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Description

Technical Field

[0001] The present invention relates to a refrigeration
cycle apparatus using an internal heat exchanger, more
particularly to a refrigerant control for stably securing per-
formance.

Background Art

[0002] Descriptions will be given to prior art as follows.
[0003] Conventionally, a hot water supply apparatus
is proposed as a built-in refrigeration cycle apparatus
such as:

a hot water supply apparatus comprising a refriger-
ation cycle including a compressor, a hot water sup-
ply heat exchanger, an electronic expansion valve,
and a heat source side heat exchanger whose heat
source is an external air, and a hot water supply cycle
including a hot water supply heat exchanger and a
hot water supply tank,
wherein since ability control means that uses an abil-
ity-variable type compressor and ability-controls the
compressor in response to changes in external en-
vironment conditions of the heat source side heat
exchanger is attached, expansion valve opening de-
gree control means for controlling an opening degree
of an electronic expansion valve so as to make a
discharge temperature of a compressor to be a target
value in response to changes in external environ-
ment conditions (an external temperature, for exam-
ple) of the heat source side heat exchanger and ro-
tation speed control means for controlling a rotation
speed of the compressor to be a target value in re-
sponse to changes in the external environment con-
ditions of the heat source side heat exchanger are
attached, an opening of the electronic expansion
valve is controlled so as to make the discharge tem-
perature of the compressor becomes a target value
in response to changes in the external environment
conditions (an external temperature, for example) of
the heat source side heat exchanger, and the rota-
tion speed of the compressor is controlled to be a
target value in response to changes in the external
environment conditions of the heat source side heat
exchanger, an optimal operation condition can be
obtained in which a hot water supply ability and a
hot water supply load further match, and a coefficient
of performance (COP) can be improved and down-
sizing of elements such as an heat exchanger be-
comes possible. (For example, refer to Patent Doc-
ument 1 or to US 2003/061827)

[0004] A water heater is also proposed such as:

a water heater for heating a hot water supply fluid in

a supercritical heat pump cycle where a refrigerant
pressure in a high pressure side becomes equal to
or more than the critical pressure of the refrigerant
comprising:
a compressor,
a radiator that performs heat exchange between a
refrigerant discharged from the compressor and a
hot water supply fluid and is configured so that a
refrigerant flow and the hot water supply fluid flow
opposes,
a decompressor for decompressing the refrigerant
flowing out of the radiator, and
an evaporator that makes the refrigerant that flows
out of the compressor evaporate, makes the refrig-
erant absorb a heat to discharge it into a suction side
of the compressor,
wherein a refrigerant pressure of a high-pressure
side is controlled so that a temperature difference
(ΔT) between the refrigerant that flows out of the ra-
diator and the hot water supply fluid that flows therein
becomes a predetermined temperature difference
(ΔTo). (For example, refer to Patent Document 2) In
this example of the prior art, a heat exchange effi-
ciency of the radiator can be enhanced to improve
efficiency of a heat pump.

[0005] [Patent Document 1] Japanese Patent Gazette
No.3601369 (pp.6; Fig. 1)
[0006] Conventionally, as in patent document 1, there
is a proposal that in the refrigerant cycle apparatus of
supercritical vapor compression type, in which the refrig-
erant pressure at the high pressure side discharged from
the refrigerant compressor becomes a critical pressure
or larger, high pressure is controlled by changing the
opening degree of the decompression valve so that a
difference between the inlet temperature of the fluid to
be heated and the outlet temperature of the refrigerant
enters a predetermined range.
[0007] [Patent Document 2] Japanese Patent Gazette
No.3227651 (pp.1 - 3; Fig. 2)
[0008] Conventionally, as in patent document 2, there
is a proposal such that "a heat pump hot water supply
apparatus comprising: a refrigeration cycle in which a
compressor for compressing a refrigerant up to a super-
critical pressure, a single radiator for exchanging heat
between a refrigerant discharged from the compressor
and a load side medium, an expansion valve for decom-
pressing the refrigerant, and an evaporator are connect-
ed annularly and the refrigerant is circulated; a hot water
supply circuit that store a load side medium heated by
the refrigerant circulating in the single radiator; and high
pressure control means for controlling a high pressure
side refrigerant pressure at a predetermined pressure.
[0009] US 2003/0061827 A1 discloses a heat pump
water heater. Said heater uses a supercritical refrigerant
cycle, wherein a valve open degree of a decompression
valve is controlled in order to control a pressure of high
pressure side refrigerant so that a temperature difference
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between refrigerant falling out from water refrigerant heat
exchanger and water flown into a water flown into a water
refrigerant heat exchanger is set in a predetermined tem-
perature range. Thereby, the pressure of high pressure
side refrigerant in the supercritical refrigerant cycle can
be controlled and heat exchange performance of an in-
ternal heat exchanger can be suitably adjusted.
[0010] JP 2005/315558 A discloses a heat pump water
heater. Said heater comprises a refrigerating cycle in
which a compressor for compressing the refrigerant to
supercritical pressure, a single radiator for heat ex-
change between the refrigerant discharged from the
compressor and a load side medium, an expansion valve
for reducing the pressure of the refrigerant and an evap-
orator are annularly connected to one another. Therein,
the refrigerant is circulated while the high pressure side
refrigerant pressure is controlled to preset pressure by a
high pressure control means. This allows to control the
refrigerant amount distribution in said refrigerating cycle.

Summary of Invention

Problems to be Solved by the Invention

[0011] Both of the above examples of the prior art con-
trol refrigerant conditions so that a discharge temperature
of the compressor or a temperature difference (AT) be-
tween the refrigerant that flows out of the radiator and
the hot water supply fluid that flows therein becomes a
target value to achieve an efficient operation. However,
there was a problem that in the vicinity where an efficien-
cy (COP) of the refrigeration cycle becomes maximum,
a control based only on an inlet side (the above discharge
temperature) of the radiator or an outlet side (the above
temperature difference AT) is difficult to achieve stable
and efficient operation conditions because changes in
the discharge temperature or the temperature difference
ΔT are small. In addition, since an operation in which an
internal heat exchanger exists in the refrigerant circuit is
not considered, there was a problem that to control to
achieve stable and efficient operation conditions is diffi-
cult.
There was a problem that in patent documents 1 and 2
shown above, each hot water supply apparatus incorpo-
rates a refrigeration cycle. In such a refrigeration cycle,
changes in the inlet side temperature of the radiator or
outlet side temperature of the radiator is small in the vi-
cinity where efficiency (COP) becomes maximum, so that
to control to achieve stable and efficient operation con-
ditions is difficult.
[0012] The present invention is made to solve the
above problems in the prior art. The object is to obtain a
refrigeration cycle apparatus capable of stably achieving
efficient operation conditions by controlling operation val-
ues based on standard conditions of the radiator and
outlet conditions of the radiator to be a target value.

Means for Solving the Problems

[0013] In order to solve the above problems, the refrig-
eration cycle apparatus according to the present inven-
tion includes at least a compressor, a radiator, decom-
pression means capable of changing an open degree, a
heat absorber, an internal heat exchanger that performs
heat exchange between a refrigerant at an outlet of the
radiator and the refrigerant at the outlet of the heat ab-
sorber. The refrigeration cycle apparatus is character-
ized in that at least first refrigerant conditions detection
means for detecting standard conditions of the radiator
and second refrigerant conditions detection means for
detecting refrigerant conditions between an outlet of the
radiator and a high-pressure side inlet of an internal heat
exchanger are provided, and an opening degree of de-
compression means is controlled so that a calculation
value calculated based on an output of the first refrigerant
conditions detection means and the output of the second
refrigerant conditions detection means becomes a target
value.

Effect of the Invention

[0014] According to the present invention, the expan-
sion valve opening degree is controlled so that the COP
becomes maximum based on standard conditions of the
radiator and refrigerant conditions of the radiator outlet
part, so that a refrigerant cycle apparatus capable of sta-
bly achieving efficient operation can be obtained.

Brief Description of Drawings

[0015]

[Fig. 1] Fig. 1 is a diagram showing a configuration
of a refrigeration cycle apparatus according to Em-
bodiment 1 of the present invention.
[Fig. 2] Fig. 2 is a diagram showing an operation
behavior on a P-h diagram according to Embodiment
1 of the present invention.
[Fig. 3] Fig. 3 is a diagram showing a temperature
distribution of a refrigerant and water in a water heat
exchanger according to Embodiment 1 of the present
invention.
[Fig. 4] Fig. 4 is a diagram showing cycle conditions
against an expansion valve opening degree accord-
ing to Embodiment 1 of the present invention.
[Fig. 5] Fig. 5 is a diagram showing changes in each
calculation value, heating ability, and COP against
an expansion valve opening degree according to
Embodiment 1 of the present invention.
[Fig. 6] Fig. 6 is a diagram showing changes in other
calculation value, heating ability, and COP against
an expansion valve opening degree according to
Embodiment 1 of the present invention.
[Fig. 7] Fig. 7 is a diagram showing a control flowchart
according to Embodiment 1 of the present invention.
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[Fig. 8] Fig. 8 is a diagram showing a refrigeration
cycle apparatus according to Embodiment 2 of the
present invention.
[Fig. 9] Fig. 9 is a diagram showing an operation
behavior on a P-h diagram according to Embodiment
2 of the present invention.

Descriptions of Codes and Symbols

[0016]

1 compressor
2 radiator (water heat exchanger)
3 expansion valve
4. heat absorber (evaporator)
5 internal heat exchanger
20 hot water supply side pump
21 hot water storage tank
22 use side pump
23, 24, 25 on-off valve
29 blower
30, 31, 32, 33, 41, 42, 52 temperature detection
means
35, 51 pressure detection means
40 controller
50 heat source apparatus
60 hot water storage apparatus

Best Mode for carrying Out the Invention

Embodiment 1

[0017] Descriptions will be given to a refrigerant cycle
apparatus by Embodiment 1. according to the present
invention.
[0018] Fig. 1 shows a configuration diagram of the re-
frigerant cycle apparatus according to the present em-
bodiment. In the figure, the refrigerant cycle apparatus
according to the present embodiment is a hot water sup-
ply apparatus using carbon dioxide (hereinafter, CO2 as
a refrigerant, composed of a heat source apparatus 50,
a hot water storage apparatus 60, and a controller 40 for
controlling these. The present embodiment shows an ex-
ample of the hot water supply apparatus, however, it is
not limited thereto. The apparatus may be an air condi-
tioner. In the same way, the refrigerant is not limited to
carbon dioxide but an HFC refrigerant may be used.
[0019] The heat source apparatus 50 is composed of
a compressor 1 for compressing the refrigerant, a radi-
ator 2 (hereinafter, referred to "water heat exchanger")
for taking out heat of a high-temperature high-pressure
refrigerant compressed in the compressor 1, an internal
heat exchanger 5 for further cooling the refrigerant output
from the water heat exchanger 2, a decompressor 3
(hereinafter, referred to "expansion valve") that decom-
presses the refrigerant and whose opening degree can
be changed, an heat-absorber 4 (hereinafter, referred to
"evaporator") for evaporating the refrigerant decom-

pressed in the expansion valve 3, and an internal heat
exchanger 5 for further heating the refrigerant flowed out
of the evaporator 4. That is, the internal heat exchanger
5 is a heat exchanger that heat-exchanges the refrigerant
at an outlet of the water heat exchanger 2 with the refrig-
erant at the outlet of the evaporator 4. A blower 29 is
provided for sending air on an outer surface of the evap-
orator 4. There are also provided first temperature de-
tection means 30 for detecting a discharge temperature
of the compressor 1, second temperature detection
means 31 for detecting an outlet temperature of the water
heat exchanger 2, fifth temperature detection means 32
for detecting an inlet refrigerant temperature of the evap-
orator 4, and sixth temperature detection means 33 for
detecting a suction temperature of the compressor 1. In
addition, the first temperature detection means 30 and
the second temperature detection means 31 correspond
to a first refrigerant conditions detection means and sec-
ond refrigerant conditions detection means respectively
in an example of control in Fig. 7 to be described later.
[0020] A hot water storage apparatus 60 is connected
with the water heat exchanger 2, which is a radiator, via
piping, being composed of a heat source side pump 20,
a hot water storage tank 21, a use side pump 22, and
on-off valves 23, 24, 25. Here, on-off valves 23, 24, 25
may be a simple valve only for switching operation or an
opening variable valve. When a water level of the hot
water storage tank 21 drops, the on-off valves 24, 25 are
closed, the on-off valve 23 is opened, and hot water stor-
age operation is performed in which supplied water is
heated up to a predetermined temperature. When a heat
dissipation loss is large and the temperature in the hot
water storage tank 21 decreases such as in winter, the
on-off valves 23, 25 are closed, the on-off valve 24 is
opened, and circulation heating operation is performed
in which low-temperature hot water in the hot water stor-
age tank 21 is re-boiled. At the time of using the hot water
supply, the on-off valves 23, 24 are closed, the on-off
valve 25 is opened, the use side pump 22 starts operation
to transfer stored hot water to the use side. At an inlet
side of the water heat exchanger 2, third temperature
detection means 41 is attached for detecting an inlet tem-
perature of a medium (water) to be heated. At an outlet
side of the water heat exchanger 2, fourth temperature
detection means 42 is attached for detecting the outlet
temperature of the medium (water) to be heated.
[0021] A controller 40 performs calculation using de-
tected values from first temperature detection means 30,
second temperature detection means 31, fifth tempera-
ture detection means 32, sixth temperature detection
means 33, third temperature detection means 41, and
fourth temperature detection means 42 to control an
opening degree of the expansion valve 3, a rotation
speed of the compressor 1, and the rotation speed of the
hot water supply side pump 20, respectively.
[0022] Fig. 2 is a P-h diagram describing cycle condi-
tions during hot water storage operation in the refrigera-
tion cycle apparatus shown in Fig. 1. In Fig. 2, solid lines
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denote refrigerant conditions at a certain expansion valve
opening degree and A, B, C, D, and E denote refrigerant
conditions in the hot water storage operation. At the time
of the hot water storage operation, a high-temperature
high-pressure refrigerant (A) discharged from the com-
pressor 1 flows into the water heat exchanger 2. In the
water heat exchanger 2, the refrigerant heats supplied
water while dissipating heat to water circulating the hot
water storage circuit to decrease the own temperature.
A refrigerant (B) flowed out of the water heat exchanger
2 dissipates heat in the internal heat exchanger 5 to fur-
ther decrease (C) the temperature, being decompressed
(D) by the expansion valve 3 to turn into a low-tempera-
ture low-pressure refrigerant. The low-temperature low-
pressure refrigerant absorbs heat from the air in the evap-
orator 4 to evaporate (E). The refrigerant flowed out of
the evaporator 4 is heated in the internal heat exchanger
5 to turn into a gas (F) and sucked by the compressor 1
to form a refrigeration cycle.
[0023] Here, the expansion valve 3 is controlled so that
a suction superheat degree of the compressor 1 be-
comes a target value (for example, 5 to 10°C). Specifi-
cally, based on a detection value of fifth temperature de-
tection means 32 detecting an inlet refrigerant tempera-
ture of the evaporator 4, a temperature decrease amount
due to a pressure loss in the evaporator 4 and the internal
heat exchanger 5 is corrected, an evaporation tempera-
ture (ET) is estimated, a suction superheat degree SHs
is calculated by the following formula using a detection
value (Ts) of sixth temperature detection means 33 de-
tecting a suction temperature of the compressor 1. 

[0024] Using the above formula, an opening degree of
the expansion valve 3 is controlled so that SHs becomes
a target value. An example is given in which an evapo-
ration temperature (ET) is estimated based on the de-
tection value of the fifth temperature detection means 32,
however, it is not limited thereto. Pressure detection
means (second pressure detection means) 51 (refer to
Fig. 1) is installed between a low-pressure side outlet of
the internal heat exchanger 5 and the inlet of the com-
pressor 1, and from the detection value, a refrigerant sat-
uration temperature may be obtained. A suction super-
heat degree control precedes other high efficiency oper-
ation control because a function to prevent liquid return
of the compressor 1 precedes a function to efficiently
operate the water heat exchanger 2 from the viewpoint
of securing reliability of the equipment.
[0025] Next, operation on the P-h diagram in the case
when the opening degree of the expansion valve 3 is
made smaller is denoted by broken lines in Fig. 2. When
the opening degree of expansion valve 3 is made smaller,
the refrigerant flow amount flowing from the expansion
valve 3 to the evaporator 4 decreases and the suction

superheat degree of the compressor 1 temporarily in-
creases. In addition, since the refrigerant shifts to a high
pressure side, the pressure on the high pressure side
increases and a discharge temperature becomes high.
At the same time, a water heat exchanger output tem-
perature decreases so that a temperature difference in
the becomes constant. When the water heat exchanger
output temperature decreases, a heat exchange amount
in the internal heat exchanger 5 decreases, and as a
result, the suction superheat degree becomes almost the
same state as that of before the opening degree of the
expansion valve 3 is made smaller to indicate a constant
value. That is, a change in opening degree of the expan-
sion valve 3 is absorbed by the heat exchange amount
of the internal heat exchanger 5 (the heat exchange
amount varies in response to the opening degree of the
expansion valve 3) to make a change in the suction su-
perheat degree small. Accordingly, control of the suction
superheat degree of the compressor 1 alone cannot se-
cure heating ability in the water heat exchanger 2 and
efficiency is lowered. Therefore, new control is required
in order to secure heating ability and improve operation
efficiency.
[0026] Next, descriptions will be given to why a local
maximal value occurs in performance (COP) using a tem-
perature distribution in the water heat exchanger shown
in Fig. 3.
[0027] Fig. 3 shows a refrigerant and water tempera-
ture distribution in the water heat exchanger 2. In the
figure, thick solid lines show a change in refrigerant tem-
perature, and a thin solid lines denote a change in water
temperature. ΔT1 denotes a temperature difference be-
tween the water heat exchanger inlet temperature and
water outlet temperature, and ΔT2 denotes a tempera-
ture difference between the water heat exchanger outlet
temperature and water inlet temperature. Δ Tp is a tem-
perature difference at a pinch point where the tempera-
ture difference between a refrigerant and water in the
water heat exchanger 2 becomes minimum. ΔT denotes
a temperature difference between the water heat ex-
changer inlet temperature and the water heat exchanger
outlet temperature. As shown by a cycle state against
the expansion valve opening degree in Fig. 4, when a
discharge temperature is increased by decreasing the
expansion valve 3 opening degree, under a condition
when heating ability in the water heat exchanger 2 is
almost constant, the outlet temperature of the water heat
exchanger 2 decreases so that an average temperature
difference of the refrigerant and water in the water heat
exchanger 2 is maintained, and the temperature differ-
ence Δ Tp of pinch point also decreases. Further, as the
refrigerant amount shifts to a high pressure side, a dis-
charge pressure rises to increase an input and COP is
lowered. To the contrary, when the expansion valve 3
opening degree is made large and the discharge tem-
perature is lowered, the outlet temperature of the water
heat exchanger 2 increases so that an average temper-
ature difference between the refrigerant and water in the

7 8 



EP 2 196 745 B1

6

5

10

15

20

25

30

35

40

45

50

55

water heat exchanger 2 is maintained. The temperature
difference ΔTp at the pinch point also increases, howev-
er, a heating ability ratio becomes small and COP is low-
ered. Accordingly, as shown by broken lines in the figure,
a suitable expansion opening degree exists that makes
COP maximum.
[0028] Next, Fig. 5 shows changes in operation values
obtained from the temperature of each part when the
opening degree of the expansion valve 3 changes. In Fig.
5, the horizontal axis represents the opening degree (%)
of the expansion valve 3, and the vertical axis represents
the suction superheat degree, discharge temperature,
temperature difference ΔT2 between the outlet temper-
ature of the water heat exchanger and water inlet tem-
perature, heating ability ratio, COP ratio. The heating
ability ratio and COP ratio show a ratio when a maximum
value against the expansion valve opening degree is set
as 100%, respectively. Against changes in the opening
degree of the expansion valve 3, changes in the suction
superheat degree can be regarded as almost a constant
value, so that it is understood that changes in the heating
ability ratio and the COP ratio cannot be judged by the
suction superheat degree. When controlling the COP to
be maximum based on the temperature difference ΔT2
between the discharge temperature and the outlet tem-
perature of the water heat exchanger and water inlet tem-
perature, changes in the discharge temperature and tem-
perature difference ΔT2 are small in the vicinity of the
expansion valve opening degree when the COP reaches
maximum as shown by a dotted line in the figure, so that
it is found that a high accuracy temperature measure-
ment is required for controlling COP to be maximum.
[0029] Next, Fig. 6 shows changes in other operation
values obtained from temperatures of each part when
the opening degree of the expansion valve 3 is changed.
In Fig. 6, the horizontal axis represents the opening de-
gree (%) of the expansion valve 3. The vertical axis rep-
resents an outlet/inlet temperature difference ΔThx of the
internal heat exchanger, a temperature difference ΔT be-
tween a discharge temperature and an outlet tempera-
ture of the water heat exchanger, a total temperature
difference ∑ΔT of the above ΔT1 and ΔT2, heating ability,
and a COP ratio, respectively. Characteristics of Fig. 6
shows that operation can be performed in the vicinity
where the COP becomes maximum by either controlling
a heat exchange amount of the internal heat exchanger
5 based on the temperature difference ΔThx between the
outlet and inlet of the internal heat exchanger or control-
ling the heat exchange amount of the water heat ex-
changer 2 based on the total temperature difference ∑ΔT
of ΔT1 and ΔT2 of the water heat exchanger 2. Further,
the temperature difference ΔT between the discharge
temperature and the outlet temperature of the water heat
exchanger significantly changes in the vicinity of the ex-
pansion valve opening degree at which the COP be-
comes maximum, so that it is understood that a deviation
from the maximum value of the COP could be controlled
to be small based on the temperature difference Δ T.

Here, only the case of the temperature difference ΔT is
shown, however, the same effect can be expected by
controlling based on the difference (ΔT1 -ΔT2) of the tem-
perature differences ΔT1 and ΔT2.
[0030] Thus, it is possible to achieve an operation in
the vicinity of the maximum efficiency by adopting a high-
pressure side outlet temperature of the internal heat ex-
changer 5 for ΔThx, the discharge temperature for ΔT,
and the discharge temperature and a water side outlet/in-
let temperatures for ∑ΔT.
[0031] As is understood from Fig. 6, a total temperature
difference ∑ΔT of the temperature difference ΔT1 be-
tween the water heat exchanger inlet temperature and
water outlet temperature and the temperature difference
ΔT2 between the water heat exchanger outlet tempera-
ture and water inlet temperature becomes a minimum.
The control based on such an index has a physical mean-
ing and being reasonable. However, high-precision tem-
perature detection is required because change in tem-
perature is small in the vicinity where the COP becomes
a maximum compared with the temperature difference Δ
T. Further, from Fig. 3, it is considered that when the
COP becomes a maximum value, a temperature differ-
ence ΔTp at a pinch point is almost the same as that of
ΔT2 between the water heat exchanger outlet tempera-
ture and water inlet temperature. This is because a max-
imum performance is shown when two temperature dif-
ferences that become minimum in the water heat ex-
changer 2 become equal without being biased to either
of them when considering characteristics of the heat ex-
changer. Accordingly, it is allowable to control the expan-
sion valve 3 so as to make ΔTp and ΔT2 to be equal.
[0032] Next, descriptions will be given to an example
of a control operation of the refrigeration cycle apparatus
of Fig. 1 in which an expansion valve opening degree is
controlled so as to make a suction superheat degree and
the above temperature difference ΔT to converge at tar-
get values.
[0033] Fig. 7 is a flowchart showing a control operation
of the refrigeration cycle apparatus. With the present in-
vention, for the purpose of giving a priority to reliability
of products, the suction superheat degree (SHs) control
of the compressor 1 precedes the temperature difference
ΔT control for securing the heating ability.
[0034] Firstly, when the suction superheat degree
(SHs) is smaller than a target value (SHm) by a preset
convergence range ΔSH or less (S101), the expansion
valve opening degree is lowered until the suction super-
heat degree (SHs) converges. Thus, when the suction
superheat degree (SHs) is secured, the temperature dif-
ference ΔT is made to converge at the target value. Spe-
cifically, when the temperature difference ΔT is smaller
than a target value (ΔTm) by a preset convergence range
δT or less (S102), the expansion opening degree is low-
ered and ΔT is made to converge. Thus, lower limit values
of the suction superheat degree (SHs) and the temper-
ature difference ΔT can be suppressed.
[0035] Next, when the suction superheat degree (SHs)
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is larger than the target value (SHm) by a preset conver-
gence range Δ SH or more (S103), the expansion valve
opening degree is increased until the suction superheat
degree (SHs) converges. Thus, when the suction super-
heat degree (SHs) is converged, the temperature differ-
ence ΔT is made to converge at the target value. Thus,
when the suction superheat degree (SHs) is converged,
the temperature difference ΔT is made to converge at
the target value. Specifically, when the temperature dif-
ference ΔT is larger than the target value ΔTm) by a preset
convergence range δT or more (S104), the expansion
opening degree is increased and ΔT is made to converge.
Thus, upper limit values of the suction superheat degree
(SHs) and the temperature difference ΔT can be sup-
pressed. An example is shown in which a priority is given
to control the suction superheat degree, however, it is
not limited thereto when using a compressor which is
resistant to liquid return. The same effect can be expect-
ed even when the priority order is exchanged. Through
the above control, the suction superheat degree (SHs)
and the temperature difference ΔT are converged at tar-
get values.
[0036] In the above, descriptions are given to an ex-
ample in which the suction superheat degree (SHs) and
the temperature difference ΔT are controlled to converge
at target values (SHm, ΔTm), however, it is allowable
that, in place of the temperature difference ΔT, a total
temperature difference ∑ ΔT of ΔT1 and ΔT2, a difference
between ΔT1 and ΔT2 (ΔT1 - ΔT2), or ΔThx can be used
to control them to converge at a target value, respectively.
When using ∑ΔT and (ΔT1 - Δ T2), they are obtained by
calculating detection temperatures by the first tempera-
ture detection means 30, the second temperature detec-
tion means 31, the third temperature detection means
41, and the fourth temperature detection means 42.
When using Δ Thx, internal heat exchanger outlet tem-
perature detection means 52 is attached (refer to Fig. 1)
between a high-pressure side outlet of the internal heat
exchanger 5 and an inlet of the expansion valve 3, the
temperature difference ΔThx is obtained from a detection
temperatures by the second temperature detection
means 31 and the internal heat exchanger outlet tem-
perature detection means 52.
[0037] Since, in the present embodiment, in addition
to suction superheat degree control of the compressor,
the expansion valve opening degree is made to be con-
trolled so that the COP becomes maximum based on a
temperature difference ΔT (or ∑ ΔT, ΔT1 - ΔT2, ΔThx)
between the discharge temperature and the water heat
exchanger outlet temperature, a high efficiency refriger-
ation cycle apparatus can be obtained.
[0038] A refrigerant saturation temperature (ET) is ob-
tained based on an output of the fifth temperature detec-
tion means 32 or pressure detection means, the suction
superheat degree (SHs) is obtained by the detection tem-
perature (Ts) of the sixty temperature detection means
and the refrigerant saturation temperature (ET), and the
expansion valve opening degree is controlled so that the

suction superheat degree (SHs) becomes a target value,
so that the superheat degree of the suction part of the
compressor 1 is secured , liquid return to the compressor
1 can be prevented, and reliability can be secured. In the
example of Fig. 1, descriptions are given to an example
in which the fifth temperature detection means 32 is pro-
vided between the expansion valve 3 and the evaporator
4, it can be disposed at any position between the inlet of
the evaporator 4 and a low-pressure side inlet of the in-
ternal heat exchanger 5.
[0039] In the present embodiment, when controlling
the superheat degree and the above temperature differ-
ences (ΔT, ∑ΔT, ΔT1 - ΔT2, ΔThx), the control of the
superheat degree precedes the control of the above tem-
perature differences. From this point, the reliability of the
compressor 1 is secured.
[0040] In the present embodiment, the radiator is com-
posed of the water heat exchanger, so that a high effi-
ciency hot water supply apparatus can be obtained.

Embodiment 2

[0041] Descriptions will be given to a refrigeration cycle
apparatus according to Embodiment 2 of the present in-
vention as follows.
[0042] Fig. 8 is a drawing showing a configuration of
the refrigeration cycle apparatus according to the present
invention. What is different from Embodiment 1 is that a
first pressure detection means 35 is provided in place of
the first temperature detection means 30 for detecting
the discharge temperature of the compressor 1. Based
on the first pressure detection means 35, a virtual satu-
ration temperature is obtained, which is a standard con-
dition of the water heat exchanger 2. The pressure de-
tection means 35 can be shared with a pressure sensor
provided, for example, to prevent an abnormal rise in
high pressure. Descriptions on an operation behavior will
be omitted because they are the same as Embodiment 1.
[0043] In the present embodiment, like a conventional
HFC refrigerant, a virtual superheat degree of the water
heat exchanger 2 outlet is calculated to control the re-
frigerant conditions thereof. Specifically, from first pres-
sure detection means 35 provided in place of the first
temperature detection means 30, a virtual saturation tem-
perature is calculated as a standard condition of the water
heat exchanger 2 and from the difference between a vir-
tual saturation temperature Tsat and outlet temperature
Tcount of the water heat exchanger 2 detected by the
second temperature detection means 31, a virtual super-
heat degree SC is obtained from the following formula. 

[0044] In the present embodiment, the opening degree
of the expansion valve 3 is controlled in the same way
as the flowchart of Fig. 7 so that the SC obtained by the
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above formula becomes a target value (SCm) whose ef-
ficiency is maximum.
[0045] Here, how to obtain the virtual saturation tem-
perature will be explained.
[0046] Fig. 9 is a diagram showing an operation be-
havior of the refrigeration cycle apparatus according to
the present invention on a P-h diagram. The virtual sat-
uration temperature can be freely defined by demonstrat-
ing a definition such as a pseudo critical temperature
trajectory connecting flexion points of isothermal lines
like a dashed line α and a vertical line like a dotted line
β extended with an enthalpy at a critical point being a
constant. However, in order to operate the refrigeration
cycle apparatus stably and at the maximum efficiency, a
virtual saturation temperature should be selected under
which the temperature difference becomes large in the
vicinity of the maximum efficiency as mentioned above.
Then, the virtual saturation temperature can be obtained
as an intersection of a constant pressure line with a pres-
sure at a point B, which is a detection value by first pres-
sure detection means 35 and the dashed line α, or as an
intersection of a constant pressure line with a pressure
at a point B, which is a detection value by first pressure
detection means 35 and the dotted line β.
[0047] In the present embodiment, since the virtual sat-
uration temperature is used in place of the discharge tem-
perature of the compressor 1, first temperature detection
means 30 in Fig. 1 can be omitted and low cost can be
achieved. Like the conventional HFC refrigerant, super-
heat degree of the outlet of the water heat exchanger 2
is controlled, therefore, control of the expansion valve
can be applied as it is, which has been conventionally
used.

Claims

1. A refrigerant cycle apparatus comprising:

at least a compressor (1), a radiator (2), decom-
pression means (3) capable of changing an
open degree, a heat absorber (4), an internal
heat exchanger (5) that performs heat exchange
between a refrigerant at an outlet of said radiator
(2) and the refrigerant at an outlet of said heat
absorber (4), wherein
first temperature detection means (30) for de-
tecting a refrigerant temperature between an
outlet of said compressor (1) and an inlet of said
radiator (2) and second temperature detection
means (31) for detecting the refrigerant temper-
ature between the outlet of said radiator (2) and
a high-pressure side inlet of said internal heat
exchanger (5), third temperature detection
means (41) for detecting an inlet temperature of
a medium to be heated and fourth temperature
detection means (42) for detecting the outlet
temperature of the medium to be heated are pro-

vided, characterized in that
an opening degree of said decompression
means (3) is controlled such that a sum (∑ΔT)
of a temperature difference (ΔT1) between a de-
tection temperature by said first temperature de-
tection means (30) and the detection tempera-
ture by said fourth temperature detection means
(42) and the temperature difference (ΔT2) be-
tween the detection temperature by said second
temperature detection means (31) and the de-
tection temperature by said third temperature
detection means (41) becomes a target value.

2. The refrigerant cycle apparatus of claim 1, wherein

sixth temperature detection means (33) for de-
tecting the refrigerant temperature between a
low-pressure side outlet of said internal heat ex-
changer (5) and an inlet of said compressor (1)
is provided,
superheat degree of a compressor suction part
is calculated from a refrigerant saturation tem-
perature at a detection point of said sixth tem-
perature detection means (33) and a detection
temperature by said sixth temperature detection
means (33), and
the opening degree of said decompression
means (3) is controlled such that said superheat
degree becomes the target value.

3. The refrigerant cycle apparatus of claim 2, wherein

second pressure detection means (51) is pro-
vided between the low-pressure side outlet of
said internal heat exchanger (5) and the inlet of
said compressor (1) and
said refrigerant saturation temperature is calcu-
lated based on a detection value of said second
pressure detection means (51).

4. The refrigerant cycle apparatus of claim 2, wherein

fifth temperature detection means (32) is provid-
ed between the inlet of said heat absorber (4)
and the low-pressure side inlet of said internal
heat exchanger (5) and
said refrigerant saturation temperature is calcu-
lated based on the detection temperature of said
fifth temperature detection means (32).

5. The refrigerant cycle apparatus of any one of claims
2 to 4, wherein
a priority is given to control said superheat degree
over said temperature difference.

6. The refrigerant cycle apparatus of any one of claims
1 to 5, wherein
said radiator (2) is a heat exchanger that exchanges
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heat with water.

7. The refrigerant cycle apparatus of any one of claims
1 to 6, wherein carbon dioxide is used as a refriger-
ant.

Patentansprüche

1. Kühlmittelkreislaufvorrichtung, umfassend:

wenigstens einen Kompressor (1), einen Radi-
ator (2), Dekompressionsmittel (3), die in der La-
ge sind, einen Öffnungsgrad zu ändern, einen
Wärmeabsorber (4), einen internen Wärmetau-
scher (5), der Wärmetausch zwischen einem
Kühlmittel an einem Auslass von besagtem Ra-
diator (2) und dem Kühlmittel an einem Auslass
von besagtem Wärmeabsorber (4) durchführt,
wobei
erste Temperaturerfassungsmittel (30) zum Er-
fassen einer Kühlmitteltemperatur zwischen ei-
nem Auslass von besagtem Kompressor (1) und
einem Einlass von besagtem Radiator (2), und
zweite Temperaturerfassungsmittel (31) zum
Erfassen der Kühlmitteltemperatur zwischen
dem Auslass von besagtem Radiator (2) und ei-
nem hochdruckseitigen Einlass von besagtem
internen Wärmetauscher (5), dritte Temperatur-
erfassungsmittel (41) zum Erfassen einer Ein-
lasstemperatur eines zu erwärmenden Medi-
ums und vierte Temperaturerfassungsmittel
(42) zum Erfassen der Auslasstemperatur des
zu erwärmenden Medium vorgesehen sind, da-
durch gekennzeichnet, dass
ein Öffnungsgrad von besagtem Dekompressi-
onsmittel (3) so gesteuert wird, dass eine Sum-
me (∑ΔT) einer Temperaturdifferenz (ΔT1) zwi-
schen einer Erfassungstemperatur von besag-
tem ersten Temperaturerfassungsmittel (30)
und der Erfassungstemperatur von besagtem
vierten Temperaturerfassungsmittel (42) und
der Temperaturdifferenz (ΔT2) zwischen der Er-
fassungstemperatur von besagtem zweiten
Temperaturerfassungsmittel (31) und der Erfas-
sungstemperatur von besagtem dritten Tempe-
raturerfassungsmittel (41) ein Zielwert wird.

2. Kühlmittelkreislaufvorrichtung nach Anspruch 1, bei
welcher
sechste Temperaturerfassungsmittel (33) zum Er-
fassen der Kühlmitteitemperatur zwischen einem
niederdruckseitigen Auslass des besagten internen
Wärmetauschers (5) und einem Einlass des besag-
ten Kompressors (1) vorgesehen sind,
ein Überhitzungsgrad eines Kompressoransaug-
trakts aus einer Kühlmittelsättigungstemperatur an
einem Erfassungspunkt von besagtem sechsten

Temperaturerfassungsmittel (33) und einer Erfas-
sungstemperatur von besagtem sechsten Tempera-
turerfassungsmittel (33) berechnet wird, und
der Öffnungsgrad von besagtem Dekompressions-
mittel (3) so gesteuert wird, dass der besagte Über-
hitzungsgrad der Zielwert wird.

3. Kühlmittelkreislaufvorrichtung nach Anspruch 2, bei
welcher
zweite Druckerfassungsmittel (51) zwischen dem
niederdruckseitigen Auslass des besagten internen
Wärmetauschers (5) und dem Einlass des besagten
Kompressors (1) vorgesehen sind, und
besagte Kühlmittelsättigungstemperatur basierend
auf einem Erfassungswert von besagtem zweiten
Druckerfassungsmittel (51) berechnet wird.

4. Kühlmittelkreislaufvorrichtung nach Anspruch 2, bei
welcher
fünfte Temperaturerfassungsmittel (32) zwischen
dem Einlass des besagten Wärmeabsorbers (4) und
dem niederdruckseitigen Einlass des besagten in-
ternen Wärmetauschers (5) vorgesehen sind, und
besagte Ktihlmittelsättigungsternperatur basierend
auf der Erfassungstemperatur des besagten fünften
Temperaturerkennungsmittels (32) berechnet wird.

5. Kühlmittelkreislaufvorrichtung nach einem der An-
sprüche 2 bis 4, bei welcher
eine Priorität der Steuerung des besagten Überhit-
zungsgrades über besagter Temperaturdifferenz
gegeben wird.

6. Kühlmittelkreislaufvorrichtung nach einem der An-
sprüche 2 bis 5, bei welcher besagter Radiator (2)
ein Wärmetauscher ist, der mit Wasser Wärme
tauscht.

7. Kühlmittelkreislaufvorrichtung nach einem der An-
sprüche 2 bis 6, bei welcher Kohlendioxid als Kühl-
mittel verwendet wird.

Revendications

1. Appareil à circulation de fluide réfrigérant compre-
nant
au moins un compresseur (1), un radiateur (2), un
moyen de décompression (3) capable de modifier
un degré d’ouverture, un absorbeur de chaleur (4),
un échangeur thermique interne (5) qui effectue un
échange thermique entre un fluide réfrigérant au ni-
veau d’une sortie dudit radiateur (2) et le fluide réfri-
gérant au niveau d’une sortie dudit absorbeur de
chaleur (4), dans lequel
un premier moyen de détection de température (30)
pour la détection d’une température de fluide réfri-
gérant entre une sortie dudit compresseur (1) et une
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entrée dudit radiateur (2) et un deuxième moyen de
détection de température (31) pour la détection de
la température du fluide réfrigérant entre la sortie
dudit radiateur (2) et une entrée côté haute pression
dudit échangeur thermique interne (5), un troisième
moyen de détection de température (41) pour la dé-
tection d’une température d’entrée d’un fluide à
chauffer et un quatrième moyen de détection de tem-
pérature (42) pour la détection de la température de
sortie du fluide à chauffer étant prévus,
caractérisé en ce que
un degré d’ouverture dudit moyen de décompres-
sion (3) est contrôlé de façon à ce qu’une somme
(∑ΔT) d’une différence de température (ΔT1) entre
une température détectée par ledit premier moyen
de détection de température (30) et la température
détectée par ledit quatrième moyen de détection de
température (42) et la différence de température
(ΔT2) entre la température détectée par ledit deuxiè-
me moyen de détection de température (31) et la
température détectée par ledit troisième moyen de
détection de température (41) devienne une valeur
cible,

2. Appareil à circulation de fluide réfrigérant selon la
revendication 1, dans lequel
un sixième moyen de détection de température (33)
pour la détection de la température du fluide réfrigé-
rant entre une sortie côté basse pression de l’échan-
geur thermique interne (5) et une entrée dudit com-
presseur (1) est prévu,
un degré de surchauffe d’un élément d’aspiration du
compresseur est calculé à partir d’une température
de saturation de fluide réfrigérant au niveau d’un
point de détection dudit sixième moyen de détection
de température (33) et une température détectée par
ledit sixième moyen de détection de température
(33), et
le degré d’ouverture dudit moyen de décompression
(3) est contrôlé de façon à ce que ledit degré de
surchauffe devienne la valeur cible.

3. Appareil à circulation de fluide réfrigérant selon la
revendication 2, dans lequel
un deuxième moyen de détection de pression (51)
est prévu entre la sortie côté basse pression dudit
échangeur thermique interne (5) et l’entrée dudit
compresseur (1) et
ladite température de saturation de fluide réfrigérant
est calculée sur la base d’une valeur détectée par
ledit deuxième moyen de détection de pression (51).

4. Appareil à circulation de fluide réfrigérant selon la
revendication 2, dans lequel
un cinquième moyen de détection de température
(32) est prévu entre l’entrée dudit absorbeur de cha-
leur (4) et l’entrée côté basse pression dudit échan-
geur thermique interne (5) et

ladite température de saturation de fluide réfrigérant
est calculée sur la base de la température détectée
par ledit cinquième moyen de détection de tempé-
rature (32).

5. Appareil à circulation de fluide réfrigérant selon l’une
des revendications 2 à 4, dans lequel
la priorité est donnée au contrôle dudit degré de sur-
chauffe sur ladite différence de température.

6. Appareil à circulation de fluide réfrigérant selon l’une
des revendications 1 à 5, dans lequel
ledit radiateur (2) est un échangeur thermique qui
échange de la chaleur avec de l’eau.

7. Appareil à circulation de fluide réfrigérant selon l’une
des revendications 1 à 6, dans lequel du dioxyde de
carbone est utilisé en tant que fluide réfrigérant.
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