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(54)
CONTROL METHOD

(57)  The purpose of the inventionis to set the opening
degree of an expansion valve to an appropriate opening
degree, irrespective of a load on a heat source machine
and external conditions. An expansion valve control de-
vice (40) controls the opening degree of an expansion
valve (18) of a turbo refrigerating machine comprising: a
compressor for compressing a refrigerant; a condenser
for condensing the compressed refrigerant with cooling
water; an evaporator for evaporating the condensed re-
frigerant and performing heat-exchange between the re-
frigerant and cold water; and an expansion valve for ex-

EXPANSION VALVE CONTROL DEVICE, HEAT SOURCE MACHINE, AND EXPANSION VALVE

panding the refrigerant in the liquid phase stored in the
condenser. The expansion valve control device (40) cal-
culates an opening degree of the expansion valve (18)
on the basis of the difference between a target overheat-
ing degree and a measured overheating degree of the
refrigerant taken into the turbo compressor, calculates
an opening degree of the expansion valve (18) on the
basis of a planned CV value, which is an estimated value
of the flow rate of the refrigerant caused to pass through
the expansion valve (18), and calculates an expansion
valve opening degree command value from the two cal-
culated opening degrees of the expansion valve (18).
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Description
{Technical Field}

[0001] The presentinvention relates to an expansion-
valve control device, a heat-source unit, and an expan-
sion-valve control method.

{Background Art}

[0002] A heat-source unit, for example, a refrigerator,
is provided with an expansion valve for expanding a high-
temperature, high-pressure refrigerant that has been
condensed at a condenser after being compressed at a
compressor in order to make it low-temperature, low
pressure refrigerant. To realize highly efficient and stable
operation of the refrigerator, the expansion valve needs
to be held at an appropriate degree-of-opening in accord-
ance with the load and external conditions.

[0003] Deviationfromthe appropriate degree-of-open-
ing of the expansion valve causes problems such as
those described below.

[0004] Ifthe degree-of-opening of the expansion valve
is too large, the flow volume of the refrigerant becomes
excessive, and thus, it is possible that the coefficient of
performance (COP (coefficient of performance)) deteri-
orates as a result of the motive power of the refrigerator
becoming excessive, that so-called liquid back occurs,
in which the compressor draws in liquid-phase refriger-
ant, and that gas bypass occurs, in which a portion of the
refrigerant flows into an evaporator in the gas phase with-
out being turned into the liquid phase in a condenser due
to insufficient supercooling at the condenser.

[0005] On the other hand, if the degree-of-opening of
the expansion valve is too small, pressure difference be-
tween the condenser and the evaporator becomes ex-
cessive, and thus, itis possible that the COP deteriorates
as a result of the motive power of the refrigerator becom-
ing excessive.

[0006] Thus, for the purpose of improving the refriger-
ation efficiency of a turbo refrigerator, Patent Literature
1 discloses a technique in which a turbo refrigerator is
provided with a control device that controls the degree-
of-opening of an expansion valve so that the degree of
intake superheating achieves a predetermined target de-
gree of superheating, and the control device changes the
target degree of superheating so as to be decreased
when the intake flow volume of refrigerant steam for a
turbo compressor is changed so as to be increased and
changes the target degree of superheating so as to be
increased when the intake flow volume of the refrigerant
steam therefor is changed so as to be decreased.
[0007] Inaddition, Patent Literature 2 discloses a tech-
nique in which a control portion in an air conditioner has,
for individual times in the day, a predicted degree-of-
opening that is calculated from set conditions set in ac-
cordance with the load connected to a condenser, a cur-
rent degree-of-opening that is calculated from current
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conditions, and a command degree-of-opening that is
calculated based on both the predicted degree-of-open-
ing and the current degree-of-opening and that is given
to an expansion valve, and, when the predicted degree-
of-opening changes suddenly or stepwise during the
heat-pump operation, the control portion gives a degree-
of-opening that is smaller than the predicted degree-of-
opening to the expansion valve as a command degree-
of-opening.

{Citation List}
{Patent Literature}
[0008]

{PTL 1} Japanese Unexamined Patent Application,
Publication No. 2010-8013

{PTL 2} Japanese Unexamined Patent Application,
Publication No. 2006-284034

{Summary of Invention}
{Technical Problem}

[0009] In the technique disclosed in Patent Literature
1, the degree of superheating for the refrigerant to be
taken into the compressor is calculated from the temper-
ature and pressure of the refrigerant to be taken into the
compressor, the target degree of superheating is calcu-
lated from a set value of the degree-of-opening of a vane
that controls the outlet temperature of cold water, and
the expansion valve is feedback-controlled so that the
degree of superheating achieves the target degree of
superheating. Accordingly, because the technique dis-
closed in Patent Literature 1 controls the expansion valve
solely by the feedback control that utilizes only the output
information of the refrigerator, such as the outlet temper-
ature of cold water, the temperature and pressure of the
refrigerant, and so forth, tracking performance thereof
has been insufficient with respect to fluctuations in the
load on the refrigerator, such as the inlet temperature of
cold water, the flow volume of cold water, and so forth,
and external conditions, such as the inlet temperature of
cooling water, the flow volume of cooling water, and so
forth.

[0010] In addition, with the technique disclosed in Pat-
ent Literature 2, if there are deviations between the spec-
ification of actual machinery and parameters set in ad-
vance, such as a calculation formula, set conditions, and
so forth, for calculating the degree-of-opening, the ex-
pansion valve cannot be held at an appropriate degree-
of-opening, and thus, the deterioration of the COP cannot
be avoided.

[0011] The present invention has been conceived in
light of the above-described circumstances, and an ob-
ject thereof is to provide an expansion-valve control de-
vice, a heat-source unit, and an expansion-valve control
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method with which the degree-of-opening of an expan-
sion valve can be set to an appropriate degree-of-open-
ing regardless of a load and external conditions for a
heat-source unit.

{Solution to Problem}

[0012] Inordertosolvethe above-described problems,
an expansion-valve control device, a heat-source unit,
and an expansion-valve control method according to the
present invention employ the following solutions.

[0013] Specifically, an expansion-valve control device
according to a first aspect of the present invention is an
expansion-valve control device that, in a heat-source unit
including a compressor that compresses a refrigerant, a
condenser that condenses a compressed refrigerant by
means of a heat-source medium, an evaporator that
evaporates a condensed refrigerant and also performs
heat exchange between this refrigerant and a heating
medium, and an expansion valve that causes a liquid-
phase refrigerant retained in the condenser to expand,
controls a degree-of-opening of the expansion valve, the
expansion-valve control device including a first calculat-
ing portion that calculates a degree-of-opening of the ex-
pansion valve based on the difference between a target
value of a degree of superheating for the refrigerant to
be taken into the compressor and a measured value of
the degree of superheating; a second calculating portion
that calculates a degree-of-opening of the expansion
valve based on an estimated value of a flow volume of
the refrigerant that is allowed to pass through the expan-
sion valve; and a command-value calculating portion that
calculates a command value for controlling the degree-
of-opening of the expansion valve from the degree-of-
opening of the expansion valve calculated by the first
calculating portion and the degree-of-opening of the ex-
pansion valve calculated by the second calculating por-
tion.

[0014] With the first aspect described above, the ex-
pansion-valve control device controls the degree-of-
opening of the expansion valve in the heat-source unit
that is provided with the compressor that compresses
the refrigerant, the condenser that condenses the com-
pressed refrigerant by means of the heat-source medi-
um, the evaporator that evaporates the condensed re-
frigerant and also performs heat exchange between this
refrigerant and the heating medium, and the expansion
valve that causes the liquid-phase refrigerant retained in
the condenser to expand.

[0015] Also, the degree-of-opening of the expansion
valve is calculated by the first calculating portion based
on the difference between the target value of the degree
of superheating of the refrigerant that is taken into the
compressor and the measured value of the degree of
superheating. In addition, the degree-of-opening of the
expansion valve is calculated by the second calculating
portion based on the estimated value of the flow volume
of the refrigerant that is allowed to pass through the ex-
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pansion valve.

[0016] Specifically, with the present invention, the first
calculating portion performs feedback control for the de-
gree-of-opening of the expansion valve based on the de-
gree of superheating which tends to change in accord-
ance with the load and external conditions for the heat-
source unit, and the second calculating portion performs
feedforward control for the degree-of-opening of the ex-
pansion valve based on the estimated value of flow vol-
ume of the refrigerant which tends to change in accord-
ance with the load and external conditions for the heat-
source unit.

[0017] Furthermore, the command-value calculating
portion calculates the command value for controlling the
degree-of-opening of the expansion valve from the de-
gree-of-opening of the expansion valve calculated by the
first calculating portion and the degree-of-opening of the
expansion valve calculated by the second calculating
portion.

[0018] In this way, with the first aspect described
above, because the degree-of-opening of the expansion
valve is controlled by means of feedback control, which
maintains the stability thereof, and also by using, in com-
bination therewith, feedforward control in which the input
information for the heat-source unit is utilized, the de-
gree-of-opening of the expansion valve can be set to an
appropriate degree-of-opening regardless of the load
and external conditions for the heat-source unit.

[0019] In addition, in the expansion-valve control de-
vice of the first aspect described above, the target value
of the degree of superheating may be calculated based
on the temperature of the heating medium that flows into
the evaporator.

[0020] The temperature of the heating medium that
flows into the evaporator is related to the load on the
heat-source unit. Accordingly, with the first aspect de-
scribed above, because the target value of the degree
of superheating is calculated based on the temperature
of the heating medium that flows into the evaporator, ef-
fective feedback control can be performed to control the
degree-of-opening of the expansion valve.

[0021] In addition, in the expansion-valve control de-
vice of the first aspect described above, the target value
of the degree of superheating may be calculated so as
to take a greater value with a decrease in the temperature
of the heating medium that flows into the evaporator.
[0022] If the degree of superheating is low, the possi-
bility of the compressor drawing in the liquid-phase re-
frigerant increases; however, if the temperature differ-
ence between the heating medium and the refrigerant
that flow into the evaporator is small, it is difficult to in-
crease the degree of superheating. Thus, with the first
aspect described above, because the target value of the
degree of superheating is calculated so as to take a great-
er value with a decrease in the temperature of the heating
medium that flows into the evaporator, it is possible to
preventthe liquid-phase refrigerantfrom being drawn into
the compressor (liquid back).
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[0023] In addition, in the expansion-valve control de-
vice of the first aspect described above, the flow volume
may be calculated based on at least one of the temper-
ature of the heating medium that flows into the evaporator
and the temperature of the heat-source medium that
flows into the condenser.

[0024] Theflow volume oftherefrigerantthatis allowed
to pass through the expansion valve changes depending
on the load and external conditions for the heat-source
unit, that is, the temperature of the heating medium that
flows into the evaporator and the temperature of the heat-
source medium that flows into the condenser. Accord-
ingly, with the first aspect described above, because this
flow volume is calculated based on at least one of the
temperature of the heating medium that flows into the
evaporator and the temperature of the heat-source me-
dium that flows into the condenser, effective feedforward
control can be performed to control the degree-of-open-
ing of the expansion valve.

[0025] In addition, in the expansion-valve control de-
vice of the first aspect described above, the flow volume
may be calculated so as to take a smaller value with a
decrease in the temperature of the heating medium that
flows into the evaporator and so as to take a greater value
with a decrease in the temperature of the heat-source
medium that flows into the condenser.

[0026] The case in which the temperature of the heat-
ing medium that flows into the evaporator is decreased
is a case in which the load on the heat-source unit is
decreased, and thus, the flow volume of the refrigerant
can be decreased. In addition, the flow volume of the
refrigerant needs to be increased by increasing the de-
gree-of-opening of the expansion valve, because the in-
ternal pressure of the condenser is decreased when the
temperature of the heat-source medium that flows into
the condenser is decreased, which decreases the pres-
sure on the upstream side of the expansion valve, thus
decreasing the degree of supercooling (increasing the
specific volume).

[0027] Accordingly, with the first aspect described
above, because the flow volume of the refrigerant that is
allowed to pass through the expansion valve is calculated
so as to take a smaller value with a decrease in the tem-
perature of the heating medium that flows into the evap-
orator and so as to take a greater value with a decrease
in the temperature of the heat-source medium that flows
into the condenser, itis possible to increase the precision
of the feedforward control for the degree-of-opening of
the expansion valve.

[0028] In addition, in the expansion-valve control de-
vice of the first aspect described above, the heat-source
unit may be provided with a bypass pipe that forms a
bypass path between a refrigerant intake port of the com-
pressor and a refrigerant exhaust port of the compressor;
and the measured value of the degree of superheating
may be calculated based on the temperature of the heat-
ing medium that has flowed out from the evaporator and
the pressure of the refrigerant to be compressed at the
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COMpressor.
[0029] With the first aspect described above, by pro-
viding the heat-source unit with the bypass pipe that
forms a bypass path between the refrigerant intake port
of the compressor and the refrigerant exhaust port of the
compressor, the refrigerant in which the gas-phase re-
frigerant at the outlet of the compressor and the gas-
phaserefrigerant at the outlet of the evaporator are mixed
is taken into the compressor. Because of this, if the tem-
perature of the refrigerant to be compressed at the com-
pressor is used to measure the degree of superheating,
the temperature of the above-described mixed refriger-
ant, that is, a temperature differing from the temperature
of the refrigerant at the outlet of the evaporator, would
be used, and thus, the degree of superheating would not
be measured correctly.

[0030] Thus, with the first aspect described above, the
temperature of the refrigerant at the outlet of the evapo-
rator and the temperature of the heating medium that has
flowed out of the evaporator are assumed to be equiva-
lent, and the measured value of the degree of superheat-
ing is calculated based on the temperature of the heating
medium that has flowed out of the evaporator and the
pressure of the refrigerant to be compressed at the com-
pressor; therefore, even though the heat-source unit is
provided with the bypass pipe, the degree of superheat-
ing can be measured with high precision.

[0031] Onthe otherhand, aheat-source unit according
to a second aspect of the present invention is provided
with a compressor that compresses a refrigerant; a con-
denser that condenses a compressed refrigerant by
means of a heat-source medium; an evaporator that
evaporates a condensed refrigerant and also performs
heat exchange between this refrigerant and a heating
medium; an expansion valve that causes a liquid-phase
refrigerant retained in the condenser to expand; and the
above-described expansion-valve control device.
[0032] Furthermore, an expansion-valve control meth-
od according to a third aspect of the present invention is
an expansion-valve control method of controlling, in a
heat-source unit including a compressor that compress-
es a refrigerant, a condenser that condenses a com-
pressed refrigerant by means of a heat-source medium,
an evaporator that evaporates a condensed refrigerant
and also performs heat exchange between this refriger-
ant and a heating medium, and an expansion valve that
causes a liquid-phase refrigerant retained in the con-
denser to expand, a degree-of-opening of the expansion
valve, the expansion-valve control method including a
first step of calculating a degree-of-opening of the ex-
pansion valve based on the difference between a target
value of a degree of superheating for the refrigerant to
be taken into the compressor and a measured value of
the degree of superheating; a second step of calculating
a degree-of-opening of the expansion valve based on an
estimated value of a flow volume of the refrigerant that
is allowed to pass through the expansion valve; and a
third step of calculating a command value for controlling
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the degree-of-opening of the expansion valve from the
degree-of-opening of the expansion valve calculated in
the first step and the degree-of-opening of the expansion
valve calculated in the second step.

{Advantageous Effects of Invention}

[0033] The present invention affords an excellent ad-
vantage in that the degree-of-opening of an expansion
valve can be set to an appropriate degree-of-opening
regardless of the load and external conditions for a heat-
source unit.

{Brief Description of Drawings}
[0034]

{Fig. 1} Fig. 1 is a configuration diagram of a turbo
refrigerator according to a first embodiment of the
present invention.

{Fig. 2} Fig. 2 is a block diagram showing the con-
figurations of a vane degree-of-opening control por-
tion and an expansion-valve degree-of-opening con-
trol portion according to the first embodiment of the
present invention.

{Fig. 3} Fig. 3 is a graph showing the relationship
between planned CV values and cold-water inlet
temperature and also cooling-water inlet tempera-
ture according to the first embodiment of the present
invention.

{Fig. 4} Fig. 4 is a graph showing the relationship
between CV values and the degree-of-opening of an
expansion valve according to the first embodiment
of the present invention.

{Fig. 5} Fig. 5 is a configuration diagram of a turbo
refrigerator according to a second embodiment of
the present invention.

{Fig. 6} Fig. 6 is a block diagram showing the con-
figurations of a vane degree-of-opening control por-
tion and an expansion-valve degree-of-opening con-
trol portion according to the second embodiment of
the present invention.

{Description of Embodiments}

[0035] Embodiments of an expansion-valve control
device, a heat-source unit, and an expansion-valve con-
trol method according to the present invention will be
described with reference to the drawings.

{First Embodiment}

[0036] A first embodiment of the present invention will
be described below.

[0037] Fig. 1 shows the configuration of a turbo refrig-
erator 10, which is an example of a heat-source unit ac-
cording to the first embodiment.

[0038] Theturborefrigerator 10is provided withaturbo
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compressor 12 that compresses refrigerant; a condenser
14 that, by means of cooling water serving as heat-source
medium, condenses gas-phase refrigerant (gaseous re-
frigerant) compressed at the turbo compressor 12 into
liquid-phase refrigerant (liquid refrigerant; an evaporator
16 that evaporates the refrigerant condensed at the con-
denser 14 and also performs heat exchange between
this refrigerant and cold water serving as heating medi-
um; and an expansion valve 18 that causes the liquid
refrigerant retained in the condenser 14 to expand.
[0039] The turbo compressor 12 is, as an example,
a centrifugal two-stage compressor, and is driven by an
electric motor. At a refrigerant intake port of the turbo
compressor 12, a compressor inlet vane 20 (IGV) that
controls the flow volume of the refrigerant to be taken
thereinto is provided, thus enabling capacity control for
the turbo compressor 12. In addition, the refrigerant in-
take port of the turbo compressor 12 is provided with a
compressor-intake-temperature measuring portion 22
that measures the temperature of refrigerant to be com-
pressed (hereinafter, referred to as "compressor-intake
temperature") and a compressor-intake-pressure meas-
uring portion 24 that measures the pressure of the refrig-
erant to be compressed (hereinafter, referred to as "com-
pressor-intake pressure").

[0040] A cooling heat-transmitting pipe 26 in which the
cooling water flows is inserted into the condenser 14.
The temperature of the cooling water that flows into the
condenser 14 (hereinafter, referred to as "cooling-water
inlet temperature") is measured by a cooling-water-inlet-
temperature measuring portion 28, and the temperature
of the cooling water that flows out of the condenser 14
(hereinafter, referred to as "cooling-water outlet
temperature ") is measured by a cooling-water-outlet-
temperature measuring portion 30. Note that the cooling
water that has flowed out of the condenser 14 is guided
to the condenser 14 again after externally exhausting the
heat thereof at a cooling tower (not shown).

[0041] A cold-water heat-transmitting pipe 32 for cool-
ing, by means of the refrigerant, the cold water to be
supplied to an externalloadisinserted into the evaporator
16. Note that the temperature of the cold water that flows
into the evaporator 16 (hereinafter referred to as "cold-
water inlet temperature") is measured by a cold-water-
inlet-temperature measuring portion 34 and the temper-
ature of the cold water that flows out of the evaporator
16 (hereinafter, referred to as "cold-water outlet temper-
ature") is measured by a cold-water-outlet-temperature
measuring portion 36.

[0042] Inaddition, the turbo compressor 12 is provided
with a control device 40 that performs overall control of
the turbo compressor 12. The control device 40 is pro-
vided with a vane degree-of-opening control portion 42
that controls the degree-of-opening of the compressor
inlet vane 20 and an expansion-valve degree-of-opening
control portion 44 that controls the degree-of-opening of
the expansion valve 18.

[0043] The vane degree-of-opening control portion 42
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according to the first embodiment calculates a command
value for controlling the degree-of-opening of the com-
pressor inlet vane 20 (hereinafter, referred to as "vane
degree-of-opening command value") by means of feed-
back control based on the cold-water outlet temperature.
[0044] The expansion-valve degree-of-opening con-
trol portion 44 according to the first embodiment calcu-
lates the degree-of-opening of the expansion valve 18
based on the difference between a target value of the
degree of superheating for the refrigerant that is taken
into the turbo compressor 12 and the measured value of
the degree of superheating thereof, and calculates the
degree-of-opening of the expansion valve 18 based on
a planned CV value, which is an estimated value of the
flow volume of the refrigerant that is allowed to pass
through the expansion valve 18. Then, the expansion-
valve degree-of-opening control portion 44 calculates a
command value for controlling the degree-of-opening of
the expansion valve 18 (hereinafter, referred to as "ex-
pansion-valve degree-of-opening command value") from
the above-described two types of degree-of-opening cal-
culated for the expansion valve 18.

[0045] Specifically, the expansion-valve degree-of-
opening control portion 44 according to the first embod-
iment performs feedback control for the degree-of-open-
ing of the expansion valve 18 based on the degree of
superheating which tends to change in accordance with
the load and external conditions for the turbo refrigerator
10, and performs feedforward control therefor based on
the planned CV value, that is, an estimated value of the
flow volume of the refrigerant which tends to change in
accordance with the load and external conditions for the
turbo refrigerator 10.

[0046] Fig. 2 is a block diagram showing the configu-
rations of the vane degree-of-opening control portion 42
and the expansion-valve degree-of-opening control por-
tion 44 according to the first embodiment.

[0047] The vane degree-of-opening control portion 42
is provided with a target-cold-water-outlet-temperature-
value setting portion 50, a subtraction portion 52, and a
PI control portion 54.

[0048] The target-cold-water-outlet-temperature-val-
ue setting portion 50 sets a target value for the cold-water
outlet temperature, and outputs the set target value to
the subtraction portion 52. Note that the target value for
the cold-water outlet temperature is input by, forexample,
an operator of the turbo refrigerator 10 via an operation
input portion (not shown), and the input target value
serves as a set value.

[0049] The subtraction portion 52 receives an input of
the cold-water outlettemperature measured by the cold-
water-outlet-temperature measuring portion 36, sub-
tracts the target value for the cold-water outlet tempera-
ture from this cold-water outlet temperature, and outputs
the subtraction result to the PI control portion 54.
[0050] The PI control portion 54 calculates a vane de-
gree-of-opening command value based on the subtrac-
tion result input from the subtraction portion 52, and out-
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puts it to the compressor inlet vane 20. Upon receiving
an input of the vane degree-of-opening command value,
the compressor inlet vane 20 changes the degree-of-
opening thereof in accordance with the vane degree-of-
opening command value.

[0051] In this way, the vane degree-of-opening control
portion 42 calculates the vane degree-of-opening com-
mand value by means of feedback control based on the
cold-water outlet temperature.

[0052] Ontheotherhand,the expansion-valve degree-
of-opening control portion 44 according to the first em-
bodiment is provided with a target-degree-of-superheat-
ing calculating portion 60, the degree-of-superheating
calculating portion 62, a subtraction portion 64, a Pl con-
trol portion 66, a planned-CV-value calculating portion
68, an expansion-valve degree-of-opening calculating
portion 70, and an addition portion 72.

[0053] The target-degree-of-superheating calculating
portion 60 calculates a target value of the degree of su-
perheating (hereinafter, referred to as "target degree of
superheating") based on the cold-water inlet temperature
measured by the cold-water-inlet-temperature measur-
ing portion 34.

[0054] More specifically, the target-degree-of-super-
heating calculating portion 60 calculates the target de-
gree of superheating so as to take a greater value with
a decrease in the cold-water inlet temperature. The rea-
son for this will be described below.

[0055] It is desirable that the turbo refrigerator 10 be
operated so that the degree of superheating at the outlet
of the evaporator 16 becomes 0 (zero) in order to maxi-
mize the COP. However, if the degree of superheating
becomes 0, the possibility of liquid back occurring in-
creases, and, if the liquid back occurs, motive power of
the turbo compressor 12 increases, which makes it likely
that an overload trip occurs in the turbo refrigerator 10.
[0056] In order to prevent the liquid back, a sufficient
degree of superheating needs to be ensured to obtain
tolerance against saturation of the refrigerant; however,
if the temperature difference between the cold water and
the refrigerant that flow into the evaporator 16 is small,
itis difficult to increase the degree of superheating. Thus,
the target-degree-of-superheating calculating portion 60
calculates the target degree of superheating so as to take
a greater value with a decrease in the temperature of
cold water that flows into the evaporator 16.

[0057] Note that the target-degree-of-superheating
calculating portion 60 stores, in advance, table informa-
tion or function information that indicates the relationship
between the target degree of superheating and the cold-
water inlet temperature in accordance with the charac-
teristics of the turbo refrigerator 10, and calculates the
target degree of superheating based on the table infor-
mation or the function information.

[0058] The degree-of-superheating calculating portion
62 calculates a measured value of the degree of super-
heating (hereinafter, referred to as "measured degree of
superheating") based on the compressor intake temper-



11 EP 2 693 136 A1 12

ature (the temperature of the refrigerant at the outlet of
the evaporator 16) measured by the compressor-intake-
temperature measuring portion 22 and the compressor
intake pressure measured by the compressor-intake-
pressure measuring portion 24.

[0059] Note that the degree-of-superheating calculat-
ing portion 62 stores, in advance, physical-property in-
formation, for example, a p-h diagram (Mollier diagram)
or the like, and calculates the measured degree of su-
perheating from the information about the compressor
intake temperature and the compressor intake pressure,
as well as the stored physical property information.
[0060] The subtraction portion 64 receives inputs of
the target degree of superheating calculated by the tar-
get-degree-of-superheating calculating portion 60 and
the measured degree of superheating calculated by the
degree-of-superheating calculating portion 62, subtracts
the target degree of superheating from the measured de-
gree of superheating, and outputs the subtraction result
to the PI control portion 66.

[0061] The PI control portion 66 calculates the degree-
of-opening of the expansion valve 18 based on the sub-
traction result input from the subtraction portion 64, and
outputs it to the addition portion 72.

[0062] In this way, the expansion-valve degree-of-
opening control portion 44 according to the first embod-
iment performs feedback control for the degree-of-open-
ing of the expansion valve 18 based on the degree of
superheating by means of the target-degree-of-super-
heating calculating portion 60, the degree-of-superheat-
ing calculating portion 62, the subtraction portion 64, and
the PI control portion 66.

[0063] On the other hand, the planned-CV-value cal-
culating portion 68 calculates the planned CV value
based on the cold-water inlet temperature measured by
the cold-water-inlet-temperature measuring portion 34
and the cooling-water inlet temperature measured by the
cooling-water-inlet-temperature measuring portion 28.
[0064] Fig. 3 is a graph showing the relationship be-
tween the planned CV value and the cold-waterinlet tem-
perature and also the cooling-water inlet temperature ac-
cording to the first embodiment.

[0065] Note that, as shown in Fig. 3, the planned-CV-
value calculating portion 68 according to the first embod-
iment calculates the planned CV value so as to take a
smaller value with a decrease in the cold-water inlet tem-
perature and so as to take a greater value with a decrease
in the cooling-water inlet temperature.

[0066] The reason for decreasing the planned CV val-
ue with a decrease in the cold-water inlet temperature is
that the flow volume of cold water can be decreased,
because the case in which the cold-water inlet tempera-
ture is decreased is a case in which the load on the turbo
refrigerator 10 is decreased. On the other hand, the rea-
son for increasing the planned CV value with a decrease
in the cooling-water inlet temperature is to increase the
flow volume of the refrigerant by increasing the degree-
of-opening of the expansion valve 18, because the inter-
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nal pressure of the condenser 14 is decreased when the
cooling-water inlet temperature is decreased, which de-
creases the pressure on the upstream side of the expan-
sion valve 18, thus decreasing the degree of supercool-
ing (increasing the specific volume).

[0067] Notethatthe planned-CV-value calculating por-
tion 68 stores, in advance, information that indicates the
relationship between the planned CV value and the cold-
water inlet temperature and also the cooling-water inlet
temperature, such as the one shown in Fig. 3, and cal-
culates the planned CV value based on that information.
[0068] The expansion-valve degree-of-opening calcu-
lating portion 70 calculates the degree-of-opening of the
expansion valve 18 based on the planned CV value cal-
culated by the planned-CV-value calculating portion 68.
Fig. 4 is a graph showing the relationship between the
CV value and the degree-of-opening of the expansion
valve 18 according to the first embodiment, which shows
that the degree-of-opening of the expansion valve 18 in-
creases with an increase in the CV value.

[0069] Note thatthe expansion-valve degree-of-open-
ing calculating portion 70 stores, in advance, information
that indicates the CV value and the degree-of-opening
of the expansion valve 18, such as the one shown in Fig.
4, and calculates the degree-of-opening of the expansion
valve 18 based on that information.

[0070] In this way, the expansion-valve degree-of-
opening control portion 44 according to the first embod-
iment performs feedforward control for the degree-of-
opening of the expansion valve 18 based on the estimat-
ed value of the flow volume of the refrigerant by means
of the planned-CV-value calculating portion 68 and the
expansion-valve degree-of-opening calculating portion
70.

[0071] Then, as an expansion-valve degree-of-open-
ing command value, the addition portion 72 calculates
the sum of the degree-of-opening of the expansion valve
18 input from the PI control portion 66 and the degree-
of-opening of the expansion valve 18 input from the ex-
pansion-valve degree-of-opening calculating portion 70,
and outputs it to the expansion valve 18. Upon receiving
an input of the expansion-valve degree-of-opening com-
mand value, the expansion valve 18 changes the degree-
of-opening thereof in accordance with the expansion-
valve degree-of-opening command value.

[0072] As has been described above, the turbo refrig-
erator 10 according to the first embodiment calculates
the degree-of-opening of the expansion valve 18 based
on the difference between the target degree of super-
heating and the measured degree of superheating, cal-
culates the degree-of-opening of the expansion valve 18
based on the planned CV value, and calculates the ex-
pansion-valve degree-of-opening command value from
the above-described two types of degree-of-opening cal-
culated for the expansion valve 18.

[0073] In this way, with the turbo refrigerator 10 ac-
cording to the first embodiment, because the degree-of-
opening of the expansion valve 18 is controlled by means
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of feedback control, which maintains the stability thereof,
and also by using, in combination therewith, feedforward
control in which the input information for the turbo refrig-
erator 10 is utilized, the degree-of-opening of the expan-
sion valve 18 can be set to an appropriate degree-of-
opening regardless of the load and external conditions
for the turbo refrigerator 10.

[0074] In addition, because the turbo refrigerator 10
according to the first embodiment calculates the target
degree of superheating based on the cold-water inlet
temperature, which is related to the load on the turbo
refrigerator 10, effective feedback control can be per-
formed to control the degree-of-opening of the expansion
valve 18.

[0075] In addition, because the turbo refrigerator 10
according to the first embodiment calculates the target
degree of superheating so as to take a greater value with
a decrease in the cold-water inlet temperature, it is pos-
sible to prevent the liquid-phase refrigerant from being
drawn into the turbo compressor 12 (liquid back).
[0076] In addition, because the turbo refrigerator 10
according to the first embodiment calculates the planned
CV value based on the cold-water inlet temperature and
the cooling-water inlet temperature, effective feedfor-
ward control can be performed to control the degree-of-
opening of the expansion valve 18 in accordance with
the load and external conditions.

[0077] In addition, because the turbo refrigerator 10
according to the first embodiment calculates the planned
CV value so as to take a smaller value with a decrease
in the cold-water inlet temperature and so as to take a
greater value with a decrease in the cooling-water inlet
temperature, it is possible to increase the precision of
the feedforward control for the degree-of-opening of the
expansion valve 18.

{Second Embodiment}

[0078] A second embodiment of the present invention
will be described below.

[0079] Fig. 5 shows the configuration of a turbo refrig-
erator 10 according to the second embodiment. Note that
components in Fig. 5 that are the same as those in Fig.
1 are given the same reference signs as in Fig. 1, and
descriptions thereof will be omitted.

[0080] The turbo refrigerator 10 according to the sec-
ond embodiment is provided with a hot-gas bypass pipe
80 that forms a bypass path between a refrigerant intake
port of the turbo compressor 12 and a refrigerant exhaust
port of the turbo compressor 12 (between a gas-phase
portion in the condenser 14 and a gas-phase portion in
the evaporator 16). Also, the hot-gas bypass pipe 80 is
provided with a hot-gas bypass valve 82 for controlling
the flow volume of the refrigerant that flows in the hot-
gas bypass pipe 80.

[0081] With the turbo refrigerator 10 according to the
second embodiment, by adjusting the flow volume of by-
passed hot gas by means of the hot-gas bypass valve
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82, it is possible to perform capacity control of an ex-
tremely small region that cannot be sufficiently controlled
with the compressor inlet vane 20.

[0082] By providing the hot-gas bypass pipe 80 in the
turbo refrigerator 10, refrigerant in which the gas-phase
refrigerant at the outlet of the turbo compressor 12 and
the gas-phase refrigerant at the outlet of the evaporator
16 are mixed is taken into the turbo compressor 12. Be-
cause of this, if the temperature of the refrigerant to be
compressed at the turbo compressor 12 is used to meas-
ure the degree of superheating, the temperature of the
above-described mixed refrigerant, thatis, atemperature
differing from the temperature of the refrigerant at the
outlet of the evaporator 16, would be used, and thus, the
degree of superheating would not be measured correctly.
[0083] Thus, with the turbo refrigerator 10 according
to the second embodiment, the temperature of the refrig-
erant at the outlet of the evaporator 16 and the cold-water
outlet temperature are assumed to be equivalent, and
the measured degree of superheating is calculated
based on the cold-water outlet temperature and the com-
pressor intake pressure.

[0084] Fig. 6 shows the configurations of a vane de-
gree-of-opening control portion 42 and an expansion-
valve degree-of-opening control portion 44 according to
the second embodiment. Note that components in Fig. 6
that are the same as those in Fig. 2 are given the same
reference signs as in Fig. 2, and descriptions thereof will
be omitted.

[0085] The expansion-valve degree-of-opening con-
trol portion 44 according to the second embodiment is
provided with a compressor-intake-saturation-tempera-
ture calculating portion 84 instead of the degree-of-su-
perheating calculating portion 62 provided in the expan-
sion-valve degree-of-opening control portion 44 accord-
ing to the first embodiment.

[0086] The compressor-intake-saturation-tempera-
ture calculating portion 84 calculates the saturation tem-
perature of the refrigerant to be taken into the compressor
(hereinafter, referred to as "compressor-intake satura-
tion temperature") based on the compressor intake pres-
sure measured by the compressor-intake-pressure
measuring portion 30.

[0087] The compressor-intake-saturation-tempera-
ture calculating portion 84 stores, in advance, physical-
property information that indicates the relationship be-
tween the pressure and saturation temperature of the
refrigerant, and calculates the compressor-intake satu-
ration temperature based on the compressor intake pres-
sure and that physical-property information.

[0088] Furthermore, the expansion-valve degree-of-
opening control portion 44 according to the second em-
bodiment is provided with a subtraction portion 86.
[0089] The subtraction portion 86 receives inputs of
the compressor-intake saturation temperature calculat-
ed by the compressor-intake-saturation-temperature cal-
culating portion 84 and the cold-water outlet temperature
measured by the cold-water-outlet-temperature measur-
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ing portion 36, and calculates the measured degree of
superheating by subtracting the compressor-intake sat-
uration temperature from the cold-water outlet tempera-
ture.

[0090] The subtraction portion 64 receives inputs of
the target degree of superheating calculated by the tar-
get-degree-of-superheating calculating portion 60 and
the measured degree of superheating calculated by the
subtraction portion 86, subtracts the target degree of su-
perheating from the measured degree of superheating,
and outputs the subtraction result to the Pl control portion
66.

[0091] As has been described above, because the tur-
bo refrigerator 10 according to the second embodiment
calculates the measured degree of superheating based
on the cold-water outlet temperature and the compressor
intake pressure, even though the hot-gas bypass pipe
80 is provided, the degree of superheating can be meas-
ured with high precision.

[0092] Although the present invention has been de-
scribed as above by means of the individual embodi-
ments described above, the technical scope of the
present invention is not limited to the range described in
the individual embodiments described above. Various al-
terations or improvements can be incorporated into the
individual embodiments described above within a range
that does not depart from the spirit of the invention, and
the technical scope of the present invention also encom-
passes forms into which such alterations or improve-
ments are incorporated.

[0093] For example, although the forms in which the
planned CV value is calculated by using the cold-water
inlet temperature and the cooling-water inlet temperature
have been described in the individual embodiments de-
scribed above, the present invention is not limited there-
to, and aform in which the planned CV value is calculated
by using only one of the cold-water inlet temperature and
the cooling-water inlet temperature may be employed.
[0094] In addition, although the forms in which the
heat-source medium that flows inside the cooling heat-
transmitting pipe 26 inserted into the condenser 14 is
assumed to be cooling water have been described in the
individual embodiments described above, the presentin-
vention is not limited thereto, and a form in which the
heat-source medium is assumed to be gas (external air)
andthe condenseris assumedto be an air heat exchang-
ermay be employed. In the case of this form, a measuring
portion that measures the gas (external air) serving as
the heat-source medium is provided instead of the cool-
ing-water-inlet-temperature measuring portion 28, and
the thus-measured gas temperature is used instead of
the cooling-water inlet temperature used in the individual
embodiments described above.

[0095] In addition, although the cases in which the
presentinvention is employed in the turbo refrigerator 10
that performs refrigeration operation have been de-
scribed in the individual embodiments described above,
without limitation thereto, the present invention may be
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employed in a heat-pump turbo refrigerator that is also
capable of heat-pump operation.

[0096] In addition, although the forms in which a cen-
trifugal compressor is employed in the turbo refrigerator
10 have been described in the individual embodiments
described above, the present invention is not limited
thereto, and other compression systems can also be em-
ployed, and, for example, a screw heat pump employing
a screw compressor may be employed.

{Reference Signs List}
[0097]

10  turbo refrigerator

12 turbo compressor

14  condenser

16  evaporator

18  expansion valve

28  cooling-water-inlet-temperature measuring por-
tion

34  cold-water-inlet-temperature measuring portion

36  cold-water-outlet-temperature measuring portion

40 control device

44  expansion-valve degree-of-opening control por-
tion

80  hot-gas bypass pipe

Claims

1. An expansion-valve control device that, in a heat-
source unit including a compressor that compresses
a refrigerant; a condenser that condenses a com-
pressed refrigerant by means of a heat-source me-
dium; an evaporator that evaporates a condensed
refrigerant and also performs heat exchange be-
tween the refrigerant and a heating medium; and an
expansion valve that causes a liquid-phase refriger-
ant retained in the condenser to expand, controls a
degree-of-opening of the expansion valve, the ex-
pansion-valve control device comprising:

a first calculating portion that calculates a de-
gree-of-opening of the expansion valve based
on the difference between a target value of a
degree of superheating for the refrigerant to be
taken into the compressor and a measured val-
ue of the degree of superheating;

a second calculating portion that calculates a
degree-of-opening of the expansion valve
based on an estimated value of a flow volume
of the refrigerant that is allowed to pass through
the expansion valve; and

a command-value calculating portion that calcu-
lates a command value for controlling the de-
gree-of-opening of the expansion valve from the
degree-of-opening of the expansion valve cal-
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culated by the first calculating portion and the
degree-of-opening of the expansion valve cal-
culated by the second calculating portion.

An expansion-valve control device according to
Claim 1, wherein the target value of the degree of
superheatingis calculated based on the temperature
of the heating medium that flows into the evaporator.

An expansion-valve control device according to
Claim 2, wherein the target value of the degree of
superheating is calculated so as to take a greater
value with a decrease in the temperature of the heat-
ing medium that flows into the evaporator.

An expansion-valve control device according to any
one of Claims 1 to 3, wherein the flow volume is
calculated based on at least one of the temperature
of the heating medium that flows into the evaporator
and the temperature of the heat-source medium that
flows into the condenser.

An expansion-valve control device according to
Claim 4, wherein the flow volume is calculated so as
to take a smaller value with a decrease in the tem-
perature of the heating medium that flows into the
evaporator and so as to take a greater value with a
decrease in the temperature of the heat-source me-
dium that flows into the condenser.

An expansion-valve control device according to any
one of Claims 1 to 5,

wherein the heat-source unit is provided with a by-
pass pipe that forms a bypass path between a re-
frigerant intake port of the compressor and a refrig-
erant exhaust port of the compressor; and

wherein the measured value of the degree of super-
heating is calculated based on the temperature of
the heating medium that has flowed out from the
evaporator and the pressure of the refrigerant to be
compressed at the compressor.

A heat-source unit comprising:

a compressor that compresses a refrigerant;

a condenser that condenses a compressed re-
frigerant by means of a heat-source medium;
an evaporator that evaporates a condensed re-
frigerant and also performs heat exchange be-
tween the refrigerant and a heating medium;
an expansion valve that causes a liquid-phase
refrigerant retained in the condenser to expand;
and

an expansion-valve control device according to
any one of Claims 1 to 6.

8. An expansion-valve control method of controlling, in

a heat-source unit including a compressor that com-
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10

presses a refrigerant; a condenser that condenses
a compressed refrigerant by means of a heat-source
medium; an evaporator that evaporates a con-
densed refrigerantand also performs heat exchange
between this refrigerant and a heating medium; and
an expansion valve that causes a liquid-phase re-
frigerant retained in the condenser to expand, a de-
gree-of-opening of the expansion valve, the expan-
sion-valve control method comprising:

a first step of calculating a degree-of-opening of
the expansion valve based on the difference be-
tween a target value of a degree of superheating
for the refrigerant to be taken into the compres-
sor and a measured value of the degree of su-
perheating;

a second step of calculating a degree-of-open-
ing of the expansion valve based on an estimat-
ed value of a flow volume of the refrigerant that
is allowed to pass through the expansion valve;
and

a third step of calculating a command value for
controlling the degree-of-opening of the expan-
sion valve from the degree-of-opening of the ex-
pansion valve calculated in the first step and the
degree-of-opening of the expansion valve cal-
culated in the second step.
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