DESCRI PTI ON

Title of I nvention
TURBO REFRI GERATOR, CONTROL DEVI CE THEREFOR, AND CONTROL

METHOD THEREFOR

Technical Field

[ 0001]

The pr esent I nvention rel ates to a turbo
refrigerator, a control device for the turbo refrigerator,
and a control nethod for the turbo refrigerator
Background Art

[ 0002]

In the related art, a turbo refrigerator 100 as
shown in Fig. 9 is known. The turbo refrigerator 100 is
provided with a main circuit of a refrigeration cycle, in
which a two-stage turbo conpressor 102, a condenser 103,
an econom zer 104, a mnmamin expansion valve 105, and an
evaporator 107 are sequentially connected to each other.
A gas refrigerant having a high tenperature and high
pressure due to being conpressed in the turbo conpressor
102 is sent to the condenser 103. The condenser 103 is a
pl ate-type heat exchanger and perfornms heat exchange
between hot water circulating in a hot water circuit 111

and the gas refrigerant, t her eby increasing the



tenperature  of the hot wat er to a predeterm ned

t enper at ur e.

[ 0003]
The refrigerant condensed and liquefied in the
condenser 103 is supplied to the econom zer 104. The

econom zer 104 is a plate-type refrigerant/refrigerant
heat exchanger which perforns heat exchange between a
liquid refrigerant (a liquefied refrigerant flowing in the
main circuit) from the condenser 103 and a refrigerant
diverted from the main circuit and deconpressed by an
auxiliary expansion valve 113 and supercools the liquid

refrigerant flowing in the main circuit using evaporation

| atent heat of the refrigerant. The econom zer 104 is
provided wth a gas circuit for injecting a gas
refrigerant evaporated by supercooling of +the Iliquid

refrigerant from an internediate intake port 102C of the
two-stage turbo conpressor 102 into a conpressed
refrigerant having an internediate pressure. The main
expansi on valve 105 expands the refrigerant supercooled
through the econom zer 104 and supplies the expanded
refrigerant to the evaporator 107. The evaporator 107 is
a plate-type heat exchanger, and perforns heat exchange
bet ween the refrigerant introduced fromthe main expansion
valve 105 and heat source water circulating in a heat

source water circuit 115, thereby evaporating the



refrigerant, and cooling the heat source water using the
evaporation | atent heat of the refrigerant.

[ 0004]

As neasurenment neans for mneasuring the tenperature
or the pressure of the refrigerant, the hot water, and the
heat source water, pressure gauges 141, 142, and 143 and
thernmometers 131, 132, and 133 are provided at an intake
port 102A, a discharge port 102B, and the internediate
i ntake port 102C of the two-stage turbo conpressor 2,
thernmoneters 135, 136, 137, and 138 are provided at an
inlet and an outlet of the hot water circuit 111 and an
inlet and an outlet of the heat source water circuit 15,
and a thernonmeter 134 is provided at an inlet of the main
expansi on val ve 105.

Citation List

Patent Literature

[ 0005]

[ PTL 1] Japanese Unexanm ned Patent Application
Publication No. 2012-77971
Summary of |nvention
Techni cal Probl em

[ 0006]

In a thernoneter which is not limted to the turbo
refrigerator 100 as described above and is generally used

in a turbo refrigerator or the like, it is known that



responsi veness i s poor and delay of several mnutes occurs.
This is because in terns of safety, ease of maintenance
or the like, it is not possible to directly insert a
tenperature neasurenent section into a tube. For exanple,
configuration exanples of a thernoneter are shown in Figs.
10A and 10B. Fig. 10A shows an exanple in which a
resi stance tenperature detector with a protective tube (a
thernometer having a dual structure) is inserted into a
tube, and Fig. 10B shows an exanple in which a tenperature
is indirectly nmeasured by welding a thernoneter to an
outer wall of a tube.

As described above, due to a poor response of a
t hernometer, the foll ow ng probl ens occur.

For exanple, if the turbo refrigerator 100 shown in
Fig. 9 is taken as an exanple, in a case where a rapid
tenperature change occurs in the hot water circulating in
the hot water circuit 111 (for exanple, a case where an
inlet-side hot water tenperature of the condenser 103 is
rapidly | owered due to a | arge anount of water being added
to the hot water by a user, or the like), it is necessary
to pronptly detect the tenperature change and narrow the
degrees of opening of the nmain expansion valve 105 and the
auxiliary expansion valve 113. However, the control of
the main expansion valve 105 and the auxiliary expansion

valve 113 is delayed due to neasurenent delay of the



thernometer, and therefore, the degree of opening of the
expansi on val ve becones larger than that for the actual
tenperature, and the liquid refrigerant which is not fully
evaporated from the evaporator 107 or the econom zer 104
Is suctioned into the two-stage turbo conpressor 102, and
thus there is a <concern that the two-stage turbo
conpressor 102 may be danaged.

[ 0007]

The present invention has an object to provide a
turbo refrigerator, a <control device for the turbo
refrigerator, and a control method for the turbo
refrigerator, in which it is possible to reduce control
del ay of an expansion valve due to neasurenent delay of a
t her noneter.

Solution to Probl em

[ 0008]

According to a first aspect of the present invention,
there 1is provided a control device for a turbo
refrigerator, which is applied to a turbo refrigerator
whi ch includes a main circuit of a refrigeration cycle, in
whi ch a conpressor, a condenser, an expansion valve, and
an evaporator are sequentially connected and a refrigerant
ci rcul ates, first tenperature measurenent nmeans for
nmeasuring an inlet tenperature of a heat transfer medi um

which flows into the condenser, second tenperature



nmeasurenment nmeans for measuring an outlet tenperature of
the heat transfer nmedium which flows out from the
condenser, and pressure neasurenent means for neasuring a
condensation pressure, the control device including:

tenperature correction nmeans for correcting tenperatures
nmeasured by the first tenperature mneasurenent neans and
the second tenperature neasurenment neans; and expansion-
val ve control neans for perform ng opening degree contro

of the expansion valve by using the heat transfer nedi um
inlet tenperature and the heat transfer medium outl et
tenperature corrected by the tenperature correction neans,
in which the tenperature correction neans includes
condensati on-tenperature acquisition nmeans for acquiring a
condensation tenperature from a condensation pressure
which is acquired by the pressure neasurenment neans,
tenperature-di fference cal culation nmeans for calculating a
tenperature difference by subtracting a condensation
tenperature at a certain period of tinme earlier from a
current condensation tenperature, determ nation neans for
determ ning whether or not an absolute value of the
tenperature difference is greater than or equal to a
threshold value set in advance, and correction neans for
adding the tenperature difference to the respective
tenperatures neasured by the first tenperature neasurenent

nmeans and the second tenperature neasurenent neans in a



case where the absolute value of the tenperature
difference is greater than or equal to the threshold val ue.

[ 0009]

According to the control device for a turbo
refrigerator, a condensation tenperature based on a
condensation pressure is acquired by the condensation-
tenperature acqui sition means, and a tenperature
di fference between a current condensation tenperature and
a condensation tenperature at a certain period of tine
earlier is calculated by the tenperature-difference
cal cul ati on neans. Then, whether or not the absolute
value of the tenperature difference is greater than or
equal to a predeterm ned threshold value is determ ned by
the determ nation nmeans, and in a case where the absolute
value of the tenperature difference is greater than or
equal to the threshold value, the tenperature difference
is added to the respective tenperatures neasured by the
first tenperature neasurenent neans and the second
tenperature neasurenent neans by the correction neans,
whereby tenperature correction is perforned. 1In this way,
it becones possible to detect a tenperature change early,
and thus it becones possible to reduce neasurenent del ay
of the tenperature neasurenent neans. Further, control of
the expansion valve wusing the tenperature after the

correction is performed by the expansion-valve control



nmeans, whereby it becones possible to reduce control del ay
of the expansion valve due to mneasurenent delay in the
first tenperature neasurenent neans and the second
t emper at ur e neasur enent neans.

[ 0010]

In the control device for a turbo refrigerator, the
certain period of tinme my be set to a period in which a
refrigerant cycles through the main circuit once.

[0011]

According to the control device for a turbo
refrigerator, it beconmes possible to accurately capture a
variation in the inlet tenperature of the heat transfer
medi um

[0012]

The control device for a turbo refrigerator may be
provided with a heat exchanger which is provided between
the condenser and the expansion valve and perforns heat
exchange between a liquid refrigerant flow ng through the
main circuit and a refrigerant which is diverted fromthe
main circuit and deconpressed by an auxiliary expansion
valve to supercool the liquid refrigerant flow ng through
the main circuit, and a gas circuit which returns the
refrigerant that has been subjected to heat exchange wth
the liquid refrigerant flowing through the main circuit in

the heat exchanger to the conpressor, and in the control



device, the expansion-valve control means nay perform
openi ng degree control of the auxiliary expansion valve by
using a heat transfer nmediuminlet tenperature and a heat
transfer nmedium outlet tenperature <corrected by the
tenperature correction neans.

[ 0013]

According to the control device for a turbo
refrigerator, control of the auxiliary expansion valve is
performed by using the tenperature after the correction
and therefore, it becones possible to reduce control del ay
of the auxiliary expansion valve due to neasurenent del ay
in the first tenperature neasurenment neans and the second
t emper at ur e neasur enent neans.

[ 0014]

According to a second aspect of the present
invention, there is provided a control device for a turbo
refrigerator, which is applied to a turbo refrigerator
whi ch includes a main circuit of a refrigeration cycle, in
whi ch a conpressor, a condenser, an expansion valve, and
an evaporator are sequentially connected and a refrigerant
ci rcul at es, heat source wat er i nl et t enperature
measurenment neans for measuring an inlet tenperature of
heat source water which flows into the evaporator, and
heat source water outlet tenperature neasurenment neans for

nmeasuring an outlet tenperature of the heat source water



which flows out from the evaporator, the control device
i ncluding: evaporation tenperature correction means for
cal culating an evaporation tenperature such that a ratio
of a value obtained by subtracting the evaporation
tenperature from the heat source water inlet tenperature
to a value obtained by subtracting the heat source water
inlet tenperature from the heat source water outlet
tenperature coincides with a target ratio at the tinme of
stability; and expansi on-val ve control means for
perform ng opening degree control of the expansion valve
by using an evaporation pressure obtained from the
evaporation tenperature <corrected by the evaporation
tenperature correction neans.

[ 0015]

According to the control device for a turbo
refrigerator, an evaporation tenperature is calculated by
the evaporation tenperature correction neans such that a
ratio of a value obtained by subtracting an evaporation
tenperature from the heat source water inlet tenperature
to a value obtained by subtracting the heat source water
inlet tenperature from the heat source water outlet
tenperature coincides with a target ratio at the tinme of
stability. Then, by reflecting t he evaporati on
tenperature calculated by the evaporation tenperature

correction neans in the valve opening degree control of



the expansion valve, it becones possible to prevent the
val ve opening degree of the expansion valve from becom ng
too | arge.

[ 0016]

According to a third aspect of the present invention,
there is provided a turbo refrigerator including: the
above control device.

[ 0017]

According to a fourth aspect of the present
invention, there is provided a control nmethod for a turbo
refrigerator, which is applied to a turbo refrigerator
whi ch includes a main circuit of a refrigeration cycle, in
whi ch a conpressor, a condenser, an expansion valve, and
an evaporator are sequentially connected and a refrigerant
ci rcul ates, first tenperature measurenent nmeans for
nmeasuring an inlet tenperature of a heat transfer nedi um
which flows into the condenser, second tenperature
nmeasurenment nmeans for measuring an outlet tenperature of
the heat transfer nmedium which flows out from the
condenser, and pressure neasurenment means for neasuring a
condensation pressure, the control method including: a
tenperature correction step of correcting tenperatures
neasured by the first tenperature mneasurenent neans and
the second tenperature neasurenent means, and an

expansi on-val ve control step of perform ng opening degree



control of the expansion valve by using a heat transfer
medium inlet tenperature and a heat transfer medium outl et
tenperature corrected in the tenperature correction step
in which the tenperature correction step includes a
condensation-tenperature acquisition step of acquiring a
condensation tenperature from a condensation pressure
which is acquired by the pressure neasurenent neans, a
tenperature-difference calculation step of calculating a
tenperature difference by subtracting a condensation
tenperature at a certain period of tine earlier from a
current condensation tenperature, a determ nation step of
determ ning whether or not an absolute value of the
tenperature difference is greater than or equal to a
threshold value set in advance, and a tenperature
correction step of adding the tenperature difference to
the respective tenperatures neasured by the first
tenperature neasurenent neans and the second tenperature
measurenment mnmeans in a case where the absolute value of
the tenperature difference is greater than or equal to the
t hreshol d val ue.
[ 0018]

According to a fifth aspect of the present invention,
there is provided a control method for a turbo
refrigerator, which is applied to a turbo refrigerator

whi ch includes a main circuit of a refrigeration cycle, in



whi ch a conpressor, a condenser, an expansion valve, and
an evaporator are sequentially connected and a refrigerant
ci rcul ates, heat sour ce wat er i nl et tenperature
measurenment nmeans for measuring an inlet tenperature of
heat source water which flows into the evaporator, and
heat source water outlet tenperature nmeasurenent neans for
nmeasuring an outlet tenperature of the heat source water
which flows out from the evaporator, the control nethod
i ncluding: an evaporation tenperature correction step of
cal cul ating an evaporation tenperature such that a ratio
of a value obtained by subtracting the evaporation
tenperature from the heat source water inlet tenperature
to a value obtained by subtracting the heat source water
inlet tenperature from the heat source water outlet
tenperature coincides with a target ratio at the tinme of
stability; and an expansion-valve control step of
perform ng opening degree control of the expansion valve
by using an evaporation pressure obtained from the
evaporation tenperature <corrected in the evaporation
tenmperature correction step
Advant ageous Effects of Invention

[ 0019]

According to the present invention, an effect of
reducing control delay of an expansion valve due to

nmeasur enment delay of a thernmoneter is exhibited.



Brief Description of Draw ngs

[ 0020]

Fi g. 1 is a di agram show ng a schematic
configuration of a turbo refrigerator according to a first
enbodi ment of the present invention.

Fig. 2 is a functional block diagram of a control
device according to the first enbodi mrent of the present
I nvention.

Fi g. 3 is a diagram showing a flowhart of
processing which is executed by a current-flowrate
cal culation unit.

Fig. 4 is a flowhart showi ng processing which is
executed by a main expansion valve opening-degree
cal culation unit.

Fig. 5 is a flowhart showi ng processing which is
executed by an auxiliary expansion valve opening-degree
cal cul ation unit.

Fig. 6 is a diagram for describing control of the
control device according to the first enbodiment of the
present invention.

Fig. 7 is a diagram showi ng an exanple of tenporal
transitions of a heat source water inlet tenperature Tsw
neasured by a tenperature sensor, a heat source water

outl et tenperature Tswo neasured by a tenperature sensor,



an evaporati on tenperature ET converted from an
evaporation pressure Ps, and a conpressor discharge
t enmper at ur e.

Fig. 8 is a functional block diagram of a control
device according to a second enbodinment of the present
i nventi on.

Fig. 9 is a diagram showi ng a configuration exanple
of a turbo refrigerator of the related art.

Fi gs. 10A and 10B are di agr ans show ng a

configuration exanple of a thernoneter.

Description of Enbodi nents

[ 0021]

[ First Enbodi nent]

Hereinafter, a turbo refrigerator, and a control
device and a control nethod for the turbo refrigerator
according to a first enbodinent of the present invention
will be described with reference to the draw ngs.

Fig. 1 IS a di agram show ng a schematic
configuration of the turbo refrigerator according to the
first enbodinent of the present invention. As shown in
Fig. 1, a turbo refrigerator 1 is provided with a
refrigerant main circuit 8 that is a closed circuit in
whi ch a conpressor 2, a condenser 3, an econom zer 4, a

mai n  expansion valve 5, and an evaporator 7 are



sequential Iy connect ed.

[ 0022]

The conpressor 2 is a multistage centrifugal
conpressor which is driven by an inverter notor 6, and
includes, in addition to an intake port 2A and a di scharge
port 2B, an internediate intake port 2C which is provided
between a first inpeller and a second inpeller, and is
configured so as to sequentially centrifugally conpress a
| ow-pressure gas refrigerant suctioned from the intake
port 2A, by the rotation of the first inpeller and the
second inpeller, and discharge a conpressed high-pressure
gas refrigerant fromthe discharge port 2B

[ 0023]

The high-pressure gas refrigerant discharged from
the discharge port 2B of the conpressor 2 is led to the
condenser 3. The condenser 3 is, for exanple, a plate-
type heat exchanger and perfornms heat exchange between the
hi gh- pressure gas refrigerant which is supplied from the
conpressor 2 and hot water (a heat transfer nedium
circulating in a hot-water circuit, thereby increasing the
tenperature of the hot wat er to a predeterm ned
t enper at ur e. The refrigerant condensed and liquefied in
the condenser 3 is supplied to the econom zer 4.

[ 0024]

The econom zer 4 IS a pl ate-type



refrigerant/refrigerant heat exchanger which perforns heat
exchange between a liquid refrigerant flowing in the
refrigerant main circuit 8 and a refrigerant diverted from
the refrigerant main circuit 8 and deconpressed by an
auxiliary expansion valve 9 and supercools the Iliquid
refrigerant flowing in the refrigerant main circuit 8 by

evaporation latent heat of the refrigerant after the

deconpr essi on. The econom zer 4 is provided with a gas
circuit 10 for injecting a gas refrigerant (an
I nt er nedi at e- pressure refrigerant) evapor at ed by
super cool i ng of t he liquid refrigerant from the

internediate intake port 2C of the conpressor 2 into a
conpressed refrigerant having an internediate pressure,
and thereby configures an internediate cooler type
econom zer cycle.

[ 0025]

The refrigerant supercool ed through the econom zer 4
i s expanded by passing through the nmain expansion valve 5
and supplied to the evaporator 7. The evaporator 7 is a
heat exchanger (for exanple, a plate-type heat exchanger)
and is for perform ng heat exchange between the
refrigerant introduced fromthe mai n expansion valve 5 and
heat source water circulating in a heat source water
circuit 15, thereby -evaporating the refrigerant, and

cooling the heat source water by evaporation |atent heat



of the refrigerant.

[ 0026]

The turbo refrigerator 1 is provided wth a
tenperature sensor 12 which neasures a hot-water inlet
tenperature Thw that is the tenperature of the hot water
flowng into the condenser 3, a tenperature sensor 13
whi ch nmeasures a hot-water outlet tenperature Thwo that is
the tenperature of the hot water flowing out from the
condenser 3, a tenperature sensor 14 which is provided on
the refrigerant outlet side of the condenser 3 and
nmeasures a condenser outlet tenperature Tc, a tenperature
sensor 19 which is provided between the econom zer 4 and
the main expansion valve 5 in the refrigerant main circuit
8 and neasures a main expansion valve inlet tenperature
Tecoh, a tenperature sensor 16 which neasures an
i nternedi at e-pressure refrigerant tenperature Tm that is
the tenperature of the internediate-pressure refrigerant
flowing through the gas circuit 10, a tenperature sensor
17 which neasures a heat source water inlet tenperature
Tswi that is the tenperature of the heat source water
flowng into the evaporator 7, and a tenperature sensor 18
whi ch nmeasures a heat source water outlet tenperature Tswo
that is the tenperature of the heat source water flow ng
out from the evaporator 7. The turbo refrigerator 1 is

provided with a pressure sensor 20 which nmeasures a



condensation pressure (a conpressor discharge pressure) Pd,
a pressure sensor 21 which neasures internediate-pressure
refrigerant pressure Pm that is the pressure of the
i nt ermedi at e- pressure refrigerant flow ng through the gas
circuit 10, and a pressure sensor 22 which neasures an
evaporation pressure (a conpressor intake pressure) Ps.

[ 0027]

The neasurenent values of various sensors described
above are transmtted to a control device 30 and are used
for the <control of +the rotational frequency of the
conpressor, the control of the degrees of opening of the
mai n expansi on valve 5 and the auxiliary expansion valve 9,
or the like.

The control device 30 is, for exanple, a conputer
and is provided with a central processing unit (CPU, a
mai n storage device such as a random access nenory (RAM,
an auxiliary storage device, a comrunication device which
performs sending and receiving of information by
perform ng communi cation with an external device, and the
li ke.

The auxiliary storage device is a conputer-readable
recording nmedium and is, for exanple, a magnetic disk, a
magnet o-optical disk, a CO-ROM a DVD-ROVM a sem conductor
menory, or the like. Various prograns are stored in the

auxiliary storage device, and the CPU reads a program from



the auxiliary storage device into the nmain storage device
and executes the program thereby realizing a variety of
processi ng.

[ 0028]

Fig. 2 is a functional block diagram of the contro
device 30. As shown in Fig. 2, the control device 30 is
provided with a tenperature correction unit 31 and an
expansi on-val ve control unit 32.

The tenperature correction unit 31 corrects the hot-
water inlet tenperature Thw and the hot-water outlet
tenperature  Thwo. That i's, as described above,
nmeasur enent delay occurs in the tenperature sensors 12 and
13 and the like. The tenperature correction unit 31 has a
configuration for correcting the nmeasurenent delay in the
tenperature sensors 12 and 13.

Specifically, the tenperature correction unit 31 is
provided with a condensation-tenperature acquisition unit
41, a tenperature-difference calculation wunit 42, a
determ nation unit 43, and a correction unit 44,

[ 0029]

The condensation-tenperature acquisition wunit 41
acquires the condensation tenperature Tc from the
condensation pressure Pd neasured by the pressure sensor
20. Speci fically, t he condensati on-tenperature

acquisition wunit 41 has correspondence information (a



function or a table) in which the condensation pressure Pd
and the condensation tenperature CT are uniquely
correlated with each other, and obtains the condensation
tenperature CT from the condensation pressure Pd by using
this correspondence i nformation.

The tenperature-difference calculation unit 42
calculates a tenperature difference ACT by subtracting a
condensation tenperature obtained at a certain period of
time earlier from a current condensation tenperature
obtained by the condensation-tenperature acquisition unit
41. Here, a certain period of tine is equivalent to, for
exanple, a period in which the refrigerant cycles through
the refrigerant main circuit 8 once, and is obtained by
dividing a refrigerant filling anount [ kg] by a
refrigerant circulation amunt [kg/mn]. A period in
which a predetermned margin is taken into account wth
respect to this value my be determined as a certain
period of tinme.

[ 0030]

The determ nation unit 43 determ nes whether or not
an absolute value |ACT| of the tenperature difference ACT
is greater than or equal to a threshold value set in
advance. The threshold value is, for exanple, a value
which is derived froma change rate which is determ ned by

the specifications of the min expansion valve 5. For



exanple, in a case where a change rate of the nain
expansion valve 5 is 10 [% /60 [sec] at the maximum the
hot-water inlet tenperature Thw is about 70 [°C], the

hot -water outlet tenperature Thwo is 80 [°C], and the

above-described certain period of tinme is determ ned to be
30 [sec], the threshold value is set by the follow ng
expression (1).

[ 0031]

Threshol d
val ue=(10[ 949 x10[ °C] x30[ sec] / 60[ sec] ) +a=0. 5+a[ °C] (1)

[ 0032]

Here, a is a margin, and may be a fixed value, and
may also be a value which is determ ned according to the
val ues in parentheses in the above expression (1).

[ 0033]

The correction unit 44 corrects the hot-water inlet
tenperature Thwi and the hot-water outlet tenperature Thwo
by adding the tenperature difference ACT to the hot-water
I nl et t enperature Thwi and t he hot - wat er outl et
tenperature Thwo in a case where the absolute value |ACT
of the tenperature difference is greater than or equal to
the threshol d val ue.

[ 0034]

The expansion-valve control uni t 32 perfornms

cal cul ati on of the expansion val ve openi ng degree by using



the hot-water inlet tenperature Thwi after the correction
and the hot-water outlet tenperature Thwo after the
correction, in a period in which the tenperature
correction is performed by the tenperature correction unit
31, and perforns calculation of the expansion valve
opening degree by using the hot-water inlet tenperature
Thwi and the hot-water outlet tenperature Thwo neasured by
the tenperature sensors 12 and 13, in a period in which

the tenperature correction is not perfornmed by the

tenperature correction unit 31. Her ei nafter, t he
expansi on-val ve control unit 32 will be descri bed.
[ 0035]

The expansi on-valve control unit 32 is provided wth,
for exanple, a current-flowrate calculation unit 51, a
setting-flowrate calculation unit 52, a main expansion
val ve openi ng-degree calculation unit 53, and an auxiliary
expansi on val ve openi ng-degree calculation unit 54. Wth
respect to the expansion-valve control, it is not limted
to a nmethod shown below and it is possible to adopt
various known control nethods. 1In a case where the hot-
water inlet tenperature Thw and the hot-water outlet
tenperature Thwo are used as paraneters in that case, the
hot-water inlet tenperature Thwi and the hot-water outlet
tenperature Thwo after the correction are used in a case

where the tenperature correction has been perfornmed by the



tenperature correction unit 31.

[ 0036]

The current-flowrate calculation unit 51 perforns
flow rate calculation by wusing the hot-water inlet
tenperature Thwi and the hot-water outlet tenperature Thwo
as paraneters. A flowhart of the processing which is
executed by the current-flowrate calculation unit 51 is
shown in Fig. 3. As shown in Fig. 3, the current-flow
rate calculation wunit 51 <calculates current heating
capacity Qon [kW by using the hot-water i nl et
tenperature Thwi and the hot-water outlet Thwo (Step SAl).
Subsequently, the current-flowrate calculation unit 51
cal cul ates a condenser flow rate Gcon [kg/s] by using the
foll ow ng expression (2) (Step SA2).

[ 0037]

Gcon=Qcon/ ( Hd- Hec) (2)

[ 0038]

In the expression (2), Hd is a discharge enthal py
[kJ/kg], and Hc is a condenser outlet enthal py [kJ/kg].

Subsequently the current-flowrate calculation unit
51 calculates a current flow rate Geva of the nmain
expansion valve 5 by wusing the follow ng expression (3)
(Step SA3).

[ 0039]

Geva=( Gcon- G- Goc) / ( 1+x) (3)



Her e, x=(Hc-Hecoh)/ (Hecom Hc) (4)

[ 0040]

In the expression (3), Gcon is a condenser flow rate
[kg/s], Gm is a notor cooling flow rate [kg/s], and Goc
Is an oil cooling refrigerant flow rate [kg/s]. In the
expression (4), Hc is a condenser outlet enthal py [kJ/kg],
Hecoh is a main expansion valve inlet enthal py [kJ/kg],
and Hecomis an internediate intake gas enthal py [kJ/kg].

[ 0041]

Next, the current-flowrate <calculation wunit 51
calculates a current flow rate Geco of the auxiliary
expansion valve 9 by using the condenser flow rate GCcon
(Step SA4). Specifically, the calculation is performed by
using the foll ow ng expression (5).

[ 0042]

Geco=xxGeva (5)

[ 0043]

In the expression (5), x is as described in the
above expression (4). Geva is the current flow rate Geva
of the main expansion valve calculated in the above
expression (3).

The current flow rate CGeva of the main expansion
valve and the current flow rate Geco of the auxiliary
expansi on valve calculated in this way are output to the

mai N expansi on val ve opening-degree calculation unit 53



and t he auxiliary expansi on val ve openi ng- degr ee
cal cul ation unit 54.

[ 0044]

The setting-flowrate calculation unit 52 cal cul ates
a setting flow rate CGeva* of the main expansion valve 5
and a setting flow rate Geco* of the auxiliary expansion
val ve 9. Here, in the calculation by the setting-flow
rate calculation unit 52, only the point that in the
arithmetic expression wusing in the current-flowrate
cal culation unit 51 described above, a hot-water outlet
setting tenperature Thwo* set in advance is used instead
of the hot-water outlet tenperature Thwo is different, and
the other is the sane. Ther ef ore, the detailed
description thereof is omtted.

The setting flow rate Geva* of the main expansion
valve 5 and the setting flow rate Geco* of the auxiliary
expansion valve 9 are output to the main expansion valve
openi ng-degree calculation wunit 53 and the auxiliary
expansi on val ve openi ng-degree cal cul ation unit 54.

[ 0045]

The main expansion val ve opening-degree calcul ation
unit 53 calculates a feedforward openi ng degree comrand by
perform ng feedforward control by using the current flow
rate Geva of the main expansion valve 5 and the current

flow rate Geco of the auxiliary expansion valve 9



calculated by the current-flowrate calculation unit 51,
and the setting flow rate Geva* of the main expansion
valve 5 and the setting flow rate Geco* of the auxiliary
expansi on valve 9 set by the setting-flowrate cal cul ation
unit 52, calculates a feedback opening degree command by
perform ng feedback control by wusing an evaporator
term nation tenperature, and adds these conmands toget her,
t hereby generati ng an openi ng degree comrand.

Fig. 4 is a flowhart showing the processing which
is executed by the namin expansion valve opening-degree
cal cul ation unit 53.

First, in the feedforward control, the min
expansion valve opening-degree calculation unit 53
calculates a current opening degree Cveva of the nmin
expansion valve 5 by using the current flow rate Geva of
the main expansion valve, differential pressure AP2(=Pd-
Ps) between the condensation pressure and the evaporation
pressure, and the like as paranmeters (Step SBl). Next ,
the main expansion valve opening-degree calculation unit
53 calculates a setting opening degree Cveva* of the main
expansi on valve by using the setting flow rate Ceva* of
the main expansion valve 5, the differential pressure AP2,
and the like as paraneters (Step SB2).

Then, the main expansion valve opening-degree

cal culation unit 53 calculates an opening degree command



OP_FF in the feedforward control by prorating the current
openi ng degree Cveva and the setting opening degree Cveva*
of the main expansion valve 5 (Step SB3).

[ 0046]

In the feedback control, the nain expansion valve
openi ng-degree calculation unit 53 cal culates an opening
degree command OP_FB such that a tenperature difference
ATswo between the heat source water outlet tenperature
Tswo in the evaporator 7 and an evaporation tenperature ET
which is converted from the evaporation pressure Ps
coincides with a target value ATswo* (Step SB4). For
exanpl e, the opening degree command OP_FB in the feedback
control is <calculated by performng PID control wth
respect to a difference between the tenperature difference
ATswo and the target val ue ATswo*.

[ 0047]

In this way, if the opening degree command OP_FF by
the feedforward control and the opening degree command
OP_FB by the feedback <control are «calculated, these
commands are added together, whereby a final opening
degree command OP=OP_FF+OP_FB is cal cul ated (Step SB5).

Then, the degree of opening of the min expansion
valve 5 is controlled based on the opening degree command
oP.

[ 0048]



The auxiliary expansi on val ve openi ng- degr ee
calculation wunit 54 calculates a feedforward opening
degree command by perform ng feedforward control by using
the current flow rate Geva of the nmin expansion valve 5
and the current flow rate Geco of the auxiliary expansion
valve 9 calculated by the current-flowrate calculation
unit 51, and the setting flow rate Geva* of the main
expansion valve 5 and the setting flow rate Geco* of the
auxiliary expansion valve 9 set by the setting-flowrate
calculation unit 52, calculates a feedback opening degree
command by perform ng feedback control by using the main
expansion valve inlet tenperature Tecoh, and adds these
commands together, thereby generating an opening degree
command OPeco of the auxiliary expansion valve.

Fig. 5 is a flowhart showi ng the processing which
is executed by the auxiliary expansion valve opening-
degree cal cul ation unit 54.

First, in the feedforward control, the auxiliary
expansion valve opening-degree calculation unit 54
cal cul ates a current opening degree Cveco of the auxiliary
expansion valve 9 by using the current flow rate Geco of
the auxiliary expansion valve 9, differential pressure
AP1(=Pd-Pm) between the condensation pressure Pd and the
internedi ate pressure Pm and the |ike as paraneters (Step

SCl). Next, the auxiliary expansion valve opening-degree



calculation unit 54 calculates a setting opening degree
Cveco* of the auxiliary expansion valve 9 by using the
setting flow rate Geco* of the auxiliary expansion valve 9,
the differential pressure AP1, and the |ike as paraneters
(Step SC2).

Then, the auxiliary expansion valve opening-degree
cal cul ation unit 54 cal culates a command val ue OPeco_FF in
the feedforward control by prorating the current opening
degree Cveco and the setting opening degree Cveco* of the
auxiliary expansion valve 9 (Step SC3).

[ 0049]

In the feedback control, the auxiliary expansion
val ve opening-degree calculation wunit 54 sets a nmain
expansion valve inlet tenperature target value Tecohset
(=AT2+MI) by adding an econom zer outlet tenperature
difference AT2 set in advance to an auxiliary expansion
valve inlet tenperature M (Step SC4). Next, the
auxiliary expansion valve opening-degree calculation unit
54 calculates an opening degree command OPeco FB which
conf orns t he current mai n expansion valve i nlet
tenperature Tecoh to a main expansion valve inlet
tenperature target value Tecoh* (Step SC5). For exanpl e,
the opening degree command OPeco FB in the feedback
control is calculated by performng PID control wth

respect to a difference between the current main expansion



valve inlet tenperature Tecoh and the mamin expansi on val ve
inlet tenperature target value Tecoh*.

[ 0050]

In this way, if the command value OPeco FF by the
feedf orward control and the command val ue OPeco_FB by the
feedback control are calculated, these command val ues are
added together, whereby a final opening degree comand
OPeco=0Peco_FF+OPeco_FB is calculated (Step SC6). Then,
the degree of opening of the auxiliary expansion valve 9
is controll ed based on the openi ng degree command OPeco.

[ 0051]

Next, an operation of the control device 30 will be
described with reference to Fig. 6.

Fig. 6 is a diagram for describing the control of
the control device 30 according to this enbodi nent.

In Fig. 6, before a variation occurs in the hot-
water inlet tenperature Thw at tine tl, the hot-water
inlet tenperature Thwi shows a stable nunerical value, and
therefore, the tenperature difference |ACT| which is
cal cul ated by the tenperature-difference calculation unit
42 of the tenperature correction unit 31 becones a val ue
close to zero. For this reason, in the determ nation unit
43, a determnation that the tenperature difference |ACT|
Is less than the threshold value is mde, and the

tenperature correction by the correction unit 44 is not



per f or med.

[ 0052]

In contrast, if the hot-water inlet tenperature Thw
is rapidly lowered at tine tl, the condensation pressure
Pd is rapidly |owered accordingly, and the condensation
tenperature which s acquired by the condensation-
tenperature acquisition unit 41 is |lowered. As a result,
the absolute value |ACT| of the tenperature difference
whi ch IS cal cul ated in t he tenperature-difference
calculation unit 42 becones a relatively large value. As
a result, in the determnation unit 43, a determ nation
that the tenperature difference |ACT| is greater than or
equal to the threshold value is nmade, and the tenperature
correction by the correction unit 44 is perforned. I n
this way, ACT (a negative value) is added to each of the
hot - wat er i nl et tenperature  Thw nmeasured by the
tenperature sensor 12 and the hot-water outlet tenperature
Thwo measured by the tenperature sensor 13, and the flow
rate calculation or the opening-degree calculation using
the hot-water inlet tenperature Thwi and the hot-water
outlet tenperature Thwo <corrected so as to drop 1is
performed in the expansion-valve control unit 32. In this
way, for exanple, with respect to the auxiliary expansion
valve 9, it is controlled in a direction in which the

val ve opening degree is reduced (a period of tinme tl to t2



of Fig. 6). In the opening degree control of the
auxiliary expansion valve of the related art, the valve
opening degree is calculated by using the tenperatures
neasured by the tenperature sensors 12 and 13, that is,
tenperatures wth neasurenent delay, and therefore, even
though the hot-water inlet tenperature Thwi is actually
| onered, control is performed in a direction of opening
the auxiliary expansion valve 9, and this becones a cause
of liquid suction of the conpressor 2.

[ 0053]

As descri bed above, in the turbo refrigerator, and
the control device and the control nmethod for the turbo
refrigerator accordi ng to this enbodi nent t he
condensation tenperature is acquired based on the
condensation pressure, and in a case where the absolute
val ue |ACT| of the tenperature difference between a current
condensation tenperature and a condensation tenperature at
a certain anount of tinme earlier is greater than or equal
to a predetermned threshold value, the tenperature
difference ACT is added to each of the hot-water inlet
tenperature Thwi and the hot-water outlet tenperature Thwo
neasured by the tenperature sensors 12 and 13, whereby the
tenperatures are corrected, and therefore, it is possible
to reduce control delay of the expansion valve due to

nmeasurenent delay in the tenperature sensors 12 and 13.



In this way, it beconmes possible to avoid liquid
refrigerant suction of the conpressor 2.

[ 0054]

In this enbodinment, by correcting the hot-water
I nl et t enperature Thwi and t he hot - wat er outl et
tenperature Thwo, the expansion valve is prevented from
bei ng opened too nmuch. However, for exanple, by adopting
a technique of reducing a change rate of the degree of
opening of the auxiliary expansion valve 9 to a value |ess
than or equal to a rating which is determned by the
specifications, it is also possible to avoid Iliquid
refrigerant suction of the conpressor.

[ 0055]

[ Second Enbodi nent |

Hereinafter, a turbo refrigerator, and a control
device and a control nethod for the turbo refrigerator
according to a second enbodi ment of the present invention
will be described with reference to the draw ngs.

In the first enbodi nent described above, the hot-
water inlet tenperature Thwi and the hot-water outlet
tenperature Thwo are corrected. However, in this
enbodi nent, in addition to this, alternatively, instead of
this, the evaporation tenperature ET in the evaporator 7,
in other words, the evaporation pressure Ps is corrected.

In this way, further inprovenment of the accuracy of



expansi on-val ve control is attained.

[ 0056]

In the first enbodinent, if the hot-water inlet
tenperature Thwi changes, the influence thereof relatively
appears early in +the condensation pressure Pd, and
therefore, the tenperature correction is perfornmed by
using the condensation tenperature CT converted from the
condensation pressure Pd. However, with regard to the
evaporator 7, it is revealed by experinent that in a case
where the heat source water inlet tenperature Tswi s
| onered, the influence thereof does not appear early in
the evaporation pressure Ps. An exanple of tenporal
transitions of the heat source water inlet tenperature
Tsw neasured by the tenperature sensor 17, the heat
source water outlet tenperature Tswo neasured by the
tenperature sensor 18, the evaporation tenperature ET
converted from the evaporation pressure Ps, and the
conpressor discharge tenperature is shown in Fig. 7.

[ 0057]

As shown in Fig. 7, it can be seen that a change in
the evaporation tenperature ET converted from the
evaporation pressure Ps is slower than a change in the
heat source water inlet tenperature Tswi or the heat
source water outlet tenperature Tswo. For this reason, in

the evaporator 7, it is not possible to adopt the sane



technique as that in the evaporator 3 described above,
such as correcting the heat source water inlet tenperature
Tsi and the heat source water outlet tenperature Tswo by
usi ng the evaporation pressure Ps.

Here, by analyzing Fig. 7, it can be seen that at
the time of stability, a ratio K between a difference ATe
bet ween the heat source water inlet tenperature Tswi and
the evaporation tenperature ET (the converted value of the
evaporation pressure Ps) and a difference ATs between the
heat source water inlet tenperature Tswi and heat source
water outlet tenperature Tswo is constant. That is, it
can be seen that the follow ng expression is established.

[ 0058]

K=ATe/ ATs=(Tsw - ET)/ ( Tsw - Tswo) =const ant (6)

[ 0059]

Therefore, in this enbodinent, the value of the
ratio K at the tinme of stability is set as a target ratio
K, and a <change in the heat source water inlet
tenperature Tsw is pronptly reflected in the expansion-
val ve control by correcting the evaporation tenperature ET
such that the ratio K al ways becones the target ratio K*

[ 0060]

Fig. 8 is a functional block diagram of a control
device 35 according to this enbodinent. As shown in Fig.

8, the control device 35 is further provided with an



evaporation tenperature correction unit 33, in addition to
the configurations of the control device 30 shown in Fig.
2.

The evaporation tenperature correction unit 33 holds
the value of the ratio K at the time of stability as the
target ratio K* and corrects the evaporation tenperature
such that the ratio K becones the target ratio K*. That
is, the wevaporation tenperature ET is calculated by
assigning the heat source water inlet tenperature Tsw,
the heat source water outlet tenperature Tswo, and the
target ratio K held in advance to the follow ng
expression (7) derived fromthe above expression (6).

[ 0061]

ET=Tswi - (Tswi - Tswo) K*  (7)

[ 0062]

Then, the evaporation tenperature ET is converted
into the evaporation pressure Ps, and the evaporation
pressure Ps is used for the expansion-valve control. That
is, the min expansion valve opening-degree calculation
unit 53 and the auxiliary expansion valve opening-degree
calculation unit 54 calculate the main expansion valve
opening degree comand OP and the auxiliary expansion
valve opening degree command OPeco by using the
evaporation pressure Ps based on the evaporation

tenperature ET calculated by the evaporation tenperature



correction unit 33.

Here, for exanple, in a case where the heat source
water inlet tenperature Tswi is |owered, whereby the
evaporation tenperature ET is |lowered, the evaporation
pressure Ps is also reduced. In the feedforward control
of the opening degree command of the main expansion val ve
5 (Steps SB1 to SB3 of Fig. 4), if the -evaporation
pressure Ps is reduced, the differential pressure across
the main expansi on val ve, AP2=Pd-Ps, becones a | arge val ue.
As a result, the current flow rate Cveva and the setting
flow rate Ceva* of the main expansion valve are reduced
and the opening degree conmand OP_FF of the feedforward
control of the main expansion valve is reduced.

In the feedback control (Step SB4 of Fig. 4), the
opening degree command OP_FB such as conformng a
tenperature difference ATswo between the heat source water
outlet tenperature Tswo in the evaporator 7 and the
evaporation tenperature ET to a target value ATswo* is
cal cul at ed. Here, wth respect to the tenperature
di fference ATswo, it can be said that it is substantially
constant even if the heat source water inlet tenperature
Tsw varies (refer to Fig. 7), and therefore, the nain
expansion valve 5 does not act in an opening direction.
From t he above, by reflecting the evaporation tenperature

ET by the evaporation tenperature correction unit 33 in



the valve opening degree control of the nain expansion
valve 5, it is possible to prevent the main expansion
valve 5 from being opened too nuch, and thus it becones
possible to avoid the liquid refrigerant suction of the
conpr essor 2.

[ 0063]

In the enbodinents described above, the control
devices 30 and 35 which are applied to the turbo
refrigerator 1 having the configuration shown in Fig. 1
have been descri bed. However, the turbo refrigerator 1 to
which the control device according to the present
invention is applied is not limted to that having the
configuration shown in Fig. 1. The control device
according to the present invention can also be applied to,
for exanple, a turbo refrigerator which does not have
configurations related to the econom zer 4, specifically,
a turbo refrigerator having a configuration in which the
econom zer 4, the auxiliary expansion valve 9, the gas
circuit 10, the tenperature sensor 16, and the pressure
sensor 21 in Fig. 1 are ontted. In this case, it is
favorable if in the opening degree control of the min
expansi on valve 5, the above calculation is performed wth
a flow rate flowing to the auxiliary expansion valve 9 as
zero.

The present invention is not limted to only the



above-descri bed enmbodi nent s,

and various nodifications can

be made wthin a scope which does not depart fromthe gist

of the invention.
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cal cul ati on



unit
54: auxiliary expansi on val ve openi ng- degr ee

cal cul ati on unit



d ai ns

[Claim1]

A control device for a turbo refrigerator, which is
applied to a turbo refrigerator which includes a nain
circuit of a refrigeration cycle, in which a conpressor, a
condenser, an expansion valve, and an -evaporator are
sequentially connected and a refrigerant circulates, first
tenperature neasurenent neans for neasuring an inlet
tenperature of a heat transfer nmediumwhich flows into the
condenser, second tenperature neasuremnent means for
nmeasuring an outlet tenperature of the heat transfer
medi um which flows out from the condenser, and pressure
measur ement neans for neasuring a condensation pressure,

the control device conprising:

tenperature correction means for correcting a heat
transfer nmedium inlet tenperature and a heat transfer
medi um  out | et tenperature neasur ed by the first
tenperature neasurenent neans and the second tenperature
nmeasur ement neans; and

expansi on-val ve control neans for perform ng opening
degree control of the expansion valve by using the heat
transfer nmedium inlet tenperature and the heat transfer
medium outlet tenperature corrected by the tenperature

correcti on neans,



wherein the tenperature correction nmeans incl udes

condensati on-tenperature acqui sition means for
acquiring a condensation tenperature from a condensation
pressure which is acquired by the pressure neasurenent
nmeans,

tenperature-difference cal cul ati on means for
calculating a tenperature difference by subtracting a
condensation tenperature at a certain period of tine
earlier froma current condensation tenperature,

determ nation neans for determ ning whether or not
an absol ute value of the tenperature difference is greater
than or equal to a threshold value set in advance, and

correction means for addi ng t he tenperature
difference to the respective tenperatures neasured by the
first tenperature neasurenent neans and the second
tenperature nmeasurenent neans in a case where the absolute
value of the tenperature difference is greater than or

equal to the threshold val ue.

[Claim 2]

The control device for a turbo refrigerator
according to Caim 1, wherein the certain period of tine
is set to a period in which a refrigerant cycles through

the main circuit once.



[ Clai m 3]

The control device for a turbo refrigerator
according to Claim 1l or 2, wherein the turbo refrigerator
i ncl udes

a heat exchanger which is provided between the
condenser and the expansion valve and performs heat
exchange between a liquid refrigerant flow ng through the
main circuit and a refrigerant which is diverted fromthe
main circuit and deconpressed by an auxiliary expansion
val ve to supercool the liquid refrigerant flow ng through
the main circuit, and

a gas circuit which returns the refrigerant that has
been subjected to  heat exchange with the liquid
refrigerant flowng through the main circuit in the heat
exchanger to the conpressor, and

t he expansion-valve control neans perforns opening
degree control of the auxiliary expansion valve by using
the heat transfer nmedium inlet tenperature and the heat
transfer nmedium outlet tenperature corrected by the

tenperature correct i on means.

[Cl ai m4]
A control device for a turbo refrigerator, which is
applied to a turbo refrigerator which includes a nain

circuit of a refrigeration cycle, in which a conpressor, a



condenser, an expansion valve, and an -evaporator are
sequentially connected and a refrigerant circul ates, heat
source water inlet tenperature neasurenent neans for
nmeasuring an inlet tenperature of heat source water which
flows into the evaporator, and heat source water outl et
tenperature measurenent means for neasuring an outlet
tenperature of the heat source water which flows out from
t he evapor at or,

the control device conprising:

evaporation tenperature correction means for
cal culating an evaporation tenperature such that a ratio
of a value obtained by subtracting the evaporation
tenperature from the heat source water inlet tenperature
to a value obtained by subtracting the heat source water
inlet tenperature from the heat source water outlet
tenperature coincides with a target ratio at the tinme of
stability; and

expansi on-val ve control neans for perform ng opening
degree control of the expansion valve by using an
evaporation pressure obtained from the evaporation
tenperature corrected by the evaporation tenperature

correcti on neans.

[ C ai m 5]

A turbo refrigerator conprising:



the control device according to any one of Clains 1

to 4.

[ Cl ai m 6]

A control method for a turbo refrigerator, which is
applied to a turbo refrigerator which includes a main
circuit of a refrigeration cycle, in which a conpressor, a
condenser, an expansion valve, and an -evaporator are
sequentially connected and a refrigerant circul ates, first
tenperature neasurenent neans for neasuring an inlet
tenperature of a heat transfer medi um which flows into the
condenser, second tenperature neasurenent means for
nmeasuring an outlet tenperature of the heat transfer
medi um which flows out from the condenser, and pressure
measur ement neans for neasuring a condensation pressure,

the control nethod conprising:

a tenperature correction step of correcting
tenperatures neasured by the first tenperature neasurenent
means and the second tenperature measurenent neans; and

an expansi on-valve control step of perform ng
openi ng degree control of the expansion valve by using a
heat transfer mediuminlet tenperature and a heat transfer
medi um outlet tenperature corrected in the tenperature
correction step

wherein the tenperature correction step includes



a condensation-tenperature acquisition step of
acquiring a condensation tenperature from a condensation
pressure which is acquired by the pressure neasurenent
nmeans,

a tenperature-difference cal cul ati on step of
calculating a tenperature difference by subtracting a
condensation tenperature at a certain period of tine
earlier froma current condensation tenperature,

a determnation step of determ ning whether or not
an absol ute value of the tenperature difference is greater
than or equal to a threshold value set in advance, and

a tenperature correction step of adding the
tenperature difference to the respective tenperatures
neasured by the first tenperature neasurenent neans and
the second tenperature neasurement neans in a case where
the absolute value of the tenperature difference is

greater than or equal to the threshold val ue.

[Caim7]

A control nmethod for a turbo refrigerator, which is
applied to a turbo refrigerator which includes a nain
circuit of a refrigeration cycle, in which a conpressor, a
condenser, an expansion valve, and an -evaporator are
sequentially connected and a refrigerant circul ates, heat

source water i nl et tenperature neasurenent means for



measuring an inlet tenperature of heat source water which
flows into the evaporator, and heat source water outl et
tenperature measurenent means for neasuring an outlet
tenperature of the heat source water which flows out from
t he evaporator,

the control nethod conprising:

an evaporation tenperature correction step of
cal culating an evaporation tenperature such that a ratio
of a value obtained by subtracting the evaporation
tenperature from the heat source water inlet tenperature
to a value obtained by subtracting the heat source water
inlet tenperature from the heat source water outlet
tenperature coincides with a target ratio at the tinme of
stability; and

an expansi on-valve control step of perform ng
openi ng degree control of the expansion valve by using an
evaporation pressure obtained from the evaporation
tenperature corrected in the evaporation tenperature

correction step



