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(57) A control device (20) which performs control for
returning an appropriate amount of refrigerator oil to a
compressor (1) according to an operation state is provid-
ed. The control device (20) in a refrigerant circuit (10)
which includes a compressor (1) configured to compress
a refrigerant, an oil separator (9) configured to separate
refrigerator oil contained in the refrigerant discharged
from the compressor (1) from the refrigerant, an oil return
pipe (8c) configured to return the separated refrigerator
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oil to the compressor (1), and a flow rate control valve
(11) provided in the oil return pipe includes a valve open-
ing degree control part (24) configured to control a valve
opening degree of the flow rate control valve (11) on the
basis of a target return flow rate of the refrigerator oil that
needs to be returned to the compressor (1) and a pres-
sure difference (AP) between a discharge side pressure
(HP) and a suction side pressure (LP) of the compressor
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] Priority is claimed on Japanese Patent Applica-
tion No. 2016-1973486, filed October 5, 2016, the content
of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The present invention relates to a control de-
vice, a refrigerant circuit system, a control method and a
program.

Description of Related Art

[0003] In a refrigerant circuit of an air conditioner or
the like, refrigerator oil for lubrication is sealed in a com-
pressor. The refrigerator oil is discharged from the com-
pressor to the refrigerant circuit together with a refriger-
ant. The refrigerator oil discharged to the refrigerant cir-
cuit is captured and separated out by an oil separator
and is recovered to the compressor. When an amount of
refrigerator oil recovered to the compressor is insuffi-
cient, a problem such as burning may occur in the com-
pressor, and thus return control for the refrigerator oil
needs to be performed so that an appropriate amount of
refrigerator oil is recovered.

[0004] Patent Document 1 discloses a technique in
which an electromagnetic on-off valve is provided in an
oil return pipe for returning the refrigerator oil from the oil
separator to the compressor and a valve opening degree
of the electromagnetic on-off valve is controlled accord-
ing to a frequency of the compressor and a pressure dif-
ference between a suction side and a discharge side of
the compressor and thus an appropriate amount of re-
frigerator oil is returned to the compressor.

[Patent Documents]

[0005] [Patent Document 1] Japanese Unexamined
Patent Application, First Publication No. 2011-208860

[0006] Generally, the amount of refrigerator oil recov-
ered from the oil separator to the compressor is deter-
mined by a pressure difference between a discharge side
pressure and a suction side pressure of the compressor.
Further, a size (diameter) of the oil return pipe from the
oil separator to the compressor is constant. When the
size of the oil return pipe is designed to recover a maxi-
mum necessary amount of refrigerator oil even in a state
in which the pressure difference between the discharge
side pressure and the suction side pressure of the com-
pressor is small, the size thereof has a large diameter,
and the refrigerant easily bypasses from the discharge
side of the compressor to the suction side thereof via the
oilreturn pipe, and thereis a possibility that the refrigerant
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circuitmay become insufficientin capacity. Further, when
the size of the oil return pipe is reduced, a breakdown in
the compressor may occur due to an insufficient return
amount.

SUMMARY OF THE INVENTION

[0007] Accordingly, itis an object of the present inven-
tion to provide a control device, a refrigerant circuit sys-
tem, a control method and a program.

[0008] Afirstaspectofthe presentinventionisa control
device for a refrigerant circuit system which includes a
compressor configured to compress a refrigerant, an oil
separator configured to separate refrigerator oil con-
tained in the refrigerant discharged from the compressor
from the refrigerant, an oil return pipe configured to return
the separated refrigerator oil to the compressor, and a
flow rate control valve provided in the oil return pipe, in-
cluding a valve opening degree control part configured
to control a valve opening degree of the flow rate control
valve on the basis of a target return flow rate of the re-
frigerator oil that needs to be returned to the compressor
and a pressure difference between a discharge side pres-
sure and a suction side pressure of the compressor.
[0009] The control device in a second aspect of the
present invention may further include a return flow rate
calculation part configured to calculate the target return
flow rate of the refrigerator oil on the basis of an under-
dome temperature of the compressor, the suction side
pressure of the compressor and the rotational speed of
the compressor.

[0010] The return flow rate calculation part in a third
aspect of the presentinvention may determine a flow rate
of the refrigerator oil discharged from the compressor as
the target return flow rate.

[0011] The control device in a fourth aspect of the
present invention may further include a control change
determination part configured to determine a timing of
change of valve opening degree control by the valve
opening degree control part.

[0012] The control change determination part in a fifth
aspect of the present invention may determine a case in
which there is a change in the target return flow rate as
a timing of change of the valve opening degree of the
flow rate control valve.

[0013] The control change determination partin a sixth
aspect of the present invention may determine a case in
which there is a change in the pressure difference be-
tween the discharge side pressure and the suction side
pressure of the compressor as a timing of change of the
valve opening degree of the flow rate control valve.
[0014] A seventh aspect of the present invention is a
refrigerant circuit system including a compressor config-
ured to compress a refrigerant, an oil separator config-
ured to separate refrigerator oil contained in the refriger-
ant discharged from the compressor from the refrigerant,
an oil return pipe configured to return the separated re-
frigerator oil to the compressor, a flow rate control valve
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provided in the oil return pipe, and the control device
described in any one of the first to sixth aspects.

[0015] A eighth aspect of the present invention is a
control method of a refrigerant circuit system which in-
cludes a compressor configured to compress a refriger-
ant, an oil separator configured to separate refrigerator
oil contained in the refrigerant discharged from the com-
pressor from the refrigerant, an oil return pipe configured
to return the separated refrigerator oil to the compressor,
and a flow rate control valve provided in the oil return
pipe, wherein a valve opening degree of the flow rate
control valve is controlled on the basis of a target return
flow rate of the refrigerator oil that needs to be returned
to the compressor and a pressure difference between a
discharge side pressure and a suction side pressure of
the compressor.

[0016] A ninth aspect of the present invention is a pro-
gram which allows a computer of a control device con-
figured to control a refrigerant circuit system including a
compressor configured to compress a refrigerant, an oil
separator configured to separate refrigerator oil con-
tained in the refrigerant discharged from the compressor
from the refrigerant, an oil return pipe configured to return
the separated refrigerator oil to the compressor and a
flow rate control valve provided in the oil return pipe to
serve as a valve opening degree control part configured
to control a valve opening degree of the flow rate control
valve on the basis of a target return flow rate of the re-
frigerator oil that needs to be returned to the compressor
and a pressure difference between a discharge side pres-
sure and a suction side pressure of the compressor.
[0017] According to the present invention, an appro-
priate amount of refrigerator oil according to an operation
state of the refrigerant circuit can be returned to the com-
pressor.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

FIG. 1 is a view showing an example of a refrigerant
circuit system in one embodiment of the present in-
vention.

FIG. 2 is a schematic block diagram of a control de-
vice in one embodiment of the present invention.
FIG. 3 is a flowchart showing an example of a refrig-
erator oil returning process of the control device ac-
cording to one embodiment of the present invention.
FIG. 4 is a view showing a discharge flow rate of the
refrigerator oil in one embodiment of the present in-
vention.

FIG. 5 is a view showing a method of calculating a
valve opening degree of a flow rate control valve in
one embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION
<Embodiment>

[0019] Hereinafter, a refrigerant circuit system accord-
ing to one embodiment of the present invention will be
described with reference to FIGS. 1 to 5.

[0020] FIG. 1is aview showing an example of a refrig-
erant circuit system in one embodiment of the present
invention.

[0021] Forexample, arefrigerantcircuitsystem 10 may
be a refrigerant circuit system used for an air conditioner.
As illustrated in FIG. 1, the refrigerant circuit system 10
includes a compressor 1, an indoor heat exchanger 2,
an outdoor heat exchanger 3, an expansion valve 4, a
four-way valve 5, an accumulator 6, a receiver 7, pipes
8, an oil separator 9, a flow rate control valve 11, and a
control device 20. Further, the pipes 8 include a suction
pipe 8a, a discharge pipe 8b, and an oil return pipe 8c.
Furthermore, the specific constitution of the refrigerant
circuit system 10 illustrated in FIG. 1 schematically illus-
trates a basic constitution of the refrigerant circuit system
10 and may further include other elements.

[0022] The compressor 1 compresses a refrigerant
and supplies the compressed high pressure refrigerant
to the refrigerant circuit. The four-way valve 5 switches
a flow direction of the refrigerant in a heating operation
and a cooling operation. The outdoor heat exchanger 3
performs heat exchange between the refrigerantand out-
door air. For example, the outdoor heat exchanger 3 may
serve as a condenser during the cooling operation and
radiates heat to an outside and serves as an evaporator
during the heating operation and absorbs heat from the
outside. The expansion valve 4 depressurizes the refrig-
erant by a throttle function. For example, the expansion
valve 4 may serve as a valve for reducing a pressure of
a high-pressure refrigerant liquid during the heating op-
eration.

[0023] The indoor heat exchanger 2 exchanges heat
between the refrigerant and indoor air. The indoor heat
exchanger 2 serves as the evaporator during the cooling
operation, evaporates the refrigerant to absorb heat from
an interior of a room and serves as the condenser during
the heating operation and radiates heat into the room.
The expansion valve 4 serves as an expansion valve
during the cooling operation and reduces the pressure
of the high pressure refrigerant liquid.

[0024] The accumulator 6 is a pressure container pro-
vided on an upstream side of the suction pipe 8a of the
compressor 1. The accumulator 6 performs gas-liquid
separation of the refrigerant supplied to the compressor
1 and prevents the liquid refrigerant from being suctioned
into the compressor 1.

[0025] The receiver 7 is a tank which stores the liquid
state refrigerant liquefied by the condenser.

[0026] The oil separator9 is a device which is provided
on adischarge side (downstream side) of the compressor
1 and separates refrigerator oil from the refrigerant mixed
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with the refrigerator oil delivered through the discharge
pipe 8b. For example, the oil separator 9 has a cylindrical
shape of which upper and lower sides are closed and
can store the separated refrigerator oil. One end of the
oil return pipe 8c is connected to a lower portion of a
container of the oil separator 9. An opposite end of the
oil return pipe 8c is connected to the compressor 1. Fur-
ther, the flow rate control valve 11 is provided in the oil
return pipe 8c, and an amount of refrigerator oil returning
from the oil separator 9 to the compressor 1 can be ad-
justed by adjusting a valve opening degree of the flow
rate control valve 11.

[0027] Also, a pressure sensor 32 is provided on the
suction side of the compressor 1, and a pressure sensor
33 is provided on the discharge side thereof. Further, a
temperature sensor 31 is provided under a dome of the
compressor 1. The control device 20 of the refrigerant
circuit system 10 adjusts the valve opening degree of the
flow rate control valve 11 on the basis of an under-dome
temperature of the compressor 1 which is measured by
the temperature sensor 31, a suction side pressure of
the compressor 1 which is measured by the pressure
sensor 32, a discharge side pressure of the compressor
1 which is measured by the pressure sensor 33, the ro-
tational speed of the compressor 1, and so on. The con-
trol device 20 will be described in detail with reference
to FIG. 2.

[0028] FIG. 2 is a schematic block diagram of the con-
trol device in one embodiment of the present invention.
[0029] For example, the control device 20 is a compu-
ter device such as a microcomputer. The control device
20 controls each device included in the refrigerant circuit
system 10. For example, the control device 20 controls
the rotational speed of the compressor 1, the valve open-
ing degree of the expansion valve 4, the switching of the
four-way valve 5, and so on. Particularly, in the embod-
iment, the control device 20 is connected to the temper-
ature sensor 31, the pressure sensor 32, and the pres-
sure sensor 33, adjusts the valve opening degree of the
flow rate control valve 11 on the basis of measurement
values obtained by the sensors and adjusts the flow rate
of the refrigerator oil returned to the compressor 1. As
illustrated in FIG. 2, the control device 20 includes a sen-
sor information acquisition part 21, a control change de-
termination part 22, a return flow rate calculation part 23,
a valve opening degree control part 24, and a memory
part 25.

[0030] The sensor information acquisition part 21 ac-
quires an under-dome temperature Td of the compressor
1 which is measured by the temperature sensor 31. Also,
the sensor information acquisition part 21 acquires a suc-
tion side pressure LP of the compressor 1 which is meas-
ured by the pressure sensor 32. The sensor information
acquisition part 21 acquires a discharge side pressure
HP of the compressor 1 which is measured by the pres-
sure sensor 33.

[0031] The control change determination part 22 de-
termines a timing of change of the valve opening degree
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control of the flow rate control valve 11 by the valve open-
ing degree control part 24. For example, the control
change determination part 22 determines a case in which
there is a change in the flow rate (target return flow rate)
of the refrigerator oil that needs to be returned to the
compressor 1 as a timing of change of the valve opening
degree control of the flow rate control valve 11. Further,
for example, the control change determination part 22
determines a case in which there is a change in the pres-
sure difference between the discharge side pressure and
the suction side pressure of the compressor 1 as a timing
of change of the valve opening degree control of the flow
rate control valve 11.

[0032] The return flow rate calculation part 23 calcu-
lates the target return flow rate of the refrigerator oil on
the basis of the under-dome temperature Td of the com-
pressor 1, the suction side pressure LP of the compressor
1 and the rotational speed of the compressor 1. More
specifically, the return flow rate calculation part 23 cal-
culates an under-dome superheating degree AT on the
basis of the under-dome temperature Td and the suction
side pressure LP. Further, the return flow rate calculation
part 23 calculates the circulation amount Q of the refrig-
erant on the basis of the rotational speed of the compres-
sor 1. Additionally, the return flow rate calculation part
23 calculates the flow rate of the refrigerator oil dis-
charged from the compressor 1 on the basis of the under-
dome superheating degree AT and the circulation
amount Q of the refrigerant and determines the calculat-
ed flow rate as the target return flow rate.

[0033] The valve opening degree control part 24 cal-
culates the valve opening degree of the flow rate control
valve 11 on the basis of the target return flow rate of the
refrigerator oil that needs to be returned to the compres-
sor 1 and the pressure difference between the discharge
side pressure HP and the suction side pressure LP of
the compressor 1 and sets the calculated valve opening
degree in the flow rate control valve 11.

[0034] The memory part 25 stores various measure-
ment values acquired by the sensor information acquisi-
tion part 21, various data tables used for calculating the
target return flow rate or calculating the valve opening
degree of the flow rate control valve 11, parameters and
so on. Further, the memory part 25 stores a program
realizing the function of the control device 20.

[0035] Further, functions of the control change deter-
mination part 22, the return flow rate calculation part 23
and the valve opening degree control part 24 are realized
when a central processing unit (CPU) included in the con-
trol device 20 reads and executes a program from the
memory part 25.

[0036] Next, a valve opening degree control process
of the flow rate control valve 11 for recovering the refrig-
erator oil which is performed by the control device 20 will
be described with reference to FIGS. 3 to 5.

[0037] FIG. 3 is a flowchart showing an example of a
refrigerator oil returning process of the control device ac-
cording to one embodiment of the present invention.
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[0038] FIG. 4 is a view showing a discharge flow rate
of the refrigerator oil in one embodiment of the present
invention.

[0039] FIG.5isaview showinga method of calculating
the valve opening degree of the flow rate control valve
in one embodiment of the present invention.

[0040] First, the sensorinformation acquisition part 21
acquires sensor information (Step S11). Specifically, the
sensor information acquisition part 21 acquires, for ex-
ample, the under-dome temperature Td measured by the
temperature sensor 31 at predetermined time intervals
and records the acquired under-dome temperature Td in
the memory part 25. Also, the sensor information acqui-
sition part 21 acquires the suction side pressure LP
measured by the pressure sensor 32 and the discharge
side pressure HP measured by the pressure sensor 33
at predetermined time intervals and records the acquired
suction side pressure LP and discharge side pressure
HP in the memory part 25. Further, the control device 20
controls the rotational speed of the compressor 1 and
the valve opening degree of the flow rate control valve
11, and values thereof during an operation are recorded
in the memory part 25.

[0041] Next, the returnflow rate calculation part 23 cal-
culates the discharge flow rate Q of the refrigerator oil
discharged from the compressor 1 (Step S12). A specific
calculation procedure of the discharge flow rate Q will be
described below.

(S12-1) First, the return flow rate calculation part 23
reads the suction side pressure LP acquired by the
sensor information acquisition part 21 from the mem-
ory part 25 and converts the suction side pressure
LP to a compressor suction saturation temperature
(CSST). The suction side pressure LP and the CSST
have a predetermined relationship, and a conversion
table, a function or the like which defines the rela-
tionship therebetween is recorded in the memory
part 25. The return flow rate calculation part 23 cal-
culates the CSST from the suction side pressure LP,
the conversion table recorded in the memory part
25, or the like.

(S12-2) Next, the return flow rate calculation part 23
obtains the under-dome superheating degree AT.
The under-dome superheating degree AT can be ob-
tained by the following Equation (1).

AT =Td - CSST"++(1)

[0042] Next, the return flow rate calculation part 23 ob-
tains the discharge flow rate Q of the refrigerator oil for
the under-dorm superheat degree AT and the rotational
speed Nc of the compressor 1 recorded in the memory
part 25.
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(S12-3)

[0043] FIG.4 is aview showing a relationship between
the under-dome superheat degree AT for each of the
rotational speeds Ncx (x = 1 to 3) of the compressor 1
and the discharge flow rate Q of the refrigerator oil. For
example, a graph 41 shows the relationship between the
under-dome superheat degree AT and the discharge flow
rate Q at the rotational speed Nc3 of the compressor 1.
Similarly, a graph 42 shows the relationship between the
under-dome superheat degree AT and the discharge flow
rate Q at the rotational speed Nc2, and a graph 43 shows
the relationship between the under-dome superheat de-
gree AT and the discharge flow rate Q at the rotational
speed Nc1. A data table (conversion map) exemplified
in FIG. 4 is recorded in the memory part 25, and thus
when the rotational speed Nc of the compressor and the
under-dome superheat degree AT are provided, the re-
turn flow rate calculation part 23 can determine the dis-
charge flow rate Q. In general, when the discharge flow
rate Q of the refrigerator oil flowing out from the com-
pressor 1 is calculated, the circulation amount of the re-
frigerant is required. To appropriately obtain this, a spe-
cific volume of the refrigerant on the suction side of the
compressor 1is required. In the embodiment, for the sake
of simplicity, the refrigerant circulation amount is ex-
pressed by the rotational speed Nc of the compressor 1,
as described below. That is, since the circulation amount
of the refrigerant discharged from the compressor 1 in-
creases in proportion to the rotational speed Nc of the
compressor 1, the refrigerant circulation amount can be
expressed by the rotational speed Nc of the compressor.
For example, the refrigerant circulation amount is fixed
at a certain value with respect to the rotational speed Nc
of the compressor as follows.

[0044] First, a range of the refrigerant circulation
amount is divided within a range in which the compressor
1 is actually operated. More specifically, the rotational
speed Nc (corresponding to the refrigerant circulation
amount) of the compressor 1 is divided into three ranges
of the rotational speed within the range in which the com-
pressor 1is actually operated. Further, the division of the
range of the rotational speed Nc of the compressor 1 is
not limited to three ranges and the range may be divided
more finely. In addition, when the range of the rotational
speed Nc of the compressor 1 at which the compressor
1is actually operatedis narrow, the range of the rotational
speed Nc of the compressor 1 may be divided more
coarsely than three ranges.

[0045] Next, in each range of the rotational speed, the
highest number of rotation of the compressor 1 is select-
ed, and the rotational speed in each region is fixed to the
selected number of rotation of the compressor 1. There-
fore, a large discharge flow rate Q of the refrigerator oil
from the compressor 1 can be estimated. Thatis, areturn
amount of the refrigerator oil in a state in which there is
amargin in the discharge flow rate Q from the compressor
1 can be calculated. As a result, the risk of insufficient
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lubrication of the compressor 1 or the like can be reduced.
Here, this will be described with an assumption that the
highest number of rotation of the compressor 1 in each
range NNc1, NNc2, NNc3 is Nc1, Nc2, Nc3.

[0046] Additionally, in each selected number of rota-
tion Nc1, Nc2, Nc3 of the compressor 1, a pressure Pi
and a temperature Tion the suction side of the compres-
sor when the compressor, the outdoor heat exchanger,
the indoor heat exchanger and so on corresponding to
the refrigerant circuit system 10 are connected and op-
erated under predetermined conditions are obtained by,
for example, a simulation or the like. Additionally, a spe-
cific volume and a superheat degree of the refrigerantin
that state are obtained from the obtained suction side
pressure Pi and suction side temperature Ti of the com-
pressor. At the same time, a volumetric efficiency of the
compressor 1 is obtained from an operation conditions
table of the compressor 1, and the refrigerant circulation
amount is calculated.

[0047] Forexample, assuming that when the rotational
speed of the compressor is Nc1, the refrigerant circula-
tion amount is A(kg/min), when the rotational speed of
the compressor is Nc2, the refrigerant circulation amount
B (kg/min) and when the rotational speed of the com-
pressor is Nc3, the refrigerant circulation amount C,
(kg/min), the refrigerant circulation amounts in theranges
NNc1, NNc2 and NNc3 of the rotational speed of the
compressor 1 described above are represented by A, B
and C, respectively. Here, A<B<C. With the processing
so far, a relationship between the superheat degree (un-
der-dome superheat degree AT) of the refrigerant on the
suction side of the compressor, the refrigerant circulation
amount and the rotational speed Nc (representative val-
ue) of the compressor can be obtained. Next, a relation-
ship between the under-dome superheat degree AT and
the discharge flow rate Q of the refrigerator oil discharged
from the compressor 1 is obtained.

[0048] The discharge flow rate Q(kg/min) of the refrig-
erator oil discharged from the compressor 1 per unit time
can be obtained by a product of the refrigerant circulation
amount Gr (kg/min) and an oil separation efficiency OC%
(%). Further, the obtained discharge flow rate Q may be
converted into a volumetric flow rate, if necessary. The
oil separation efficiency OC% increases with the under-
dome superheat degree AT. As illustrated in FIG. 4, a
relationship between the under-dome superheat degree
AT and the discharge flow rate Q for each number of
rotation Nc of the compressor can be obtained by obtain-
ing the oil separation efficiency OC% by actual measure-
ment. With such a procedure, the relationship between
the under-dome superheat degree AT and the discharge
flow rate Q for each number of rotation Nc of the com-
pressor is obtained, and a data table or the like which
defines the relationships is recorded in the memory part
25. The return flow rate calculation part 23 obtains the
discharge flow rate Q of the refrigerator oil at the rota-
tional speed Nc of the compressor 1 from the data table
and the under-dome superheat degree AT and the rota-

10

15

20

25

30

35

40

45

50

55

tional speed Nc of the compressor 1 recorded inthe mem-
ory part 25.

[0049] In addition, the return flow rate calculation part
23 determines the discharge flow rate Q as the target
return flow rate when the discharge flow rate Q is ob-
tained.

[0050] Next, the control change determination part 22
calculates the pressure difference between the dis-
charge side and the suction side of the compressor 1
(Step S12). The control change determination part 22
reads the suction side pressure LP and the discharge
side pressure HP of the compressor 1 recorded in the
memory part 25, subtracts the suction side pressure LP
from the discharge side pressure HP and calculates the
pressure difference AP.

[0051] Next, the control change determination part 22
determines whether there has been a change in an op-
eration point (Step S14). Specifically, the control change
determination part 22 compares information of the oper-
ation pointrecorded last time with information of a current
operation point to determine whether there has been a
change therebetween. Here, the operation pointinforma-
tion is the discharge flow rate Q of the refrigerator oil
calculated in Step S12 and the pressure difference AP
between the discharge side and the suction side of the
compressor 1 calculated in Step S13. When the dis-
charge flow rate Q of the refrigerator oil discharged to
the refrigerant circuit changes, it is necessary to adjust
the valve opening degree of the flow rate control valve
11 accordingly. When the pressure difference AP be-
tween the discharge side and the suction side of the com-
pressor 1 changes, the pressure difference between the
discharge side and the suction side of the compressor 1
affects the flow rate of the refrigerator oil recovered from
the oil separator 9 to the compressor 1, and thus it is
necessary to adjust the valve opening degree of the flow
rate control valve 11 according to the change in the pres-
sure difference AP. Therefore, the control change deter-
mination part 22 acquires the discharge flow rate Q of
the refrigerator oil from the return flow rate calculation
part 23 and compares it with the previous discharge flow
rate recorded in the memory part 25. Further, the control
change determination part 22 compares the pressure dif-
ference AP calculated in Step S13 with the previous pres-
sure difference recorded in the memory part 25. Addi-
tionally, the control change determination part 22 deter-
mines that the operation point has changed when atleast
one of a result of comparison of the discharge flow rates
and a result of comparison of the pressure differences is
different. When the operation point has not changed
(Step S14; No), the process proceeds to Step S18.
[0052] When the operation point has changed (Step
S14; Yes), the valve opening degree control part 24 cal-
culates the valve opening degree of the flow rate control
valve 11 (Step S15). Specifically, the control change de-
termination part 22 instructs the valve opening degree
control part 24 to reset the valve opening degree. Then,
the valve opening degree control part 24 acquires the
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discharge flow rate Q of the refrigerator oil from the return
flow rate calculation part 23 and acquires the pressure
difference AP from the control change determination part
22. Next, the valve opening degree control part 24 cal-
culates the valve opening degree of the flow rate control
valve 11 on the basis of the discharge flow rate Q, the
pressure difference AP and the data table defining a re-
lationship between the return flow rate and the valve
opening degree of the flow rate control valve 11 for each
pressure difference illustrated in FIG. 5.

[0053] FIG. 5is aview showing a relationship between
the return flow rate of the refrigerator oil and the valve
opening degree of the flow rate control valve 11 for each
pressure difference between the discharge side and the
suction side of the compressor 1. For example, when the
pressure difference is AP1, the return flow rate and the
valve opening degree have a relationship shown in a
graph 51, when the pressure difference is AP2, the return
flow rate and the valve opening degree have a relation-
ship shown in a graph 52, and when the pressure differ-
ence is AP3, the return flow rate and the valve opening
degree have a relationship shown by a graph 53. Here,
AP1> AP2> AP3. A data table showing flow rate charac-
teristics of the flow rate control valve 11 exemplified in
FIG. 5isrecorded in the memory part 25. When the target
value (target return flow rate) of the return flow rate of
the refrigerator oil and the pressure difference between
the discharge side and the suction side of the compressor
1 are provided, the valve opening degree control part 24
can calculate the appropriate valve opening degree of
the flow rate control valve 11.

[0054] Next, the valve opening degree control part 24
controls the valve opening degree of the flow rate control
valve 11 (Step S16). The valve opening degree control
part 24 outputs an instruction value corresponding to the
calculated valve opening degree to the flow rate control
valve 11 and sets the appropriate valve opening degree.
Accordingly, it is possible to set the return amount (target
return flow rate) of the refrigerator oil suitable for the cur-
rent operation point.

[0055] Next, the valve opening degree control part 24
records the information of the operation point calculated
this time in the memory part 25 (Step S17). Specifically,
the valve opening degree control part 24 records the dis-
charge flow rate Q and the pressure difference AP used
for calculating the valve opening degree in the memory
part 25.

[0056] Next, the control change determination part 22
determines whether the operation is to be continued
(Step S18). For example, when an instruction to stop the
operation is input, the control change determination part
22 determines to stop the operation. Further, when an
operation instruction is input, the control change deter-
mination part 22 determines to continue the operation.
When it is determined that the operation is to be contin-
ued (Step S18; Yes), the process from Step S11 is re-
peated. When it is determined that the operation is to be
stopped (Step S18; No), the processing flow is terminat-
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ed.

[0057] According tothe embodiment, the flow rate con-
trol valve 11 in which flow rate control is variable is pro-
vided between the oil separator 9 and an oil return port
of the compressor 1. Further, the conversion table (FIG.
5) defining the relationship between the valve opening
degree of the flow rate control valve 11 and the return
flow rate of the refrigerator oil according to the pressure
difference between the discharge side pressure and the
suction side pressure of the compressor 1 is stored in
the control device 20. Additionally, the target return flow
rate and the pressure difference are calculated, and the
opening degree of the flow rate control valve 11 is con-
trolled such that it is set to the valve opening degree
according to the calculated target return flow rate and
pressure difference. As described above, by controlling
the opening degree of the flow rate control valve 11, it is
possible to return an amount of the refrigerator oil to the
compressor 1 in accordance with operation conditions,
regardless of the size of the oil return pipe 8c. Accord-
ingly, for example, it is possible to prevent an insufficient
return amount caused by a small size of the oil return
pipe 8c or insufficient capacity due to bypassing of the
refrigerant caused by a large size of the oil return pipe 8c.
[0058] The processing in each process in the above-
described control device 20 is stored in a computer read-
able recording medium in the form of a program, and the
processing is performed by reading and executing the
program by a computer of the control device 20. Here,
the computer-readable recording medium is a magnetic
disk, a magneto-optical disk, a CD-ROM, a DVD-ROM,
a semiconductor memory, or the like. Further, the com-
puter program may be delivered to a computer through
a communication line, and the computer receiving the
program may execute the program. Further, the above-
described program may be for realizing a part of the
above-described functions. * Furthermore, the program
may be a so-called differential file (differential program)
which can be realized by a combination with a program
already recorded in the computer system.

[0059] In addition, it is possible to substitute well-
known elements with the elements in the above-de-
scribed embodiment within a scope not deviating from
the gist of the present invention. Further, the technical
scope of the present invention is not limited to the above-
described embodiment, and various modifications can
be made without departing from the spirit of the present
invention.

EXPLANATION OF REFERENCES
[0060]

1 Compressor

2 Indoor heat exchanger
3 Outdoor heat exchanger
4 Expansion valve

5 Four-way valve



13 EP 3 306 231 A1 14

6 Accumulator

7 Receiver

8 Pipes

8a Suction pipe

8b Discharge pipe

8c Oil return pipe

9 Oil separator

10 Refrigerant circuit system

11 Flow rate control valve

20 Control device

21 Sensor information acquisition part
22 Control change determination part
23 Return flow rate calculation part
24 Valve opening degree control part
25 Memory part

31 Temperature sensor

32, 33 Pressure sensor

Claims

A control device (20) for a refrigerant circuit system
(10) which comprises a compressor (1) configured
to compress a refrigerant, an oil separator (9) con-
figured to separate refrigerator oil contained in the
refrigerant discharged from the compressor (1) from
the refrigerant, an oil return pipe (8c) configured to
return the separated refrigerator oil to the compres-
sor (1), and a flow rate control valve (11) provided
in the oil return pipe (8c), comprising

a valve opening degree control part (24) configured
to control a valve opening degree of the flow rate
control valve (11) on the basis of a target return flow
rate of the refrigerator oil that needs to be returned
to the compressor (1) and a pressure difference (AP)
between a discharge side pressure (HP) and a suc-
tion side pressure (LP) of the compressor (1).

The control device (20) according to claim 1, further
comprising a return flow rate calculation part (23)
configured to calculate the target return flow rate of
the refrigerator oil on the basis of an under-dome
temperature (Td) of the compressor (1), the suction
side pressure (LP) of the compressor and the rota-
tional speed (Nc) of the compressor.

The control device (20) according to claim 2, wherein
the return flow rate calculation part (23) determines
a flow rate of the refrigerator oil discharged from the
compressor (1) as the target return flow rate.

The control device (20) according to any one of
claims 1 to 3, further comprising a control change
determination part (22) configured to determine a
timing of change of valve opening degree control by
the valve opening degree control part (24).

The control device (20) according to of claim 4,
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wherein the control change determination part (22)
determines a case in which there is a change in the
target return flow rate as a timing of change of the
valve opening degree of the flow rate control valve

(11).

The control device (20) according to claim 4 or 5,
wherein the control change determination part (22)
determines a case in which there is a change in the
pressure difference (AP) between the discharge side
pressure (HP) and the suction side pressure (LP) of
the compressor (1) as a timing of change of the valve
opening degree of the flow rate control valve (11).

A refrigerant circuit system (10) comprising:

a compressor (1) configured to compress a re-
frigerant,

an oil separator (9) configured to separate re-
frigerator oil contained in the refrigerant dis-
charged from the compressor (1) from the re-
frigerant,

an oil return pipe (8c) configured to return the
separated refrigerator oil to the compressor (1),
a flow rate control valve (11) provided in the oil
return pipe (8¢), and

the control device (20) according to any one of
claims 1 to 6.

A control method of a refrigerant circuit system (10)
which comprises a compressor (1) configured to
compress a refrigerant, an oil separator (9) config-
ured to separate refrigerator oil contained in the re-
frigerant discharged from the compressor (1) from
the refrigerant, an oil return pipe (8c) configured to
return the separated refrigerator oil to the compres-
sor (1), and a flow rate control valve (11) provided
in the oil return pipe (8c¢),

wherein a valve opening degree of the flow rate con-
trol valve (11) is controlled on the basis of a target
return flow rate of the refrigerator oil that needs to
be returned to the compressor and a pressure dif-
ference (AP) between a discharge side pressure
(HP) and a suction side pressure (LP) of the com-
pressor (1).

A program which allows a computer of a control de-
vice (20) configured to control a refrigerant circuit
system (10) comprising a compressor (1) configured
to compress a refrigerant, an oil separator (9) con-
figured to separate refrigerator oil contained in the
refrigerant discharged from the compressor (1) from
the refrigerant, an oil return pipe (8c) configured to
return the separated refrigerator oil to the compres-
sor (1) and a flow rate control valve (11) provided in
the oil return pipe (8c) to serve as a valve opening
degree control part (24) configured to control a valve
opening degree of the flow rate control valve (11) on
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the basis of a targetreturn flow rate of the refrigerator
oil that needs to be returned to the compressor (1)
and a pressure difference (AP) between a discharge
side pressure (HP) and a suction side pressure (LP)
of the compressor (1).
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FIG. 3
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