
15 March 2007  Patent Specification Refrigeration Apparatus  5 Technical
Field The present invention relates to a split-type refrigeration
apparatus. More specifically, the present  invention relates to a method of
setting and determining the refrigerant charging amount when a  split-type
refrigeration apparatus is charged with refrigerant onsite. 10 Background
Art Split-type refrigeration apparatuses comprising an outdoor unit
equipped with a compressor, a  condenser, and a receiver and an indoor unit
equipped with an expansion valve and an evaporator are  well known. The
refrigerant charging of split-type refrigeration apparatuses configured in
this  manner has conventionally been handled by charging the outdoor unit
with a prescribed amount of 15 refrigerant in advance and charging
additional refrigerant onsite in accordance with the length of the  piping
connecting the outdoor unit to the indoor unit when the apparatus is
installed. When the refrigerant charging amount is determined onsite during
installation, the performance and  reliability of the equipment becomes
dependent on the quality of the installation and, in some cases,  20 the
maximum capacity of the refrigeration apparatus cannot be realized.
Disclosure of the Invention The object of the present invention is to make
it possible to always obtain the optimum refrigerant  charging amount by
making it possible to charge the amount of refrigerant that the
refrigeration  25 apparatus requires at the time of the onsite
installation. -1 15 March 2007  The refrigeration apparatus described in
claim 1 is equipped with a refrigerant circuit - in which a  compressor, a
heat-source-side heat exchanger, a receiver, an expansion valve, a liquid
pipe, a  



utilization-side heat exchanger, and a gas pipe are connected together -
and a liquid level detecting 5 means. The receiver collects liquid
refrigerant. The liquid pipe connects the receiver to the expansion  valve.
The gas pipe connects the utilization-side heat exchanger to the
compressor. The liquid level  detecting means detects if the surface of the
liquid inside the receiver has reached a prescribed level.  Since this
refrigeration apparatus is equipped with a liquid level detecting means, it
can be detected if 10 the surface of the liquid inside the receiver has
reached a prescribed level during refrigerant charging  operation when the
refrigerant circuit is charged with refrigerant. Thus, for example, if the
apparatus is configured such that it can be detected when the liquid
surface  reaches a maximum liquid level (Lmax), then overcharging of
refrigerant into the refrigerant circuit  15 can be detected. Furthermore,
even when the length of the liquid pipe, gas pipe, and other connecting
piping cannot be measured, the required amount of refrigerant charging can
be obtained easily by  detecting when a prescribed liquid level (LO) is
obtained inside the receiver. The refrigeration apparatus described in
claim 2 is a refrigeration apparatus as recited in claim 1,  20 wherein the
liquid level" detecting means comprises a bypass circuit and a temperature
detecting  means. The bypass circuit means connects the receiver and the
suction side of the compressor and  includes an ON/OFF valve and a pressure
reducing mechanism. The temperature detecting means  detects the
temperature of the refrigerant flowing in the bypass circuit. 25 Since the
liquid level detecting means of this refrigeration apparatus comprises a
temperature  -2 15 March 2007  detecting means and a bypass circuit that
includes an ON/OFF valve and a pressure reducing  mechanism, the liquid
level can be detected reliably at low cost. The refrigeration apparatus
described in claim 3 is a refrigeration apparatus as recited in claim 1 or
2,  5 wherein the following are further provided: a refrigerant charging
operation control means that  executes charging of the refrigerant circuit
with refrigerant while creating a refrigerant charging  



operation state in which the liquid pipe of the refrigerant circuit is
filled with liquid refrigerant having  a prescribed density; and a
refrigerant charging ending means that ends the refrigerant charging
executed by the refrigerant charging operation control means based on the
detection signal from the  10 liquid level detecting means. With this
refrigeration apparatus, the refrigerant circuit is charged with
refrigerant while a refrigerant  charging operation state is created in
which the refrigerant circuit is filled with liquid refrigerant  having a
prescribed density. During this refrigerant charging operation, refrigerant
charging is ended 15 when it is detected that the liquid surface inside the
receiver has reached a prescribed level. Thus, the  reliability of the
refrigerant charging process is improved. The refrigeration apparatus
described in claim 4 is a refrigeration apparatus as recited in claim 3,
wherein the heat-source-side heat exchanger is an air-cooled heat exchanger
that uses air supplied  20 from an outdoor fan as the heat source. The
refrigerant charging operation control means controls the outdoor fan such
that the condensation pressure of the heat-source-side heat exchanger
(which acts as  a condenser) achieves a prescribed value and controls the
opening of the expansion valve such that a  prescribed degree of
superheating can be imparted to the refrigerant at the outlet of the
utilization-side heat exchanger (which acts as an evaporator). 25 15 March
2007  With this refrigeration apparatus, collection of more liquid
refrigerant than is necessary in the  heat-source-side heat exchanger
(which acts as the condenser) is avoided and the gas pipe disposed  between
the utilization-side heat exchanger and the suction side of the compressor
is filled with  gaseous refrigerant. Therefore, a refrigerant charging
operation state in which the liquid piping is  5 filled with liquid
refrigerant having a prescribed density can be achieved easily. Brief
Descriptions of the Drawings FIG. 1 (a) is a block diagram showing the
refrigeration circuit of an embodiment of a refrigeration  



apparatus in accordance with the present invention. 10 FIG. 2 is an
enlarged view of key components of the embodiment of a refrigeration
apparatus in  accordance with the present invention. FIG. 3 is an enlarged
view of key components of another embodiment of a refrigeration apparatus
in  accordance with the present invention. 15 Best Modes of Working the
Invention Below, preferred embodiments of the present invention are
described while referring to the attached  drawings. As shown in FIG. 1,
this split-type refrigeration apparatus comprises an outdoor unit X and an
indoor  20 unit Y. The outdoor unit is equipped with a compressor 1, an
air-cooled condenser 2 (heat-source-side  heat exchanger) combined with an
outdoor fan 6, and a receiver 3. The indoor unit is equipped with  an
expansion valve 4 and an evaporator 5 (utilization-side heat exchanger).
The outdoor unit and  indoor unit are connected by a liquid pipe 8 and a
gas pipe 9 to form a refrigeration cycle A  (refrigerant circuit). Liquid
pipe 8 and gas pipe 9 include an onsite piping section Z. Item 7 is an  25
indoor fan. -4 15 March 2007  As shown in FIG 2, receiver 3 is equipped
with a liquid level detecting means or member 10 that detects if the liquid
surface level L has reached a prescribed level LO inside  receiver 3. In
this embodiment, liquid level detecting member 10 comprises a bypass
circuit 14 and a thermistor 15. The bypass circuit connects the prescribed
level LO in  receiver 3 with the suction pipe 11 of compressor I and has a
solenoid ON/OFF valve 12  that is actuated so as to open when the liquid
level is detected to be at the prescribed level  and a capillary tube 13
that acts as a pressure reducing mechanism. The thermistor acts as  a
temperature detecting means that detects the temperature of the refrigerant
flowing in  



bypass circuit 14. The prescribed level LO is the surface level of the
liquid refrigerant  collected in receiver 3 when the refrigerant is needed
the least (i.e., when the amount of  circulating refrigerant is the
smallest) during air-conditioning operation. The prescribed  level is set
such that the liquid level L inside receiver 3 does not fall below a
minimum  level Lmin when the refrigerant is needed the most (i.e., when the
amount of circulating  refrigerant is the largest) during air-conditioning
operation. Item 16 is a pressure sensor  that detects the suction pressure.
Refrigeration cycle A is equipped with a controller 18 that receives
detection signals from  thermistor 15 and pressure sensor 16 and sends
control signals to compressor I, expansion  valve 4, outdoor fan 6, indoor
fan 7 and solenoid ON/OFF valve 12. Controller 18 has a function whereby it
acts as a refrigerant charging operation control  means that executes
charging of refrigeration cycle A with refrigerant while creating a
refrigerant charging operation state in which liquid pipe 8 is filled with
liquid refrigerant  having a prescribed density and a function whereby it
acts as a refrigerant charging  ending means that ends the refrigerant
charging executed by the refrigerant charting  operation control means
based on the detection signal from liquid level detecting means  10. In the
embodiment, the refrigerant charging operation control means -5 15 March
2007  controls outdoor fan 6 such that the condensation pressure at
condenser 2 becomes a prescribed value  (i.e., such that more liquid
refrigerant than is necessary does not collect in condenser 2) and controls
the opening of expansion valve 4 such that a prescribed degree of
superheating can be imparted to the  refrigerant at the outlet of
evaporator 5 (i.e., such that the gas pipe 9 disposed between evaporator 5
5 and compressor 1 is filled with gaseous refrigerant). Here, the
refrigerant is charged through a  shut-off valve (not shown in the
drawings) that connects the outdoor unit X to the onsite connection  



piping section Z. Next, the operation of the refrigeration apparatus during
refrigerant charging is explained.  10 The control signal from controller
18 controls outdoor fan 6 such that the condensation pressure at  condenser
2 becomes a prescribed value (i.e., such that more liquid refrigerant than
is necessary does  not collect in condenser 2) and controls the opening of
expansion valve 4 such that a prescribed  degree of superheating can be
imparted to the refrigerant at the outlet of evaporator 5 (i.e., such that
15 the gas pipe 9 disposed between evaporator 5 and compressor 1 is filled
with gaseous refrigerant). As  a result, refrigeration cycle A is charged
with refrigerant while a refrigerant charging operation state  exists in
which liquid pipe 8 is filled with liquid refrigerant having a prescribed
density. During this  charging, solenoid ON/OFF valve 12 is in the opened
state. 20 As the system is charged, the amount of refrigerant circulating
in refrigerant cycle A increases  gradually and the liquid level L of the
refrigerant inside receiver 3 rises. When the liquid level L  reaches
prescribed level LO, which is the inlet to bypass circuit 14, saturated
liquid refrigerant flows  into bypass circuit 14. Up until this point, the
saturated gas refrigerant filling the gas phase section of  receiver 3 was
flowing into bypass circuit 14 and thermistor 15 was detecting the
temperature of this  25 gaseous refrigerant. -6 15 March 2007  When
saturated liquid refrigerant flows into bypass circuit 14 as just
described, its pressure is  reduced by capillary tube 13 and it evaporates,
causing the temperature detected by thermistor 15 to  decrease rapidly.
Thus, the fact that the liquid level has reached the aforementioned
prescribed level 5 can be detected by detecting this rapid decrease in
temperature and refrigerant charging can be ended  at the point in time
when the liquid level is detected to be at the prescribed level. With this
method of refrigerant charging, refrigeration cycle A is charged with the
required amount of  



refrigerant. The required amount of refrigerant can be charged even if the
length of the connecting  10 pipes cannot be measured onsite and the
reliability of the equipment is improved. Furthermore, outdoor fan 6 is
controlled such that the condensation pressure at condenser 2 becomes  a
prescribed value (i.e., such that more liquid refrigerant than is necessary
does not collect in  condenser 2) and the opening of expansion valve 4 is
controlled such that a prescribed degree of 15 superheating can be imparted
to the refrigerant at the outlet of evaporator 5 (i.e., such that the gas
pipe 9 disposed between evaporator 5 and compressor 1 is filled with
gaseous refrigerant). As a result,  a refrigerant charging operation state
in which liquid pipe 8 is filled with liquid refrigerant having a
prescribed density can be created easily. 20 In order to prevent
degradation of the COP, it is critical to select the capacity of receiver 3
such that  refrigerant will not overflow out of receiver 3 during the
operating state in which the amount of  surplus refrigerant is the most
redundant, and with the refrigerant charging amount that was judged  during
the portion of the air-conditioning cycle when the liquid level L is the
lowest (i.e., when the  condensation pressure is high and the density of
the liquid in liquid pipe 8 is large). 25 -7 15 March 2007  There are
conventional refrigeration apparatuses that, as shown in FIG. 3, are
provided with a bypass  circuit 19 that connects the top edge part Lmax of
receiver 3 with suction pipe 1 I of compressor 1 and  has a solenoid ON/OFF
valve 20 and a capillary tube 21. This bypass circuit acts as a protection
device during defrost operation, but refrigerant overcharging can be
detected by providing bypass 5 circuit 19 with a thermistor 22. In short, a
thermistor 22 can be used to detect if the level L of the  liquid
refrigerant inside receiver 3 has reached a maximum level Lmax during test
running after  refrigerant charging. In this arrangement, a liquid surface
sensor is used as the liquid level detecting  means 10. 



10 The embodiments presented herein were described regarding a dedicated
air-conditioning device, but  the present invention can also be applied to
a refrigeration apparatus that is provided with a four-way  switching valve
on the discharge side of compressor 1 of outdoor unit X so that the flow
direction of  the refrigerant in refrigeration cycle A can be reversed and
both heating and cooling can be  performed. 15 Industrial Applicability
This invention makes it possible to charge a refrigeration apparatus with
the amount of refrigerant  that the refrigeration apparatus requires at the
time of onsite installation. As a result, the optimum  refrigerant charging
amount can always be obtained. 20 -8 15 March 2007  Claims 1. A
refrigeration apparatus comprising: a refrigerant circuit in which the
following are connected together: an outdoor unit having a compressor that
compresses gaseous refrigerant,  a heat-source-side heat exchanger
connected to the compressor,  and a receiver connected to the
heat-source-side heat exchanger  for collecting liquid refrigerant
condensed by the heat-source side  heat exchanger, and an indoor unit
having an expansion valve and a utilization-side heat  exchanger connected
to the heat-source-side heat exchanger, a  liquid pipe connecting the
receiver and the expansion valve  together, and a gas pipe connecting the
utilization-side heat  



exchanger and the compressor together; and a liquid level detecting member
that detects if a surface of the liquid refrigerant  inside the receiver
has reached a prescribed level . 2. A refrigeration apparatus equipped with
a refrigerant circuit in which the  following are connected together: a
compressor that compresses gaseous refrigerant, a  heat-source-side heat
exchanger, a receiver for collecting liquid refrigerant, an expansion
valve, a liquid pipe that connects the receiver and the expansion valve, a
utilization-side  heat exchanger, and a gas pipe that connects the
utilization-side heat exchanger and the  compressor; and a liquid level
detecting member that detects if a surface of the liquid refrigerant
inside the receiver has reached a prescribed level, the liquid level
detecting member comprising a bypass circuit that connects the  receiver
and a suction side of the compressor and includes an ON/OFF valve and a
pressure reducing mechanism and a temperature detecting member that detects
a  temperature of the refrigerant flowing in the bypass circuit . -9 15
March 2007  3. A refrigeration apparatus equipped with a refrigerant
circuit in which the  following are connected together: a compressor that
compresses gaseous refrigerant, a  heat-source-side heat exchanger, a
receiver for collecting liquid refrigerant, an expansion  valve, a liquid
pipe that connects the receiver and the expansion valve, a utilization-side
heat exchanger, and a gas pipe that connects the utilization-side heat
exchanger and the  compressor; a liquid level detecting member that detects
if a surface of the liquid refrigerant  inside the receiver has reached a
prescribed level; 



a refrigerant charging operation control member that executes charging of
the  refrigerant circuit with refrigerant while creating a refrigerant
charging operation state in  which the liquid pipe of the refrigerant
circuit is filled with liquid refrigerant having a  prescribed density; and
a refrigerant charging ending member that ends the refrigerant charging by
the  refrigerant charging operation control member based on a detection
signal from the  liquid level detecting member. 4. The refrigeration
apparatus as recited in claim 3, wherein the heat-source-side heat
exchanger is an air-cooled heat exchanger that uses air  supplied from an
outdoor fan as the heat source; and the refrigerant charging operation
control member controls the outdoor fan such  that a condensation pressure
of the heat-source-side heat exchanger which acts as a  condenser achieves
a prescribed value and controls opening of the expansion valve such  that a
prescribed degree of superheating can be imparted to the refrigerant at an
outlet of  the utilization-side heat exchanger which acts as an evaporator.
5. The refrigeration apparatus as recited in claim 2, wherein the following
are further  provided: a refrigerant charging operation control member that
executes charging of the  refrigerant circuit with refrigerant while
creating a refrigerant charging operation states in  which the liquid pipe
of the refrigerant circuit is filled with liquid refrigerant having a
prescribed density; and -10 15 March 2007  a refrigerant charging ending
member that ends the refrigerant charging by the refrigerant charging
operation control member based on a detection signal from the liquid  



level detecting member. 6. The refrigeration apparatus as recited in claim
5, wherein the heat-source-side heat exchanger is an air-cooled heat
exchanger that uses air  supplied from an outdoor fan as the heat source;
and the refrigerant charging operation control member controls the outdoor
fan such  that a condensation pressure of the heat-source-side heat
exchanger which acts as a  condenser achieves a prescribed value and
controls opening of the expansion valve such  that a prescribed degree of
superheating can be imparted to the refrigerant at an outlet of  the
utilization-side heat exchanger which acts as an evaporator. 7. A
refrigeration apparatus comprising: a refrigerant circuit in which the
following are connected together: a compressor  that compresses gaseous
refrigerant, a heat-source-side heat exchanger, a receiver for  collecting
liquid refrigerant, an expansion valve, a liquid pipe that connects the
receiver  and the expansion valve, a utilization-side heat exchanger, and a
gas pipe that connects  the utilization-side heat exchanger and the
compressor; and a liquid level detecting member arranged and configured to
extract a part of the  liquid refrigerant collected in the receiver,
conduct pressure reducing evaporation to the  extracted liquid refrigerant,
and detect if a surface of the liquid refrigerant in the receiver  has
reached a prescribed level by evaluating a temperature of the evaporated
refrigerant.  -11 


