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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a cold source
unit and a refrigeration cycle apparatus.

BACKGROUND ART

[0002] Some refrigeration cycle apparatuses that use
refrigerantinclude an oil return path for avoiding shortage
of refrigeration oil for a compressor. The oil return path
provided in the refrigeration cycle apparatus separates,
by means of an oil separator, refrigeration oil discharged
together with refrigerant from the compressor, so as to
return the refrigeration oil back to the compressor.
[0003] Some conventional oil return mechanisms in-
cluding an oil return path provided in a refrigeration cycle
apparatus adjust the amount of oil in the compressor by
opening/closing an on-off valve located on the oil return
path, as disclosed in Japanese Utility Model Laying-Open
No. H3-73880 (PTL 1).

CITATION LIST
PATENT LITERATURE

[0004] PTL 1:Japanese Utility Model Laying-Open No.
H3-73880 (Fig. 1)

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0005] The conventional oil return mechanism dis-
closed in PTL 1 controls, on the basis of time, open-
ing/closing of the on-off valve on the oil return path. This
method, however, cannot confirm the accurate amount
of returned oil, and therefore cannot adjust the amount
of returned oil to an appropriate amount of returned oil
for the operating state of the refrigeration cycle appara-
tus. Such an oil return mechanism thus suffers from prob-
lems of occurrence of failure of the compressor due to
shortage of the amount of returned oil depending on the
operating state, and malfunctions such as deterioration
of the refrigeration capacity due to excessive return of
refrigeration oil and refrigerant to the compressor.
[0006] A cold source unit for a refrigeration cycle ap-
paratus according to the present disclosure solves the
above problems and has an object of stabilizing the state
of oil returned to the compressor.

SOLUTION TO PROBLEM

[0007] The presentdisclosure relates to a cold source
unit for a refrigeration cycle apparatus to be connected
to a load apparatus. The cold source unit for the refrig-
eration cycle apparatus to be connected to the load ap-
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paratus includes: a refrigerant flow path to be connected
to the load apparatus and thereby form a circulation flow
path in which refrigerant circulates; a compressor dis-
posed in the refrigerant flow path; an oil separator dis-
posed on a discharge side of the compressor in the re-
frigerant flow path; an oil return path to return refrigeration
oil from the oil separator to the compressor; a flow rate
adjustment device disposed in the oil return path and
having an opening to be adjusted for making a flow rate
of fluid flowing in the oil return path adjustable; a first
pressure sensor to detect a pressure on a suction side
of the compressor; a second pressure sensor to detect
a pressure on the discharge side of the compressor; and
a controller to control the opening of the flow rate adjust-
ment device based on the pressure detected by the first
pressure sensor and the pressure detected by the sec-
ond pressure sensor.

ADVANTAGEOUS EFFECTS OF INVENTION

[0008] The cold source unit and the refrigeration cycle
apparatus according to the present disclosure control the
opening of the flow rate adjustment device based on the
pressure on the suction side of the compressor detected
by the first pressure sensor and the pressure on the dis-
charge side of the compressor detected by the second
pressure sensor, and therefore enable an appropriate
amount, without excess or shortage, of refrigeration oil
to be returned to the compressor, and thereby enable
the state of oil returned to the compressor to be stabilized.

BRIEF DESCRIPTION OF DRAWINGS
[0009]

Fig. 1 is an overall configuration diagram of a refrig-
eration cycle apparatus 1 according to Embodiment
1.

Fig. 2 is a flowchart for a controller 100 to control a
flow rate adjustment device LEV2 for adjusting the
amount of returned oil based on a compressor dif-
ferential pressure Pd of a compressor 10.

Fig. 3 is a flowchart of control for controller 100 to
open flow rate adjustment device LEV2 for adjusting
compressor differential pressure Pd when compres-
sor 10 is activated.

Fig. 4 is a flowchart for controller 100 to perform con-
trol when an oil return path F2 is clogged.

Fig. 5 is a flowchart for controller 100 to control the
opening of flow rate adjustment device LEV2 when
liquid back occurs.

Fig. 6 is an overall configuration diagram of a refrig-
eration cycle apparatus 1A according to Embodi-
ment 2.

Fig. 7 is a flowchart for controller 100 to control an
electromagnetic valve 40 into an opened state, in
response to shortage of the amount of oil returned
to compressor 10 regardless of the fact thatthe valve
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opening of flow rate adjustment device LEV2 is in a
fully opened state.

Fig. 8 is a flowchart for controller 100 to control elec-
tromagnetic valve 40 for adjusting compressor dif-
ferential pressure Pd when compressor 10 is acti-
vated.

Fig. 9 is a flowchart for controller 100 to control elec-
tromagnetic valve 40 into the opened state when lig-
uid back occurs.

DESCRIPTION OF EMBODIMENTS

[0010] In the following, embodiments of the present
disclosure are described in detail with reference to the
drawings. While a plurality of embodiments are herein-
after described, it is intended originally at the time of ap-
plication filing to appropriately combine features de-
scribed in connection with the embodiments. In the draw-
ings, the same or corresponding parts are denoted by
the same reference characters, and description thereof
is not herein repeated.

Embodiment 1

[0011] Fig. 1 is an overall configuration diagram of a
refrigeration cycle apparatus 1 according to Embodiment
1. Fig. 1 illustrates the relation between devices in the
refrigeration cycle apparatus in terms of connection ther-
ebetween and the arrangement of the devices therein,
in terms of respective functions, and does not necessarily
illustrate the arrangement in a physical space.

[0012] Referringto Fig. 1, refrigeration cycle apparatus
1 includes a cold source unit 2 and a load apparatus 3.
Cold source unit 2 is usually placed outdoors or outside.
Thus, cold source unit 2 may be called outdoor unit or
outside unit. In the present embodiment, cold source unit
2 operates as a cold source to discharge heat to the out-
side.

[0013] Cold source unit 2 includes a compressor 10,
an oil separator 20, a gas cooler 30, and pipes 80 to 85.
Pipe 80 connects a discharge port G2 of compressor 10
to oil separator 20. Pipe 81 connects oil separator 20 to
gas cooler 30. Pipe 82 connects gas cooler 30 to an ex-
pansion device LEV1.

[0014] A refrigerant flow path F1 of cold source unit 2
extends from pipe 84 to a refrigerant outlet of cold source
unit 2, through compressor 10, pipe 80, oil separator 20,
pipe 81, gas cooler 30, and pipe 82 in this order. Refrig-
erant flow path F1 is configured to form, together with
load apparatus 3, a circulation path in which refrigerant
circulates. As the refrigerant, a carbon dioxide refriger-
ant, for example, is used.

[0015] Cold source unit 2 further includes pipes 91, 92,
a flow rate adjustment device LEV2 placed between pipe
91 and pipe 92, and a controller 100. Pipe 91 is configured
to allow refrigeration oil to flow from an oil outlet of ail
separator20in the circulation path to flow rate adjustment
device LEV2. Pipe 92 is configured to allow refrigeration
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oil to flow from flow rate adjustment device LEV2 to a
suction port G1 of compressor 10. In the following, re-
frigeration oil or the like that branches off from oil sepa-
rator 20 in the circulation path, and is delivered to com-
pressor 10 through flow rate adjustment device LEV2 is
referred to as "oil return" and a flow path through which
oil return is done is referred to as "oil return path F2."
[0016] Load apparatus 3 includes expansion device
LEV1, an evaporator 60, and pipes 83, 84, 85. As expan-
sion device LEV1, a thermostatic expansion valve or an
electronic expansion valve, for example, is used. Prefer-
ably, expansion device LEV1 is a thermostatic expansion
valve controlled independently of cold source unit 2.
[0017] Compressor 10 compresses refrigerant sucked
from pipe 85 and discharges the refrigerant to pipe 80.
Compressor 10 includes suction port G1 and discharge
port G2. Compressor 10 is configured to suck, from suc-
tion port G1, refrigerant passed through evaporator 60,
and discharge, from discharge port G2, the compressed
refrigerant toward gas cooler 30. Oil separator 20 is con-
figured in the form of an oil separator of the cyclone type
adaptable even to use of refrigerant having a relatively
large designed pressure, like carbon dioxide refrigerant.
[0018] Flow rate adjustment device LEV2 is an elec-
tronic expansion valve having its opening adjusted in ac-
cordance with a signal provided from controller 100. Flow
rate adjustment device LEV2 is provided for the following
reasons. If a capillary tube is provided on the oil outlet
side of oil separator 20, the capillary tube cannot adjust
the amount by which the flow is reduced. Therefore, if a
capillary tube is provided, the amount of returned oil can-
not be adjusted to an appropriate amount for the operat-
ing state of refrigeration cycle apparatus 1. Thus, if a
capillary tube is provided, compressor 10 could fail. Fur-
ther, if excessive refrigeration oil and refrigerant return
to compressor 10, the refrigeration capacity of refrigera-
tion cycle apparatus 1 could deteriorate. For such rea-
sons, flow rate adjustment device LEV2 configured in the
form of an electronic valve is provided on the oil outlet
side of oil separator 20.

[0019] Compressor 10 is configured to have an oper-
ating rotational speed Nc that is adjusted in accordance
with a control signal from controller 100. Controller 100
adjusts operating rotational speed Nc of compressor 10
to thereby adjust the amount of circulated refrigerant and
accordingly enable adjustment of the refrigeration capac-
ity of refrigeration cycle apparatus 1. As compressor 10,
any of various types of compressors may be employed,
and a compressor of the scroll type, the rotary type, the
screw type, or the like may be employed, for example.
Compressor 10 may be a constant-speed compressor
having its operating rotational speed Nc that cannot be
adjusted.

[0020] Gas cooler 30 condenses refrigerant dis-
charged from compressor 10 and passed through oil sep-
arator 20, and causes the condensed refrigerant to flow
through pipe 82. Gas cooler 30 is configured to cause
high-temperature high-pressure gas refrigerant dis-
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charged from compressor 10 to exchange heat with out-
door air. Through this heat exchange, the refrigerant from
which heat is removed is condensed into liquid phase. A
fan (not shown) supplies, to gas cooler 30, outdoor air
with which heat is to be exchanged by refrigerant in gas
cooler 30. Controller 100 can adjust the number of rev-
olutions of the fan to thereby adjust a pressure PH of
refrigerant on the discharge side of compressor 10.
[0021] Cold source unit 2 further includes pressure
sensors 131, 132 and temperature sensors 121, 122,
123.

[0022] Pressure sensor 131 is disposed at pipe 85 on
the suction side of compressor 10, detects a pressure
PL on the suction side of compressor 10, and outputs a
detection signal indicating a value of the detected pres-
sure to controller 100. Pressure sensor 132 is disposed
at pipe 81 on the outlet side of oil separator 20, detects
a pressure PH on the discharge side of compressor 10,
and outputs a detection signal indicating a value of the
detected pressure to controller 100.

[0023] Pressure sensor 132 may be disposed at pipe
80 on the inlet side of oil separator 20. Specifically, pres-
sure sensor 132 may be placed at any location, as long
as pressure sensor 132 is capable of detecting pressure
PH on the discharge side of compressor 10. Pressure
sensor 131 may also be placed at any location, as long
as pressure sensor 131 is capable of detecting pressure
PL on the suction side of compressor 10.

[0024] Temperature sensor 121 is a thermistor that de-
tects a temperature T1 of pipe 91 located upstream of
flow rate adjustment device LEV2 in oil return path F2,
in order to detect the temperature of refrigeration oil re-
turned from oil separator 20, and that outputs a detection
signal indicating a value of the detected temperature to
controller 100. Temperature sensor 122 is a thermistor
that detects a temperature T2 of pipe 80 on the discharge
side of compressor 10, in order to detect the temperature
of refrigerant discharged from compressor 10, and that
outputs a detection signal indicating a value of the de-
tected temperature to controller 100. Temperature sen-
sor 123 detects a temperature T3 of the surface of a shell
bottom of compressor 10, and outputs a detection signal
indicating a value of the detected temperature to control-
ler 100. "Shell" of the compressor is a common name of
a casing of the compressor. "Shell bottom" is a bottom
portion of the "shell" of the compressor, and a refrigera-
tion oil reservoir in which refrigeration oil is stored is pro-
vided in the shell bottom.

[0025] Temperature T1 corresponds to the tempera-
ture of returned oil in oil return path F2. Temperature T2
corresponds to the temperature of refrigerant at the outlet
of compressor 10. Temperature T3 corresponds to the
temperature of refrigeration oil stored in the shell bottom
of compressor 10.

[0026] Controller 100 includes a CPU (Central
Processing Unit) 102, a memory 104 (ROM (Read Only
Memory) and RAM (Random Access Memory)), and an
input/output buffer (not shown) for allowing various sig-
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nals to be input to and output from the buffer, forexample.
CPU 102 deploys and executes, on the RAM for example,
a program stored in the ROM. The program stored in the
ROM is a program in which a processing procedure for
controller 100 is written. In accordance with these pro-
grams, controller 100 controls each device in cold source
unit 2. This control is not limited to processing by soft-
ware, but may be processing by dedicated hardware
(electronic circuitry).

[Opening control for flow rate adjustment device LEV2
based on suction-discharge pressure difference of com-
pressor 10]

[0027] In the following, a description is given of re-
turned-oil valve-opening control performed by controller
100 to control the opening of flow rate adjustment device
LEV2 for adjusting the amount of returned oil based on
pressure PL on the suction side of compressor 10 and
pressure PH on the discharge side thereof.

[0028] The flow rate of refrigeration oil in oil return path
F2 increases with increase of a pressure difference Pd
between pressure PH on the discharge side of compres-
sor 10 and pressure PL on the suction side thereof (the
pressure difference is hereinafter referred to as compres-
sor differential pressure Pd). In contrast, the flow rate of
refrigeration oil in oil return path F2 decreases with de-
crease of compressor differential pressure Pd.

[0029] In view of the above, controller 100 performs
the returned-oil valve-opening control to adjust the valve
opening of flow rate adjustment device LEV2, such that
the amount of refrigeration oil returned to compressor 10
during operation of refrigeration cycle apparatus 1 is an
amount of oil necessary for maintaining a normal oper-
ating state. For such returned-oil valve-opening control,
controller 100 uses a valve opening calculation formula
to calculate the valve opening of flow rate adjustment
device LEV2 based on compressor differential pressure
Pd, and controls the valve opening of flow rate adjustment
device LEV2 such that the valve opening is set to the
calculated valve opening. With the valve opening calcu-
lation formula, an appropriate valve opening of flow rate
adjustmentdevice LEV2is calculated based on compres-
sor differential pressure Pd, such that the amount of re-
frigeration oil returned to compressor 10 during operation
of refrigeration cycle apparatus 1 is set to an amount of
oil necessary for maintaining a normal operating state.
The valve opening calculation formula is stored in mem-
ory 104 in advance, and read from memory 104 during
operation of refrigeration cycle apparatus 1 for being
used for the returned-oil valve-opening control.

[0030] Fig. 2 is a flowchart for controller 100 to control
flow rate adjustment device LEV2 for adjusting the
amount of returned oil based on compressor differential
pressure Pd of compressor 10.

[0031] In controller 100, CPU 102 reads, in step S1,
the above-described valve-opening calculation formula
from memory 104, during operation of refrigeration cycle
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apparatus 1. Controller 100 calculates, in step S2, com-
pressor differential pressure Pd, based on a value of de-
tected pressure PL on the suction side of compressor 10
that is input from pressure sensor 131, and a value of
detected pressure PH on the discharge side of compres-
sor 10 that is input from pressure sensor 132.

[0032] Controller 100 performs, in step S3, calculation
ofthe valve opening of flow rate adjustment device LEV2,
by using the above-described valve opening calculation
formula, from compressor differential pressure Pd calcu-
lated in step S2. Controller 100 performs, in step S4,
control for adjusting the valve opening of flow rate ad-
justment device LEV2, such that the valve opening is set
to the valve opening calculated in step S3.

[0033] Thus, the valve-opening adjustment control is
performed for flow rate adjustment device LEV2, based
on the suction-discharge pressure difference of com-
pressor 10, so that refrigeration oil can be returned from
oil return path F2 to compressor 10, without excess or
shortage of the oil. In this way, failure of compressor 10
due to shortage of the amount of refrigeration oil returned
to compressor 10 can be prevented. Further, deteriora-
tion of the refrigeration capacity due to an excessive
amount of refrigeration oil and refrigerant returned to
compressor 10 can be prevented. Thus, the valve-open-
ing adjustment control is performed for flow rate adjust-
ment device LEV2 based on the suction-discharge pres-
sure difference of compressor 10, to thereby enable sta-
bilization of the state of oil returned to compressor 10.
[0034] As the above-described valve-opening calcula-
tion formula, a calculation formula may be used that can
be used to calculate the valve opening to change the
amount of refrigeration oil necessary for maintaining a
normal operating state, depending on the operating fre-
quency (operating rotational speed) of compressor 10 in
addition to compressor differential pressure Pd. The rea-
son why the valve opening of flow rate adjustment device
LEV2 is calculated based on the operating frequency of
compressor 10 in addition to compressor differential
pressure Pd is as follows: if the operating frequency of
compressor 10 is changed, the amount of refrigeration
oil that has to be returned to compressor 10 is changed,
in response to a change of the amount of refrigeration oil
taken away from compressor 10.

[0035] The valve opening that causes the amount of
refrigeration oil returned to compressor 10 during oper-
ation of refrigeration cycle apparatus 1 to be set to the
oil amount necessary for maintaining a normal operating
state, may be determined by means of a data table that
is stored in memory 104 in advance and indicates a re-
lation between compressor differential pressure Pd and
the valve opening that causes the oil amount to be set
to the oil amount necessary for maintaining a normal op-
erating state, and the data table may be used to deter-
mine the valve opening associated with compressor dif-
ferential pressure Pd determined in the above-described
manner. As such a data table, a data table, by which the
valve opening of flow rate adjustment device LEV2 can
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be determined based on the operating frequency of com-
pressor 10 in addition to compressor differential pressure
Pd, may be used.

[0036] Compressor 10 is provided with the aforemen-
tioned refrigeration oil reservoir in which refrigeration oil
is stored. The refrigeration oil reservoir may be provided
with a liquid level sensor that detects the liquid level of
refrigeration oil. If the refrigeration oil reservoir is provid-
ed with the liquid level sensor, a detection signal indicat-
ing a value of the liquid level detected by the liquid level
sensor is input to controller 100. Controller 100 may con-
trol the valve opening of flow rate adjustment device
LEV2, such that the liquid level of refrigeration oil detect-
ed by the liquid level sensor provided at the refrigeration
oil reservoir of compressor 10 has a certain value. For
example, controller 100 may control the valve opening
of flow rate adjustment device LEV2, such that a value
of the liquid level detected by the liquid level sensor does
not become lower than a certain liquid level.

[0037] Oil separator 20 may be provided with a liquid
level sensor that detects the liquid level of refrigeration
oil. If oil separator 20 is provided with the liquid level
sensor that detects the liquid level of refrigeration oil, a
detection signal indicating a value of the liquid level de-
tected by the liquid level sensor is input to controller 100.
Controller 100 may control the valve opening of flow rate
adjustment device LEV2, such that the liquid level of re-
frigeration oil detected by the liquid level sensor provided
at oil separator 20 has a certain value. For example, con-
troller 100 may control the valve opening of flow rate ad-
justmentdevice LEV2, such thata value of the liquid level
detected by the liquid level sensor does not become high-
er than a certain liquid level.

[Control of flow rate adjustment device LEV2 when com-
pressor 10 is activated]

[0038] In the following, a description is given of control
for flow rate adjustment device LEV2 to be opened for
adjusting compressor differential pressure Pd when com-
pressor 10 is activated.

[0039] If compressor differential pressure Pd which is
a pressure difference between suction-side pressure PL
and discharge-side pressure PH is too large when com-
pressor 10 is activated, compressor 10 may be difficult
to activate in some cases. In such cases, the activation
capability of compressor 10 may be deteriorated. In order
to prevent such deterioration of the activation capability,
controller 100 performs, in the manner as described be-
low, control for opening flow rate adjustment device LEV2
to make compressor differential pressure Pd smaller than
a threshold value when compressor 10 is activated.
[0040] Fig. 3 is a flowchart of control for controller 100
to open flow rate adjustment device LEV2 for adjusting
compressor differential pressure Pd when compressor
10 is activated.

[0041] In step 511, controller 100 determines whether
ornotcompressor 10 is activated now. When determining
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that the compressor is not activated now in step S11,
controller 100 makes a return. When determining that
the compressor is activated now in step S11, controller
100 calculates, in step S12, compressor differential pres-
sure Pd, based on a value of detected suction-side pres-
sure PL of compressor 10 that is input from pressure
sensor 131 and a value of detected discharge-side pres-
sure PH of compressor 10 that is input from pressure
sensor 132.

[0042] Controller 100 determines, in step S13, whether
or not compressor differential pressure Pd calculated in
step S12 is more than or equal to a threshold value Pt of
the differential pressure.

[0043] When determining in step S13 that compressor
differential pressure Pd is not more than or equal to
threshold value Pt, controller 100 makes a return. In con-
trast, when determining in step S13 that compressor dif-
ferential pressure Pd is more than or equal to threshold
value Pt, controller 100 performs, in step S 14, control
for opening flow rate adjustment device LEV2, such that
compressor differential pressure Pd is made less than
threshold value Pt. Threshold value Pt is set to at least
a value that does not cause deterioration of the activation
capability of compressor 10. Such control of flow rate
adjustment device LEV2 by controller 100 may be
stopped at the time when compressor differential pres-
sure Pd becomes lower than threshold value Pt even
slightly, or when compressor differential pressure Pd be-
comes zero.

[0044] Thus, when compressor 10 is activated, control
can be performed for opening flow rate adjustment device
LEV2 to make the pressure difference between suction-
side pressure PL and discharge-side pressure PH small-
er than a reference value, to thereby improve the activa-
tion capability of compressor 10.

[Control for determining whether oil return path F2 is
clogged]

[0045] In the following, a description is given of various
types of control for determining whether or not oil return
path F2is clogged, in order to prevent failure of compres-
sor 10.

[0046] If oil return path F2 is clogged, shortage of the
amount of returned oil, which is the amount of refrigera-
tion oil returned to compressor 10, may result in failure
of compressor 10 due to exhaustion of refrigeration oil
used in compressor 10. In order to prevent such a failure
of compressor 10, controller 100 determines whether or
not oil return path F2 is clogged, based on a value of
detected temperature T1 of pipe 91 located upstream of
flow rate adjustment device LEV2, and a value of detect-
ed temperature T2 of pipe 80 located on the discharge
side of compressor 10, and performs various types of
control for preventing failure of compressor 10, in the
following way.

[0047] If oil return path F2 is not clogged and refriger-
ation oil flows therein in a normal manner, there is no
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shortage in the amount of returned oil, so that the heat
amount of refrigeration oil flowing in oil return path F2
makes it less likely that temperature T1 of pipe 91 is low-
ered. In contrast, if oil return path F2 is clogged and re-
frigeration oil does not flow therein in a normal manner,
shortage in the amount of returned oil results in reduction
of the heat amount of refrigeration oil flowing in oil return
path F2, relative to the case where no clogging occurs
and refrigeration oil flows in a normal manner, so that
temperature T1 of pipe 91 is likely to be lowered. There-
fore, the temperature difference between temperature T2
and temperature T1 is larger when oil return path F2 is
clogged, than the temperature difference therebetween
when oil return path F2 is not clogged. In such a case,
compressor 10 may fail, due to clogging of oil return path
F2 and resultant exhaustion of refrigeration oil to be used
in compressor 10. In order to prevent malfunctions such
as failure of compressor 10 when oil return path F2 is
clogged, controller 100 performs control in the following
manner.

[0048] Fig. 4 is a flowchart for controller 100 to perform
control when oil return path F2 is clogged.

[0049] Controller 100 calculates, in step S21, a tem-
perature difference Td between temperature T2 and tem-
perature T1, based on temperature T2 detected by tem-
perature sensor 122 and temperature T1 detected by
temperature sensor 121. Controller 100 determines, in
step S22, whether or not temperature difference Td cal-
culated in step S21 is more than or equal to a threshold
value Tta for the temperature difference. Threshold value
Tta is set to a value of temperature difference Td that
may be generated upon occurrence of such clogging that
may at least result in malfunction of compressor 10.
[0050] When determiningin step S22 thattemperature
difference Td is not more than or equal to threshold value
Tta, controller 100 makes a return. In contrast, when de-
termining in step S22 that temperature difference Td is
more than or equal to threshold value Tta, controller 100
determines that oil return path F2is clogged and performs
control for making a clogging alarm that indicates occur-
rence of the clogging. Such a clogging alarm is made by
both a display and an alarm device that are connected
to controller 100, or by at least one of them. The display
can display the alarm. The alarm device can output an
alarm sound.

[0051] After performing control for making the clogging
alarm, controller 100 performs control to stop compressor
10.

[0052] Controller 100 may be configured to perform
the aforementioned control to make the clogging alarm,
but not to perform the aforementioned control to stop
compressor 10. This is for the reason that, in response
to the clogging alarm, a person in charge can determine
the situation to address the clogging by taking any of
various measures such as stopping of compressor 10.
Alternatively, controller 100 may be configured to perform
the aforementioned control to stop compressor 10, but
not to perform the aforementioned control to make the
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clogging alarm. This is for the reason that, if at least com-
pressor 10 is stopped, compressor 10 can be prevented
from failing due to clogging of oil return path F2.

[0053] Alternatively, controller 100 may be configured
to simultaneously perform the aforementioned control to
make the alarm and the aforementioned control to stop
compressor 10. Controller 100 may also be configured
to perform the aforementioned control to make the alarm
and thereafter perform the aforementioned control to stop
compressor 10. Controller 100 may also be configured
to perform the aforementioned control to stop compres-
sor 10 and thereafter perform the aforementioned control
to make the alarm.

[0054] Controller 100 may also be configured to per-
form control to reduce the operating frequency of com-
pressor 10, before performing the aforementioned con-
trol to stop compressor 10. Controller 100 may also be
configured to increase the opening of flow rate adjust-
ment device LEV2 provided at oil return path F2, before
performing the aforementioned control to stop compres-
sor 10.

[0055] Temperature sensor 121 provided at oil return
path F2 for detecting temperature T1 of refrigeration oil
returned from oil separator 20 may be provided at a po-
sition for detecting the temperature of pipe 92 located
downstream of flow rate adjustment device LEV2.
[0056] In this way, the temperature of oil return path
F2 is detected and whether or not oil return path F2 is
clogged is determined based on the detected tempera-
ture, and therefore, it can be ensured that exhaustion of
refrigeration oil used in compressor 10 is recognized.
When it is determined that oil return path F2 is clogged,
control to stop compressor 10 is performed, and there-
fore, failure of compressor 10 due to exhaustion of re-
frigeration oil used in compressor 10 can be prevented.

[Opening control for flow rate adjustment device LEV2
when liquid back to compressor 10 occurs]

[0057] In the following, a description is given of control
to address liquid back by increasing the opening of flow
rate adjustment device LEV2 in response to occurrence
of liquid back to compressor 10. Liquid back refers to a
phenomenon in which refrigerant is not completely evap-
orated in evaporator 60 and liquid refrigerant flows back
to compressor 10.

[0058] When liquid back occurs, some refrigeration oil
is taken away from compressor 10 and stored in oil sep-
arator 20. When refrigeration oil overflows from oil sep-
arator 20, the refrigeration oil is taken away toward gas
cooler 30, for example. This condition may cause ex-
haustion of refrigeration oil in compressor 10 and result-
ant failure of compressor 10.

[0059] When such liquid back occurs, controller 100
performs control to increase the opening of flow rate ad-
justment device LEV2 provided in oil return path F2, and
thereby promote return of refrigeration oil from oil sepa-
rator 20 to compressor 10 and accordingly prevent ex-
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haustion of refrigeration oil. Specifically, controller 100
performs the following control to address liquid back.
[0060] Fig. 5is a flowchart for controller 100 to control
the opening of flow rate adjustment device LEV2 when
liquid back occurs.

[0061] Instep S31, based on a detected value of pres-
sure PL on the suction side of compressor 10 detected
by pressure sensor 131, controller 100 calculates a PL
saturation temperature T4 corresponding to the detected
value of pressure PL. In step S32, based on PL saturation
temperature T4 calculated in step S31 and temperature
T3 of the shell bottom of compressor 10 detected by tem-
perature sensor 123, controller 100 calculates a shell-
bottom superheat T5, using a calculation formula: "T3-
T4 = shell-bottom superheat T5".

[0062] Instep S33, based on a detected value of pres-
sure PH on the discharge side of compressor 10 detected
by pressure sensor 132, controller 100 calculates a PH
saturation temperature T6 corresponding to the detected
value of pressure PH. In step S34, based on PH satura-
tion temperature T6 calculated in step S33 and temper-
ature T2 of pipe 80 on the discharge side of compressor
10 detected by temperature sensor 122, controller 100
calculates a discharge superheat T7, using a calculation
formula: "T2-T6 = discharge superheat T7".

[0063] Instep S35, controller 100 determines whether
or not at least one of shell-bottom superheat T5 calcu-
lated in step S32 and discharge superheat T7 calculated
in step S34 is lower than an associated threshold value
Ttb of shell-bottom superheat T5/an associated thresh-
old value Ttc of discharge superheat T7. Threshold value
Ttb is set to a predetermined value at which shell-bottom
superheat TS is sure to cause liquid back. Threshold val-
ue Ttcis set to a predetermined value at which discharge
superheat T7 is sure to cause liquid back.

[0064] When both shell-bottom superheat T5 and dis-
charge superheat T7 are not lower than associated
threshold value Ttb and threshold value Ttc, respectively,
controller 100 makes a return. In contrast, when at least
one of shell-bottom superheat T5 and discharge super-
heat T7 is lower than associated threshold value
Ttb/threshold value Ttc, controller 100 determines, in
step S36, that liquid back occurs and performs control to
increase the valve opening of flow rate adjustment device
LEV2.

[0065] Controller 100 may use the temperature of any
one of shell-bottom superheat T5 and discharge super-
heat T7 and, when the detected value of the temperature
is lower than the associated threshold value, controller
100 may determine that liquid back occurs, or when the
detected values of respective temperatures of both the
superheats are lower than respective associated thresh-
old values, controller 100 may determine that liquid back
occurs.

[0066] Alternatively, controller 100 may use a param-
eter other than shell-bottom superheat T5 and discharge
superheat T7, for determining whether or not liquid back
occurs. For example, the liquid level of refrigeration oil
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stored in compressor 10 may be detected and, when the
detected liquid level becomes lower than areference lev-
el, controller 100 may determine that liquid back occurs.
The temperature itself of refrigeration oil stored in com-
pressor 10 may be detected and, when the detected tem-
perature becomes lower than a reference value, control-
ler 100 may determine that liquid back occurs.

[0067] As seen from the foregoing, when any one of
these calculated shell-bottom superheat T5 and dis-
charge superheat T7 becomes lower than associated
threshold value Ttb/threshold value Ttc, or when both
become lower than respective associated threshold val-
ue Ttb and threshold value Ttc, controller 100 can deter-
mine that liquid back occurs. When determining that lig-
uid back occurs, controller 100 can perform control to
increase the valve opening of flow rate adjustment device
LEV2 and thereby promote return of refrigeration oil from
oil separator 20 back to compressor 10 upon occurrence
of liquid back, and accordingly prevent exhaustion of re-
frigeration oil.

[0068] In connection with refrigeration cycle apparatus
1 of Embodiment 1, the foregoing is an example in which
all types of control shown in respective Figs. 2, 3, 4, and
5 are carried out. For refrigeration cycle apparatus 1 of
Embodiment 1, only the type of control shown in Fig. 2
may also be carried out. For refrigeration cycle apparatus
1 of Embodiment 1, in addition to the type of control
shown in Fig. 2, any one of respective types of control
shown in Figs. 3, 4, and 5 or any combination of more
than one of these types of control may also be carried out.
[0069] In connection with refrigeration cycle apparatus
1 of Embodiment 1, while the foregoing is an example in
which carbon dioxide gas refrigerant is used, any of other
types of refrigerant may also be used.

Embodiment 2

[Control of flow rate adjustment device LEV2 and elec-
tromagnetic valve 40]

[0070] In the following, a description is given of control
of flow rate adjustment device LEV2 and an electromag-
netic valve 40 performed by controller 100.

[0071] Fig. 6 is an overall configuration diagram of a
refrigeration cycle apparatus 1A according to Embodi-
ment 2. Refrigeration cycle apparatus 1A in Fig. 6 differs
from refrigeration cycle apparatus 1 in Fig. 1 in that a
cold source unit 2A is provided with oil return path F2
between the outlet side of oil separator 20 and the suction
side of compressor 10 that includes a first oil return path
F21 in which refrigeration oil is returned through flow rate
adjustment device LEV2, and a second oil return path
F22 which is disposed in parallel with the first oil return
path and in which refrigeration oil is returned through
electromagnetic valve 40. Thus, oil can be returned from
oil separator 20 to compressor 10 through flow rate ad-
justment device LEV2 and also through electromagnetic
valve 40.
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[0072] In addition, refrigeration cycle apparatus 1A in
Fig. 6 differs from refrigeration cycle apparatus 1 in Fig.
1 in that a liquid level sensor 141 for refrigeration oil is
provided at the refrigeration oil reservoir of compressor
10, like the one as described in connection with Embod-
iment 1. Liquid level sensor 141 detects a liquid level L
of refrigeration oil in the refrigeration oil reservoir of com-
pressor 10, and outputs a detection signal indicating a
value of the detected level to controller 100.

[0073] In accordance with a signal provided from con-
troller 100, electromagnetic valve 40 is controlled into
one of a fully opened state and a fully closed state. In the
following, "opened state" of electromagnetic valve 40 re-
fers to the "fully opened state" and "closed state" of elec-
tromagnetic valve 40 refers to the "fully closed state."
When electromagnetic valve 40 is controlled into the fully
opened state, refrigeration oil is returned from oil sepa-
rator 20 to compressor 10 by way of the second oil return
path through electromagnetic valve 40.

[0074] When there is no shortage of the amount of oil
returned to compressor 10 through flow rate adjustment
device LEV2, controller 100 controls electromagnetic
valve 40 such that its valve opening isin the closed state.
When there is shortage of the amount of oil returned to
compressor 10 regardless of the fact that the valve open-
ing of flow rate adjustment device LEV2 is in the fully
opened state, controller 100 controls electromagnetic
valve 40 such that its valve opening is in the opened
state. Such control can be performed to reduce occur-
rences of shortage of the amount of returned oil, since
oil can be returned through electromagnetic valve 40 to
compressor 10 when the ability of supplying oil back to
compressor 10 through flow rate adjustmentdevice LEV2
is not sufficient. In this way, the stability of the operation
of compressor 10 can be ensured.

[0075] Fig. 7 is a flowchart for controller 100 to control
electromagnetic valve 40 into the opened state, in re-
sponse to shortage of the amount of oil returned to com-
pressor 10 regardless of the fact that the valve opening
of flow rate adjustment device LEV2 is in the fully opened
state.

[0076] Specifically, according to Embodiment 2, con-
troller 100 performs a process like the one shown in Fig.
2 in a similar manner to Embodiment 1, to control flow
rate adjustment device LEV2 for adjusting the amount of
returned oil based on compressor differential pressure
Pd of compressor 10. Further, controller 100 performs
the following control based on monitoring of the valve
opening of flow rate adjustment device LEV2 and a de-
tected value of liquid level L detected by liquid level sen-
sor 141 for refrigeration oil provided at compressor 10.
[0077] Instep S41, controller 100 determines whether
or not the current valve opening of flow rate adjustment
device LEV2 is the maximum opening. Controller 100
makes a return when determining, in step S41, that the
valve opening is not the maximum opening.

[0078] When determining, in step S41, that the valve
opening is the maximum opening, controller 100 deter-
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mines, in step S42, whether or not liquid level L of refrig-
eration oil of compressor 10 detected by liquid level sen-
sor 141 becomes lower than the level of a threshold value
Lt that is necessary for maintaining a normal operating
state of compressor 10. Controller 100 makes a return
when determining, in step S42, that liquid level L of re-
frigeration oil of compressor 10 does not become lower
than the level of threshold value Lt.

[0079] When determining, in step S42, that liquid level
L of refrigeration oil in compressor 10 becomes lower
than the level of threshold value Lt, controller 100 sends
a control signal to electromagnetic valve 40 to control
electromagnetic valve 40 into the opened state. Such
control of electromagnetic valve 40 by controller 100 may
be performed, after S43, to set electromagnetic valve 40
into the closed state after a certain time has elapsed,
based on data set in a data table stored in advance in
memory 104, or set electromagnetic valve 40 into the
closed state immediately after S43.

[0080] Controller 100 performs such oil return control
through the electromagnetic valve, when the ability to
supply oil back to compressor 10 through flow rate ad-
justment LEV2 is not sufficient, to thereby enable oil to
be returned to compressor 10 through electromagnetic
valve 40. In this way, occurrences of shortage of the
amount of returned oil can be reduced. The stability of
the operation of compressor 10 can thus be ensured.
[0081] Whether or not the amount of oil returned to
compressor 10 is still insufficient regardless of the fact
that the valve opening of flow rate adjustment device
LEV2 is in the fully opened state, may also be detected
by means of aliquid level sensor disposed at oil separator
20, instead of liquid level sensor 141 disposed at com-
pressor 10.

[0082] Controller 100 may store, in advance in memory
104, a data table indicating a relation between compres-
sor differential pressure Pd and the amount of returned
refrigeration oil necessary for maintaining a normal op-
eration of compressor 10 during operation of refrigeration
cycle apparatus 1, and also store, in advance in memory
104, a data table indicating a relation between the valve
opening of flow rate adjustment device LEV2 and the
amount of refrigeration oil returned to compressor 10.
Controller 100 may use these data tables to determine
whether or not the amount of returned refrigeration oil
necessary for maintaining a normal operating state of
compressor 10 for compressor differential pressure Pd
is still insufficient even when the valve opening of flow
rate adjustment device LEV2 is set in the maximum state
and, when it is insufficient, controller 100 may send a
control signal to electromagnetic valve 40 to control elec-
tromagnetic valve 40 into the opened state from the
closed state. As such a data table, a data table indicating
a relation of compressor differential pressure Pd and the
operating frequency of compressor 10 to the amount of
returned refrigeration oil may also be used.
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[Control of electromagnetic valve 40 when compressor
10 is activated]

[0083] In the following, a description is given of activa-
tion-time electromagnetic valve control that controls elec-
tromagnetic valve 40 for adjusting compressor differen-
tial pressure Pd when compressor 10 is activated. In this
case, control to open flow rate adjustment device LEV2
for adjusting compressor differential pressure Pd as de-
scribed in connection with Embodiment 1 is not per-
formed.

[0084] If compressor differential pressure Pd which is
a pressure difference between suction-side pressure PL
and discharge-side pressure PH is too large when com-
pressor 10 is activated, compressor 10 may be difficult
to activate in some cases. In such cases, the activation
capability of compressor 10 may be deteriorated. In order
to prevent such deterioration of the activation capability,
controller 100 performs, in the manner as described be-
low, control for changing electromagnetic valve 40 from
the closed state to the opened state to make compressor
differential pressure Pd smaller than a reference value
when compressor 10 is activated.

[0085] Fig. 8 is a flowchart for controller 100 to control
electromagnetic valve 40 for adjusting compressor dif-
ferential pressure Pd when compressor 10 is activated.
[0086] Instep S51, controller 100 determines whether
ornotcompressor 10 is activated now. When determining
that the compressor is not activated now in step S51,
controller 100 makes a return. When determining that
the compressor is activated now in step S51, controller
100 calculates, in step S52, compressor differential pres-
sure Pd, based on a value of detected suction-side pres-
sure PL of compressor 10 that is input from pressure
sensor 131 and a value of detected discharge-side pres-
sure PH of compressor 10 that is input from pressure
sensor 132.

[0087] Controller 100 determines, in step S53, whether
or not compressor differential pressure Pd calculated in
step S52 is more than or equal to a threshold value Pt of
the differential pressure.

[0088] When determining in step S53 that compressor
differential pressure Pd is not more than or equal to
threshold value Pt, controller 100 makes a return. In con-
trast, when determining in step S53 that compressor dif-
ferential pressure Pd is more than or equal to threshold
value Pt, controller 100 performs, in step S54, control for
setting electromagnetic valve 40 in the opened state,
such that compressor differential pressure Pd is made
less than threshold value Pt. While such control is per-
formed, flow rate adjustment device LEV2 is kept in the
closed state. Threshold value Ptis set to at least a value
that does not cause deterioration of the activation capa-
bility of compressor 10. Such control of electromagnetic
valve 40 by controller 100 may be stopped at the time
when compressor differential pressure Pd becomes low-
er than threshold value Pt even slightly, or when com-
pressor differential pressure Pd becomes zero.
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[0089] Thus, whencompressor 10 is activated, control
can be performed for setting electromagnetic valve 40 in
the opened state to make the pressure difference be-
tween suction-side pressure PL and discharge-side pres-
sure PH smaller than a reference value, to thereby im-
prove the activation capability of compressor 10.
[0090] When compressor 10 is activated, controller
100 may perform control to open both flow rate adjust-
ment device LEV2 and electromagnetic valve 40, for
making compressor differential pressure Pd between
suction-side pressure PL and discharge-side pressure
PH smaller than differential-pressure threshold value Pt.
[0091] Moreover, when compressor 10 is activated,
controller 100 may perform control to open one of flow
rate adjustment device LEV2 and electromagnetic valve
40thatis selected based on the magnitude of compressor
differential pressure Pd detected when compressor 10
is activated, for making compressor differential pressure
Pd between suction-side pressure PL and discharge-
side pressure PH smaller than differential-pressure
threshold value Pt. For example, controller 100 separate-
ly specifies a first pressure difference and a second pres-
sure difference larger than the first pressure difference,
each as a pressure difference that is more than or equal
to threshold value Pt of the differential pressure that may
be detected when compressor 10 is activated. When
compressor differential pressure Pd detected when com-
pressor 10 is activated is more than or equal to the first
pressure difference and less than the second pressure
difference, controller 100 performs control to open one
of flow rate adjustmentdevice LEV2 and electromagnetic
valve 40 that is lower in terms of the pressure adjusting
ability. When the pressure difference detected when
compressor 10 is activated is more than or equal to the
second pressure difference, controller 100 performs con-
trol to open one of flow rate adjustment device LEV2 and
electromagnetic valve 40 that is higher in the pressure
adjustment ability.

[Control for electromagnetic valve 40 when liquid back
to compressor 10 occurs]

[0092] In the following, a description is given of elec-
tromagnetic valve control to address liquid back by set-
ting electromagnetic valve 40 in the opened state in re-
sponse to occurrence of liquid back to compressor 10.
In this case, control to increase the opening of flow rate
adjustment device LEV2 in response to occurrence of
liquid back as described in connection with Embodiment
1 is not performed.

[0093] When liquid back occurs, some refrigeration oil
is taken away from compressor 10 and stored in oil sep-
arator 20. When refrigeration oil overflows from oil sep-
arator 20, the refrigeration oil is taken away toward gas
cooler 30, for example. This condition may cause ex-
haustion of refrigeration oil in compressor 10 and result-
ant failure of compressor 10.

[0094] When such liquid back occurs, controller 100
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performs control to switch electromagnetic valve 40 pro-
vided in oil return path F2 from the closed state to the
opened state, and thereby promote return of refrigeration
oil from oil separator 20 to compressor 10 and accord-
ingly prevent exhaustion of refrigeration oil. Specifically,
controller 100 performs the following control to address
liquid back.

[0095] Fig. 9is a flowchart for controller 100 to control
electromagnetic valve 40 into the opened state when lig-
uid back occurs.

[0096] Instep S61, based on a detected value of pres-
sure PL on the suction side of compressor 10 detected
by pressure sensor 131, controller 100 calculates PL sat-
uration temperature T4 corresponding to the detected
value of pressure PL. In step S62, based on PL saturation
temperature T4 calculated in step S31 and temperature
T3 of the shell bottom of compressor 10 detected by tem-
perature sensor 123, controller 100 calculates shell-bot-
tom superheat T5, using the calculation formula: "T3-T4
= shell-bottom superheat T5".

[0097] Instep S63, based on a detected value of pres-
sure PH on the discharge side of compressor 10 detected
by pressure sensor 132, controller 100 calculates PH sat-
uration temperature T6 corresponding to the detected
value of pressure PH. In step S64, based on PH satura-
tion temperature T6 calculated in step S63 and temper-
ature T2 of pipe 80 on the discharge side of compressor
10 detected by temperature sensor 122, controller 100
calculates discharge superheat T7, using the calculation
formula: "T2-T6 = discharge superheat T7".

[0098] In step S65, controller 100 determines whether
or not at least one of shell-bottom superheat T5 calcu-
lated in step S62 and discharge superheat T7 calculated
in step S64 is lower than associated threshold value Ttb
of shell-bottom superheat T5/associated threshold value
Ttc of discharge superheat T7. Threshold value Ttb is
set to a predetermined value at which shell-bottom su-
perheat T5 is sure to cause liquid back. Threshold value
Ttc is set to a predetermined value at which discharge
superheat T7 is sure to cause liquid back.

[0099] When both shell-bottom superheat T5 and dis-
charge superheat T7 are not lower than associated
threshold value Ttb and threshold value Ttc, respectively,
controller 100 makes a return. In contrast, when at least
one of shell-bottom superheat T5 and discharge super-
heat T7 is lower than associated threshold value
Ttb/threshold value Ttc, controller 100 determines, in
step S66, that liquid back occurs and performs control to
switch electromagnetic valve 40 from the closed state to
the opened state. Through such control of electromag-
netic valve 40, controller 100 may set electromagnetic
valve 40 in the closed state after a certain time has
elapsed, based on data that is set in a data table stored
in advance in memory 104, after S66 is performed, or
may set electromagnetic valve 40 in the closed state im-
mediately after S66 is performed.

[0100] Controller 100 may use the temperature of any
one of shell-bottom superheat T5 and discharge super-



19 EP 4 265 980 A1 20

heat T7 and, when the detected value of the temperature
is lower than the associated threshold value, controller
100 may determine that liquid back occurs, or when the
detected values of respective temperatures of both the
superheats are lower than respective associated thresh-
old values, controller 100 may determine that liquid back
occurs.

[0101] Alternatively, controller 100 may use a param-
eter other than shell-bottom superheat T5 and discharge
superheat T7, for determining whether or not liquid back
occurs. For example, the liquid level of refrigeration oil
stored in compressor 10 may be detected and, when the
detected liquid level becomes lower than a threshold val-
ue, controller 100 may determine that liquid back occurs.
The temperature itself of refrigeration oil stored in com-
pressor 10 may be detected and, when the detected tem-
perature becomes lower than a threshold value, control-
ler 100 may determine that liquid back occurs.

[0102] In connection with refrigeration cycle apparatus
1A of Embodiment2, the foregoingis an example in which
all types of control shown in Figs. 7, 8, and 9 are carried
out. For refrigeration cycle apparatus 1A of Embodiment
2, only the type of control shown in Fig. 7 may also be
carried out. For refrigeration cycle apparatus 1 of Em-
bodiment 2, in addition to the type of control shown in
Fig. 2, any one of respective types of control shown in
Figs. 8, and 9 may also be carried out.

[Summary of Embodiments]

[0103] The foregoing embodiments are described
again with reference to the drawings.

[0104] The present disclosure relates to cold source
unit 2 for a refrigeration cycle apparatus to be connected
to load apparatus 3. Cold source unit 2 includes: refrig-
erant flow path F 1 to be connected to load apparatus 3
and thereby form a circulation flow path in which refrig-
erant circulates; compressor 10 disposed in refrigerant
flow path F1; oil separator 20 disposed on a discharge
side of compressor 10 in refrigerant flow path F1; oil re-
turn path F2 to return refrigeration oil from oil separator
20 to compressor 10; flow rate adjustment device LEV2
disposed in oil return path F2 and configured to adjust a
flow rate of fluid flowing in oil return path F2; pressure
sensor 131 disposed in oil return path F2 to detect pres-
sure PL on a suction side of compressor 10; pressure
sensor 132 disposed in oil return path F2 to detect pres-
sure PH on the discharge side of compressor 10; and a
controller to control the opening of flow rate adjustment
device LEV2based on the pressure detected by pressure
sensor 131 and the pressure detected by pressure sen-
sor 132.

[0105] With this configuration, the opening of flow rate
adjustmentdevice LEV2is controlled, based on pressure
PL on the suction side of compressor 10 that is detected
by pressure sensor 131 and pressure PH detected by
pressure sensor 132, which enables the state of oil re-
turned to compressor 10 to be stabilized.
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[0106] Preferably, when compressor 10 is activated,
controller 100 performs control to open flow rate adjust-
ment device LEV2, based on a pressure difference be-
tween pressure PL detected by pressure sensor 131 and
pressure PH detected by pressure sensor 132. This con-
figuration enables, when compressor 10 is activated, the
pressure difference between suction-side pressure PL
and discharge-side pressure PH to be smaller than a
reference value, and thereby enables the activation ca-
pability of compressor 10 to be improved.

[0107] More preferably, the cold source unit further in-
cludestemperature sensor 121 disposed in oil return path
F2 to detect temperature T1 of oil return path F2, con-
troller 100 determines whether or not oil return path F2
is clogged, based on the temperature detected by tem-
perature sensor 121. More specifically, based on the tem-
perature difference between temperature T1 of pipe 91
located upstream of flow rate adjustment device LEV2
and temperature T2 of pipe 80 located on the discharge
side of compressor 10, it is determined whether or not
oil return path F2 is clogged. With this configuration, the
temperature of oil return path F2 is detected and whether
or not oil return path F2 is clogged is determined based
on the detected temperature, which ensures that exhaus-
tion of refrigeration oil used in compressor 10 is recog-
nized.

[0108] More preferably, controller 100 performs control
to increase the opening of flow rate adjustment device
LEV2, in response to occurrence of liquid back that is
returning of liquid refrigerant from oil return path F2 to
compressor 10. This configuration enables, when liquid
back occurs, returning of refrigeration oil from oil sepa-
rator 20 to compressor 10 to be promoted, to thereby
prevent exhaustion of refrigeration oil.

[0109] More preferably, the cold source unit further in-
cludes electromagnetic valve 40 to be opened or closed
for making a flow rate of fluid flowing in oil return path F2
adjustable, where electromagnetic valve 40 is disposed
in oil return path F2 and arranged in parallel with flow
rate adjustment device LEV2, and controller 100 controls
electromagnetic valve 40 when refrigeration oil returned
to compressor 10 is insufficient under a condition that
flow rate adjustment device LEV2 is opened based on
pressure PL on the suction side of compressor 10 de-
tected by pressure sensor 131 and pressure PH detected
by pressure sensor 132. This configuration enables oil
to be returned to compressor 10 through electromagnetic
valve 40, and thereby enables reduction of occurrences
of shortage in the amount of returned oil. Accordingly,
the stability of the operation of compressor 10 can be
ensured.

[0110] More preferably, when the compressor is acti-
vated, the controller performs control to open electro-
magnetic valve 40, based on a pressure difference be-
tween pressure PL detected by pressure sensor 131 and
pressure PH detected by pressure sensor 132. This con-
figuration enables, when compressor 10 is activated, re-
duction of the pressure difference between suction-side
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pressure PL and discharge-side pressure PH, and there-
by enables the activation capability of compressor 10 to
be improved.

[0111] More preferably, controller 100 performs control
to open electromagnetic valve 40, in response to occur-
rence of liquid back that is returning of liquid refrigerant
from oil return path F2 to compressor 10. This configu-
ration enables, when liquid back occurs, returning of re-
frigeration oil from oil separator 20 to compressor 10 to
be promoted, to thereby prevent exhaustion of refriger-
ation oil.

[0112] The presentdisclosure according to another as-
pect relates to refrigeration cycle apparatus 1 including:
cold source unit 2 according to any one the foregoing;
and load apparatus 3.

[0113] As described above, the refrigeration cycle ap-
paratus according to the present embodiment controls
the opening of flow rate adjustment device LEV2 based
on pressure PL on the suction side of compressor 10
detected by pressure sensor 131 and pressure PH de-
tected by pressure sensor 132, and therefore enables
the state of oil returned to compressor 10 to be stabilized.
[0114] It should be construed that the embodiments
disclosed herein are given by way of illustration in all
respects, not by way of limitation. It is intended that the
scope of the present disclosure is defined by claims, not
by the above description of the embodiments, and en-
compasses all modifications and variations equivalentin
meaning and scope to the claims.

REFERENCE SIGNS LIST

[0115] 1, 1A refrigeration cycle apparatus; 2, 2A cold
source unit; 3 load apparatus; 10 compressor; 20 oil sep-
arator; 30 gas cooler; F2 oil return path; LEV2 flow rate
adjustment device; 131, 132 pressure sensor; 100 con-
troller; 121, 122 temperature sensor

Claims

1. Acold source unit for a refrigeration cycle apparatus
to be connected to a load apparatus, the cold source
unit comprising:

a refrigerant flow path to be connected to the
load apparatus and thereby form a circulation
flow path in which refrigerant circulates;

a compressor disposed in the refrigerant flow
path;

an oil separator disposed on a discharge side
of the compressor in the refrigerant flow path;
an oil return path to return refrigeration oil from
the oil separator to the compressor;

a flow rate adjustment device disposed in the oil
return path and having an opening to be adjust-
ed for making a flow rate of fluid flowing in the
oil return path adjustable;
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a first pressure sensor to detect a pressure on
a suction side of the compressor;

a second pressure sensor to detect a pressure
on the discharge side of the compressor; and
a controller to control the opening of the flow
rate adjustment device based on the pressure
detected by the first pressure sensor and the
pressure detected by the second pressure sen-
sor.

The cold source unit according to claim 1, wherein
when the compressoris activated, the controller con-
trols the opening of the flow rate adjustment device,
based on a pressure difference between the pres-
sure detected by the first pressure sensor and the
pressure detected by the second pressure sensor.

The cold source unitaccording to claim 1 or 2, further
comprising a temperature sensor to detect a tem-
perature of the oil return path, wherein

the controller determines whether or not the oil return
path is clogged, based on the temperature detected
by the temperature sensor.

The cold source unit according to any one of claims
1 to 3, wherein the controller increases the opening
of the flow rate adjustment device, in response to
occurrence of liquid back that is returning of liquid
refrigerant from the oil return path to the compressor.

The cold source unit according to claim 1, further
comprising an electromagnetic valve to adjust a flow
rate of fluid flowing in the oil return path, the electro-
magnetic valve being disposed in the oil return path
and arranged in parallel with the flow rate adjustment
device, wherein

the controller controls the electromagnetic valve
when refrigeration oil returned to the compressor is
insufficient under a condition that the flow rate ad-
justment device is opened based on the pressure
detected by the first pressure sensor and the pres-
sure detected by the second pressure sensor.

The cold source unit according to claim 5, wherein
when the compressoris activated, the controller con-
trols an opening of the electromagnetic valve, based
on a pressure difference between the pressure de-
tected by the first pressure sensor and the pressure
detected by the second pressure sensor.

The cold source unit according to claim 5 or 6, where-
in the controller opens the electromagnetic valve, in
response to occurrence of liquid back that is return-
ing of liquid refrigerant from the oil return path to the
compressor.

A refrigeration cycle apparatus comprising:
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acold source unit according to any one of claims
1to 7; and
the load apparatus.

10

15

20

25

30

35

40

45

50

55

13

24



EP 4 265 980 A1

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

| o |
m E szt © |
i (oY !
| o N o= /1. _.w._._n/_ m
I hae [=2] < 1
! - _
" Sl

]
m (IlL "
1 “ “ o3
| S _ ol
" 2.,“ ““
| g |
| o b
“ | -
| | Bt
| S y | )
[ — |
d 3lE “m"/
I 1(0 _“
' [+} py [
"R/w =] = ® N
B = | N L
. oy o
N > lew
L 1E (R N
i toa
Lo 10 o
®
i toa
i to
| A &8 o — 2
| B
| N
| m

14



EP 4 265 980 A1

FIG.2
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FIG.3
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FIG.7
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FIG.8
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