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(54) Control method of refrigeration cycle apparatus

(57) Itis an object of the present invention to stably
operate the refrigeration cycle apparatus having an ex-
pansion mechanism capable of recovering pressure en-
ergy atthe time of expansion, and to enhance the stability
at the time of actuation. A control method of the refriger-
ation cycle apparatus including a compressing mecha-
nism 2, a heat source-side heat exchanger 6, the expan-
sion mechanism 5 which recovers power, and a utilizing-
side heat exchanger 3. The number of revolutions of the

Fig. 1

expansion mechanism 5 is controlled such that the
number of revolutions becomes equal to a target number
of revolutions of the expansion mechanism 5 determined
from a discharging temperature of the compressing
mechanism 2. The number of revolutions of the expan-
sion mechanism 5 can appropriately be controlled, the
refrigeration cycle apparatus can be operated stably, and
the stability of the refrigeration cycle apparatus at the
time of actuation can be enhanced.
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Description
[Technical Field]

[0001] The presentinvention relates to a control meth-
od of arefrigeration cycle apparatus having an expansion
mechanism which recovers power.

[Background Technique]

[0002] There is proposed a refrigeration cycle appara-
tusinwhich an expansion mechanism is provided instead
of a decompressor, pressure energy at the time of ex-
pansion is recovered as power, thereby enhancing COP
(see patent document 1 for example).

[Patent document 1] Japanese Patent Application Laid-
open No.S56-112896

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

[0003] In the conventional technique, when the tem-
perature of heat source-side fluid which flows into a heat
source-side heat exchanger, or the temperature of utiliz-
ing-side fluid which flows into a utilizing-side heat ex-
changer is high, the discharging temperature or high
pressure-side pressure of a compressing mechanism is
prone to increase, and there is a problem that the oper-
ation of the compressing mechanism is frequently
stopped to protect devices.

[0004] To solve the above problem, in a refrigeration
cycle apparatus having the expansion mechanism, it is
an object of the presentinvention to appropriately control
the number of revolutions of the expansion mechanism,
and to stably operate the refrigeration cycle apparatus,
and more particularly, to enhance the stability when the
refrigeration cycle apparatus is actuated.

[Means for Solving the Problem]

[0005] To solve the problem of the conventional tech-
nique, according to a control method of a refrigeration
cycle apparatus having an expansion mechanism which
recovers power, the number of revolutions of the expan-
sion mechanism is controlled such that it becomes equal
to the first target number of revolutions of the expansion
mechanism which is determined from the discharging
temperature of the compressing mechanism. According
to this control method, since the discharging temperature
is not largely deviated from the target discharging tem-
perature, it is unnecessary to stop the operation of the
compressing mechanism to protect the refrigeration cy-
cle apparatus, and it is possible to stably operate the
refrigeration cycle apparatus.

10

15

20

25

30

35

40

45

50

55

[Effect of the Invention]

[0006] According to the control method of the refriger-
ation cycle apparatus having the expansion mechanism,
it is possible to appropriately control the number of rev-
olutions of the expansion mechanism, and to stably op-
erate the refrigeration cycle apparatus, and to enhance
the stability when the refrigeration cycle apparatus is ac-
tuated.

[Brief Description of the Drawings]
[0007]

Fig. 1is ablock diagram showing arefrigeration cycle
apparatus according to first to fourth embodiments
of the present invention;

Fig. 2 is a flowchart of control of an expansion mech-
anism according to the first embodiment of the in-
vention;

Fig. 3 is a time chart of control of the second embod-
iment of the invention;

Fig. 4 is a flowchart of control of an expansion mech-
anism of a second embodiment of the invention:
Fig. 5 is a flowchart of control of a compressing
mechanism of the second embodiment of the inven-
tion;

Fig. 6 is a time chart of control of a third embodiment
of the invention;

Fig. 7 is a flowchart of control of an expansion mech-
anism of the third embodiment of the invention; and
Fig. 8 is a flowchart of control of an expansion mech-
anism of a fourth embodiment of the invention.

[Explanation of Symbols]
[0008]

electric motor

compressing mechanism

utilizing-side heat exchanger (radiator)

generator

expansion mechanism

heat source-side heat exchanger (evaporator)
utilizing fluid transfer means (water supply pump)
boiler

heat source fluid transfer means (air blowing ap-
paratus)

10  compressing mechanism control means

11 expansion mechanism control means

12  discharging temperature detecting means

13  outside air temperature detecting means

14  entering-water temperature detecting means

15 electronic control means 15

A refrigerant circuit

B fluid circuit
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[Best Mode for Carrying Out the Invention]

[0009] Accordingto afirstaspectoftheinvention, there
is provided a control method of a refrigeration cycle ap-
paratus including a compressing mechanism, a heat
source-side heat exchanger, an expansion mechanism
which recovers power, and a utilizing-side heat exchang-
er, wherein the number of revolutions of the expansion
mechanism is controlled such that the number of revo-
lutions becomes equal to a target number of revolutions
of the expansion mechanism determined from a dis-
charging temperature of the compressing mechanism.
With this aspect, since the discharging temperature is
not largely deviated from the target discharging temper-
ature, it is unnecessary to stop the operation of the com-
pressing mechanism to protect the refrigeration cycle ap-
paratus, and it is possible to stably operate the refriger-
ation cycle apparatus.

[0010] According to a second aspect of the invention,
when a discharging temperature of the compressing
mechanism is higher than a predetermined target dis-
charging temperature, the number of revolutions of the
expansion mechanism is increased, and when the dis-
charging temperature of the compressing mechanism is
lower than the target discharging temperature, the
number of revolutions of the expansion mechanism is
reduced. With this aspect, when the discharging temper-
ature is higher than the target discharging temperature,
the number of revolutions of the expansion mechanism
is increased, and when the discharging temperature of
the compressing mechanism is lower than the target dis-
charging temperature, the number of revolutions of the
expansion mechanism is reduced and the discharging
temperature is increased. With this aspect, since the dis-
charging temperature is not largely deviated from the tar-
get discharging temperature, it is unnecessary to stop
the operation of the compressing mechanism to protect
the refrigeration cycle apparatus, and it is possible to
stably operate the refrigeration cycle apparatus.

[0011] According to a third aspect of the invention,
when a discharging temperature of the compressing
mechanism is higher than a predetermined target dis-
charging temperature and when the number of revolu-
tions of the expansion mechanism exceeds an upper limit
value of a using range of a predetermined number of
revolutions of the expansion mechanism, the number of
revolutions of the compressing mechanism is reduced.
With this aspect, even when the number of revolutions
of the expansion mechanism is greater than the using
upper limit number of revolutions, the discharging tem-
perature can be reduced. Therefore, it is unnecessary to
stop the operation of the compressing mechanism to pro-
tect the expansion mechanism, anditis possible to stably
operate the refrigeration cycle apparatus.

[0012] According to a fourth aspect of the invention,
when a discharging temperature of the compressing
mechanism is lower than a predetermined target dis-
charging temperature, and when the number of revolu-
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tions of the expansion mechanism exceeds a lower limit
value of a using range of a predetermined number of
revolutions of the expansion mechanism, the number of
revolutions of the compressing mechanism is increased.
With this aspect, even when the number of revolutions
of the expansion mechanism is smaller than the using
lower limit number of revolutions, the discharging tem-
perature can be increased. Therefore, it is unnecessary
to stop the operation of the compressing mechanism to
protect the expansion mechanism, and it is possible to
stably operate the refrigeration cycle apparatus.

[0013] According to a fifth aspect of the invention, the
number of revolutions of the expansion mechanism is
changed before or at the same time when the number of
revolutions of the compressing mechanism is changed.
It is possible to prevent the high pressure-side pressure
from abruptly changing when the number of revolutions
of the compressing mechanism is changed, and the re-
frigeration cycle apparatus can stably be actuated.
[0014] Embodiments of the present invention will be
explained with reference to the drawings. The invention
is not limited to the embodiments. For example, in the
following embodiments, the invention is explained based
on a water heater, but the invention is not limited to the
water heater, and the invention may be applied to an air
conditioner.

(First Embodiment)

[0015] A control method of a refrigeration cycle appa-
ratus according to a first embodiment of the invention will
be explained using a refrigeration cycle apparatus whose
schematic block diagram is shown in Fig. 1. The refrig-
eration cycle apparatus shown in Fig. 1 includes a com-
pressing mechanism 2 driven by an electric motor 1, a
refrigerant flow path of a radiator 3 as a utilizing-side heat
exchanger, an expansion mechanism 5 whose power is
recovered by a generator 4, an evaporator 6 as a heat
source-side heat exchanger, a refrigerant circuit A into
which CO,, refrigerant is charged as a refrigerant, and a
fluid circuit B comprising a water supply pump 7 as uti-
lizing fluid transfer means, a fluid flow path of the radiator
3, and a boiler 8.

[0016] The refrigeration cycle apparatus also includes
an air blowing apparatus 9 as a heat source fluid transfer
means. The air blowing apparatus 9 blows heat source
fluid (e.g., outside air) to the evaporator 6. The refriger-
ation cycle apparatus also includes a compressing mech-
anism control means 10 which controls the number of
revolutions of the electric motor 1, and an expansion
mechanism control means 11 which controls the number
of revolutions of the generator 4. The number of revolu-
tions of the expansion mechanism 5 is appropriately
changed in accordance with the state of the refrigeration
cycle by the expansion mechanism control means 11,
and the high pressure-side pressure and the discharging
temperature can be changed.

[0017] The discharging temperature detecting means
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12is provided on a refrigerant pipe from a discharge side
of the compressing mechanism 2 to refrigerant inlet side
of the radiator 3. The discharging temperature detecting
means 12 detects the discharging temperature of the
compressing mechanism 2. An outside air temperature
detecting means 13 as heat source fluid inlet temperature
detecting means is fixed to a fin of the evaporator 6, and
detects the temperature of outside air flowing into the
evaporator 6. An entering-water temperature detecting
means 14 as a utilizing fluid temperature detecting
means is provided in a fluid pipe from a bottom of the
boiler 8 to the fluid inlet side of the radiator 3, and detects
the temperature of utilizing fluid (e.g., water) flowing into
the radiator 3. Electronic control means 15 determines a
state of the refrigeration cycle from signals from the dis-
charging temperature detecting means 12, the outside
air temperature detecting means 13 and the entering-
water temperature detecting means 14, and gives com-
mands to the compressing mechanism control means 10
and the expansion mechanism control means 11.
[0018] Next, of the operation of the refrigeration cycle
apparatus having the above-described structure, opera-
tion of a case where a variation of the refrigeration cycle
is small. i.e., a case where a variation of the outside air
temperature or entering-water temperature is small, or a
case where there is no command from a user will be
explained. In the refrigerant circuit A, CO, refrigerant is
compressed by the compressing mechanism 2 to a pres-
sure exceeding the critical pressure. The compressed
refrigerant is brought into a high temperature and high
pressure state, and when the refrigerant flows into a re-
frigerant flow path of the radiator 3, the refrigerant dissi-
pates heat to water flowing through the fluid flow path of
the radiator 3 and is cooled. Then, the refrigerant is de-
compressed by the expansion mechanism 5, and brought
into a gas-liquid two-phase state of low temperature and
low pressure. The pressure energy at the time of expan-
sion recovered by the expansion mechanism 5 is trans-
mitted to the generator 4 and is recovered as electric
power.

[0019] That is, pressure energy at the time of expan-
sion can be recovered as power and COP can be en-
hanced. The refrigerant decompressed by the expansion
mechanism 5 is supplied to the evaporator 6. In the evap-
orator 6, the refrigerant is heated by outside air which is
sent by the air blowing apparatus 9, and is brought into
the gas-liquid two-phase state or a gas state. The refrig-
erant which flows out from the evaporator 6 is absorbed
by the compressing mechanism 2 again. On the other
hand, the utilizing fluid (e.g., water) which is sent into the
fluid flow path of the radiator 3 by the water supply pump
7 from the bottom of the boiler 8 is heated by a refrigerant
which flows through the refrigerant flow path of the radi-
ator 3, and becomes fluid (e.g., hot water) of high tem-
perature, and the high temperature fluid is stored from a
top of the boiler 8. By repeating this cycle, the refrigera-
tion cycle apparatus of the embodiment can be utilized
as a water heater.
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[0020] Next, the control method will be explained. The
compressing mechanism 2. i.e., the electric motor 1
which is substantially a driving source is controlled by
the compressing mechanism control means 10 such that
the number of revolutions thereof becomes equal to the
number of revolutions (first target number of revolutions
of the compressing mechanism, hereinafter) calculated
by the electronic control means 15 from the outside air
temperature or the entering-water temperature detected
by the outside air temperature detecting means 13 or the
entering-water temperature detecting means 14, or a tar-
get billowing temperature which was set by a user (tem-
perature of hot water stored in the boiler, or a target value
of fluid outlet side temperature of the radiator 3).

[0021] The expansion mechanism 5, i.e., substantially
the generator 4 is controlled by the expansion mecha-
nism control means 11 as shown in the flowchart in Fig.
2. The electronic control means 15 calculates a target
discharging temperature TdO (step 100) at which the
state of the refrigeration cycle becomes optimal from the
outside air temperature or entering-water temperature
detected by the outside air temperature detecting means
13 or the entering-water temperature detecting means
14, or a billowing temperature which was set by a user
(temperature of hot water stored in the boiler, or fluid
outlet side temperature of the radiator 3).

[0022] The target discharging temperature TdO is set
such that the target discharging temperature Td0 does
not exceed a using temperature upper limit or pressure
upper limit of a constituent element such as the com-
pressing mechanism 2. Next, the discharging tempera-
ture Td is detected by the discharging temperature de-
tecting means 12 (step 110). It is determined whether
the detected discharging temperature Td is greater than
a value in which a constant value AT1 is added to the
target discharging temperature TdO (step 120). The con-
stant value AT1 is a very small value which is added so
that the discharging temperature Td is in a constant tem-
perature range so as to stabilize the refrigeration cycle
state.

[0023] [fitis determined in step 120 that the discharg-
ing temperature Td is higher than Td0+AT1, it is deter-
mined in step 130 whether the number of revolutions
Rexp of the expansion mechanism 5 is greater than the
using upper limit number of revolutions Rexp_max of the
expansion mechanism 5. The using upper limit number
of revolutions of the expansion mechanism 5 is set as an
upper limit value for protecting the expansion mechanism
5 or expansion mechanism control means 11. In step
130, if the number of revolutions Rexp of the expansion
mechanism 5 is smaller than the using upper limit number
of revolutions Rexp_mayx, the system instructs the ex-
pansion mechanism control means 11 to increase the
number of revolutions of the expansion mechanism 5 and
the number of revolutions of the generator 4 by a constant
value (step 140). With this, the amount of refrigerant flow-
ing through the expansion mechanism 5 is increased and
thus, the discharging temperature Td and the high pres-
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sure-side pressure can be reduced.

[0024] Instep 120, ifitis determined that the discharg-
ing temperature Td is lower than Td0+(T1, it is deter-
mined whether the discharging temperature Td is smaller
than a value obtained by subtracting the constant value
(T2 from the target discharging temperature TdO in step
150. Here, (T2 is a very small value which is subtracted
so that the discharging temperature Td falls in the con-
stant temperature range to stabilize the refrigeration cy-
cle state. If it is determined in step 150 that the discharg-
ing temperature Td is smaller than Td0-(T2, it is deter-
mined in step 160 whether the number of revolutions
Rexp of the expansion mechanism 5 is smaller than the
using lower limit number of revolutions Rexp_min of the
expansion mechanism 5.

[0025] The using lower limit number of revolutions
Rexp_min of the expansion mechanism 5is setas alower
limit value for protecting the expansion mechanism 5 or
the expansion mechanism control means 11. If it is de-
termined in step 160 that the number of revolutions Rexp
of the expansion mechanism 5 is greater than the using
lower limit number of revolutions Rexp_min, the system
instructs the expansion mechanism control means 11 to
reduce the number of revolutions of the expansion mech-
anism 5 and the number of revolutions of the generator
4 by a constant amount (step 170). With this, the amount
of refrigerant flowing through the expansion mechanism
5 is reduced and thus, the discharging temperature Td
and the high pressure-side pressure can be increased.
[0026] Ifitis determined in step 120 that the discharg-
ing temperature Td is lower than Td0+AT1 and it is de-
termined in step 150 that the discharging temperature
Td is higher than Td0-AT2, the discharging temperature
is in a constant temperature range close to the target
discharging temperature Td0. Therefore, the system in-
structs the expansion mechanism control means 11 to
maintain the current number of revolutions of the expan-
sion mechanism 5 and the generator 4 (step 180).
[0027] Ifitis determined in step 120 that the discharg-
ing temperature Td is higher than TdO+AT1 and it is de-
termined in step 130 that the number of revolutions Rexp
of the expansion mechanism 5 is greater than the using
upper limit number of revolutions Rexp_max, there is an
adverse possibility that the reliability is deteriorated if the
number of revolutions of the expansion mechanism 5 is
increased further. Therefore, the system instructs the
compressing mechanism control means 10 to reduce the
number of revolutions of the compressing mechanism 2
and the electric motor 1 by a constant amount (step 190).
With this, it is possible to reduce the discharging temper-
ature Td and high pressure-side pressure without ex-
ceeding the using upper limit number of revolutions
Rexp_max of the expansion mechanism 5.

[0028] Ifitis determined in step 120 that the discharg-
ing temperature Td is lower than Td0+AT1 and it is de-
termined in step 150 that the discharging temperature
Tdis lower than Td0-AT2 and itis determined in step 160
that the number of revolutions Rexp of the expansion
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mechanism 5 is smaller than the using lower limit number
of revolutions Rexp_min, there is an adverse possibility
that the reliability is deteriorated if the number of revolu-
tions of the expansion mechanism 5 is reduced further.
Therefore, the system instructs the compressing mech-
anism control means 10 to increase the number of rev-
olutions of the compressing mechanism 2 and the electric
motor 1 by a constant amount (step 200). With this, it is
possible to increase the discharging temperature Td and
high pressure-side pressure without exceeding the using
lower limit number of revolutions Rexp_min of the expan-
sion mechanism 5.

[0029] According tothe operations of steps 120 to 180,
when the discharging temperature Td exceeds the upper
limit value (TdO+AT1) of the target discharging temper-
ature, the number of revolutions of the expansion mech-
anism 5 and the number of revolutions of the generator
4 are increased to reduce the discharging temperature
Td. Therefore, it is unnecessary to stop the operation of
the compressing mechanism 2 to protect the refrigeration
cycle apparatus, and it is possible to stably operate the
refrigeration cycle apparatus. When the discharging tem-
perature Td is smaller than the lower limit value (Td0-(T2)
of the target discharging temperature, the number of rev-
olutions of the expansion mechanism 5 and the number
of revolutions of the generator 4 are reduced and the
discharging temperature Td is increased. Therefore, it is
possible to stably operate the refrigeration cycle appa-
ratus without reducing the discharging temperature Td
more than necessary. The target number of revolutions
of the expansion mechanism of the expansion mecha-
nism 5 determined by the operations of steps 120 to 180
is called first target number of revolutions of the expan-
sion mechanism, hereinafter.

[0030] According tothe operations of steps 190 to 200,
when the discharging temperature Td exceeds the upper
limit value (TdO+(T1) of the target discharging tempera-
ture and the number of revolutions Rexp of the expansion
mechanism 5 is greater than the using upper limit number
of revolutions Rexp_max, the number of revolutions of
the compressing mechanism 2 and the number of revo-
lutions of the electric motor 1 are reduced instead of in-
creasing the number of revolutions of the expansion
mechanism 5 and the number of revolutions of the gen-
erator 4 and reducing the discharging temperature Td,
sothatthe discharging temperature Td is lowered. There-
fore, it is unnecessary to stop the operation of the com-
pressing mechanism 2 to protect the expansion mecha-
nism 5, and it is possible to stably operate the refrigera-
tion cycle apparatus.

[0031] When the discharging temperature Td is small-
er than the lower limit value (Td0-(T2) of the target dis-
charging temperature and the number of revolutions
Rexp of the expansion mechanism 5 is smaller than the
using lower limit number of revolutions Rexp_min, the
number of revolutions of the compressing mechanism 2
and the number of revolutions of the electric motor 1 are
increased and the discharging temperature Td is in-
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creased instead of reducing the number of revolutions of
the expansion mechanism 5 and the number of revolu-
tions of the generator 4 and increasing the discharging
temperature Td. Therefore, it is unnecessary to stop the
operation of the compressing mechanism 2 to protect the
expansion mechanism 5, and it is possible to stably op-
erate the refrigeration cycle apparatus.

[0032] Itis obvious that even if the operations of steps
190 to 200 are omitted, the effect caused by the opera-
tions of steps 120 to 180 can be obtained. It is obvious
that even if one of the operations of steps 190 to 200 is
omitted, the effect caused the other step can be obtained.
[0033] Further, the (T1 and (T2 may have the same
values or different values. One of or both of the (T1 and
(T2 may be 0.

(Second Embodiment)

[0034] A control method when a refrigeration cycle ap-
paratus of a second embodiment of the invention is ac-
tuated will be explained using the time chart shown in
Fig. 3, the flowchart of control of the expansion mecha-
nism 5 shown in Fig. 4 and the flowchart of control of the
compressing mechanism 2 shown in Fig. 5. The sche-
matic structure of the refrigeration cycle apparatus is the
same as that shown in Fig. 1, explanation thereof will be
omitted.

[0035] If a user instructs are given or at the preset op-
erating time, the refrigeration cycle apparatus is actuated
by the electronic control means 15. In the embodiment,
before the compressing mechanism 2 is actuated, the
expansion mechanism 5 is actuated. The expansion
mechanism 5, i.e., substantially the generator 4 is con-
trolled by the expansion mechanism control means 11
as shown in the flowchart in Fig. 4. The electronic control
means 15 detects the outside air temperature by the out-
side air temperature detecting means 13 (step 300), and
detects the entering-water temperature by the entering-
water temperature detecting means 14 (step 310). The
second target number of revolutions of the expansion
mechanism which is the number of revolutions of the ex-
pansion mechanism 5 when the refrigeration cycle ap-
paratus is actuated is calculated from the detected out-
side air temperature or entering-water temperature (step
320). The second target number of revolutions of the ex-
pansion mechanism is set smaller than the first target
number of revolutions of the expansion mechanism ex-
plained in the first embodiment. The second target
number of revolutions of the expansion mechanism is set
smaller than the first target number of revolutions of the
expansion mechanism explained in the firstembodiment,
and is set such that this number of revolutions is higher
as the outside air temperature is higher and as the en-
tering-water temperature is higher so that the second tar-
get number of revolutions of the expansion mechanism
does not exceed the using temperature upper limit and
pressure upper limit of the constituent elements such as
the compressing mechanism 2 and the expansion mech-
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anism 5 at the time of actuation.

[0036] Next, the expansion mechanism 5 is operated
(actuated) by the second target number of revolutions of
the expansion mechanism (step 330). Further, after the
expansion mechanism 5 is actuated, it is determined
whether predetermined time Te1 is elapsed (step 340).
If the predetermined time Te1 is not elapsed, the proce-
dure is returned to step 330, and the operation of the
second target number of revolutions of the expansion
mechanism is continued. If the predetermined time Te1
is elapsed, the procedure is advanced to steps 100 to
200 of the flowchart in Fig. 2 explained in the first em-
bodiment, and the refrigeration cycle apparatus is oper-
ated at the first target number of revolutions of the ex-
pansion mechanism.

[0037] The compressing mechanism 2, i.e., substan-
tially the electric motor 1 which is a driving source is con-
trolled by the compressing mechanism control means 10
as shown in the flowchart in Fig. 5. The electronic control
means 15 detects the outside air temperature by the out-
side air temperature detecting means 13 (step 400), and
detects the entering-water temperature by the entering-
water temperature detecting means 14 (step 410). The
second target number of revolutions of the compressing
mechanism which is the number of revolutions of the
compressing mechanism 2 when the refrigeration cycle
apparatus is actuated is calculated from the detected out-
side air temperature or entering-water temperature (step
420). The second target number of revolutions of the
compressing mechanism is set smaller than the first tar-
getnumber of revolutions of the compressing mechanism
explained in the first embodiment, and is set such that
the second target number of revolutions of the compress-
ing mechanism does not exceed the using temperature
upper limit or pressure upper limit of the constituent ele-
ments of the compressing mechanism 2 and the expan-
sion mechanism 5 at the time or actuation.

[0038] This can avoid the deterioration of reliability
such as lubrication oil shortage which may be caused
when the number of revolutions of the compressing
mechanism 2 is abruptly increased from the stopped
state at the time of actuation. Next, itis determined wheth-
erapredeterminedtime TOis elapsed after the expansion
mechanism 5 is actuated (step 430). If the predetermined
time TO is not elapsed, the procedure is returned to step
400, detections of the outside air temperature and enter-
ing-water temperature are renewed, and calculation of
the second target number of revolutions of the compress-
ing mechanism is renewed. If the predetermined time TO
is elapsed, the compressing mechanism 2 is operated at
the second target number of revolutions of the compress-
ing mechanism (step 440).

[0039] Next, it is determined whether predetermined
time Tc1 is elapsed after the compressing mechanism 2
is actuated (step 450). If the predetermined time Tc1 is
not elapsed, the procedure is returned to step 440, the
operation at the second target number of revolutions of
the compressing mechanism is continued. If the prede-
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termined time Tc1 is elapsed, the outside air temperature
is again detected by the outside air temperature detecting
means 13 (step 460), and the entering-water temperature
is detected by the entering-water temperature detecting
means 14 (step 470). The first target number of revolu-
tions of the compressing mechanism which is the number
of revolutions of the compressing mechanism 2 when the
refrigeration cycle apparatus is stable is calculated from
the detected outside air temperature or entering-water
temperature (step 480).

[0040] The first target number of revolutions of the
compressing mechanism is set such that necessary heat-
ing amount can be secured when the refrigeration cycle
is relatively stable. The predetermined time Tc1 is set
greater than (predetermined time Te1 - predetermined
time TO). Next, the number of revolutions of the com-
pressing mechanism 2 is changed to the first target
number of revolutions of the compressing mechanism
and the refrigeration cycle apparatus is operated (step
490). Then, the procedure is returned to step 460, re-
newal of detection of each of the outside air temperature
and entering-water temperature, and renewal of calcu-
lation of the first target number of revolutions of the com-
pressing mechanism are repeated by determined control
cycle, and the operation at the first target number of rev-
olutions of the compressing mechanism is continued until
another instructions or stopping instructions of the refrig-
eration cycle apparatus are issued.

[0041] According to the above operation , as shown in
the time chart in Fig. 2, the expansion mechanism 5 is
actuated at the second target number of revolutions of
the expansion mechanism calculated from the outside
air temperature and the entering-water temperature and
then, after the predetermined time TO is elapsed, the
compressing mechanism 2 is actuated at the second tar-
getnumber of revolutions of the compressing mechanism
calculated from the outside air temperature and the en-
tering-water temperature. Therefore, when the com-
pressing mechanism 2 is actuated, an inconvenient case
in which the high pressure-side pressure is increased
abruptly because the expansion mechanism 5 is stopped
is not caused, and the refrigeration cycle apparatus can
be actuated stably. The second target number of revo-
lutions of the expansion mechanism is set such that the
number of revolutions is increased as the high pressure-
side pressure is prone to be increased in accordance
with the outside air temperature and the entering-water
temperature. Therefore, it is possible to prevent the high
pressure-side pressure from abruptly increasing, and the
refrigeration cycle apparatus can be actuated stably.
[0042] If the predetermined time Tc1 is elapsed after
the compressing mechanism 2 is actuated, the number
of revolutions of the compressing mechanism 2 is in-
creased to the first target number of revolutions of the
compressing mechanism calculated from the outside air
temperature and the entering-water temperature. How-
ever, if the predetermined time Te1 is elapsed after the
expansion mechanism 5 is actuated, the number of rev-
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olutions of the expansion mechanism 5 is previously in-
creased to the first target number of revolutions of the
expansion mechanism explained in the firstembodiment.
In this manner, the number of revolutions of the expan-
sion mechanism 5 is set such that it previously becomes
greater before the number of revolutions of the com-
pressing mechanism 2 is increased. Thus, it is possible
to prevent the high pressure-side pressure from abruptly
increasing when the number of revolutions of the com-
pressing mechanism 2 is increased, and the refrigeration
cycle apparatus can be actuated stably.

[0043] Although the number of revolutions of the ex-
pansion mechanism 5 is increased before the number of
revolutions of the compressing mechanism 2isincreased
in the embodiment. However, even when the number of
revolutions of the expansion mechanism 5 is increased
simultaneously when the number of revolutions of the
compressing mechanism 2 is increased (i.e., TO is set to
0), the same effect can be obtained.

[0044] In the embodiment, the first target number of
revolutions of the expansion mechanism and the second
target number of revolutions of the expansion mecha-
nism are determined in accordance with the outside air
temperature and the entering-water temperature, but
they may be determined in accordance with one of the
temperatures.

[0045] In the embodiment, before the number of rev-
olutions reaches the first target number of revolutions of
the compressing mechanism which is the target number
of revolutions of the compressing mechanism 2 when the
variation in the refrigeration cycle is small, or the first
target number of revolutions of the expansion mecha-
nism which is the target number of revolutions of the ex-
pansion mechanism 5, the second target number of rev-
olutions of the compressing mechanism which is set to
the number of revolutions smaller than those, and the
second target number of revolutions of the compressing
mechanism are provided. However, the section before
the number of revolutions reaches the first target number
of revolutions of the compressing mechanism and the
first target number of revolutions of the expansion mech-
anism may be divided into a plurality of sections, and a
plurality of second target number of revolutions of the
compressing mechanism and a plurality of second target
number of revolutions of the expansion mechanism may
be provided such that the target number of revolutions
of the compressing mechanism and the target number
of revolutions of the expander are varied in stages.

(Third Embodiment)

[0046] A control method when a refrigeration cycle ap-
paratus according to a third embodiment of the invention
is actuated will be explained using the time chart shown
in Fig. 6 and the flowchart of control of the expansion
mechanism 5 shown in Fig. 7. Since the schematic struc-
ture of the refrigeration cycle apparatus is the same as
that shown in Fig. 1, explanation thereof will be omitted.



13 EP 1793 182 A2 14

Further, the control method of the compressing mecha-
nism 2 is the same as that of the second embodiment,
explanation thereof will be omitted.

[0047] If a user instructs are given or at the preset op-
erating time, the refrigeration cycle apparatus is actuated
by the electronic control means 15. In the embodiment,
before the compressing mechanism 2 is actuated, the
expansion mechanism 5 is actuated. The expansion
mechanism 5, i.e., substantially the generator 4 is con-
trolled by the expansion mechanism control means 11
as shown in the flowchart in Fig. 7. The electronic control
means 15 detects the outside air temperature by the out-
side air temperature detecting means 13 (step 500), and
detects the entering-water temperature by the entering-
water temperature detecting means 14 (step 510). The
second target number of revolutions of the expansion
mechanism which is the number of revolutions of the ex-
pansion mechanism 5 when the refrigeration cycle ap-
paratus is actuated is calculated from the detected out-
side air temperature or entering-water temperature (step
520). The second target number of revolutions of the ex-
pansion mechanism is set smaller than the first target
number of revolutions of the expansion mechanism ex-
plained in the first embodiment. The second target
number of revolutions of the expansion mechanism is set
smaller than the first target number of revolutions of the
expansion mechanism explained in the firstembodiment,
and is set such that this number of revolutions is higher
as the outside air temperature is higher and as the en-
tering-water temperature is higher so that the second tar-
get number of revolutions of the expansion mechanism
does not exceed the using temperature upper limit and
pressure upper limit of the constituent elements such as
the compressing mechanism 2 and the expansion mech-
anism 5 at the time of actuation.

[0048] Next, the expansion mechanism 5 is operated
(actuated) by the second target number of revolutions of
the expansion mechanism (step 530). Further, after the
expansion mechanism 5 is actuated, it is determined
whether predetermined time Te2 is elapsed (step 540).
If the predetermined time Te2 is not elapsed, the proce-
dure is returned to step 530, and the operation of the
second target number of revolutions of the expansion
mechanism is continued. If the predetermined time Te2
is elapsed, the detection of the outside air temperature
is renewed by the outside air temperature detecting
means 13 (step 550), and the detection of the entering-
water temperature is renewed by the entering-water tem-
perature detecting means 14 (step 560).

[0049] The third target number of revolutions of the
expansion mechanism which is the number of revolutions
of the expansion mechanism 5 when the refrigeration
cycle apparatus is actuated is calculated from the detect-
ed outside air temperature and entering-water tempera-
ture (step 570). The third target number of revolutions of
the expansion mechanism is set greater than the first
target number of revolutions of the expansion mecha-
nism explained in the first embodiment, and is set such
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that this number of revolutions is higher as the outside
air temperature is higher and as the entering-water tem-
perature is higher so that the third target number of rev-
olutions of the expansion mechanism does not exceed
the using temperature upper limit and pressure upper
limit of the constituent element such as the compressing
mechanism 2 and the expansion mechanism 5 at the
time of actuation.

[0050] Next, the expansion mechanism 5 is operated
at the third target number of revolutions of the expansion
mechanism (step 580). It is determined whether prede-
termined time Te3 is elapsed after the expansion mech-
anism 5 is actuated (step 590). If the predetermined time
Te3is not elapsed, the procedure is returned to step 550,
detections of the outside air temperature and entering-
water temperature are renewed and the third target
number of revolutions of the expansion mechanism is
calculated again and then, the operation at the third target
number of revolutions of the expansion mechanism is
continued. If the predetermined time Te3 is elapsed, the
procedure is advanced to steps 100 to 200 in the flow-
chart in Fig. 2 explained in the first embodiment, and the
refrigeration cycle apparatus is operated at the first target
number of revolutions of the expansion mechanism.
[0051] According to the above operations, if the pre-
determined time Te3 is elapsed after the expansion
mechanism 5 is actuated at the second target number of
revolutions of the expansion mechanism calculated from
the outside air temperature and the entering-water tem-
perature as shown in the time chart in Fig. 6, the number
of revolutions of the expansion mechanism 5is increased
to the first target number of revolutions of the expansion
mechanism explained in the first embodiment. However,
if the predetermined time Te2 before the predetermined
time Te3 is elapsed is elapsed, the expansion mecha-
nism 5 is operated at the third target number of revolu-
tions of the expansion mechanism which is set greater
than the second target number of revolutions of the ex-
pansion mechanism. Therefore, it is possible to avoid
abrupt variation in the high pressure-side pressure when
the number of revolutions of the expansion mechanism
5 is increased from the second target number of revolu-
tions of the expansion mechanism to the first target
number of revolutions of the expansion mechanism, and
the refrigeration cycle apparatus can be actuated stably
while shortening the actuation time.

[0052] In the embodiment, the third target number of
revolutions of the expansion mechanism is determined
in accordance with the outside air temperature and the
entering-water temperature, but it may be determined in
accordance with one of the temperatures.

(Fourth Embodiment)

[0053] A control method when a refrigeration cycle ap-
paratus of a fourth embodiment of the invention is actu-
ated will be explained using the flowchart of control of
the expansion mechanism 5 shown in Fig. 8. In Fig. 8,
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the same control steps as those shown in Fig. 7 are des-
ignated with the same numbers, and explanation thereof
will be omitted. Since the schematic structure of the re-
frigeration cycle apparatus is the same as that shown in
Fig. 1, explanation thereof will be omitted. Further, the
control method of the compressing mechanism 2 is the
same as that of the second embodiment, explanation
thereof will be omitted.

[0054] In step 580, the expansion mechanism 5 is op-
erated at the third target number of revolutions of the
expansion mechanism, and it is determined whether the
predetermined time Te3 is elapsed after the expansion
mechanism 5 is actuated (step 590). If the predetermined
time Te3 is not elapsed, the discharging temperature Td
is detected by the discharging temperature detecting
means 12 (step 600). It is determined whether a differ-
ence between the target discharging temperature TdO
and the discharging temperature Td is smaller than a
constantvalue AT3 (step 610). Like the first embodiment,
the target discharging temperature TdO0 is set such that
the refrigeration cycle state becomes optimal from the
outside air temperature, the entering-water temperature,
and the target billowing temperature (temperature of hot
water stored in the boiler, or a target value of fluid outlet
side temperature of the radiator 3) which was set by a
user, and the (T3 is a vary small value used for deter-
mining that the discharging temperature Td approached
the target discharging temperature TdO.

[0055] If it is determined in step 610 that a difference
between the target discharging temperature Td0 and the
detected discharging temperature Td is greater than the
constant value (T3, since the discharging temperature
Td does not sufficiently approach the target discharging
temperature TdO, the procedure is returned to step 550,
the detections of the outside air temperature and the en-
tering-water temperature are renewed and the third tar-
get number of revolutions of the expansion mechanism
is calculated and then, the operation at the third target
number of revolutions of the expansion mechanism is
continued. On the other hand, if it is determined in step
610 that the difference between the target discharging
temperature TdO and the detected discharging temper-
ature Td is smaller than the constant value (T3, since the
discharging temperature Td sufficiently approaches the
target discharging temperature TdO, the procedure is ad-
vanced to steps 100 to 200 in the flowchart in Fig. 2 ex-
plained in the first embodiment, the refrigeration cycle
apparatus is operated at the first target number of revo-
lutions of the expansion mechanism which is the number
of revolutions of the expansion mechanism 5 that brings
the discharging temperature close to the target discharg-
ing temperature.

[0056] Also if it is determined that the predetermined
time Ted is elapsed in step 590, the procedure is ad-
vanced to steps 100 to 200 in the flowchart in Fig. 2 ex-
plained in the first embodiment, and the refrigeration cy-
cle apparatus is operated at the first target number of
revolutions of the expansion mechanism.
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[0057] According to the above operation, even if the
predetermined time Te3 is not elapsed, when the dis-
charging temperature Td approaches the target dis-
charging temperature TdO, the number of revolutions is
shifted to the next target number of revolutions of the
expansion mechanism like the case where the predeter-
mined time Te3 is elapsed. That is, when the discharging
temperature Td approaches the target discharging tem-
perature TdO, it is assumed that the predetermined time
Te3 is elapsed.

[0058] According to such operation, even before the
predeterminedtime Te3is elapsed, when the discharging
temperature Td approaches the target discharging tem-
perature TdO, the number of revolutions of the expansion
mechanism 5 is shifted to the first target number of rev-
olutions of the expansion mechanism. Therefore, time
during which the refrigeration cycle apparatus is operated
at the third target number of revolutions of the expansion
mechanism unnecessarily can be shortened, and it is
possible to stably actuate the refrigeration cycle appara-
tus while shortening the actuation time.

[0059] Inthe embodiment, when the discharging tem-
perature Td approaches the target discharging temper-
ature TdO, itis assumed that the predetermined time Te3
is elapsed. Alternatively, it is also possible to assume
that the predetermined time Te3 is elapsed when the
utilizing-side fluid outlet temperature flowing from the ra-
diator 3 which is the utilizing-side heat exchanger (e.g.,
billowing temperature) approaches a predetermined tar-
get temperature of the utilizing-side fluid outlet temper-
ature (i.e., target billowing temperature). Further, itis also
possible to assume that the predetermined time Te3 is
elapsed when the discharging temperature Td becomes
higherthan a predetermined target billowing temperature
by a constant temperature. Further, (T3 may be 0.
[0060] Concerning the predetermined times Te1, Te2
and Tc1 in the second and third embodiments, it is also
possible to assume that the predetermined time is
elapsed even when the discharging temperature Td ap-
proaches the target discharging temperature TdO, or
when the billowing temperature approaches the target
billowing temperature, or when the discharging temper-
ature Td becomes higher than the target billowing tem-
perature by a constant temperature.

[0061] When a refrigerant is CO2 refrigerant, a high
pressure-side pressure becomes supercritical pressure
which does not depend on condensation temperature.
Therefore, the high pressure-side pressure is prone to
increase. According to the above embodiments, howev-
er, it is possible to stably operate the refrigeration cycle
apparatus without stopping the operation of the com-
pressing mechanism which to protects devices.

[Industrial Applicability]
[0062] A control method of a refrigeration cycle appa-

ratus of the present invention, in the refrigeration cycle
apparatus having an expansion mechanism, can control
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the number of revolutions of the expansion mechanism
appropriately, and operate the refrigeration cycle appa-
ratus stably. Therefore, the invention can be applied to
a water heater having the expansion mechanism and an
air conditioner.

Claims

1. A control method of a refrigeration cycle apparatus
including a compressing mechanism, a heat source-
side heat exchanger, an expansion mechanism
which recovers power, and a utilizing-side heat ex-
changer, wherein the number of revolutions of said
expansion mechanism is controlled such that the
number of revolutions becomes equal to a target
number of revolutions of the expansion mechanism
determined from a discharging temperature of said
compressing mechanism.

2. The control method of the refrigeration cycle appa-
ratus according to claim 1, wherein when a discharg-
ing temperature of said compressing mechanism is
higher than a predetermined target discharging tem-
perature, the number of revolutions of said expan-
sion mechanism is increased, and when the dis-
charging temperature of said compressing mecha-
nism is lower than the target discharging tempera-
ture, the number of revolutions of said expansion
mechanism is reduced.

3. The control method of the refrigeration cycle appa-
ratus according to claim 1, wherein when a discharg-
ing temperature of said compressing mechanism is
higher than a predetermined target discharging tem-
perature and when the number of revolutions of said
expansion mechanism exceeds an upper limit value
of a using range of a predetermined number of rev-
olutions of said expansion mechanism, the number
of revolutions of said compressing mechanism is re-
duced.

4. The control method of the refrigeration cycle appa-
ratus according to claim 1, wherein when a discharg-
ing temperature of said compressing mechanism is
lower than a predetermined target discharging tem-
perature, and when the number of revolutions of said
expansion mechanism exceeds a lower limit value
of a using range of a predetermined number of rev-
olutions of said expansion mechanism, the number
of revolutions of said compressing mechanism is in-
creased.

5. The control method of the refrigeration cycle appa-
ratus according to claim 1, wherein the number of
revolutions of said expansion mechanism is
changed before or at the same time when the number
of revolutions of said compressing mechanism is
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changed.
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Fig. 1
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