unit 2 via the user side expansion valve 51 and
the liquid refrigerant  connection line 6. Then, the liquid refrigerant
sent to the heat source unit 2 is  reduced in pressure at the heat source
side expansion valve 25a of the bridge -17 3 May 2006 circuit 25, and then
exchanges heat with outdoor air at the heat source side heat  exchanger 24
and evaporated. The evaporated gas refrigerant is again taken  into the
compressor 21 via the four way switching valve 23. In other words,  during
heating operations, the refrigerant state will change in the order shown in
5 Fig. 14, i.e., point A', point D', point C', point B', and point X. This
is reversed  during cooling operations. In this way heating operations will
be performed. (C) Refrigerant charging operation Next, Figs. 2 and 14 will
be employed to describe the operation when  refrigerant is charged into the
main refrigerant circuit 10. 10 First, the configuration of the main
refrigerant circuit 10 will be placed  into the same configuration as that
during cooling operations. Then, with the  E 



main refrigerant circuit 10 in this state and in the~same way as the
conventional air conditioner 901, refrigerant is charged into the main
refrigerant circuit 10 from  the exterior thereof while performing the same
operation as the aforementioned  15 cooling operation. Then, while the
aforementioned refrigerant charging operation is  performed, an operation
will be performed in which the open/close mechanism  31a of the liquid
level detection circuit 30 is opened, a portion of the refrigerant  is
drawn out from the predetermined position of the receiver 26, the pressure
of 20 the refrigerant is reduced in the pressure reduction mechanism 31b,
the  refrigerant is heated in the heating mechanism 31c, the temperature of
the  refrigerant is measured after heating, and then the refrigerant is
returned to the  intake side of the compressor 21. In the event that the
amount of the liquid refrigerant stored in the  25 receiver 26 is low and
the liquid level of the liquid refrigerant does not reach the  first
predetermined position Li, gas refrigerant in the saturated state (see
point E'  of Fig. 2) will flow into the liquid level detection circuit 30.
This gas refrigerant  will be reduced in pressure to pressure PS by the
pressure reduction mechanism  31b, placed into the two-phase state, and
reduced in temperature from about -18 3 May 2006 50C to about 3C (a
temperature reduction of about 47C)(see point F' of Fig.  2). The
refrigerant in the two-phase state will exchange heat with the refrigerant
that flows in the main refrigerant circuit 10 (more specifically, between
the bridge  circuit 25 and the liquid side gate valve 27) and heated by the
heating 5 mechanism 31c (see point G' of Fig. 2). Thus, the refrigerant in
the two-phase  state will be heated from about 3C to about 15C (a
temperature increase of  about 12C) and placed into the superheated gas
state. After this, when the liquid level of the liquid refrigerant reaches
the first  predetermined position L, of the receiver 26 and liquid
refrigerant in the  10 saturated state in the receiver 26 flows into the
liquid level detection circuit 30 



(see point H' of Fig. 2), the temperature of the gas refrigerant will be
rapidly  reduced from about 50C to about 3C (a temperature reduction of
about  47C)(see point I' of Fig. 2) by reducing the pressure thereof to
pressure Ps' by  means of the pressure reduction mechanism 31b and the
occurrence of flash 15 evaporation. The refrigerant in the two-phase state
will be heated by means of  the heating mechanism 31c (see point J' of Fig.
2). Thus, the refrigerant in the  two-phase state will capture the latent
heat of vaporization and further evaporate,  but will not reach the point
at which it entirely evaporates, and the temperature  thereof will remain
at about 3C. 20 Then, the liquid level detection circuit 30 will use a
large temperature  increase during heating in the liquid level detection
circuit 30 when the  refrigerant stored in the receiver 26 is in the gas
state, and use a small  temperature increase during heating when the
refrigerant is in the liquid state, to  detect that the required amount of
refrigerant has been charged by determining 25 that the liquid refrigerant
in the receiver 26 has not been stored up to the first predetermined
position L1 when the temperature increase is large, and  determining that
the liquid refrigerant in the receiver 26 has been stored up to  the first
predetermined position L, when the temperature increase is small, and  then
ending the refrigerant charging operation. -19 3 May 2006 (3) Special
characteristics of the air conditioner The air conditioner 1 of the present
embodiment, and particularly the  liquid level detection circuit 30, have
the following special characteristics. (A) The liquid level detection
circuit 30 capable of measuring the  5 temperature of the refrigerant drawn
out from the first predetermined position L,  of the receiver 26 after
pressure reduction and heating is provided in the air  conditioner 1. With
this arrangement, because there will be a large increase in  the
temperature of the refrigerant due to heating when the refrigerant drawn
out  from the receiver 26 is in the gas state, and when in the liquid
state, the heat 



10 energy due to heating will be consumed as latent heat of vaporization
and thus  there will be a small increase in the temperature of the
refrigerant due to heating,  the liquid level detection circuit 30 can
determine that the liquid refrigerant is not  stored up to the first
predetermined position Li of the receiver 26 when there is a  large
increase in refrigerant temperature, and can determine that the liquid 15
refrigerant is stored up to the first predetermined position L, of the
receiver 26  when there is a small increase in refrigerant temperature.
Thus, even under  conditions in which the refrigerant drawn out from the
receiver 26 is in the  saturated gas state, and a two-phase state is
produced during pressure  reduction (point E' to point F' of Fig. 2),
because the liquid level detection circuit 20 30 can determine whether or
not liquid refrigerant is stored up to the first  predetermined position L,
of the receiver 26, the determination accuracy thereof  can be improved
compared to when the conventional liquid level detection circuit  930 is
used which determines whether or not refrigerant is stored up to the first
predetermined position L1 of the receiver 26 by means of the size of the
25 temperature reduction during pressure reduction. (B) In particular, when
the refrigerant to be used includes 50 wt% or  more of R32 (which is
similar to the R41 OA described above) as the operating  refrigerant, there
will be times in which the presence or absence of a liquid level  cannot be
determined with good accuracy by the conventional liquid level -20 3 May
2006 detection circuit 930, because there will be a leftward inclination of
the vapor line  in the pressure-enthalpy chart at the condensation
temperature (near 50C) of  the refrigerant in the heat source side heat
exchanger 24 during cooling  operations and refrigerant charging
operations. However, even when the above 5 type of operating refrigerant is
to be used, the liquid level detection circuit 30 can  determine the
presence or absence of a liquid level at the first predetermined  position
L, of the receiver 26 with good accuracy because the heating  mechanism 31c
is provided therein. 



(C) In addition, even if R407C or R22 are used, under conditions in  10
which operations are performed when the outdoor air temperature is high and
the condensation temperature of the refrigerant in the heat source side
heat  exchanger 24 is high (e.g., 60C), the same phenomenon as when R410A
is  used will occur, and there will be a slight tendency for the
determination  accuracy to worsen with the conventional liquid level
detection circuit 930, 15 because, as shown in point E of Fig. 3, the
position of point E in Figs. 13 and 14  will move upward and the
inclination of the vapor line near point E will be  leftward. However, even
in this situation, as shown in Fig. 3, because the  temperature increase
after heating of the saturated gas refrigerant (from point F  to point G of
Fig. 3) by means of the heating mechanism 31c of the liquid level 20
detection circuit 30 will be about 12C (an increase from about 17C to about
29C), and the temperature increase after heating of the saturated liquid
refrigerant (from point Ito point J of Fig. 3) by means of the heating
mechanism  31c of the liquid level detection circuit 30 will be about VC
(an increase from  3C to 4C), the liquid level detection circuit 30 can,
like when R410A is used, 25 detect the presence or absence of a liquid
level at the first predetermined  position L, of the receiver 26 with good
accuracy. (D) Furthermore, the heating mechanism 31c can stably heat the
refrigerant, because the heating mechanism 31c is a heat exchanger that
uses  the liquid refrigerant in the main refrigerant circuit 10 having a
relatively stable -21  3 May 2006 temperature as a heating source.  (4)
Modification 1 The pressure reduction mechanism 31b is provided in the
liquid level  detection circuit 30 on the downstream side of the open/close
mechanism 31a,  5 but as shown in Fig. 4, a liquid level detection circuit
130 may be used which has a bypass circuit 131 that includes an open/close
mechanism 131a that also  functions as a pressure reduction mechanism in
addition to the open/close  



mechanism 31a. The same effects as those when the liquid level detection
circuit 30 is provided can be obtained in this configuration as well. 10
(5) Modification 2 The heating mechanism 31c is arranged in the liquid
level detection  circuit 30 and is composed of a heat exchanger that uses
liquid refrigerant as a  heat source, however, as shown in Fig. 5, a liquid
level detection circuit 230 may  be used which has a bypass circuit 231
including a heating mechanism 231c of 15 a type that heats refrigerant by
means of an external heat source such as an  electric heater or the like.
The same effects as those when the liquid level  detection circuit 30 is
provided can be obtained in this configuration as well. (6) Modification 3
The heating mechanism 31c is arranged in the liquid level detection  20
circuit 30 and is composed of a heat exchanger that uses liquid refrigerant
as a  heat source, however, as shown in Fig. 6, when the compressor 21 is
an engine  drive compressor, a liquid level detection circuit 330 may be
used which has a  bypass circuit 331 including a heating mechanism 331c
that uses the exhaust  heat of the engine. The same effects as those when
the liquid level detection  25 circuit 30 is provided can be obtained in
this configuration as well. (7) Modification 4 The heating mechanism 31c is
arranged in the liquid level detection  circuit 30 and is composed of a
heat exchanger that uses liquid refrigerant as a  heat source, however, as
shown in Fig. 7, a liquid level detection circuit 430 may -22 3 May 2006 be
used which has a bypass circuit 431 including a heating mechanism 431c
composed of a heat exchanger that uses gas refrigerant discharged from the
compressor 21 as a heat source. This configuration is slightly inferior to
the  heating mechanism 31c of the liquid level detection circuit 30 that
uses liquid 5 refrigerant as a heat source, from the point of view of
increasing the temperature  change of the gas refrigerant used as a heating
source and discharged from the  



compressor 21, and from the point of view of stable heating. However, the
connection sequence between the pressure reduction mechanism 31 b and the
heating mechanism 431c of this configuration is not limited, and can
simplify the  10 circuit configuration. [Second Embodiment] In the air
conditioner 1 of the first embodiment, the liquid level detection  circuit
30 only provides a first predetermined position L, of the receiver 26 that
corresponds to the refrigerant amount required during refrigerant charging.
15 However, in order to determine whether or not the receiver 26 is full of
liquid, a  liquid level detection circuit having the same configuration as
that of the liquid  level detection circuit 30 may be provided at a second
predetermined position L2  at the apex of the receiver 26. Furthermore, an
auxiliary liquid level detection circuit having the same  20 configuration
as that of the liquid level detection circuit 30 may be provided at a
reference position LR in which liquid refrigerant is continuously filled on
the  bottom portion of the receiver 26. More specifically, as shown in Fig.
8, the configuration of the main  refrigerant circuit 10 and the liquid
level detection circuit 30 of an air conditioner  25 501 of the present
embodiment is the same as that of the air conditioner 1 of the first
embodiment, but differ in two respects. First, the air conditioner 501
includes a liquid level detection circuit 630 having a configuration that
is the  same as that of the liquid level detection circuit 30 and is at the
apex of the  receiver 26, and second, the auxiliary liquid level detection
circuit 530 has a -23 3 May 2006 configuration that is the same as that of
the liquid level detection circuit 30 and is  at the bottom portion of the
receiver 26. As shown in Fig. 9, the liquid level detection circuit 630 is
connected  between the second predetermined position L2 at the apex of the
receiver 26  5 and the intake side of the compressor 21, and like the
liquid level detection 



circuit 30, can draw out refrigerant from the receiver 26, reduce the
pressure of  and heat the refrigerant, and then return the refrigerant to
the intake side of the  compressor 21. Here, as noted above, the second
predetermined position L2 of  the receiver 26 to which the liquid level
detection circuit 630 is connected is the 10 position at which a liquid
full state of the receiver 26 above the first  predetermined position L,
can be detected (see Fig. 9). Like the liquid level  detection circuit 30,
the liquid level detection circuit 630 includes a bypass circuit  631
including an open/close mechanism 631 a, a pressure reduction mechanism
631 b, and a heating mechanism 631 c, and a temperature detection mechanism
15 632. As shown in Fig. 9, the auxiliary liquid level detection circuit
530 is  connected between the reference position LR on the bottom portion
of the  receiver 26 and the intake side of the compressor 21, and like the
liquid level  detection circuit 30, can draw out refrigerant from the
receiver 26, reduce the 20 pressure of and heat the refrigerant, and then
return the refrigerant to the intake  side of the compressor 21. Here, the
reference position LR of the receiver 26 to  which the liquid level
detection circuit 530 is connected is the position at which  liquid
refrigerant is continuously stored on the bottom of the receiver 26 during
operation (see Fig. 9). Note that, because the auxiliary liquid level
detection 25 circuit 530 is used at the same time as the liquid level
detection circuit 30  (described below), as shown in Fig. 9, the line
portion in which the bypass circuit  531 of the auxiliary liquid level
detection circuit 530 returns to the intake side of  the compressor 21 is
shared, the open/close mechanism 31a is arranged on this  shared line
portion, and thus the open/close mechanism 31 a of the liquid level -24 3
May 2006 detection circuit 30, a portion of the lines, and the like, will
be used for more than  one purpose. In other words, the auxiliary liquid
level detection circuit 530 has  the bypass circuit 531 including the
pressure reduction mechanism 531 b and the  heating mechanism 531c
(however, the open/close mechanism 31a and a 



5 portion of the lines will also be used with the bypass circuit 31), and a
temperature detection mechanism 532. Next, Fig. 2 will be employed to
describe the operation of the liquid level  detection circuits 30, 630 and
the auxiliary liquid level detection circuit 530 of the  air conditioner
501 (when R410A is used as the operating refrigerant) during  10
refrigerant charging operation. By opening the open/close mechanism 31a of
the liquid level detection  circuit 30, an operation will be performed
which draws out portions of the  refrigerant from the respective first
predetermined position L, and the reference  position LR of the receiver
26, reduces the pressure of the refrigerant in the 15 pressure reduction
mechanisms 31b, 531b, heats the refrigerant in the heating  mechanisms 31c,
531c, measures the temperature of the refrigerant after  heating by the
temperature detection mechanisms 32, 532, and then returns the  refrigerant
to the intake side of the compressor 21. In the event that the amount of
the liquid refrigerant stored in the  20 receiver 26 is low, and the liquid
level of the liquid refrigerant does not reach the  first predetermined
level L1, gas refrigerant in the saturated state (see point E' of  Fig. 2)
will flow therein. This gas refrigerant will be reduced in pressure to
pressure Ps' by the pressure reduction mechanism 31b, will be placed into
the  two-phase state, and reduced in temperature from about 50C to about 3C
(a 25 temperature reduction of about 47C)(see point F' of Fig. 2). The
refrigerant in  the two-phase state will be heated by means of the heating
mechanism 31c (see  point G' of Fig. 2). Thus, the refrigerant in the
two-phase state will be heated  from about 3C to about 15C (a temperature
increase of about 12C) and  placed into the superheated gas state. On the
other hand, liquid refrigerant in -25 3 May 2006 the saturated state (point
H' of Fig. 2) will flow into the liquid level detection  circuit 530. By
reducing the pressure of this liquid refrigerant to pressure Ps' by  the
pressure reduction mechanism 531 b, the temperature of the liquid
refrigerant  



will rapidly reduce from about 50C to about 3C (a temperature reduction of
5 about 47C)(see point I' of Fig. 2). The refrigerant in the two-phase
state will  exchange heat with the liquid refrigerant that flows in the
main refrigerant circuit  10 and will be heated by the heating mechanism
531c (see point J' of Fig. 2).  Thus, the refrigerant in the two-phase
state will capture the latent heat of  vaporization and further evaporate,
but will not reach the point at which it entirely 10 evaporates, and the
temperature thereof will remain at about 3C. In other words,  the
temperature of the refrigerant drawn out from the first predetermined
position  L1 of the receiver 26 is higher than the temperature of the
refrigerant drawn out  from the reference position LR of the receiver 26,
and in this way it can be  determined that the liquid level in the receiver
26 has not reached the first  15 predetermined position L1. After this,
when the liquid level of the liquid refrigerant reaches the first
predetermined position L, of the receiver 26 and liquid refrigerant in the
saturated state in the liquid level detection circuit 30 (see point H' of
Fig. 2) flows  into the receiver 26, like with the auxiliary liquid level
detection circuit 530, by 20 reducing the pressure of this liquid
refrigerant to pressure P5' by means of the  pressure reduction mechanism
31b, the temperature of the refrigerant will  rapidly reduce from about 50C
to about 3C due to the occurrence of flash  evaporation (a temperature
reduction of about 47C)(see point I' of Fig. 2). The  refrigerant in the
two-phase state will be heated by means of the heating 25 mechanism 31c
(see point J' of Fig. 2). Thus, the refrigerant in the two-phase  state
will capture the latent heat of vaporization and further evaporate, but
will  not reach the point at which it entirely evaporates, and the
temperature thereof  will remain at about 3C. In other words, the
temperature of the refrigerant drawn  out from the first predetermined
position L, of the receiver 26 is the same -26 3 May 2006 temperature as
the refrigerant drawn out from the reference position LR of the  receiver
26, and in this way it can be determined that the liquid level in the  



receiver 26 has reached the first predetermined position Li. As described
above, by providing the auxiliary liquid level detection  5 circuit 530
having the same configuration as the liquid level detection circuit 30  in
the air conditioner 501 and at the reference position LR at which liquid
refrigerant is continuously stored in the receiver 26, the temperature of
the  refrigerant can be detected by means of each temperature detection
mechanism  32, 532 of the two liquid level detection circuits 30, 530, and
the liquid level can 10 be detected by comparing the temperature of the
refrigerant detected by the  temperature detection mechanism 532 on the
auxiliary liquid level detection  circuit 530 side as a reference, with the
temperature of the refrigerant detected  by the temperature detection
mechanism 32 on the liquid level detection circuit  30 side. Thus, the
presence or absence of a liquid level can be easily  15 determined, and
measurement accuracy can be further improved. In addition, the reliability
of the refrigerant charging task, as well as the  aforementioned
operations, can be improved by suitably opening the open/close  mechanism
631a of the liquid level detection circuit 630, determining the  presence
or absence of a liquid level at the second predetermined position L2 of 20
the receiver 26, and detecting whether or not the receiver 26 is
overcharged.  [Other Embodiments] Although embodiments of the present
invention were described above  based upon the figures, the specific
configuration of the present invention is not  limited to these
embodiments, and can be modified within a range that does not  25 depart
from the essence of the invention. (1) In the aforementioned embodiments,
the present invention was  applied to an air conditioner, but may also be
applied to other refrigeration  devices having a vapor compression type of
refrigeration circuit. (2) In the aforementioned embodiments, the present
invention was -27 3 May 2006 applied to an air conditioner in which a
so-called air cooled type of heat source  



unit is employed. However, the present invention may also be applied to an
air  conditioner in which a water cooled type or an ice storage type of
heat source  unit is employed. 5 (3) In the aforementioned embodiments, the
liquid level detection circuit  is configured so as to reduce the pressure
of the refrigerant drawn out from the  first predetermined position of the
receiver with the pressure reduction  mechanism, and then heat the
refrigerant with the heating mechanism.  However, a circuit configuration
which heats the refrigerant with the heating 10 mechanism, and then reduces
the pressure thereof with the pressure reduction  mechanism is also
possible. Even with this configuration, like with the  aforementioned
embodiments, the liquid level determination can be performed  because the
temperature increase due to the heating mechanism will be large  when the
refrigerant drawn out from the first predetermined position of the 15
receiver is gas refrigerant, and the temperature increase due to the
heating  mechanism will be small when the refrigerant is liquid
refrigerant. (4) In the aforementioned second embodiment, the liquid level
detection  circuit was newly arranged at the apex of the receiver, but a
configuration is also  possible in which a conventional gas venting circuit
arranged on the apex of the 20 receiver is used. In this configuration, a
circuit that is identical to that of the  second embodiment can be formed
by simply arranging a heating mechanism in  the gas venting circuit. (5) In
the second embodiment, the auxiliary liquid level detection circuit  is
provided in the reference position of the receiver, and a liquid level
detection  25 circuit is provided at the apex of the receiver. However, a
configuration in which the auxiliary liquid level detection circuit is
eliminated is also possible. In  this configuration, the presence or
absence of the liquid level will be detected  with a detection method that
is identical to that of the first embodiment. Industrial Applicability -28
3 May 2006 



If the present invention is used in a refrigeration device including a
refrigeration circuit having a compressor and a receiver, the ability of a
liquid  level detection circuit to accurately determine whether or not
liquid refrigerant is  stored up to a predetermined position of the
receiver can be improved. 3 May 2006 CLAIMS 1. A refrigeration device (1,
501), comprising: a main refrigerant circuit (10) which includes a
compressor (21) that  5 compresses gas refrigerant, a heat source side heat
exchanger (24), a receiver  (26) that stores liquid refrigerant, and user
side heat exchangers (52); and a liquid level detection circuit (30, 630)
arranged so as to be capable of  drawing out a portion of refrigerant in
the receiver from a predetermined position  (L1, L2) of the receiver,
reducing the pressure of the refrigerant and heating the 10 refrigerant,
measuring the temperature of the refrigerant, and then returning the
refrigerant to an intake side of the compressor, in order to detect whether
a liquid  level in the receiver is at the predetermined position. 2. The
refrigeration device (1, 501) set forth in claim 1, wherein 15 the
predetermined position (L1, L2) of the receiver (26) is a position at
which gas refrigerant or liquid refrigerant can be present when the amount
of  refrigerant stored in the receiver has changed. 3. The refrigeration
device (1, 501) set forth in claim 1 or 2, wherein 20 the liquid level
detection circuit (30, 130, 230, 330, 430, 630) includes a  bypass circuit
(31, 131, 231, 331, 431) having an open/close mechanism (31a,  131a), a
pressure reduction mechanism (31b), and a heating mechanism (31c,  231c,
331c, 431c), and connects the receiver (26) with the intake side of the
compressor (21), and a temperature detection mechanism (32) that detects a
25 temperature of the refrigerant after being heated by means of the
heating  mechanism. 4 The refrigeration device (1, 501) set forth in claim
3, wherein the heating mechanism (31c, 331c) is a heat exchanger that uses
the 



-30 3 May 2006 refrigerant which flows inside the main refrigerant circuit
(10) as a heating source. 5. The refrigeration device (1, 501) set forth in
claim 4, wherein 5 a heating source of the heating mechanism (31c) is
liquid refrigerant  which flows in the main refrigerant circuit (10)
between the heat source side heat  exchanger (24) and the user side heat
exchangers (52); and the heating mechanism is arranged in the bypass
circuit (31, 131) more  downstream the flow of refrigerant than the
pressure reduction mechanism (31 b,  10 131 a). 6. The refrigeration device
(501) set forth in any of claims 1 to 5, further  comprising an auxiliary
liquid level detection circuit (530) that has the same  structure as that
of the liquid level detection circuit (30, 630), and is arranged so  15 as
to draw out a portion of refrigerant in the receiver (26) from a reference
position (LR) of the receiver that is continuously filled with liquid
refrigerant even  when the amount of refrigerant stored in the receiver
(26) has changed. 7. The refrigeration device (1, 501) set forth in any of
claims 1 to 6, 20 wherein the refrigerant that flows in the main
refrigerant circuit (10) and the liquid  level detection circuit (30, 130,
230, 330, 530, 630) includes R32 at 50 wt% or  greater. 25 8. A refrigerant
amount detection method of a refrigeration device (1,  501) having a main
refrigerant circuit (10) which includes a compressor (21) that  compresses
gas refrigerant, a heat source side heat exchanger (24), and a  receiver
(26) that stores liquid refrigerant; the refrigerant amount detection
method comprising: -31  3 May 2006 



a compressor operation step that increases pressure up to a pressure at
which the refrigerant that flows in the refrigerant circuit can be
condensed in the  heat source side heat exchanger by operating the
compressor; and a liquid level detection step that, during the compressor
operation step,  5 draws out a portion of the refrigerant in the receiver
from a predetermined  position (Li, L2) of the receiver, reduces the
pressure of the refrigerant and heats  the refrigerant, measures the
refrigerant temperature, and determines whether  or not the liquid level in
the receiver is at a predetermined position based upon  the refrigerant
temperature measured. 


