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(57) Provided is a refrigerant circuit system with
which it is possible to promote overcooling while ade-
quately controlling the compressor temperature. The re-
frigerant circuit system (1) is provided with: a gas-liquid
heat exchanger (20) for exchanging heat between a
high-pressure refrigerant and a low-pressure refrigerant;
a bypass path (21) for diverting the high-pressure refrig-
erant upstream of a decompression unit (151); a bypass
valve (22) capable of adjusting the flow rate; and a control
unit (25) for issuing a command corresponding to the flow
rate to the bypass valve (22). The control unit (25) deter-
mines the ratio of increase/decrease from the current
point in time of the flow rate of the high-pressure refrig-
erant to be channeled into the bypass path (21) on the
basis of Δh’/Δh, when: h1 is the discharge enthalpy, which
is enthalpy corresponding to the sensed temperature of
the discharged refrigerant; Δh is the enthalpy difference,
which is the difference in enthalpy corresponding to the
sensed refrigerant temperature at the inlet and outlet of
the gas-liquid heat exchanger (20); hv is the target dis-
charge enthalpy corresponding to the target temperature
Tv allowable for the compressor (14); and Δh’ is the com-
patible enthalpy difference compatible with the target dis-
charge enthalpy hv on the basis of h1 and Δh.
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Description

Technical Field

[0001] The present invention relates to a refrigerant
circuit system provided with a gas-liquid heat exchanger,
and a method for controlling the refrigerant circuit system.

Background Art

[0002] In order to improve the performance of a refrig-
erant circuit system such as an air conditioner, how to
radiate heat of a refrigerant to be able to liquefy the re-
frigerant is important, and a condenser plays the role. A
high-temperature and high-pressure refrigerant gas
compressed by a compressor releases heat by the heat
exchange with air in the condenser to lower enthalpy.
Here, the more the enthalpy is lowered by promoting su-
percooling, the more the performance is improved. How-
ever, due to advance in technology, in the present situ-
ation where heat radiation is performed such that the
temperature of the refrigerant gas is lowered to a tem-
perature close to the temperature of air, it is becoming
difficult to further promote the supercooling.
[0003] Therefore, if a gas-liquid heat exchanger (also
referred to as an internal heat exchanger or an intercool-
er) which performs heat exchange between a high-pres-
sure refrigerant liquefied by a condenser and a low-pres-
sure refrigerant gas which has passed through an evap-
orator is used, it is possible to lower enthalpy by further
liquefying the high-pressure refrigerant.
[0004] However, since the temperature of the low-
pressure refrigerant which is suctioned into the compres-
sor is increased due to the heat radiation from the high-
pressure refrigerant to the low-pressure refrigerant in the
gas-liquid heat exchanger, the temperature of the com-
pressor rises. In order to suppress the temperature of
the compressor to an allowable temperature, there is an
example in which only a part of the low-pressure refrig-
erant which has passed through the evaporator is caused
to flow to the gas-liquid heat exchanger and the rest is
caused to bypass the gas-liquid heat exchanger (PTL 1).
That is, due to the bypass, the flow rate of the low-pres-
sure refrigerant to which heat is released from the high-
pressure refrigerant is adjusted. In PTL 1, a bypass path
and a bypass valve are provided on the outlet side of the
evaporator and the low-pressure refrigerant is suctioned
from the bypass path to the compressor.

Citation List

Patent Literature

[0005] [PTL 1] Japanese Unexamined Patent Applica-
tion Publication No. 2000-346466

Summary of Invention

Technical Problem

[0006] As in PTL 1, if an attempt to adjust the flow rate
of the low-pressure refrigerant passing through the evap-
orator and flowing through the gas-liquid heat exchanger
is made, it is difficult to adjust the flow rate because the
refrigerant is a low-pressure gas. Further, the refrigerant
which has bypassed is suctioned into the compressor,
and therefore, the flow rate of the refrigerant which is
caused to bypass is changed, the influence directly acts
on the compressor, and thus the temperature of the com-
pressor overshoots with respect to a target temperature
or hunting easily occurs.
[0007] From the above, the present invention has an
object to provide a refrigerant circuit system and a meth-
od for controlling the refrigerant circuit system, in which
it is possible to promote supercooling while appropriately
controlling the temperature of a compressor.

Solution to Problem

[0008] According to an aspect of the present invention,
there is provided a refrigerant circuit system which in-
cludes a compressor, a condenser, a decompression
unit, and an evaporator, the refrigerant circuit system fur-
ther including: a gas-liquid heat exchanger which per-
forms heat exchange between a high-pressure refriger-
ant which has passed through the condenser and a low-
pressure refrigerant which has passed through the evap-
orator; a bypass path for receiving at least a part of the
high-pressure refrigerant flowing from the condenser to
the gas-liquid heat exchanger and causing the high-pres-
sure refrigerant to bypass to the upstream of the decom-
pression unit; a flow rate regulating unit capable of ad-
justing a flow rate of the high-pressure refrigerant flowing
into the bypass path; and a control unit which gives a
command corresponding to the flow rate to the flow rate
regulating unit, in which the control unit determines the
ratio of increase/decrease from the present time, of the
flow rate of the high-pressure refrigerant which is caused
to flow into the bypass path, based on (Δh’/Δh), when
discharge enthalpy which is enthalpy corresponding to a
detected temperature of a discharged refrigerant which
is discharged from the compressor is hi, an enthalpy dif-
ference which is a difference between enthalpy corre-
sponding to a detected temperature of a refrigerant at an
inlet of the gas-liquid heat exchanger and enthalpy cor-
responding to a detected temperature of a refrigerant at
an outlet of the gas-liquid heat exchanger is Δh, a target
discharge enthalpy corresponding to a target tempera-
ture Tv which is allowed for the compressor is hv, and a
compatible enthalpy difference which is a difference in
enthalpy between the inlet and the outlet of the gas-liquid
heat exchanger, which is compatible with the target dis-
charge enthalpy hv, based on h1 and Δh, is Δh’.
[0009] In the refrigerant circuit system according to the
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above aspect of the present invention, it is preferable that
a target temperature range which includes the target tem-
perature Tv and has an upper limit temperature and a
lower limit temperature is set and the control unit acquires
the compatible enthalpy difference Δh’ in which it is pos-
sible to cause the target discharge enthalpy hv to fall
within a range from lower limit discharge enthalpy corre-
sponding to the lower limit temperature to upper limit dis-
charge enthalpy corresponding to the upper limit temper-
ature.
[0010] It is preferable that the refrigerant circuit system
according to the above aspect of the present invention
is an air conditioner which includes a switching unit which
can switch between a cooling operation and a heating
operation by changing a direction of a flow of the refrig-
erant, an outdoor heat exchanger which functions as the
condenser during the cooling operation and functions as
the evaporator during the heating operation, an indoor
heat exchanger which functions as the evaporator during
the cooling operation and functions as the condenser dur-
ing the heating operation, a decompression unit during
cooling, which is located between the gas-liquid heat ex-
changer and the evaporator and functions as the decom-
pression unit during the cooling operation, and a decom-
pression unit during heating, which is located between
the gas-liquid heat exchanger and the evaporator and
functions as the decompression unit during the heating
operation.
[0011] Further, according to another aspect of the
present invention, there is provided a method for control-
ling a refrigerant circuit system which includes a com-
pressor, a condenser, a decompression unit, and an
evaporator, the refrigerant circuit system further includ-
ing a gas-liquid heat exchanger which performs heat ex-
change between a high-pressure refrigerant which has
passed through the condenser and a low-pressure re-
frigerant which has passed through the evaporator, a by-
pass path for receiving at least a part of the high-pressure
refrigerant flowing from the condenser to the gas-liquid
heat exchanger, and causing the high-pressure refriger-
ant to bypass to the upstream of the decompression unit,
and a flow rate regulating unit capable of adjusting a flow
rate of the high-pressure refrigerant flowing into the by-
pass path, the method including: a step of detecting a
temperature of a discharged refrigerant which is dis-
charged from the compressor; a step of detecting a tem-
perature of a refrigerant at an inlet of the gas-liquid heat
exchanger; a step of detecting a temperature of a refrig-
erant at an outlet of the gas-liquid heat exchanger; a step
of acquiring a compatible enthalpy difference Δh’ which
is a difference in enthalpy between the inlet and the outlet
of the gas-liquid heat exchanger, which is compatible with
the target discharge enthalpy hv, based on h1 and Δh,
when discharge enthalpy which is enthalpy correspond-
ing to a detected temperature of the discharged refriger-
ant is hi, an enthalpy difference which is a difference be-
tween enthalpy corresponding to a detected temperature
of a refrigerant at the inlet and enthalpy corresponding

to a detected temperature of a refrigerant at the outlet is
Δh, and a target discharge enthalpy corresponding to a
target temperature Tv which is allowed for the compres-
sor is hv; and a step of determining the ratio of in-
crease/decrease from the present time, of the flow rate
of the high-pressure refrigerant which is caused to flow
into the bypass path, based on (Δh’/Δh).
[0012] In the method for controlling a refrigerant circuit
system according to the above aspect of the present in-
vention, it is preferable that a target temperature range
which includes the target temperature Tv and has an up-
per limit temperature and a lower limit temperature is set
and that in the step of acquiring Δh’, the compatible en-
thalpy difference Δh’ in which it is possible to cause the
target discharge enthalpy hv to fall within a range from
lower limit discharge enthalpy corresponding to the lower
limit temperature to upper limit discharge enthalpy cor-
responding to the upper limit temperature is acquired.

Advantageous Effects of Invention

[0013] By performing control to change a flow rate
which is caused to bypass, by the flow rate regulating
unit, based on (Δh’/Δh) derived such that the temperature
of the discharged refrigerant reaches the target temper-
ature Tv, from the relationship between the enthalpy dif-
ference Δh corresponding to the effect of supercooling
by the gas-liquid heat exchanger and the discharge en-
thalpy h1 corresponding to the temperature of the dis-
charged refrigerant, it is possible to achieve improvement
in performance by promoting supercooling while sup-
pressing the temperature of the discharged refrigerant.
[0014] According to the present invention, by changing
the ratio of the flow rates of the refrigerant flowing through
the gas-liquid heat exchanger and the refrigerant flowing
through the bypass path, based on the present and future
ratios (Δh’/Δh) of the magnitude of the effect of the heat
exchange amount by the gas-liquid heat exchanger, it is
possible to obtain an appropriate response of the com-
pressor and stabilize the temperature of the discharged
refrigerant to the target temperature Tv at an early stage.
Brief Description of Drawings
[0015]

Fig. 1 is a diagram showing a configuration of a re-
frigerant circuit system according to an embodiment
of the present invention.
Fig. 2 is a p-h diagram showing the action of super-
cooling by a gas-liquid heat exchanger.
Fig. 3 is a diagram showing a flow of control for ob-
taining a flow rate control amount of a high-pressure
refrigerant which is caused to bypass.
Fig. 4 is a diagram showing an image of control on
a temperature of a discharged refrigerant.
Fig. 5 is a diagram showing a configuration of a re-
frigerant circuit system according to a modification
example of the present invention.
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Description of Embodiments

[0016] Hereinafter, an embodiment of the present in-
vention will be described with reference to the accompa-
nying drawings.

[First Embodiment]

[0017] A refrigerant circuit system 1 shown in Fig. 1 is
provided with a refrigerant circuit through which a refrig-
erant circulates. The refrigerant circuit system 1 is an air
conditioner utilizing a refrigeration cycle, and includes an
outdoor unit (not shown) having an outdoor heat ex-
changer 11 which performs heat exchange between out-
door air and a refrigerant, and an indoor unit (not shown)
having an indoor heat exchanger 12 which performs heat
exchange between indoor air and the refrigerant.
[0018] The refrigerant circuit system 1 is provided with
a four-way valve 13 capable of switching the flow direc-
tion of a circulating refrigerant, and is configured such
that switching between a cooling operation and a heating
operation can be performed by operating the four-way
valve 13. In Fig. 1, the flow of the refrigerant during cool-
ing is shown by solid arrows. During heating, instead of
closing a path of A shown in the four-way valve 13, a
path of B shown by a broken line is opened, so that the
refrigerant flows in a direction opposite to the direction
during the cooling (dashed arrows in Fig. 1).
[0019] The outdoor heat exchanger 11 functions as a
condenser during the cooling operation and functions as
an evaporator during the heating operation. The indoor
heat exchanger 12 functions as an evaporator during the
cooling operation and functions as a condenser during
the heating operation. A fan 11F for blowing air to the
outdoor heat exchanger 11 and a fan 12F for blowing air
toward the indoor heat exchanger 12 are provided in the
refrigerant circuit system 1.
[0020] A condenser and an evaporator as functions
during the cooling operation are respectively appended
to the outdoor heat exchanger 11 and the indoor heat
exchanger 12 shown in Fig. 1.
[0021] Hereinafter, on the basis of the cooling, the out-
door heat exchanger 11 is referred to as a condenser 11
and the indoor heat exchanger 12 is referred to as an
evaporator 12.
[0022] The refrigerant circuit system 1 includes, as ba-
sic elements, a compressor 14, the condenser 11, de-
compression units 15 (151 and 152), and the evaporator
12. As the decompression units 15, two decompression
units; a decompression unit 151 for the cooling operation
and a decompression unit 152 for the heating operation,
are prepared. The decompression unit 151 for the cooling
operation does not function during the heating operation.
Similarly, the decompression unit 152 for the heating op-
eration does not function during the cooling operation.
[0023] The refrigerant circuit system 1 includes, in ad-
dition to the above basic elements, a gas-liquid heat ex-
changer 20 which performs heat exchange between a

low-pressure refrigerant that has passed through the
evaporator 12 and a high-pressure refrigerant that has
passed through the condenser 11, a bypass path 21 for
causing a part of the high-pressure refrigerant flowing to
the gas-liquid heat exchanger 20 to bypass to the up-
stream of the decompression unit 151, a bypass valve
22 capable of adjusting the flow rate of the high-pressure
refrigerant flowing into the bypass path 21, and a control
unit 25 which gives the degree of opening to the bypass
valve 22.
[0024] The gas-liquid heat exchanger 20 is provided
with a high-pressure path 201 through which the high-
pressure refrigerant flows and a low-pressure path 202
through which the low-pressure refrigerant flows, and is
configured so as to be able to perform heat exchange
between the high-pressure refrigerant flowing through
the high-pressure path 201 and the low-pressure refrig-
erant flowing through the low-pressure path 202.
[0025] The bypass path 21 receives a part of the high-
pressure refrigerant from the upstream of the high-pres-
sure path 201 and causes the high-pressure refrigerant
to bypass to the downstream of the high-pressure path
201 and the upstream of the decompression unit 151.
[0026] The high-pressure refrigerant which passes
through the condenser 11 and flows into the gas-liquid
heat exchanger 20 radiates heat to the low-pressure re-
frigerant, thereby being supercooled, as indicated by 100
in Fig. 2, so that enthalpy is lowered. Thereafter, the high-
pressure refrigerant is decompressed by the decompres-
sion unit 151 and flows to the evaporator 12.
[0027] The high-pressure refrigerant is supercooled by
the gas-liquid heat exchanger 20, and on the other hand,
as indicated by 101 in Fig. 2, the low-temperature and
low-pressure refrigerant which has passed through the
evaporator 12 absorbs heat from the high-pressure re-
frigerant, thereby being overheated. Then, the tempera-
ture of the refrigerant which is suctioned into the com-
pressor 14 rises.
[0028] A predetermined target temperature Tv which
is allowed for the compressor 14 can be determined in
consideration of the performance of lubricating oil which
is used in a sliding part of the compressor 14, or in a case
where an electric motor is incorporated in the compressor
14, in consideration of the performance of the electric
motor as well.
[0029] In this embodiment, the target temperature Tv
which is the temperature of the refrigerant flowing
through a discharge pipe that discharges the refrigerant
compressed by the compressor 14 to the outside of the
compressor 14 is determined. A target temperature
range which includes the target temperature Tv and in-
cludes an upper limit temperature X and a lower limit
temperature X-α is set.
[0030] In this embodiment, in order to make the tem-
perature of the compressor 14 fall within a range from
the lower limit temperature X-α to the upper limit temper-
ature X while obtaining the effect of supercooling as much
as possible by the gas-liquid heat exchanger 20, the flow
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rate of the high-pressure refrigerant flowing through the
bypass path 21 is adjusted by using the bypass path 21
and the bypass valve 22. If an opening degree command
corresponding to the flow rate is given from the control
unit 25 to the bypass valve 22, the amount of the degree
of opening of the bypass valve 22 is changed according
to the opening degree command, whereby the flow rate
of the refrigerant flowing through the bypass path 21 is
adjusted.
[0031] In the high-pressure refrigerant which has
passed through the condenser 11, a liquid phase is dom-
inant, and therefore, the flow rate can be easily and re-
liably adjusted compared to a case of adjusting the flow
rate of a refrigerant gas.
[0032] In order to adjust the flow rate of the refrigerant
flowing into the bypass path 21, the control unit 25 per-
forms calculation with respect to each enthalpy derived
using the pressure and temperature of the high-pressure
refrigerant, the temperature of the refrigerant at an inlet
of the gas-liquid heat exchanger 20, and the temperature
of the refrigerant at an outlet of the gas-liquid heat ex-
changer 20.
[0033] In order to derive the enthalpy, the refrigerant
circuit system 1 of this embodiment is provided with a
condenser temperature sensor 11A, a discharge temper-
ature sensor 14A, an inlet temperature sensor 20A, and
an outlet temperature sensor 20B.
[0034] The condenser temperature sensor 11A de-
tects the temperature of a gas-liquid two-phase refriger-
ant flowing through the condenser 11. The temperature
detected by the condenser temperature sensor 11A is
regarded as the temperature of a saturated vapor, and
the pressure of the high-pressure refrigerant can be ob-
tained as the saturated vapor pressure corresponding
thereto.
[0035] In a case where a pressure gauge indicating
the pressure of the high-pressure refrigerant is provided
in the outdoor unit, the value measured by the pressure
gauge can be used as the pressure of the high-pressure
refrigerant.
[0036] The refrigerant circuit system 1 is also provided
with a temperature sensor 12A which detects the tem-
perature of a gas-liquid two-phase refrigerant flowing
through the indoor heat exchanger 12 which functions
as a condenser during the heating operation, for the con-
trol during the heating operation. During the heating op-
eration, the pressure of the high-pressure refrigerant can
be obtained by using the temperature detected by the
temperature sensor 12A.
[0037] The discharge temperature sensor 14A detects
the temperature of the refrigerant flowing through the dis-
charge pipe of the compressor 14 (hereinafter referred
to as a discharged refrigerant).
[0038] The inlet temperature sensor 20A detects the
temperature of the high-pressure refrigerant flowing into
the inlet of the gas-liquid heat exchanger 20.
[0039] The outlet temperature sensor 20B detects the
temperature of the high-pressure refrigerant flowing out

from the outlet of the gas-liquid heat exchanger 20.
[0040] An example of the processing by the control unit
25 will be described.
[0041] The control unit 25 acquires h1 which is the en-
thalpy of the discharged refrigerant, based on the meas-
urement value by the condenser temperature sensor
11A, or by using the pressure of the high-pressure refrig-
erant obtained by the pressure gauge and a temperature
Td of the discharged refrigerant detected by the dis-
charge temperature sensor 14A.
[0042] Further, enthalpy h2 of the refrigerant at the inlet
of the gas-liquid heat exchanger 20 is acquired by using
the temperature detected by the inlet temperature sensor
20A and the pressure of the high-pressure refrigerant,
and enthalpy h3 of the refrigerant at the outlet of the gas-
liquid heat exchanger 20 is acquired by using the tem-
perature detected by the outlet temperature sensor 20B
and the pressure of the high-pressure refrigerant.
[0043] An enthalpy difference Δh is acquired by the
calculation of the value of h2-h3 using the enthalpy h2
at the inlet and the enthalpy h3 at the outlet acquired in
this way. This corresponds to the effect of supercooling
of the high-pressure refrigerant by the gas-liquid heat
exchanger 20, and in other words, corresponds to the
effect of overheating of the low-pressure refrigerant.
[0044] If the high-pressure refrigerant is caused to by-
pass to the bypass path 21, the effects of supercooling
and overheating by the gas-liquid heat exchanger 20 are
reduced by an amount corresponding to the ratio of the
flow rate which is caused to bypass, and therefore, a rise
in the temperature of the low-pressure refrigerant accord-
ing to heat radiation from the high-pressure refrigerant
in the gas-liquid heat exchanger 20 is suppressed. Then,
the temperature of the low-pressure refrigerant which is
suctioned into the compressor 14 is lowered, and there-
fore, it becomes possible to suppress the temperature
inside the compressor 14.
[0045] The detected enthalpy difference Δh indicates
the effect that the gas-liquid heat exchanger 20 rises the
temperature of the low-pressure refrigerant at the present
time. Then, when discharge enthalpy corresponding to
the temperature of the discharged refrigerant and the
pressure of the high-pressure refrigerant, which will be
detected in a case where the high-pressure refrigerant
does not flow through the gas-liquid heat exchanger 20,
is set to be h1’, the current discharge enthalpy h1 can be
expressed by the following expression (1). 

[0046] In this embodiment, the case where the high-
pressure refrigerant does not flow through the gas-liquid
heat exchanger 20 corresponds to a case where the de-
gree of opening of the bypass valve 22 is in a fully open
condition.
[0047] When the pressure of the high-pressure refrig-
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erant is stable, if the enthalpy difference Δh is changed
to Δh’, the discharge enthalpy h1 changes accordingly.
[0048] Therefore, a target discharge enthalpy hv cor-
responding to the target temperature Tv of the dis-
charged refrigerant, which is allowable for the compres-
sor 14, can be expressed by the following expression (2)
when an enthalpy difference by gas-liquid heat exchange
is set to be Δh’. 

[0049] From the above expression (2), Δh’ is a com-
patible enthalpy difference which is compatible with the
target discharge enthalpy hv. Δh’ can be calculated by
calculating the value of hv-hl’ by the control unit 25.
[0050] From the ratio of Δh’ to the current enthalpy dif-
ference Δh based on the detected temperature, the con-
trol unit 25 obtains the control amount of the flow rate of
the refrigerant which is caused to bypass through the
bypass path 21, and gives it to the bypass valve 22 as
the degree of opening.
[0051] That is, in order to realize the compatible en-
thalpy difference Δh’ which is compatible with the target
discharge enthalpy hv, the control unit 25 determines the
ratio of increase/decrease from the present time, of the
flow rate of the high-pressure refrigerant which is caused
to flow into the bypass path 21, based on the ratio of
(Δh’/Δh) at the present time, and gives an opening degree
command corresponding to the flow rate multiplied by
the ratio of increase/decrease to the bypass valve 22.
[0052] As will be described later, it is preferable that a
width is given to the target discharge enthalpy hv such
that the temperature of the discharged refrigerant falls
within a predetermined temperature range which in-
cludes the target temperature Tv, and Δh’ is calculated
so as to be compatible with a range from the upper limit
to the lower limit of the enthalpy.
[0053] The action by the control unit 25 has been de-
scribed taking the cooling operation as an example. How-
ever, the same applies to the heating operation.
[0054] During the heating operation, due to the switch-
ing operation of the four-way valve 13, the refrigerant
circulates through the compressor 14, the indoor heat
exchanger 12 as a condenser, the decompression unit
152, the gas-liquid heat exchanger 20, and the outdoor
heat exchanger 11 as an evaporator in this order.
[0055] Since the inlet and the outlet of the gas-liquid
heat exchanger 20 become opposite to those during the
cooling operation, the enthalpy difference Δh due to the
heat exchange in the gas-liquid heat exchanger 20 cor-
responds to the value of h3-h2, which is obtained by sub-
tracting the enthalpy h2 corresponding to the tempera-
ture detected by the temperature sensor 20A from the
enthalpy h3 corresponding to the temperature detected
by the temperature sensor 20B.
[0056] The processing which is the same as during the

cooling operation except that the enthalpy difference Δh
corresponds to the value of h3-h2 and that the discharge
enthalpy h1 is acquired by using the pressure of the high-
pressure refrigerant corresponding to the condenser
temperature detected by the temperature sensor 12A of
the indoor heat exchanger 12 can be performed.
[0057] Hereinafter, an example of a procedure of the
control which is performed by the control unit 25 will be
described with reference to Fig. 3. In the following,
(Δh’/Δh) is referred to as ΔGr. ΔGr corresponds to an
increase/decrease magnification of the heat exchange
amount by the gas-liquid heat exchanger 20.
[0058] During the cooling operation or the heating op-
eration of the refrigerant circuit system 1, the control unit
25 performs calculation according to the procedure
shown in Fig. 3 and changes the degree of opening of
the bypass valve 22, based on the calculated ΔGr.
[0059] It is preferable to promote supercooling by caus-
ing the high-pressure refrigerant to flow to the gas-liquid
heat exchanger 20 as much as possible under the re-
striction of the temperature of the compressor 14. In this
embodiment, the operation is started in a state where the
bypass valve 22 is fully closed.
[0060] During the cooling operation, first, as described
above, the discharge enthalpy h1 is acquired by using
the condenser temperature sensor 11A or using the pres-
sure of the high-pressure refrigerant obtained by the
pressure gauge and the temperature Td of the dis-
charged refrigerant detected by the discharge tempera-
ture sensor 14A (step S1).
[0061] Next, the enthalpy h2 of the refrigerant at the
inlet of the gas-liquid heat exchanger 20 and the enthalpy
h3 of the refrigerant at the outlet are acquired by using
the temperatures which are respectively detected by the
temperature sensors 20A and 20B and the enthalpy dif-
ference Δh due to gas-liquid heat exchange is calculated
(step S2).
[0062] Next, the enthalpy difference Δh’ corresponding
to the heat exchange amount of the gas-liquid heat ex-
changer 20, which is necessary for making the temper-
ature of the discharged refrigerant reach the target tem-
perature Tv, is calculated (step S3).
[0063] Here, the target temperature range is set by us-
ing a threshold value. The target temperature range in-
cludes the target temperature Tv and has an upper limit
temperature X and a lower limit temperature (X-α). An
enthalpy range which includes the target discharge en-
thalpy hv is also set by an upper limit discharge enthalpy
corresponding to the upper limit temperature X and a
lower limit discharge enthalpy corresponding to the lower
limit temperature (X-α).
[0064] The control unit 25 calculates Δh’ which is al-
lowed to be added to the discharge enthalpy h1’ in a case
where the high-pressure refrigerant does not flow
through the gas-liquid heat exchanger 20, such that the
target discharge enthalpy hv falls within a range equal to
or more than the lower limit enthalpy corresponding to
the temperature (X-α) and equal to or less than the upper
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limit enthalpy corresponding to the temperature X.
[0065] After the calculating of Δh’, the ratio (Δh’ /Δh) of
Δh’ to Δh is calculated as the increase/decrease magni-
fication ΔGr of the gas-liquid heat exchange amount (step
S4). If ΔGr is smaller than 1, in order to suppress the
temperature of the discharged refrigerant, it is necessary
to further reduce the flow rate of the high-pressure refrig-
erant flowing through the gas-liquid heat exchanger 20
than at the present time. Conversely, if ΔGr is larger than
1, since the temperature of the discharged refrigerant is
lower than the allowable temperature of the compressor
14, there is room for further increasing the flow rate of
the high-pressure refrigerant flowing through the gas-liq-
uid heat exchanger 20 than at the present time to promote
the liquefaction of the high-pressure refrigerant.
[0066] Therefore, the degree of opening of the bypass
valve 22 can be changed by the following procedure ac-
cording to the calculated ΔGr.
[0067] For example, in a case where ΔGr is smaller
than 1 (Y in step S5), as long as the degree of opening
of the bypass valve 22 is not in a fully open condition (N
in step S6), an opening degree command to increase the
degree of opening is given to the bypass valve 22 in order
to reduce the flow rate of the high-pressure refrigerant
flowing through the gas-liquid heat exchanger 20 (step
S7). Then, the bypass valve 22 is driven to the opening
degree amount corresponding to (1/ΔGr) times that at
the present time, based on the opening degree com-
mand. For example, the bypass valve 22 is driven by a
drive pulse in which a pulse number per unit time is about
(1/ΔGr) times that at the present time.
[0068] For example, the minimum pulse number is set
to be 0.01 or the like such that the bypass valve 22 can
be opened even if the current pulse number is 0, because
the bypass valve 22 is fully closed at the present time.
[0069] Further, in a case where ΔGr is larger than 1 (Y
in step S8), as long as the degree of opening of the by-
pass valve 22 is not in a fully closed condition (N in step
S9), an opening degree command to reduce the degree
of opening is given to the bypass valve 22 in order to
increase the flow rate of the high-pressure refrigerant
flowing in the gas-liquid heat exchanger 20 (step S10).
[0070] Then, in a case where ΔGr is 1 (step S11), the
heat exchange amount by the gas-liquid heat exchanger
20 is compatible with the target temperature Tv, and
therefore, the degree of opening of the bypass valve 22
is maintained as it is.
[0071] According to this embodiment described above,
by performing control to change the degree of opening
of the bypass valve 22, based on ΔGr derived such that
the temperature of the discharged refrigerant reaches
the target temperature Tv, from the relationship between
the enthalpy difference Δh corresponding to the effect of
supercooling by the gas-liquid heat exchanger 20 and
the discharge enthalpy h1 corresponding to the temper-
ature Td of the discharged refrigerant, it is possible to
achieve improvement in the performance of the air con-
ditioner by promoting supercooling while suppressing the

temperature of the discharged refrigerant.
[0072] In addition, since the high-pressure refrigerant
bypassing to the bypass path 21 is caused to flow to the
upstream of the decompression unit 151, unlike a case
where the high-pressure refrigerant caused to bypass is
caused to flow to the front of the compressor 14, the
refrigerant circulation amount to the evaporator 12 does
not decrease and the heat exchange performance of the
evaporator 12 can be maintained.
[0073] In this embodiment, by changing the ratio of the
flow rates of the refrigerant flowing through the gas-liquid
heat exchanger 20 and the refrigerant flowing through
the bypass path 21, based on the present and future ra-
tios (Δh’/Δh) of the magnitude of the effect of the heat
exchange amount by the gas-liquid heat exchanger 20,
it is possible to obtain an appropriate response of the
compressor 14 and stabilize the temperature of the dis-
charged refrigerant to the target temperature Tv at an
early stage.
[0074] The dot-and-dash line shown in Fig. 4 shows a
case where the bypass flow rate is lowered at once by
the bypass valve 22 because the temperature of the dis-
charged refrigerant has exceeded the temperature Tv
which is allowed for the compressor. In this case, the
temperature of the discharged refrigerant excessively re-
sponds, and thus overshoot or hunting easily occurs.
[0075] The broken line shown in Fig. 4 shows a case
where the bypass flow rate is gradually lowered by the
bypass valve 22 when the temperature of the discharged
refrigerant has exceeded the temperature Tv which is
allowed for the compressor 14. In this case, the bypass
flow rate is insufficient, and thus there is a possibility that
the discharge temperature cannot be lowered to the al-
lowable temperature Tv.
[0076] According to the control of this embodiment, as
shown by the thick solid line in Fig. 4, the temperature of
the discharged refrigerant appropriately follows a change
in the magnitude of the effect of the gas-liquid heat ex-
change according to a change in ΔGr, and therefore, the
temperature of the discharged refrigerant is stabilized to
the target temperature Tv at an early stage. Since the
refrigerant caused to bypass is caused to flow into the
upstream of the decompression unit 151 which is distant
from the compressor 14, avoidance of oversensitive re-
sponse of the temperature of the discharged refrigerant
also contributes to the stabilization of the discharge tem-
perature.
[0077] Instead of the bypass valve 22 of this embodi-
ment, it is also possible to use a flow rate regulating unit
23 capable of adjusting the flow rate of the refrigerant
flowing into the bypass path 21, as shown in Fig. 5.
[0078] The flow rate regulating unit 23 and the control
unit 25 on the right side in Fig. 5, which function during
the cooling operation, and the flow rate regulating unit
23 and the control unit 25 on the left side in Fig. 5, which
function during the heating operation, are switched and
used.
[0079] The flow rate regulating unit 23 can cause the
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whole amount of the high-pressure refrigerant that pass-
es through the condenser 11 and flows toward the gas-
liquid heat exchanger 20 to flow into the bypass path 21,
as necessary. If the whole amount of the high-pressure
refrigerant flows into the bypass path 21, the high-pres-
sure refrigerant does not flow through the gas-liquid heat
exchanger 20 at all, and therefore, heat is not radiated
from the high-pressure refrigerant to the low-pressure
refrigerant, so that it is possible to suppress the temper-
ature of the compressor 14 into which the low-pressure
refrigerant is suctioned.
[0080] Even in a case of using the flow rate regulating
unit 23, by calculating the enthalpy difference Δh’ by the
control unit 25 in the same manner as in the above em-
bodiment and giving a command corresponding to the
bypass flow rate of (Δh’ /Δh) times that at the present
time to the flow rate regulating unit 23, it is possible to
obtain the same effect as that in the above embodiment.
[0081] In addition to the above, as long as it does not
depart from the gist of the present invention, it is possible
to appropriately select the configurations mentioned in
the above embodiment or to appropriately change them
to other configurations.
[0082] The refrigerant circuit system according to the
present invention can also be configured as a system for
only the cooling operation or a system for only the heating
operation. In this case, the four-way valve 13 is not nec-
essary and only one decompression unit 15 is needed.
Further, it is sufficient if the condenser temperature sen-
sor is also prepared for only the heat exchanger func-
tioning as a condenser, out of the two heat exchangers
11 and 12.
[0083] The refrigerant circuit system according to the
present invention can be applied not only to an air con-
ditioner but also to an appropriate device using a refrig-
eration cycle, such as a freezer or a water heater.

Reference Signs List

[0084]

1: refrigerant circuit system
11: outdoor heat exchanger (condenser/evaporator)
11A: condenser temperature sensor
12: indoor heat exchanger (evaporator/condenser)
12A: temperature sensor
13: four-way valve
14: compressor
14A: discharge temperature sensor
15: decompression unit
151: decompression unit (decompression unit during
cooling)
152: decompression unit (decompression unit during
heating)
20: gas-liquid heat exchanger
20A, 20B: temperature sensor
21: bypass path
22: bypass valve (flow rate regulating unit)

23: flow rate regulating unit
25: control unit
201: high-pressure path
202: low-pressure path
Td: temperature
ΔGr: increase/decrease magnification

Claims

1. A refrigerant circuit system which comprises a com-
pressor, a condenser, a decompression unit, and an
evaporator, the refrigerant circuit system further
comprising:

a gas-liquid heat exchanger which performs
heat exchange between a high-pressure refrig-
erant which has passed through the condenser
and a low-pressure refrigerant which has
passed through the evaporator;
a bypass path for receiving at least a part of the
high-pressure refrigerant flowing from the con-
denser to the gas-liquid heat exchanger and
causing the high-pressure refrigerant to bypass
to the upstream of the decompression unit;
a flow rate regulating unit capable of adjusting
a flow rate of the high-pressure refrigerant flow-
ing into the bypass path; and
a control unit which gives a command corre-
sponding to the flow rate to the flow rate regu-
lating unit,
wherein the control unit determines the ratio of
increase/decrease from the present time, of the
flow rate of the high-pressure refrigerant which
is caused to flow into the bypass path, based on
(Δh’/Δh), when discharge enthalpy which is en-
thalpy corresponding to a detected temperature
of a discharged refrigerant which is discharged
from the compressor is h1,
an enthalpy difference which is a difference be-
tween enthalpy corresponding to a detected
temperature of a refrigerant at an inlet of the
gas-liquid heat exchanger and enthalpy corre-
sponding to a detected temperature of a refrig-
erant at an outlet of the gas-liquid heat exchang-
er is Δh,
a target discharge enthalpy corresponding to a
target temperature Tv which is allowed for the
compressor is hv, and
a compatible enthalpy difference which is a dif-
ference in enthalpy between the inlet and the
outlet of the gas-liquid heat exchanger, which is
compatible with the target discharge enthalpy
hv, based on h1 and Δh, is Δh’.

2. The refrigerant circuit system according to claim 1,
wherein a target temperature range which includes
the target temperature Tv and has an upper limit tem-

13 14 



EP 3 460 357 A1

9

5

10

15

20

25

30

35

40

45

50

55

perature and a lower limit temperature is set, and
the control unit acquires the compatible enthalpy dif-
ference Δh’ in which it is possible to cause the target
discharge enthalpy hv to fall within a range from low-
er limit discharge enthalpy corresponding to the low-
er limit temperature to upper limit discharge enthalpy
corresponding to the upper limit temperature.

3. The refrigerant circuit system according to claim 1
or 2, wherein the refrigerant circuit system is an air
conditioner which includes
a switching unit which can switch between a cooling
operation and a heating operation by changing a di-
rection of a flow of the refrigerant,
an outdoor heat exchanger which functions as the
condenser during the cooling operation and func-
tions as the evaporator during the heating operation,
an indoor heat exchanger which functions as the
evaporator during the cooling operation and func-
tions as the condenser during the heating operation,
a decompression unit during cooling, which is locat-
ed between the gas-liquid heat exchanger and the
evaporator and functions as the decompression unit
during the cooling operation, and
a decompression unit during heating, which is locat-
ed between the gas-liquid heat exchanger and the
evaporator and functions as the decompression unit
during the heating operation.

4. A method for controlling a refrigerant circuit system
which includes a compressor, a condenser, a de-
compression unit, and an evaporator, the refrigerant
circuit system further including
a gas-liquid heat exchanger which performs heat ex-
change between a high-pressure refrigerant which
has passed through the condenser and a low-pres-
sure refrigerant which has passed through the evap-
orator,
a bypass path for receiving at least a part of the high-
pressure refrigerant flowing from the condenser to
the gas-liquid heat exchanger, and causing the high-
pressure refrigerant to bypass to the upstream of the
decompression unit, and
a flow rate regulating unit capable of adjusting a flow
rate of the high-pressure refrigerant flowing into the
bypass path, the method comprising:

a step of detecting a temperature of a dis-
charged refrigerant which is discharged from the
compressor;
a step of detecting a temperature of a refrigerant
at an inlet of the gas-liquid heat exchanger;
a step of detecting a temperature of a refrigerant
at an outlet of the gas-liquid heat exchanger;
a step of acquiring a compatible enthalpy differ-
ence Δh’ which is a difference in enthalpy be-
tween the inlet and the outlet of the gas-liquid
heat exchanger, which is compatible with a tar-

get discharge enthalpy hv, based on h1 and Δh,
when discharge enthalpy which is enthalpy cor-
responding to a detected temperature of the dis-
charged refrigerant is h1, an enthalpy difference
which is a difference between enthalpy corre-
sponding to a detected temperature of a refrig-
erant at the inlet and enthalpy corresponding to
a detected temperature of a refrigerant at the
outlet is Δh, and a target discharge enthalpy cor-
responding to a target temperature Tv which is
allowed for the compressor is hv; and
a step of determining the ratio of increase/de-
crease from the present time, of the flow rate of
the high-pressure refrigerant which is caused to
flow into the bypass path, based on (Δh’/Δh).

5. The method for controlling a refrigerant circuit sys-
tem according to claim 4, wherein a target temper-
ature range which includes the target temperature
Tv and has an upper limit temperature and a lower
limit temperature is set, and
in the step of acquiring Δh’, the compatible enthalpy
difference Δh’ in which it is possible to cause the
target discharge enthalpy hv to fall within a range
from lower limit discharge enthalpy corresponding
to the lower limit temperature to upper limit discharge
enthalpy corresponding to the upper limit tempera-
ture is acquired.
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