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Description
[Technical Field]

[0001] The present invention relates to a refrigeration
cycle apparatus which bypasses a portion of a refrigerant
flowing out from a radiator, which heat-exchanges be-
tween a mainstream refrigerant and a bypassing refrig-
erant, and which supercools the mainstream refrigerant.

[Background Technique]

[0002] In a conventional refrigeration cycle apparatus
of this kind, a supercooling heat exchanger is provided
at a location downstream of a radiator of a refrigerant
circuit, an expanded refrigerant is made to flow into the
supercooling heat exchanger, thereby supercooling the
refrigerant which flows out from the radiator. Such a re-
frigeration cycle apparatus according to the preamble of
claim 1 is known from US-A1-2006/0048539.

[0003] Fig. 6 shows the conventional refrigeration cy-
cle apparatus described in patent document 1.

[0004] As shown in Fig. 6, a refrigeration cycle appa-
ratus 100 includes a refrigerant circuit 110 through which
a refrigerant is circulated, and a bypass passage 120.
The refrigerant circuit 110 includes a compressor 111, a
radiator 112, a supercooling heat exchanger 113, amain
expansion valve 114 and an evaporator 115 which are
annularly connected to one another through pipes.
[0005] The bypass passage 120 branches off from the
refrigerant circuit 110 between the supercooling heat ex-
changer 113 and the main expansion valve 114, and is
connected to the refrigerant circuit 110 between the
evaporator 115 and the compressor 111 through the su-
percooling heat exchanger 113. The bypass passage
120 is provided with a bypass expansion valve 121 at a
location upstream of the supercooling heat exchanger
113.

[0006] The refrigeration cycle apparatus 100 includes
a temperature sensor 141 which detects a temperature
(compressor discharge pipe temperature) Td of a refrig-
erant discharged from the compressor 111, a tempera-
ture sensor 142 which detects a temperature (evaporator
inlet temperature) Te of a refrigerant flowing into the
evaporator 115, a temperature sensor 143 which detects
a temperature (bypass-side inlet temperature) Tbi of a
refrigerant flowing into the supercooling heat exchanger
113 in the bypass passage 120, a temperature sensor
144 which detects a temperature (bypass-side outlet
temperature) Tbo of a refrigerant flowing out from the
supercooling heat exchanger 113 in the bypass passage
120, a main expansion valve control unit which controls
the main expansion valve 114 such that the discharge
pipe temperature Td detected by the temperature sensor
141 becomes equal to a target temperature Td (target)
ofthe discharge pipe of the compressor, which is set from
the evaporator inlet temperature Te detected by the tem-
perature sensor 142, and a bypass expansion valve con-
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trol unit which controls the bypass expansion valve 121
such that a difference (Tbo-Tbi) between the bypass-side
outlet temperature Tbo and the bypass-side inlet tem-
perature Tbi in the supercooling heat exchanger 113 be-
comes equal to a predetermined target value.

[Prior Art Document]
[Patent Document]

[0007] [Patent Document 1] Japanese Patent Applica-
tion Laid-open No.H10-68553

[Summary of the Invention]
[Problem to be Solved by the Invention]

[0008] According to the conventional configuration,
however, since the bypass expansion valve operates in
order to control a a temperature difference between an
inlet of the bypass passage and an outlet of the bypass
passage, that is, degree of superheat at the outlet of the
bypass passage , control cannot be performed such that
the refrigerant state at the bypass outlet becomes equal
to a moist state.

[0009] Hence,itis necessary to limit a bypass amount,
and a supercooling heat exchanger cannot be used max-
imally. Therefore, an operation efficiency-enhancing ef-
fect generated by a bypassing operation can not be max-
imized. Further, in order to suppress a case where the
discharge temperature rises due to the bypassing oper-
ation when a temperature is extremely low, e.g., when
an outside air temperature is -20°C, and when a connec-
tion pipe between a using-side heat exchanger and a
heat source-side heat exchanger becomes long, itis nec-
essary to lower the pressure-reducing amount of the
main expansion valve and to rise an evaporation tem-
perature, and there is a problem that the efficiency is poor
and sulfficient heating ability can not be secured.

[0010] The present invention has been accomplished
to solve the conventional problem, and it is an object of
the invention to provide a refrigeration cycle apparatus
capable of securing efficiency and sufficient heating abil-
ity even when an outside air temperature is low by always
controlling the refrigeration cycle apparatus into an ap-
propriate state.

[Means for Solving the Problems]

[0011] To solve the conventional problems, the
present invention provides a refrigeration cycle appara-
tus comprising a refrigerant circuit in which acompressor,
aradiator, a supercooling heat exchanger, main expan-
sion means and an evaporator are annularly connected
to one another in this order, a bypass passage which
branches off from the refrigerant circuit between the ra-
diator and the main expansion means, and which is con-
nected to the refrigerant circuit between the evaporator
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and the compressor or is connected to a compression
chamber of the compressor through the supercooling
heat exchanger, bypass expansion means provided in
the bypass passage at a location upstream of the super-
cooling heat exchanger, a first temperature sensor which
detects a temperature of a refrigerant flowing out from
the supercooling heat exchanger, first saturation temper-
ature detecting means which detects a saturation tem-
perature of a refrigerant sucked into the compressor, a
second temperature sensor which detects a temperature
of a refrigerant flowing out from the radiator, and second
saturation temperature detecting means which detects a
saturation temperature of refrigerant in the radiator, char-
acterized in that a control device operates the bypass
expansion means_such that a temperature detected by
the first temperature sensor comes close to a tempera-
ture detected by the first saturation temperature detecting
means when the temperature detected by the first tem-
perature sensor is higher than the temperature detected
by the first saturation temperature detecting means, and
the control device operates the bypass expansion means
such that a temperature detected by the second temper-
ature sensorbecomes lower than a temperature detected
by the second saturation temperature detecting means
by a predetermined temperature when the temperature
detected by the first temperature sensor is substantially
equal to the temperature detected by the first saturation
temperature detecting means.

[0012] Accordingto this, controlis performed such that
a bypass outlet refrigerant is always brought into a sat-
urated state, and when the refrigerant at the outlet of the
bypass passage is in the saturated state, a supercooling
degree at the outlet of a radiator is appropriately control-
led. Hence, excessive opening or closing of the bypass
expansion means is suppressed, and a bypass amount
can be optimized.

[Effect of the Invention]

[0013] Accordingtothe presentinvention, itis possible
to provide a refrigeration cycle apparatus having excel-
lent efficiency even when an outside air temperature is
low, and capable of securing sufficient heating ability by
controlling such that a refrigerant circuit state always be-
comes appropriate state.

[Brief Description of the Drawings]
[0014]

Fig. 1 is a schematic block diagram of a refrigeration
cycle apparatus according to an embodiment of the
present invention;

Fig. 2 is a Mollier chart of the refrigeration cycle ap-
paratus;

Fig. 3 is an another Mollier chart of the refrigeration
cycle apparatus

Fig. 4 is a block diagram showing a control device

15

20

25

30

35

40

45

50

55

of the refrigeration cycle apparatus in terms of func-
tion realizing means;

Fig. 5 is a flowchart of operation control of the refrig-
eration cycle apparatus; and

Fig. 6 is a schematic block diagram of a conventional
refrigeration cycle apparatus.

[Explanation of Symbols]
[0015]

1A refrigeration cycle apparatus

2 refrigerant circuit

3 bypass passage

4 control device

21 compressor

22 radiator

23 supercooling heat exchanger

24 main expansion valve (main expansion means)
25 evaporator

31 bypass expansion valve (bypass expansion
means)

51 first pressure sensor (first saturation temperature
detection means)

52 second pressure sensor (second saturation tem-
perature detection means)

61 first temperature sensor

62 second temperature sensor

63 third temperature sensor

[Mode for Carrying Out the Invention]

[0016] A first aspect of the present invention provides
arefrigeration cycle apparatus comprising a refrigeration
cycle apparatus comprising a refrigerant circuit in which
acompressor, aradiator, a supercooling heat exchanger,
main expansion means and an evaporator are annularly
connected to one another in this order, a bypass passage
which branches off from the refrigerant circuit between
the radiator and the main expansion means, and which
is connected to the refrigerant circuit between the evap-
orator and the compressor or is connected to a compres-
sion chamber of the compressor through the supercool-
ing heat exchanger, bypass expansion means provided
in the bypass passage at a location upstream of the su-
percooling heat exchanger, a first temperature sensor
which detects a temperature of a refrigerant flowing out
from the supercooling heat exchanger, first saturation
temperature detecting means which detects a saturation
temperature of a refrigerant sucked into the compressor,
a second temperature sensor which detects a tempera-
ture of a refrigerant flowing out from the radiator, and
second saturation temperature detecting means which
detects a saturation temperature of refrigerant in the ra-
diator, characterized in that a control device operates the
bypass expansion means_such that a temperature de-
tected by the first temperature sensor comes close to a
temperature detected by the first saturation temperature
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detecting means when the temperature detected by the
first temperature sensor is higher than the temperature
detected by the first saturation temperature detecting
means, and the control device operates the bypass ex-
pansion means such that a temperature detected by the
second temperature sensor becomes lower than a tem-
perature detected by the second saturation temperature
detecting means by a predetermined temperature when
the temperature detected by the first temperature sensor
is substantially equal to the temperature detected by the
first saturation temperature detecting means.

[0017] Accordingto this, controlis performed such that
a bypass outlet refrigerant is always brought into a sat-
urated state, and when the refrigerant at the outlet of the
bypass passage is in the saturated state, a supercooling
degree at the outlet of a radiator is appropriately control-
led. Hence, excessive opening or closing of the bypass
expansion means is suppressed, and a bypass amount
can be optimized.

[0018] Therefore, the discharge temperature is appro-
priately controlled while maintaining the refrigerant state
atthe outlet of the bypass passage in the saturated state.
Hence, it is possible to maximize the enthalpy difference
increasing effect in the evaporator caused by heat ex-
change between the mainstream refrigerant and the by-
passing refrigerant in the supercooling heat exchanger,
and to maximize the pressure loss reducing effect of the
low pressure-side refrigerant path caused by bypass of
the refrigerant. It is possible to obtain higher operating
efficiency and sufficient heating ability. It is possible to
maintain efficient heating operation while suppressing
the abnormal discharge temperature rise even when a
temperature is extremely low, e.g., when an outside air
temperature is -20°C.

[0019] According to a second aspect of the invention,
in the first aspect, the refrigeration cycle apparatus fur-
ther comprising a third temperature sensorwhich detects
a temperature of a refrigerant flowing out from the evap-
orator, characterized in that the control device controls
such that as a temperature difference between a tem-
perature detected by the third temperature sensor and
the temperature detected by the first saturation temper-
ature detecting means is greater, a value of the prede-
termined temperature becomes smaller.

[0020] Accordingto this, controlis performed such that
a bypass outlet refrigerant is always brought into a sat-
urated state, and when the refrigerant at the outlet of the
bypass passage is in the saturated state, a supercooling
degree at the outlet of a radiator is appropriately control-
led. Hence, excessive opening or closing of the bypass
expansion means is suppressed, and a bypass amount
can be optimized.

[0021] Therefore, in addition to the effect of the first
aspect, it is possible to prevent the compressor from be-
ing damaged by moist compression, and the reliability of
the compressor is enhanced.

[0022] Athird aspectoftheinventionisahydronic heat-
er including the refrigeration cycle apparatus according
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tothe first or second aspect. According to this, the present
invention can be applied not only to a case where the
radiator is a heat exchanger between refrigerant and air,
but also to a case where the radiator is a heat exchanger
between refrigerant and water, and the same effect as
that of the first or second invention can be obtained.
[0023] An embodiment of the present invention will be
explained with reference to the drawings. The invention
is not limited to the embodiment.

[0024] Fig. 1is a schematic block diagram of a refrig-
eration cycle apparatus according to the embodiment 1
oftheinvention. Fig. 2 is a Mollier chart of the refrigeration
cycle apparatus. Fig. 3 is an another Mollier chart of the
refrigeration cycle apparatus.

[0025] In Fig. 1, the refrigeration cycle apparatus 1A
includes arefrigerant circuit 2 through which a refrigerant
is circulated, a bypass passage 3, and a control device
4. As arefrigerant, it is possible to use a zeotropic refrig-
erant mixture such as R407C, a pseudo-azeotropic re-
frigerant mixture such as R410A or a single refrigerant.
[0026] The refrigerant circuit 2 includes a compressor
21, a radiator 22, a supercooling heat exchanger 23, a
main expansion valve (main expansion means) 24 and
an evaporator 25, and these constituent members are
annularly connected to one another through pipes. In this
embodiment, a sub-accumulator 26 and a main accumu-
lator 27 which separate gas and liquid from each other
are provided between the evaporator 25 and the com-
pressor 21. The refrigerant circuit 2 is provided with a
four-way valve 28 which switches between a normal op-
eration and a defrosting operation.

[0027] In the embodiment, the refrigeration cycle ap-
paratus 1A configures heating means of a hydronic heat-
er which utilizes hot water produced by the heating
means for heating a room, and the radiator 22 is a heat
exchanger which exchanges heat between a refrigerant
and water to heat the water.

[0028] More specifically, a supply pipe 71 and a col-
lecting pipe 72 are connected to the radiator 22, water is
supplied to the radiator 22 through the supply pipe 71,
and water (hot water) heated by the radiator 22 is col-
lected through the collecting pipe 72. The hot water col-
lected through the collecting pipe 72 is sent directly to a
heater, or sent to the heater through a hot water tank,
thereby heating a room.

[0029] In the embodiment, the bypass passage 3
branches off from the refrigerant circuit 2 between the
supercooling heat exchanger 23 and the main expansion
valve 24, and is connected to the refrigerant circuit 2 be-
tween the sub-accumulator 26 and the main accumulator
27 between the evaporator 25 and the compressor 21
through the supercooling heat exchanger 23. The bypass
passage 3 is provided with a bypass expansion valve
(bypass expansion means) 31 at a location upstream of
the supercooling heat exchanger 23.

[0030] Ina normal operation, a refrigerant discharged
from the compressor 21 is sent to the radiator 22 through
the four-way valve 28. In a defrosting operation, a refrig-
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erant discharged from the compressor 21 is sent to the
evaporator 25 through the four-way valve 28. In Fig. 1,
arrows show a flowing direction of a refrigerant at the
time of the normal operation. A state variation in a refrig-
erant atthe time of the normal operation will be explained.
[0031] Ahigh-pressure refrigerant discharged fromthe
compressor 21 flows into the radiator 22, and radiates
heat to water which passes through the radiator 22. The
high-pressure refrigerant which flows out from the radi-
ator 22 flows into the supercooling heat exchanger 23,
and the refrigerant is supercooled by a low-pressure re-
frigerant which is decompressed by the bypass expan-
sion valve 31. The high-pressure refrigerant which flows
out from the supercooling heat exchanger 23 is distrib-
uted to the main expansion valve 24 and the bypass ex-
pansion valve 31.

[0032] The high-pressure refrigerant distributed to the
main expansion valve 24 is decompressed by the main
expansion valve 24 and expanded and then, the refrig-
erant flows into the evaporator 25. The low-pressure re-
frigerant which flows into the evaporator 25 absorbs heat
from air in the evaporator 25.

[0033] The high-pressure refrigerant distributed to the
bypass expansion valve 31 is decompressed by the by-
pass expansion valve 31 and expanded and then, the
refrigerant flows into the supercooling heat exchanger
23. The low-pressure refrigerant which flows into the su-
percooling heat exchanger 23 is heated by the high-pres-
sure refrigerant which flows out from the radiator 22.
Thereafter, the low-pressure refrigerant which flows out
from the supercooling heat exchanger 23 merges with
the low-pressure refrigerant which flows out from the
evaporator 25, and these refrigerants are again sucked
into the compressor 21.

[0034] The configuration of the refrigeration cycle ap-
paratus 1A of the embodiment is for avoiding a case
where pressure of a refrigerant sucked into the compres-
sor 21 is reduced when an outside air temperature is low,
arefrigerant circulation amountis reduced and according
to this, heating ability of the radiator 22 is deteriorated.
[0035] To realize this, it is important that an enthalpy
difference in the evaporator 25 is increased by super-
cooling, a refrigerant is made to bypass through the by-
pass passage 3 to suppress an amount of a gas-phase
refrigerant which has a small heat-absorbing effect and
which flows through a low-pressure side refrigerant cir-
cuit of the refrigerant circuit 2, thereby reducing a pres-
sure loss in the low-pressure side refrigerant circuit of
the refrigerant circuit 2. Here, the low-pressure side re-
frigerant circuit is a refrigerant circuit 2 extending from
the main expansion valve 24 to the compressor 21.
[0036] If a pressure loss in the low-pressure side re-
frigerant circuit of the refrigerant circuit 2 is reduced, pres-
sure of a refrigerant sucked into the compressor 21 rises
and specific volume is reduced correspondingly. There-
fore, the refrigerant circulation amount is increased. If
the enthalpy difference in the evaporator 25 is increased,
itis possible to secure an endotherm amountin the evap-
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orator 25 even if a mass flow rate of a refrigerant which
passes through the evaporator 25 is reduced by the by-
passing operation. That is, if a supercooling degree of a
refrigerantand a bypass amount are maximized, itis pos-
sible to obtain the maximum heating ability enhancing
effect of the radiator 22 and the maximum coefficient of
performance enhancing effect of the refrigeration cycle
apparatus 1A.

[0037] Although it will be described later in detail in the
embodiment, in this embodiment, as will be described in
detail later, when an outlet refrigerant of the bypass pas-
sage 3 is in an superheated state, the control device 4
controls such that the bypass expansion valve 31 is op-
eratedto bring the outletrefrigerantinto a saturated state,
and when the outlet refrigerant of the bypass passage 3
is in the saturated state, the control device 4 controls
such that the bypass expansion valve 31 is operated to
bring a supercooling degree of the outlet of the radiator
22 into a preset predetermined supercooling degree. The
control device 4 controls such that as the superheating
degree ofthe evaporator 25 is greater, the predetermined
supercooling degree of the outlet of the radiator 22 be-
comes smaller.

[0038] According to this, arefrigerant state of the outlet
of the bypass passage 3 is always controlled into satu-
rated state as shown with points a, b and c in Fig. 2.
However, even if the refrigerant state of the outlet of the
bypass passage 3 is the saturated state as shown with
the points a and cin Fig. 2, the bypass amount becomes
excessively great or excessively small in some cases. In
such a case, the supercooling degree of the outlet of the
radiator 22 becomes excessively great or excessively
small as shown with points a’ and ¢’ in Fig. 2 due to a
difference in a decompression amount of the bypass ex-
pansion valve 31. Therefore, it can be determined that
the bypass amount is inappropriate. By performing con-
trol such that the supercooling degree becomes equal to
a present predetermined value (point b’ in Fig. 2), the
bypass amount is appropriately controlled as shown with
the point b in Fig. 2.

[0039] If alength of the connection pipe becomes long
due to an installation state of the device, a refrigerant
amount becomes insufficient as a refrigeration cycle.
Therefore, if control is performed using the same super-
cooling degree as an appropriate refrigerant amount is
used as shown with a pointa’ in Fig. 3, the decomposition
amount of the bypass expansion valve 31 becomes ex-
cessively greatand a suction pressure is reduced. In such
a case, a refrigerant state of the outlet of the evaporator
25 becomes superheated state as shown with a point a
in Fig. 3. Hence, the control device 4 lowers the prede-
termined supercooling degree as shown with a point b’
in Fig. 3. Therefore, the decompression amount of the
bypass expansion valve 31 is reduced and the bypass
amount is controlled into an appropriate value.

[0040] Controlof the operation will be explained below.
The refrigerant circuit 2 includes a first pressure sensor
51 which detects pressure (suction pressure) Ps of a re-
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frigerant sucked into the compressor 21, a second pres-
sure sensor 52 which detects a pressure (radiator outlet
pressure) Pc of a refrigerant flowing out from the radiator
22,asecond temperature sensor 62 which detects atem-
perature (radiator outlet temperature) Tco of a refrigerant
flowing out from the radiator 22, a third temperature sen-
sor 63 which detects a temperature (evaporator outlet
temperature) Teo of a refrigerant flowing out from the
evaporator 25 and a forth temperature sensor 64 which
detects a temperature (discharge temperature) Td of a
refrigerant discharged from the compressor 21. The by-
pass passage 3 includes a first temperature sensor 61
which detects atemperature (bypass passage outlet tem-
perature) Tbo of a refrigerant flowing out from the super-
cooling heat exchanger 23.

[0041] The control device 4 operates the number of
rotations of the compressor 21, the switching operation
of the four-way valve 28, and opening degrees of the
main expansion valve 24 and the bypass expansion valve
31 based on detection values of the first pressure sensor
51, the second pressure sensor 52, the first temperature
sensor 61, the second temperature sensor 62, the third
temperature sensor 63 and the forth temperature sensor
64.

[0042] Fig. 4 is a block diagram showing a control de-
vice in terms of function realizing means.

[0043] The control device 4 includes discharge tem-
perature comparing means 40 and main valve operation
determining means 41 for operating the main expansion
valve 24.

[0044] For operating the bypass expansion valve 31,
the control device 4 includes suction saturation temper-
ature calculating means 42, saturation temperature com-
paring means 43, bypass valve operation determining
means 44, radiator saturation temperature calculating
means 45, refrigerant supercooling degree calculating
means 46, refrigerant superheating degree calculating
means 47,target supercooling degree calculating means
48 and supercooling degree comparing means 49.
[0045] The discharge temperature comparing means
40 compares a discharge temperature Td detected by
the fourth temperature sensor 64 and a preset target dis-
charge temperature Tdm with each other. The target dis-
charge temperature Tdm is previously stored.

[0046] The main valve operation determining means
41 determines an opening degree of the main expansion
valve 24 such that the discharge temperature Td be-
comes equal to the target discharge temperature Tdm
based on a result of comparison made by the discharge
temperature comparing means 40, and outputs an oper-
ation amount determined for the main expansion valve
24.

[0047] The suction saturation temperature calculating
means 42 calculates a suction saturation temperature Ts
under pressure of a refrigerant sucked into the compres-
sor 21 from a suction pressure Ps detected by the first
pressure sensor 51.

[0048] The saturation temperature comparing means
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43 compared, with each other, the suction saturation tem-
perature Ts calculated by the suction saturation temper-
ature calculating means 42 and the bypass passage out-
let temperature Tbo detected by the first temperature
sensor 61.

[0049] When the saturation temperature comparing
means 43 determines the bypass passage outlet tem-
perature Tbo is not equal to the suction saturation tem-
perature Ts, the bypass valve operation determining
means 44 determines the opening degree of the bypass
expansion valve 31 such that the bypass passage outlet
temperature Tbo becomes equal to the suction saturation
temperature Ts, and the bypass valve operation deter-
mining means 44 outputs an operation amount deter-
mined for the bypass expansion valve 31.

[0050] The radiator saturation temperature calculating
means 45 calculates a radiator saturation temperature
Tc under pressure of a refrigerant flowing out from the
radiator 22 from a radiator outlet pressure Pc detected
by the second pressure sensor 52.

[0051] The refrigerant supercooling degree calculating
means 46 calculates a refrigerant supercooling degree
Sc (Tc-Tco) at the outlet of the radiator 22from the radi-
ator saturation temperature Tc detected by the radiator
saturation temperature calculating means 45 and from a
radiator outlet temperature Tco detected by the second
temperature sensor 62.

[0052] The refrigerant superheating degree calculat-
ing means 47 calculates a refrigerant supercooling de-
gree Sh (Teo-Ts) at the outlet of the evaporator 25 from
the suction saturation temperature Ts detected by the
suction saturation temperature calculating means 42 and
an evaporator outlet temperature Teo detected by the
third temperature sensor 63.

[0053] The target supercooling degree calculating
means 48 calculates a target supercooling degree Sct
(e.g., axSh+b) at the outlet of the radiator 22 from the
refrigerant supercooling degree Sh detected by the re-
frigerant superheating degree calculating means 47.
[0054] The supercooling degree comparing means 49
compares, with each other, the refrigerant supercooling
degree Sc at the outlet of the radiator 22 calculated by
the refrigerant supercooling degree calculating means
46 with the target supercooling degree Sct at the outlet
of the radiator 22 calculated by the target supercooling
degree calculating means 48.

[0055] When the saturation temperature comparing
means 43 determines that the bypass passage outlet
temperature Tbo is equal to the suction saturation tem-
perature Ts, the bypass valve operation determining
means 44 determines the opening degree of the bypass
expansion valve 31 such that the refrigerant supercooling
degree Sc at the outlet of the radiator 22 calculated by
the refrigerant supercooling degree calculating means
46 becomes equal to the target supercooling degree Sct
at the outlet of the radiator 22 calculated by the target
supercooling degree calculating means 48 based on a
result of comparison carried out by the supercooling de-



11 EP 2 508 821 B1 12

gree comparing means 49, and the bypass valve oper-
ation determining means 44 outputs an operation amount
determined for the bypass expansion valve 31.

[0056] In the embodiment, the control device 4 oper-
ates the main expansion valve 24 such that the discharge
temperature Td becomes equal to a preset predeter-
mined target temperature Tdt at the time of the normal
operation.

[0057] At the time of the normal operation, the control
device 4 operates the bypass expansion valve 31 such
that the bypass passage outlet temperature Tbo be-
comes equal to the suction saturation temperature Ts
calculated based on the suction pressure Ps. When the
bypass passage outlet temperature Tbo is substantially
equal to the suction saturation temperature Ts, the con-
trol device 4 operates the bypass expansion valve 31
such that the refrigerant supercooling degree Sc at the
outlet of the radiator 22 which is obtained by a difference
between the radiator outlet temperature Tco and the ra-
diator saturation temperature Tc calculated based on the
radiator outlet pressure Pc becomes equal to the target
supercooling degree Sct at the outlet of the radiator 22
which is determined based on the evaporator outlet su-
perheating degree Sh obtained by a difference between
the suction saturation temperature Ts and the evaporator
outlet temperature Teo.

[0058] Next, control of the control device 4 at the time
of the normal operation will be explained in detail with
reference to the flowchart shown in Fig. 4.

[0059] First, the control device 4 detects the discharge
temperature Td by the fourth temperature sensor 64 (step
1), and operates the main expansion valve 24 such that
the discharge temperature Td becomes equal to the pre-
set target discharge temperature Tdm (step 2).

[0060] Next, the control device 4 detects the suction
pressure Ps by the first pressure sensor 51 and detects
the bypass passage outlet temperature Tbo by the first
temperature sensor 61 (step 3) . Then, the control device
4 calculates the suction saturation temperature Ts under
a pressure of a refrigerant sucked into the compressor
21 from the suction pressure Ps detected by the first pres-
sure sensor 51 (step 4). The suction saturation temper-
ature Tsis calculated using arefrigerant-properties equa-
tion.

[0061] Thereafter, the control device 4 compares the
bypass passage outlet temperature Tbo and the suction
saturation temperature Ts with each other, and deter-
mines whether Tbo and Ts are equal to each other (step
5). If the bypass passage outlet temperature Tbo is not
equal to the suction saturation temperature Ts (NO in
step 5), the control device 4 determines that a bypass
passage outlet refrigerant is in a superheated state, and
the control device 4 adjusts the opening degree of the
bypass expansion valve 31 such thatthe bypass passage
outlet temperature Tbo becomes equal to the suction sat-
uration temperature Ts (step 6), and the procedure re-
turns to step 1.

[0062] If the bypass passage outlet temperature Tbo
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is substantially equal to the suction saturation tempera-
ture Ts (YES in step 5), the control device 4 determines
that the bypass passage outlet refrigerant is in the satu-
rated state, and the procedure is shifted to a control step
where the bypass amount is optimized.

[0063] The second pressure sensor 52 detects the ra-
diator outlet pressure Pc, the second temperature sensor
62 detects the radiator outlet temperature Tco and the
third temperature sensor 63 detects the evaporator outlet
temperature Teo (step 7). Then, the radiator saturation
temperature Tc under a pressure of a refrigerant flowing
out from the radiator 22 is calculated from the radiator
outlet pressure Pc detected by the second pressure sen-
sor 52 (step 8). The radiator saturation temperature Tc
is also calculated using the refrigerant-properties equa-
tion.

[0064] Thereafter, the control device 4 calculates the
refrigerant supercooling degree Sc at the outlet of the
radiator 22 by Sc=Tc-Tco, calculates the refrigerant su-
perheating degree Sh at the outlet of the evaporator 25
by Sh=Teo-Ts (step 9), and calculates the target super-
cooling degree Sct at the outlet of the radiator 22 by an
equation such as Sct=axSh+b (step 10). Here, a and b
are coefficients, and a is a positive real number.

[0065] The controldevice 4 adjuststhe openingdegree
ofthe bypass expansion valve 31 such that the refrigerant
supercooling degree Sc at the outlet of the radiator 22
becomes equal to the target supercooling degree Sct at
the outlet of the radiator 22 (step 11), and the procedure
returns to step 1.

[0066] As described above, according to this embodi-
ment, the refrigerant circuit 2 includes the first pressure
sensor 51 which detects a pressure of a refrigerant
sucked into the compressor 21, the second pressure sen-
sor 52 which detects a pressure of a refrigerant flowing
out from the radiator 22, the second temperature sensor
62 which detects a temperature of the refrigerant flowing
out from the radiator 22, the third temperature sensor 63
which detects a temperature of a refrigerant flowing out
from the evaporator 25, the fourth temperature sensor
64 which detects a temperature of a refrigerant dis-
charged from the compressor 21, and the first tempera-
ture sensor 61 which detects a temperature of a refrig-
erant flowing out from the supercooling heat exchanger
23 in the bypass passage 3.

[0067] The control device 4 operates the main expan-
sion valve 24 such that the discharge temperature Td
detected by the fourth temperature sensor 64 becomes
equal to the predetermined target temperature Tdt, and
if the bypass passage outlet temperature Tbo detected
by the first temperature sensor 61 is not equal to the
suction saturation temperature Ts calculated based on
the suction pressure Ps detected by the first pressure
sensor 51, the control device 4 operates the bypass ex-
pansion valve 31 such that the bypass passage outlet
temperature Tbho becomes equal to the suction saturation
temperature Ts.

[0068] When the bypass passage outlet temperature
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Tbo is substantially equal to the suction saturation tem-
perature Ts, the control device 4 operates the bypass
expansion valve 31 such that the refrigerant supercooling
degree Sc at the outlet of the radiator 22 obtained by a
difference between the radiator outlet temperature Tco
and the radiator saturation temperature Tc which is cal-
culated based on the radiator outlet pressure Pc detected
by the second pressure sensor 52 becomes equal to the
target supercooling degree Sct at the outlet of the radiator
22 determined based on the evaporator outlet superheat-
ing degree Sh obtained by a difference between the suc-
tion saturation temperature Ts and the evaporator outlet
temperature Teo.

[0069] Accordingto this, controlis performed such that
the refrigerant at the outlet of the bypass passage 3 is
always brought into the saturated state and when the
refrigerant at the outlet of the bypass passage 3 is in the
saturated state, a supercooling degree at the outlet of a
radiator 22 is appropriately controlled. Hence, excessive
opening or closing of the bypass expansion valve 31 is
suppressed, and a bypass amount can be optimized.
[0070] Therefore,itis possible to maximize an enthalpy
difference increasing effectin the evaporator 25 obtained
by heat exchange between the mainstream refrigerant
and the bypassing refrigerant carried out by the super-
cooling heat exchanger 23, and a pressure loss reducing
effect in the low pressure side refrigerant path caused
by bypassing of a refrigerant, and even when an outside
air temperature is extremely low as low as -20°C, it is
possible to obtain higher operation efficiency and suffi-
cient heating ability while suppressing abnormal rise in
the discharge temperature Td.

[0071] Further, also when arefrigerant connection pipe
between the radiator 22 and the evaporator 25 becomes
long, a gas amount insufficient state is detected, and it
is possible to maintain efficient heating operation while
preventing reduction in the suction pressure Ps caused
by excessive closing of the bypass expansion valve 31.
Therefore, installation flexibility of the device is also en-
hanced.

[0072] Although the first pressure sensor 51 is provid-
ed between the main accumulator 27 and the position of
the refrigerant circuit 2 to which the bypass passage 3 is
connected in Fig. 1, the first pressure sensor 51 may be
provided at any position of the refrigerant circuit 2 only if
the first pressure sensor 51 is provided between the
evaporator 25 and the compressor 21. Alternatively, the
first pressure sensor 51 may be provided at the bypass
passage 3 at a location downstream of the supercooling
heat exchanger 23.

[0073] Although the first pressure sensor 51 calculates
the suction saturation temperature Ts in the embodiment,
temperatures in the refrigerant circuit 2 and the bypass
passage 3 at portions through which low pressure two-
phase refrigerants flow may be detected and the detected
values may be used as the suction saturation tempera-
ture Ts.

[0074] Although the second pressure sensor 52 is pro-
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vided at a position of the outlet of the radiator 22 in the
refrigerant circuit 2, but the second pressure sensor 52
may be provided at any position of the refrigerant circuit
2 only if the position is between the compressor 21 and
the main expansion valve 24. It is more preferable if a
pressure loss between the position of the outlet of the
radiator 22 and the position of the second pressure sen-
sor 52 is calculated from a flow rate of a refrigerant and
the loss is corrected.

[0075] Although the radiator saturation temperature Tc
is calculated by the second pressure sensor 52, a tem-
perature of a portion where a high pressure two-phase
refrigerant in the radiator 22 flows may be detected and
a result thereof may be used instead of the radiator sat-
uration temperature Tc.

[0076] Itis not always necessary that the bypass pas-
sage 3 branches off from the refrigerant circuit 2 between
the supercooling heat exchanger 23 and the main ex-
pansion valve 24, and the bypass passage 3 may branch
off from the refrigerant circuit 2 between the radiator 22
and the supercooling heat exchanger 23.

[0077] Itis not always necessary that a connection of
the bypass passage 3 is a suction pipe of the compressor
21. In the case f a compressor having an injection mech-
anism, the connection of the bypass passage 3 may be
connected to an injection port.

[0078] Itis not always necessary that the main expan-
sion valve 24 and the bypass expansion valve 31 of the
invention are expansion valves, and they may be expan-
sion devices which collect power from an expanding re-
frigerant. In this case, the number of rotations of the ex-
pansion device may be control by varying a load by
means of a power generator connected to the expansion
device.

[Industrial Applicability]

[0079] The presentinvention is especially effective for
a hydronic heater which produces hot water by a refrig-
eration cycle apparatus and utilizes the hot water for heat-
ing a room.

Claims

1. A refrigeration cycle apparatus (1A) comprising

a refrigerant circuit (2) in which a compressor (21),
a radiator (22), a supercooling heat exchanger (23),
main expansion means (24) and an evaporator (25)
are annularly connected to one another in this order,
a bypass passage (3) which branches off from the
refrigerant circuit between the radiator and the main
expansion means, and which is connected to the re-
frigerant circuit between the evaporator and the com-
pressor or is connected to a compression chamber
of the compressor through the supercooling heat ex-
changer,

bypass expansion means (31) provided in the by-
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pass passage at a location upstream of the super-
cooling heat exchanger,

a first temperature sensor (61) which detects a tem-
perature of a refrigerant flowing out from the super-
cooling heat exchanger,

first saturation temperature detecting means (51)
which detects a saturation temperature of a refriger-
ant sucked into the compressor,

a second temperature sensor (62) which detects a
temperature of a refrigerant flowing out from the ra-
diator, and

second saturation temperature detecting means (52)
which detects a saturation temperature of refrigerant
in the radiator, characterized in that

a control device (4) operates the bypass expansion
means such that a temperature detected by the first
temperature sensor comes close to a temperature
detected by the first saturation temperature detect-
ing means when the temperature detected by the
first temperature sensor is higher than the tempera-
ture detected by the first saturation temperature de-
tecting means, and the control device operates the
bypass expansion means such that a temperature
detected by the second temperature sensor be-
comes lowerthan atemperature detected by the sec-
ond saturation temperature detecting means by a
predetermined temperature when the temperature
detected by the first temperature sensor is substan-
tially equal to the temperature detected by the first
saturation temperature detecting means.

The refrigeration cycle apparatus according to claim
1, further comprising

a third temperature sensor which detects a temper-
ature of a refrigerant flowing out from the evaporator,
characterized in that

the control device controls such that as a tempera-
ture difference between a temperature detected by
the third temperature sensor and the temperature
detected by the first saturation temperature detect-
ing means is greater, a value of the predetermined
temperature becomes smaller.

A hydronic heater including the refrigeration cycle
apparatus according to claim 1 or 2.

Patentanspriiche

Kuhlkreislaufvorrichtung (1A), enthaltend:

einen Kihlkreislauf (2), in welchem ein Kom-
pressor (21), ein Radiator (22), ein Unterkih-
lungs-Warmetauscher (23), Hauptexpansions-
mittel (24) und ein Verdampfer (25) in dieser Rei-
henfolge ringférmig miteinander verbunden
sind,

einen Bypasskanal (3), welcher von dem Kiihl-
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kreislauf zwischen dem Radiator und den Haup-
texpansionsmitteln abzweigt und welcher mit
dem Kihlkreislauf zwischen dem Verdampfer
und dem Kompressor oder mit einer Kompres-
sionskammer des Kompressors lber den Un-
terklihlungs-Warmetauscher verbunden ist,
Bypassexpansionsmittel (31), die in dem By-
passkanal an einem Ort stromaufwarts des Un-
terkihlungs-Warmetauscher vorgesehen sind,
einen ersten Temperatursensor (61), welcher
eine Temperatur eines KihImittels erfasst, das
aus dem Unterkihlungs-Warmetauscher (23)
austritt,

erste  Sattigungstemperatur-Erfassungsmittel
(51), welche eine Sattigungstemperatur eines
KihImittels erfassen, das in den Kompressor
eingesaugt wird,

einen zweiten Temperatursensor (62), welcher
eine Temperatur eines KihImittels erfasst, das
aus dem Radiator austritt, und

zweite Sattigungstemperatur-Erfassungsmittel
(52), welche eine Sattigungstemperatur des
KuhImittels in dem Radiator erfassen,
dadurch gekennzeichnet, dass eine Steuer-
einrichtung (4) die Bypassexpansionsmittel in
der Weise betreibt, dass sich eine Temperatur,
die durch den ersten Temperatursensor’ erfasst
wird, einer Temperatur, welche durch die ersten
Sattigungstemperatur-Erfassungsmittel erfasst
wird, annahert, wenn die Temperatur, die durch
den ersten Temperatursensor erfasst wird, ho-
her ist als die Temperatur, die durch die ersten
Sattigungstemperatur-Erfassungsmittel erfasst
wird, und die Steuereinrichtung die Bypassex-
pansionsmittel in der Weise betreibt, dass eine
Temperatur, die durch den zweiten Temperatur-
sensor erfasst wird, um eine vorbestimmte Tem-
peratur kleiner wird als eine Temperatur, die
durch die zweiten Sattigungstemperatur-Erfas-
sungsmittel erfasst wird, wenn die Temperatur,
die durch den ersten Temperatursensor erfasst
wird, im Wesentlichen gleich ist der Temperatur,
die durch die ersten Sattigungstemperatur-Er-
fassungsmittel erfasst wird.

2. Kuhlkreislaufvorrichtung nach Anspruch 1,

weiterhin enthaltend:

einen dritten Temperatursensor, der eine Tem-
peratur eines Kihimittels erfasst, welches aus
dem Verdampfer austritt,

dadurch gekennzeichnet, dass die Steuerein-
richtung in der Weise steuert, dass, wenn eine
Temperaturdifferenz zwischen einer Tempera-
tur, die durch den dritten Temperatursensor er-
fasst wird, und der Temperatur, die durch die
ersten Sattigungstemperatur-Erfassungsmittel
erfasst wird, gréRer wird, ein Wert der vorbe-



3.

17 EP 2 508 821 B1

stimmten Temperatur kleiner wird.

Hydraulikheizeinrichtung, enthaltend die Kihlkreis-
laufvorrichtung nach Anspruch 1 oder 2.

Revendications

1.

Dispositif a cycle frigorifique (1A) comprenant:

un circuit frigorifique (2) dans lequel un com-
presseur (21), un radiateur (22), un échangeur
de chaleur de super-réfrigération (23), des
moyens principaux de détente (24) et un éva-
porateur (25) sont reliés, dans cet ordre, de fa-
con annulaire les uns aux autres,

un canal de dérivation (3) qui est en dérivation
du circuit frigorifique entre ledit radiateur et les-
dits moyens principaux de détente et quiestrelié
au circuit frigorifique entre I’évaporateur et le
compresseur ou est relié a une chambre de ,
compression du compresseur par ledit échan-
geur de chaleur de super-réfrigération,

des moyens de détente de dérivation (31) pré-
vus dans le canal de dérivation a un endroit situé
en amont de I'échangeur de chaleur de super-
réfrigération,

un premier capteur de température (61) qui dé-
tecte une température d’un réfrigérant sortant
del’échangeur de chaleur de super-réfrigération
(23),

des premiers moyens de détection de tempéra-
ture de saturation (51) qui détectent une tempé-
rature de saturation d’un réfrigérant aspiré dans
le compresseur,

un deuxiéme capteur de température (62) qui
détecte une température d’un réfrigérant sortant
du radiateur, et

des deuxiemes moyens de détection de tempé-
rature de saturation (52) qui détectent une tem-
pérature de saturation du réfrigérant dans le ra-
diateur,

caractérisé par le fait qu’un dispositif de com-
mande (4) actionne les moyens de détente de
dérivation de telle sorte qu’une température dé-
tectée par le premier capteur de température se
rapproche d’'une température détectée par les
premiers moyens de détection de température
de saturation, lorsque la température détectée
par le premier capteur de température est su-
périeure a la température détectée par les pre-
miers moyens de détection de température de
saturation, et le dispositif de commande action-
ne les moyens de détente de dérivation de telle
sorte qu’une température détectée par le
deuxiéme capteur de température devient infé-
rieure d’'une température prédéterminée a une
température détectée par les deuxiemes
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moyens de détection de température de satura-
tion, lorsque la température détectée par le pre-
mier capteur de température est pour I'essentiel
égale alatempérature détectée parles premiers
moyens de détection de température de satura-
tion.

2. Dispositifacyclefrigorifique selon larevendication 1,
comprenant en outre:

un troisieme capteur de température qui détecte
une température d'un réfrigérant sortant de
I'évaporateur,

caractérisé par le fait que le dispositif de com-
mande commande de telle sorte que, lorsqu’une
différence de température entre une températu-
re détectée par le troisieme capteur de tempé-
rature et la température détectée par les pre-
miers moyens de détection de température de
saturation devient plus grande, une valeur de la
température prédéterminée devient plus petite.

Dispositif de chauffage hydraulique comprenant le
dispositif a cycle frigorifique selon la revendication
1o0u2.
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