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Description
BACKGROUND
1. Technical Field

[0001] The present disclosure relates to refrigeration-
cycle equipment.

2. Description of the Related Art

[0002] In known refrigeration-cycle equipment, halo-
genated hydrocarbons such as Freon and alternative
Freon have been widely used as refrigerants. However,
such arefrigerant leads to problems such as ozone layer
depletion and global warming. Hence, refrigeration-cycle
equipment employing water as a refrigerant that has very
little damage to the global environment has been pro-
posed.

[0003] In Japanese Unexamined Patent Application
Publication No. 2008-122012 (Fig. 1), a cooling-only air
conditioner is disclosed as such refrigeration-cycle
equipment. The air conditioner disclosed by Japanese
Unexamined Patent Application Publication No.
2008-122012 achieves a reduction in the damage to the
environment on the basis of using a natural refrigerant.
The amount of latent heat of water is larger than those
of known refrigerants. Therefore, the air conditioner dis-
closed by Japanese Unexamined Patent Application
Publication No. 2008-122012 provides, at a low mass
flow rate, a capacity that is equivalent to those of other
known air conditioners. That is, as a cooling-only air con-
ditioner, refrigeration-cycle equipment employing water
as a refrigerant achieves a high coefficient of perform-
ance (COP).

SUMMARY

[0004] In such known refrigeration-cycle equipment,
however, the ratio of an additive to the refrigerant in each
of an evaporator and a condenser might not be adjusted
to a desirable value for smooth operation of the refriger-
ation-cycle equipment.

[0005] Inview of the above, the present disclosure pro-
vides refrigeration-cycle equipment in which the ratio of
an additive to arefrigerantis adjusted to a desirable value
for smooth operation of the refrigeration-cycle equip-
ment.

[0006] According to the present disclosure, there is
provided refrigeration-cycle equipment in which a mix-
ture of a refrigerant component and an additive is em-
ployed as a refrigerant. The refrigeration-cycle equip-
mentincludes an evaporator that stores refrigerant liquid,
evaporates the refrigerant liquid, and generates refriger-
ant vapor; a condenser that condenses the refrigerant
vapor and generates refrigerantliquid; acompressor pro-
vided between the evaporator and the condenser and
that compresses the refrigerant vapor; a vapor passage
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that connects the evaporator and the condenser to each
other through the compressor and guides the refrigerant
vapor from the evaporator to the condenser; areturn pas-
sage that guides the refrigerantliquid from the condenser
to the evaporator; and a separating mechanism provided
in the return passage and that separates the additive
from the refrigerant liquid supplied from the condenser
to the evaporator.

[0007] According to the present disclosure, the ratio of
the additive to the refrigerant in each of the evaporator
and the condenser can be adjusted to a desirable value
for smooth operation of the refrigeration-cycle equip-
ment.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Fig. 1 is a diagram of refrigeration-cycle equipment
according to a first embodiment;

Fig. 2 is a diagram of refrigeration-cycle equipment
according to a second embodiment;

Fig. 3Ais a diagram of refrigeration-cycle equipment
according to a third embodiment;

Fig. 3B is a diagram of refrigeration-cycle equipment
according to a modified example of the third embod-
iment;

Fig. 4 is a diagram of refrigeration-cycle equipment
according to a fourth embodiment;

Fig. 5 is a diagram of refrigeration-cycle equipment
according to a fifth embodiment;

Fig. 6 is a diagram of refrigeration-cycle equipment
according to a sixth embodiment;

Fig. 7 is a diagram of refrigeration-cycle equipment
according to a seventh embodiment;

Fig. 8 is a diagram of refrigeration-cycle equipment
according to an eighth embodiment;

Fig. 9 is a diagram of refrigeration-cycle equipment
according to a ninth embodiment;

Fig. 10A is a diagram of refrigeration-cycle equip-
ment according to a tenth embodiment;

Fig. 10B is a diagram of refrigeration-cycle equip-
ment according to a modified example of the tenth
embodiment;

Fig. 11A is a diagram of refrigeration-cycle equip-
ment according to an eleventh embodiment;
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Fig. 11B is a diagram of refrigeration-cycle equip-
ment according to a modified example of the elev-
enth embodiment;

Fig. 12A is a diagram of refrigeration-cycle equip-
ment according to a twelfth embodiment;

Fig. 12B is a diagram of refrigeration-cycle equip-
ment according to a modified example of the twelfth
embodiment;

Fig. 13 is a diagram of refrigeration-cycle equipment
according to a thirteenth embodiment;

Fig. 14 is a diagram of refrigeration-cycle equipment
according to a fourteenth embodiment;

Fig. 15is a diagram of refrigeration-cycle equipment
according to a fifteenth embodiment;

Fig. 16A is a graph illustrating a saturated-vapor-
pressure curve Crgp in a case where the saturated
vapor pressure of refrigerant liquid stored in an evap-
orator is equal to the saturated vapor pressure of
refrigerant liquid stored in a condenser;

Fig. 16B is a graph illustrating a saturated-vapor-
pressure curve Ccoy and a saturated-vapor-pres-
sure curve Cgy/, in a case where the saturated vapor
pressure of the refrigerant liquid stored in the con-
denser and being at a specific temperature is lower
than the saturated vapor pressure of the refrigerant
liquid stored in the evaporator and being at the spe-
cific temperature; and

Fig. 17 is a diagram of refrigeration-cycle equipment
according to a sixteenth embodiment.

DETAILED DESCRIPTION
Knowledge as Grounds for Present Disclosure

[0009] Refrigerant employed in refrigeration-cycle
equipment often contains an additive as well as a refrig-
erant component. For example, in the case of the refrig-
eration-cycle equipment disclosed by Japanese Unex-
amined Patent Application Publication No. 2008-122012,
a mixture of water (a refrigerant component) and an ad-
ditive that prevents the water from being frozen may be
employed as a refrigerant. However, the saturated vapor
pressure of a solution of such an additive and the satu-
rated vapor pressure of the refrigerant component may
be significantly different from each other. Because of the
difference in saturated vapor pressure, the ratio of the
additive to the refrigerant may gradually change to a val-
ue that is not desirable for smooth operation in some
portions (such as an evaporator and a condenser) of the
refrigeration-cycle equipment.
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[0010] If water is employed as the refrigerant as in the
refrigeration-cycle equipment (an air conditioner) dis-
closed by Japanese Unexamined Patent Application
Publication No. 2008-122012, the refrigerant is frozen
under an operating condition that the temperature of the
refrigerant needs to be lowered to a temperature below
zero. Therefore, the refrigeration-cycle equipment can-
not perform an air-heating operation when the outdoor
temperature is low. Moreover, if an object to be cooled
has a temperature below zero, the refrigeration-cycle
equipment cannot be used as a refrigerator.

[0011] If a mixture of antifreeze and water is employed
as the refrigerant, the refrigeration-cycle equipment is
operable at a low temperature. Typical antifreeze, such
as an ethylene glycol solution or a potassium acetate
solution, has a lower saturated vapor pressure than wa-
ter. Therefore, if a mixture of antifreeze and water is em-
ployed as the refrigerant, water evaporates first in the
evaporator and occupies a large portion of the resulting
refrigerant vapor. Consequently, as the operating time
increases, the concentration of the antifreeze (precisely,
the concentration of ethylene glycol or the concentration
of potassium acetate) in refrigerant liquid stored in the
evaporator increases while the concentration of the an-
tifreeze in refrigerant liquid stored in the condenser de-
creases. If the operation of the refrigeration-cycle equip-
ment is stopped in such a state, the refrigerant liquid in
the condenser may be frozen, damaging the condenser
and other components such as pipes.

[0012] To address such a problem, the following meas-
ure may be taken. Specifically, the operation (an air-heat-
ing operation, for example) of the refrigeration-cycle
equipment is temporarily stopped at an increase in the
concentration of the antifreeze in the evaporator or at a
reduction in the concentration of the antifreeze in the con-
denser, and a portion of the refrigerant liquid stored in
the evaporator and a portion of the refrigerant liquid
stored in the condenser are then exchanged. Thus, the
concentration of the antifreeze in the refrigerant liquid
stored in the evaporator and the concentration of the an-
tifreeze in the refrigerant liquid stored in the condenser
can be initialized. However, such a method causes a sig-
nificant heat loss because of the exchanging of the two
portions of the refrigerant liquid. After the exchanging of
the two portions of the refrigerant liquid, it takes a long
time before the operation can be restarted. Therefore,
the system efficiency ofthe refrigeration-cycle equipment
is reduced.

[0013] Inview ofthe above, the presentinventors have
reached the invention having the following aspects.
[0014] According to afirst aspect of the present disclo-
sure, there is provided refrigeration-cycle equipment in
which a mixture of a refrigerant component and an addi-
tive is employed as a refrigerant. The refrigeration-cycle
equipment includes an evaporator that stores refrigerant
liquid, evaporates the refrigerant liquid, and generates
refrigerant vapor; a condenser that condenses the refrig-
erant vapor and generates refrigerant liquid; a compres-
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sor provided between the evaporator and the condenser,
the compressor compressing the refrigerant vapor; a va-
por passage that connects the evaporator and the con-
denser to each other through the compressor and guides
the refrigerant vapor from the evaporator to the condens-
er; areturn passage that guides the refrigerantliquid from
the condenser to the evaporator; and a separating mech-
anism provided in the return passage, the separating
mechanism separating the additive from the refrigerant
liquid supplied from the condenser to the evaporator.
[0015] Accordingto the first aspect, the return passage
is provided with the separating mechanism, and the ad-
ditive is separated from the refrigerant liquid by the sep-
arating mechanism. The refrigerant liquid whose additive
concentration has beenreduced is supplied from the con-
denser to the evaporator. Consequently, the ratio of the
additive to the refrigerant (the refrigerant liquid) in each
of the evaporator and the condenser can be adjusted to
a desirable value for smooth operation of the refrigera-
tion-cycle equipment. Specifically, the occurrence of con-
centration of the additive in the evaporator and the oc-
currence of dilution of the additive in the condenser can
be suppressed. Moreover, while a rated or nearly rated
operation of the refrigeration-cycle equipment is contin-
ued, the concentration of the additive in each of the evap-
orator and the condenser can be adjusted. Hence, the
refrigeration-cycle equipment according to the first as-
pect can perform stable operation for a long time and can
provide superior system efficiency.

[0016] Note that the amount of additive supplied from
the evaporator through the vapor passage to the con-
denser may exceed the amount of additive supplied from
the condenser through the return passage to the evap-
orator. In that case, it may be necessary to exchange a
portion of the refrigerant liquid stored in the evaporator
and a portion of the refrigerant liquid stored in the con-
denser. However, the separating mechanism can pre-
vent the additive in the condenser from returning to the
evaporator. Therefore, the refrigeration-cycle equipment
can assuredly continue to operate without the exchange
of the portions of the refrigerant liquid for longer time than
in a case where the return passage has no separating
mechanism. Hence, according to the firstaspect, the sys-
tem efficiency of the refrigeration-cycle equipment can
be assuredly improved.

[0017] According to a second aspect, for example, the
separating mechanism of the refrigeration-cycle equip-
ment according to the first aspect is a filtering device
employing a total filtering method. The filtering device
employing a total filtering method is superior in separat-
ing the additive from the refrigerant liquid.

[0018] According to a third aspect, for example, the
refrigeration-cycle equipment according to the first or
second aspect further includes a flow rate adjustment
mechanism for adjusting flow rate of the refrigerant liquid
provided in the return passage. With the flow rate adjust-
ment mechanism, the flow rate of the refrigerant liquid in
the return passage can be adjusted according to need.
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[0019] According to a fourth aspect, for example, the
refrigeration-cycle equipmentaccording to any one of the
first to third aspects further includes a bypass passage
that bypasses the separating mechanism and guides the
refrigerant liquid from the condenser to the evaporator,
and a flow rate adjustment mechanism that adjusts an
amount of refrigerant liquid supplied from the condenser
through the separating mechanism to the evaporator and
an amount of refrigerant liquid supplied from the con-
denser through the bypass passage to the evaporator.
With the bypass passage and the flow rate adjustment
mechanism, if, for example, the additive is excessively
concentrated inthe condenser, a portion of the refrigerant
liquid having a higher additive concentration than perme-
ated liquid, which is refrigerant liquid that has permeated
through the separating mechanism, can be supplied to
the evaporator.

[0020] According to a fifth aspect, for example, the re-
frigeration-cycle equipment according to any one of the
first to fourth aspects further includes an adjustment pas-
sage thathas avalve and that guides the refrigerant liquid
from the evaporator to the condenser. Even if the flow
rate and the additive concentration of the refrigerant lig-
uid in the return passage are different from the flow rate
and the additive concentration of the refrigerant vapor in
the vapor passage, the refrigeration-cycle equipment can
continue to perform a steady operation by using the ad-
justment passage.

[0021] According to a sixth aspect, for example, the
refrigeration-cycle equipmentaccording to any one of the
first to fifth aspects further includes a pump provided in
the return passage. The pump generates a driving pres-
sure that is necessary for causing the refrigerant liquid
to flow through the return passage.

[0022] According to aseventh aspect, for example, the
separating mechanism of the refrigeration-cycle equip-
ment according to the first aspect is a filtering device
employing a cross flow method. The return passage in-
cludes (a1) an upstream portion that guides the refriger-
ant liquid to be treated by the separating mechanism from
the condenser to the separating mechanism, (a2) a first
downstream portion that guides the refrigerant liquid
whose additive concentration has been reduced from the
separating mechanism to the evaporator, and (a3) a sec-
ond downstream portion that guides the refrigerant liquid
whose additive concentration has been increased from
the separating mechanism to the condenser. The filtering
device employing a cross flow method has a lower prob-
ability of causing clogging of a filter unit than a filtering
device employing a total filtering method, and can there-
fore provide stable performance and high reliability for a
long time.

[0023] According to an eighth aspect, for example, the
refrigeration-cycle equipment according to the seventh
aspect further includes a flow rate adjustment mecha-
nism provided in the return passage. With the flow rate
adjustment mechanism, the flow rate of the refrigerant
liquid in the return passage can be adjusted according
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to need.

[0024] According to a ninth aspect, for example, the
refrigeration-cycle equipment according to the seventh
or eighth aspect further includes a bypass passage that
bypasses the separating mechanism and that guides the
refrigerant liquid from the condenser to the evaporator,
and a flow rate adjustment mechanism that adjusts an
amount of refrigerant liquid supplied from the condenser
through the separating mechanism to the evaporator and
an amount of refrigerant liquid supplied from the con-
denser through the bypass passage to the evaporator.
According to the ninth aspect, the refrigerant liquid can
be directly supplied from the condenser to the evapora-
tor.

[0025] According to a tenth aspect, for example, the
refrigeration-cycle equipment according to any one of the
seventh to ninth aspects further includes an adjustment
passage that has a valve and that guides the refrigerant
liquid from the evaporator to the condenser. With the ad-
justment passage, the balance in the movement of the
refrigerant component and the balance in the movement
of the additive can each be made close to zero.

[0026] According to an eleventh aspect, for example,
the refrigeration-cycle equipment according to the sec-
ond aspect further includes an adjustment passage that
guides the refrigerant liquid from the evaporator through
the separating mechanism to the condenser. The return
passage includes an upstream portion that guides the
refrigerant liquid to be treated by the separating mecha-
nism from the condenser to the separating mechanism,
and a downstream portion that guides the refrigerant lig-
uid whose additive concentration has been reduced from
the separating mechanism to the evaporator. The adjust-
ment passage includes an upstream portion that guides
the refrigerant liquid to be treated by the separating
mechanism from the evaporator to the separating mech-
anism, and a downstream portion that guides the refrig-
erant liquid whose additive concentration has been re-
duced from the separating mechanism to the condenser.
The refrigeration-cycle equipment further includes a first
three-way valve that selectively connects one of the up-
stream portion of the return passage and the upstream
portion of the adjustment passage to an inlet of the sep-
arating mechanism, and a second three-way valve that
selectively connects one of the downstream portion of
the return passage and the downstream portion of the
adjustment passage to an outlet of the separating mech-
anism. According to the eleventh aspect, the refrigerant
liquid can be moved not only from the condenser to the
evaporator but also from the evaporator to the condens-
er.

[0027] According to a twelfth aspect, for example, the
refrigeration-cycle equipment according to the eleventh
aspect further includes a bypass passage that bypasses
the separating mechanism and that guides the refrigerant
liquid from the evaporator to the condenser, and a flow
rate adjustment mechanism that adjusts an amount of
refrigerant liquid supplied from the evaporator through
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the separating mechanism to the condenser and an
amount of refrigerant liquid supplied from the evaporator
through the bypass passage to the condenser. According
to the twelfth aspect, the refrigerant liquid that is not treat-
ed by the separating mechanism can be supplied from
the evaporator through the bypass passage to the con-
denser.

[0028] According to a thirteenth aspect, for example,
the refrigeration-cycle equipment according to the sev-
enth aspect further includes an adjustment passage that
guides the refrigerant liquid from the evaporator through
the separating mechanism to the condenser. The adjust-
ment passage includes (b1) an upstream portion that
guides the refrigerant liquid to be treated by the separat-
ing mechanism from the evaporator to the separating
mechanism, (b2) a first downstream portion that guides
the refrigerant liquid whose additive concentration has
been reduced from the separating mechanism to the con-
denser, and (b3) a second downstream portion that
guides therefrigerantliquid whose additive concentration
has been increased from the separating mechanism to
the evaporator. The refrigeration-cycle equipment further
includes (c1) afirst three-way valve that selectively con-
nects one of the upstream portion of the return passage
and the upstream portion of the adjustment passage to
an inlet of the separating mechanism, (c2) a second
three-way valve that selectively connects one of the first
downstream portion of the return passage and the first
downstream portion of the adjustment passage to a per-
meated liquid outlet of the separating mechanism, and
(c3) a third three-way valve that selectively connects one
of the second downstream portion of the return passage
and the second downstream portion of the adjustment
passage to a concentrated liquid outlet of the separating
mechanism. According to the thirteenth aspect, the re-
frigerant liquid can be moved not only from the condenser
to the evaporator but also from the evaporator to the con-
denser.

[0029] According to a fourteenth aspect, for example,
the refrigeration-cycle equipment according to the thir-
teenth aspect further includes a bypass passage that by-
passes the separating mechanism and that guides the
refrigerant liquid from the evaporator to the condenser,
and a flow rate adjustment mechanism that adjusts an
amount of refrigerant liquid supplied from the evaporator
through the separating mechanism to the condenser and
an amount of refrigerant liquid supplied from the evapo-
rator through the bypass passage to the condenser. Ac-
cording to the fourteenth aspect, the refrigerant liquid that
is not treated by the separating mechanism can be sup-
plied from the evaporator through the bypass passage
to the condenser.

[0030] According to afifteenth aspect, forexample, the
refrigeration-cycle equipmentaccording to any one of the
first to sixth aspects further includes an adjustment pas-
sage that guides the refrigerant liquid from the evaporator
to the condenser, and a second separating mechanism
provided in the adjustment passage and that separates
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the additive from the refrigerant liquid supplied from the
evaporator to the condenser. The second separating
mechanism is a filtering device employing a total filtering
method. The adjustment passage allows the refrigerant
liquid whose additive concentration has been reduced to
be supplied from the evaporator to the condenser.
[0031] According to a sixteenth aspect, for example,
the refrigeration-cycle equipment according to the fif-
teenth aspect further includes a flow rate adjustment
mechanism provided in the adjustment passage. With
the flow rate adjustment mechanism, the flow rate of the
refrigerant liquid in the adjustment passage can be ad-
justed according to need.

[0032] According to a seventeenth aspect, for exam-
ple, the refrigeration-cycle equipment according to the
fifteenth or sixteenth aspect further includes a bypass
passage that bypasses the second separating mecha-
nism and that guides the refrigerant liquid from the evap-
oratortothe condenser, and a flow rate adjustmentmech-
anism that adjusts an amount of refrigerant liquid sup-
plied from the evaporator through the second separating
mechanism to the condenser and an amount of refriger-
ant liquid supplied from the evaporator through the by-
pass passage to the condenser. According to the seven-
teenth aspect, the refrigerant liquid that is not treated by
the second separating mechanism can be supplied from
the evaporator through the bypass passage to the con-
denser.

[0033] Accordingtoan eighteenth aspect, forexample,
the refrigeration-cycle equipment according to any one
of the seventh to ninth aspects further includes an ad-
justment passage that guides the refrigerant liquid from
the evaporator to the condenser, and a second separat-
ing mechanism provided in the adjustment passage and
that separates the additive from the refrigerant liquid sup-
plied from the evaporator to the condenser. The second
separating mechanism is a filtering device employing a
cross flow method. The adjustment passage includes
(d1) an upstream portion that guides the refrigerant liquid
to be treated by the second separating mechanism from
the evaporator to the second separating mechanism, (d2)
a first downstream portion that guides the refrigerant lig-
uid whose additive concentration has been reduced from
the second separating mechanism to the condenser, and
(d3) a second downstream portion that guides the refrig-
erant liquid whose additive concentration has been in-
creased from the second separating mechanism to the
evaporator. According to the eighteenth aspect, the bal-
ance in the amount of a substance that moves between
the evaporator and the condenser can be adjusted by
exchanging portions of permeated liquid, which is refrig-
erant liquid that has permeated through the second sep-
arating mechanism.

[0034] According to a nineteenth aspect, for example,
the refrigeration-cycle equipment according to the eight-
eenth aspect further includes a flow rate adjustment
mechanism provided in the adjustment passage. With
the flow rate adjustment mechanism, the flow rate of the
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refrigerant liquid in the adjustment passage can be ad-
justed according to need.

[0035] According to a twentieth aspect, for example,
the refrigeration-cycle equipment according to the eight-
eenth or nineteenth aspectfurtherincludes a bypass pas-
sage that bypasses the second separating mechanism
and that guides the refrigerant liquid from the evaporator
to the condenser, and a flow rate adjustment mechanism
that adjusts an amount of refrigerant liquid supplied from
the evaporator through the second separating mecha-
nism to the condenser and an amount of refrigerant liquid
supplied from the evaporator through the bypass pas-
sagetothe condenser. According to the twentieth aspect,
the refrigerant liquid that is not treated by the second
separating mechanism can be supplied from the evapo-
rator through the bypass passage to the condenser.
[0036] According to a twenty-first aspect, for example,
the refrigeration-cycle equipment according to any one
of the first to twentieth aspects further includes a heat-
absorbing circulation passage including a first heat ex-
changer and allowing aheatmedium to circulate between
the evaporator and the first heat exchanger. With a func-
tion of the heat-absorbing circulation passage, the refrig-
erant liquid stored in the evaporator can be heated effi-
ciently.

[0037] According to atwenty-second aspect, for exam-
ple, the heat medium that circulates through the heat-
absorbing circulation passage of the refrigeration-cycle
equipment according to the twenty-first aspect is the re-
frigerant liquid stored in the evaporator. According to the
twenty-second aspect, the evaporator and the heat-ab-
sorbing circulation passage each have a simpler config-
uration than in a case where another heat medium cir-
culates through the heat-absorbing circulation passage.
[0038] According to atwenty-third aspect, for example,
the refrigeration-cycle equipment according to any one
of the fifth, tenth, eleventh, thirteenth, fifteenth, and eight-
eenth aspects further includes a heat-absorbing circula-
tion passage including a first heat exchanger and a pump
provided between an outlet of the evaporator and aninlet
of the first heat exchanger, the heat-absorbing circulation
passage allowing a heat medium to circulate between
the evaporator and the first heat exchanger. The adjust-
ment passage branches off from the heat-absorbing cir-
culation passage between an outlet of the pump and the
inlet of the first heat exchanger. According to the twenty-
third aspect, the number of pumps can be reduced.
Hence, the cost and the total size of the refrigeration-
cycle equipment can be reduced.

[0039] According to a twenty-fourth aspect, for exam-
ple, the refrigeration-cycle equipment according to any
one of the first to twenty-third aspects further includes a
heat-dissipating circulation passage including a second
heat exchanger and allowing a heat medium to circulate
between the condenser and the second heat exchanger.
With a function of the heat-dissipating circulation pas-
sage, the refrigerant liquid stored in the condenser can
be cooled efficiently.
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[0040] According to a twenty-fifty aspect, for example,
the condenser of the refrigeration-cycle equipment ac-
cording to the twenty-fourth aspect stores the refrigerant
liquid generated by condensing the refrigerant vapor. The
heat medium that circulates through the heat-dissipating
circulation passage is the refrigerant liquid stored in the
condenser. According to the twenty-fifth aspect, the con-
denser and the heat-dissipating circulation passage each
have a simpler configuration thanin a case where another
heat medium circulates through the heat-dissipating cir-
culation passage.

[0041] Accordingto atwenty-sixth aspect, forexample,
the refrigeration-cycle equipment according to any one
of the first to twenty-fifth aspects further includes a heat-
dissipating circulation passage having a second heat ex-
changer and a pump provided between an outlet of the
condenser and an inlet of the second heat exchanger,
the heat-dissipating circulation passage allowing a heat
medium to circulate between the condenser and the sec-
ond heat exchanger. The return passage branches off
from the heat-dissipating circulation passage between
an outlet of the pump and the inlet of the second heat
exchanger. According to the twenty-sixth aspect, the
number of pumps can be reduced. Hence, the cost and
the total size of the refrigeration-cycle equipment can be
reduced.

[0042] According to a twenty-seventh aspect, for ex-
ample, the additive employed in the refrigeration-cycle
equipment according to any one of the first to twenty-
sixth aspects is a substance that is mixed with the refrig-
erant component, and a solidifying temperature of the
mixture is below a solidifying temperature of the refrig-
erant component. According to the twenty-seventh as-
pect, when the outdoor temperature is low, the refriger-
ation-cycle equipment can be used as an air conditioner
(specifically, as a heater). Furthermore, under a condition
that an object to be cooled has a temperature below zero,
the refrigeration-cycle equipment can be used as a re-
frigerator.

[0043] According to a twenty-eighth aspect, for exam-
ple, the additive employed in the refrigeration-cycle
equipment according to any one of the first to twenty-
seventh aspects is a substance that is mixed with the
refrigerant component, and a saturated vapor pressure
of the mixture at a specific temperature is below a satu-
rated vapor pressure of the refrigerant component at the
specific temperature. According to the twenty-eighth as-
pect, the amount of work that is required of the compres-
sor can be reduced. Thus, the efficiency of the refriger-
ation-cycle equipment is improved.

[0044] According to a twenty-ninth aspect, for exam-
ple, the refrigerant component employed in the refriger-
ation-cycle equipment according to any one of the first
to twenty-eighth aspects is a substance whose saturated
vapor pressure at room temperature is a negative pres-
sure.

[0045] According to a thirtieth aspect, for example, in
the refrigeration-cycle equipment according to any one
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of the first to twenty-ninth aspects, a saturated vapor
pressure P1 of the refrigerant liquid stored in the evap-
orator and being at a specific temperature is higher than
a saturated vapor pressure P2 of the refrigerant liquid
stored in the condenser and being at the specific tem-
perature. According to the thirtieth aspect, with a reduc-
tion in the amount of work required of the compressor,
the efficiency of the refrigeration-cycle equipment is im-
proved.

[0046] Embodiments of the presentdisclosure will now
be described with reference to the accompanying draw-
ings. The present disclosure is not limited to the following
embodiments.

First Embodiment

[0047] AsillustratedinFig. 1, refrigeration-cycle equip-
ment 100 according to a first embodiment includes an
evaporator 21, a vapor passage 2, a condenser 23, and
a return passage 3. Refrigerant vapor generated in the
evaporator 21 is supplied to the condenser 23 through
the vapor passage 2. The vapor passage 2 is provided
with a compressor 22. The refrigerant vapor is com-
pressed by the compressor 22. Refrigerant liquid result-
ing from the compressed refrigerant vapor condensed in
the condenser 23 is supplied to the evaporator 21 through
the return passage 3. The return passage 3 is provided
with a separating mechanism 6.

[0048] The evaporator 21, the vapor passage 2, the
condenser 23, and the return passage 3 are filled with a
refrigerantcontaining, as a chief component, a substance
whose saturated vapor pressure at room temperature
(20°C = 15°C according to JIS Z8703 of Japanese In-
dustrial Standards) is a negative pressure (a pressure,
as an absolute pressure, lower than the atmospheric
pressure). Examples of such a refrigerant include a re-
frigerant containing water, alcohol, or ether as a chief
component. In the refrigeration-cycle equipment 100 that
is in operation, the pressure in the refrigeration-cycle
equipment 100 is lower than the atmospheric pressure.
The pressure at the inlet of the compressor 22 falls within
a range of, for example, 0.5 to 5 kPaA. The pressure at
the outlet of the compressor 22 falls within a range of,
for example, 5 to 15 kPaA. The term "chief component"
refers to a component that dominates the largest propor-
tion of the refrigerant by mass ratio.

[0049] The refrigerantis a mixture of a refrigerant com-
ponent and an additive. The additive is typically a sub-
stance that is mixed with the refrigerant component such
that the solidifying temperature of the mixture becomes
lower than the solidifying temperature of the refrigerant
component. Employing such a mixture as the refrigerant
produces the following benefits. Specifically, when the
outdoor temperature is low, the refrigeration-cycle equip-
ment 100 can be used as an air conditioner (specifically,
as a heater). Furthermore, under a condition that an ob-
ject to be cooled has a temperature below zero, the re-
frigeration-cycle equipment 100 can be used as a refrig-
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erator. Examples of the additive for preventing the freez-
ing of the refrigerant include polyvalent alcohols such as
ethylene glycol and propylene glycol, and inorganic salts
such as potassium acetate. Other examples of the addi-
tive include preservative agents, rust-preventive agents,
and so forth. The additive is contained in the refrigerant
by, for example, 10 to 40% by mass.

[0050] The additive may be a substance that is mixed
with the refrigerant component such that the saturated
vapor pressure of the mixture at a specific temperature
becomes lower than the saturated vapor pressure of the
refrigerant component at the specific temperature. Such
a function is produced by any of the polyvalent alcohols
and inorganic salts mentioned above, as well as lithium
bromide, which is used as an absorbent in an absorption
refrigerator. If such an additive is contained in the refrig-
erant liquid stored in the condenser 23, refrigerant liquid
at a required temperature (40°C, for example) is gener-
ated in the condenser 23 at a lower pressure than in a
case where the refrigerant liquid stored in the condenser
23 contains only a refrigerant component. That is, the
pressure (back pressure) at the outlet of the compressor
22 can be reduced. Consequently, the amount of work
required of the compressor 22 can be reduced, whereby
the efficiency of the refrigeration-cycle equipment 100 is
improved.

[0051] The mixture as the refrigerant contains, for ex-
ample, only one kind of additive having the above-de-
scribed function. In such a case, the additive concentra-
tion of the refrigerant liquid stored in the condenser 23
is easily adjustable. If the saturated vapor pressure of
the refrigerant liquid stored in the condenser 23 is appro-
priately adjustable, the mixture as the refrigerant may
contain different kinds of additives each having the
above-described function.

[0052] The term "specific temperature" referred to
herein is a temperature within a range that the refrigerant
may reach while the refrigeration-cycle equipment 100
is in operation. Such atemperature range is, forexample,
-20 to 50°C.

[0053] The refrigeration-cycle equipment 100 further
includes a heat-absorbing circulation passage 10 and a
heat-dissipating circulation passage 11.

[0054] The heat-absorbing circulation passage 10 in-
cludes a pump 12, a first heat exchanger 13, and pas-
sages (pipes) 10ato 10c. Two ends of the heat-absorbing
circulation passage 10 are each connected to the evap-
orator 21. Specifically, one end of the passage 10a is
connected to a lower portion (a portion below the surface
of the refrigerant liquid) of the evaporator 21, and the
other end of the passage 10a is connected to the inlet of
the pump 12. One end of the passage 10b is connected
to the outlet of the pump 12, and the other end of the
passage 10b is connected to the inlet of the first heat
exchanger 13. One end of the passage 10c is connected
to the outlet of the first heat exchanger 13, and the other
end of the passage 10c is connected to a middle portion
of the evaporator 21. The pump 12 is provided at a po-
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sition where the height from the inlet of the pump 12 to
the surface of the refrigerant liquid stored in the evapo-
rator 21 is larger than a required suction head (required
net positive suction head

[0055] (NPSH)). The heat-absorbing circulation pas-
sage 10 allows a heat medium to circulate between the
evaporator 21 and the first heat exchanger 13. In the first
embodiment, the heat medium that circulates through
the heat-absorbing circulation passage 10 is the refrig-
erant liquid stored in the evaporator 21. With such a func-
tion of the heat-absorbing circulation passage 10, the
refrigerant liquid stored in the evaporator 21 is heated
efficiently. Furthermore, since the refrigerant liquid
stored in the evaporator 21 circulates through the heat-
absorbing circulation passage 10, the evaporator 21 and
the heat-absorbing circulation passage 10 each have a
simpler configuration than in a case where another heat
medium circulates through the heat-absorbing circulation
passage 10.

[0056] The first heat exchanger 13 may be a known
heat exchanger such as a fin-tube heat exchanger or a
shell-tube heat exchanger. For example, in a case where
the refrigeration-cycle equipment 100 is an air condition-
er that cools an indoor space, the first heat exchanger
13 is provided in the indoor space, whereby indoor air is
cooled by using the refrigerant liquid.

[0057] The heat-dissipating circulation passage 11 in-
cludes a pump 14, a second heat exchanger 15, and
passages (pipes) 11a to 11c. Two ends of the heat-dis-
sipating circulation passage 11 are each connected to
the condenser 23. Specifically, one end of the passage
11a is connected to a lower portion (a portion below the
surface of the refrigerant liquid) of the condenser 23, and
the other end of the passage 11ais connected to the inlet
ofthe pump 14. One end of the passage 11b is connected
to the outlet of the pump 14, and the other end of the
passage 11b is connected to the inlet of the second heat
exchanger 15. One end of the passage 11cis connected
to the outlet of the second heat exchanger 15, and the
other end of the passage 11c is connected to a middle
portion of the condenser 23. The pump 14 is provided at
a position where the height from the inlet of the pump 14
to the surface of the refrigerant liquid stored in the con-
denser 23 is larger than a required suction head (required
NPSH). The heat-dissipating circulation passage 11 al-
lows a heat medium to circulate between the condenser
23 and the second heat exchanger 15. In the first em-
bodiment, the heat medium that circulates through the
heat-dissipating circulation passage 11 is the refrigerant
liquid stored in the condenser 23. With such a function
of the heat-dissipating circulation passage 11, the refrig-
erant liquid stored in the condenser 23 is cooled efficient-
ly. Furthermore, since the refrigerant liquid stored in the
condenser 23 circulates through the heat-dissipating cir-
culation passage 11, the condenser 23 and the heat-
dissipating circulation passage 11 each have a simpler
configuration than in a case where another heat medium
circulates through the heat-dissipating circulation pas-
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sage 11.

[0058] The secondheatexchanger 15 may be aknown
heat exchanger such as a fin-tube heat exchanger or a
shell-tube heat exchanger. For example, in a case where
the refrigeration-cycle equipment 100 is an air condition-
erthatcools an indoor space, the second heat exchanger
15 is provided in an outdoor space, whereby outdoor air
is heated by using the refrigerant liquid.

[0059] The evaporator 21 includes, for example, a
heat-insulating, pressure-resistant container. The evap-
orator 21 stores the refrigerant liquid and evaporates the
refrigerant therein. That is, the refrigerant liquid that has
been heated by absorbing heat from the outer environ-
ment boils in the evaporator 21. In the first embodiment,
the refrigerant liquid stored in the evaporator 21 directly
comes into contact with the refrigerant liquid that circu-
lates through the heat-absorbing circulation passage 10.
That is, a portion of the refrigerant liquid stored in the
evaporator 21 is heated in the first heat exchanger 13
and is used for heating another portion of the refrigerant
liquid that is in a saturated state.

[0060] As described above, the additive contained in
the refrigerant may be a substance that is mixed with the
refrigerant component such that the saturated vapor
pressure of the mixture (the refrigerant) at a specific tem-
perature becomes lower than the saturated vapor pres-
sure of the refrigerant component at the specific temper-
ature. In such a case, a large portion of the refrigerant
vapor generated in the evaporator 21 is occupied by the
refrigerant component. Although it depends on the kind
of the additive, the ratio of the refrigerant component to
the refrigerant vapor is, for example, 99.8% by mass or
higher. Note that the refrigerant vapor may contain only
the refrigerant component, except air that is inevitably
contained.

[0061] The heat-absorbing circulation passage 10 and
the evaporator 21 may be configured such that the re-
frigerant liquid stored in the evaporator 21 is not mixed
with the heat medium circulating through the heat-ab-
sorbing circulation passage 10. For example, in a case
where the evaporator 21 includes a heat exchanging
mechanism such as a shell-tube heat exchanger, the re-
frigerant liquid stored in the evaporator 21 can be heated
and evaporated by using the heat medium circulating
through the heat-absorbing circulation passage 10. In
such a configuration, the first heat exchanger 13 heats
the heat medium that is used for heating the refrigerant
liquid stored in the evaporator 21. Such a configuration
is advantageous in that the total length of passages form-
ing a vacuum system can be reduced. Additionally, a
heat source may be provided to the evaporator 21.
[0062] The vapor passage 2 guides the refrigerant va-
por from the evaporator 21 to the condenser 23. The
vapor passage 2 includes an upstream portion 25 and a
downstream portion 26. The upstream portion 25 con-
nects an upper portion of the evaporator 21 to the inlet
of the compressor 22. The downstream portion 26 con-
nects the outlet of the compressor 22 to an upper portion
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of the condenser 23. The compressor 22 may be a cen-
trifugal compressor or a capacity compressor. The com-
pressor 22 takes the refrigerant vapor from the evapora-
tor 21 through the upstream portion 25 and compresses
the refrigerant vapor adiabatically. The refrigerant vapor
thus compressed is supplied to the condenser 23 through
the downstream portion 26.

[0063] The vapor passage 2 may be provided with a
plurality of compressors. In such a case, an intercooler
may be provided between a low-pressure-side compres-
sor and a high-pressure-side compressor. The intercool-
er cools the refrigerant vapor that has been compressed
by the low-pressure-side compressor. Thus, the perform-
ance and the reliability of the high-pressure-side com-
pressor can be improved. The fluid used for cooling the
refrigerant vapor in the intercooler may be the refrigerant
flowing through a specific portion (the heat-dissipating
circulation passage 11, for example) of the refrigeration-
cycle equipment 100 or a heat medium (air or water, for
example) supplied from the outside of the refrigeration-
cycle equipment 100, or a combination of the two. More-
over, a plurality of intercoolers may be provided to the
vapor passage 2. For example, if the n number (where
nis aninteger of 3 or larger) of compressors are provided
in the vapor passage 2, the (n-1) number of intercoolers
can be provided in the vapor passage 2.

[0064] The condenser 23 includes, for example, a
heat-insulating, pressure-resistant container. The con-
denser 23 condenses the refrigerant vapor and stores
refrigerant liquid obtained through the condensation of
the refrigerant vapor. In the first embodiment, refrigerant
vapor that is in a superheated state is condensed by di-
rectly coming into contact with the refrigerant liquid that
has been cooled by dissipating its heat to the outer en-
vironment. The refrigerant liquid stored in the condenser
23 directly comes into contact with the refrigerant liquid
circulating through the heat-dissipating circulation pas-
sage 11. That s, a portion of the refrigerant liquid stored
in the condenser 23 is cooled in the second heat ex-
changer 15 and is used for cooling the superheated re-
frigerant vapor.

[0065] The heat-dissipating circulation passage 11
and the condenser 23 may be configured such that the
refrigerant liquid stored in the condenser 23 is not mixed
with the heat medium circulating through the heat-dissi-
pating circulation passage 11. For example, in a case
where the condenser 23 includes a heat exchanging
mechanism such as a shell-tube heat exchanger, the re-
frigerant vapor can be cooled and condensed by using
the heat medium circulating through the heat-dissipating
circulation passage 11. In such a case, the second heat
exchanger 15 cools the heat medium that is used for
cooling the refrigerant vapor. Such a configuration is ad-
vantageous in that the total length of passages forming
a vacuum system can be reduced. Additionally, a heat
absorbing source may be provided to the condenser 23.
[0066] In the first embodiment, the evaporator 21 and
the condenser 23 are each a direct-contact heat ex-
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changer. Therefore, the sizes of the evaporator 21 and
the condenser 23 are easy to be reduced. On the other
hand, in a case where a heat medium that is different
from the refrigerant circulates through the heat-absorb-
ing circulation passage 10 (or the heat-dissipating circu-
lation passage 11), the NPSH required of the pump 12
(or the pump 14) is reduced. Therefore, the height of the
refrigeration-cycle equipment 100 can be reduced.
[0067] The return passage 3 guides the refrigerant lig-
uid from the condenser 23 to the evaporator 21. The re-
turn passage 3 includes an upstream portion 31 and a
downstream portion 32. The upstream portion 31 con-
nects the lower portion of the condenser 23 to the inlet
of the separating mechanism 6. The downstream portion
32 connects the outlet of the separating mechanism 6 to
the lower portion of the evaporator 21. That is, the up-
stream end of the return passage 3 is connected to the
lower portion of the condenser 23, and the downstream
end of the return passage 3 is connected to the lower
portion of the evaporator 21. Thus, the refrigerant in a
liquid phase is allowed to move from the condenser 23
to the evaporator 21. The separating mechanism 6 has
a function of separating the additive from the refrigerant
liquid that is supplied from the condenser 23 to the evap-
orator 21. In other words, the separating mechanism 6
separates the refrigerant component and the additive
from each other, thereby preventing the additive in the
condenser 23 from moving to the evaporator 21 together
with the refrigerant component.

[0068] The mass flow rate of the refrigerant vapor in
the vapor passage 2 is equal to, for example, the mass
flow rate of the refrigerant liquid in the return passage 3.
The mass flow rate of the refrigerant component in the
vapor passage 2 is equal to, for example, the mass flow
rate of the refrigerant component in the downstream por-
tion 32 of the return passage 3. In such a configuration,
the additive concentration of the refrigerant liquid stored
in the evaporator 21 is maintained to be constant, and
the additive concentration of the refrigerant liquid stored
in the condenser 23 is also maintained to be constant.
The additive concentration of the refrigerant liquid having
permeated through the separating mechanism 6 is sat-
isfactorily lower than the additive concentration of the
refrigerant liquid stored in the condenser 23. The refrig-
erant liquid having permeated through the separating
mechanism 6 contains the refrigerant component and a
small amount of additive. Although it depends on the per-
formance of the separating mechanism 6, the additive
concentration of the refrigerant liquid having permeated
through the separating mechanism 6 may be higher than
the additive concentration of the refrigerant vapor flowing
in the vapor passage 2. The refrigerant liquid having per-
meated through the separating mechanism 6 may con-
tain only the refrigerant component.

[0069] In the first embodiment, the separating mecha-
nism 6 is a filtering device employing a total filtering meth-
od. The refrigerant liquid having permeated through the
separating mechanism 6 (hereinafter also referred to as
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permeated liquid) is supplied to the evaporator 21. The
filtering device employing a total filtering method is su-
perior in separating additives from refrigerant liquid. Fur-
thermore, the filtering device employing a total filtering
method is advantageous in that the size can be reduced,
the cost is relatively low, cleaning is basically not neces-
sary, and so forth. Since the refrigerant employed in the
refrigeration-cycle equipment 100 does not contain an
insoluble substance, the filtering device employing a total
filtering method is particularly suitable as the separating
mechanism 6. Specifically, the filtering device employing
a total filtering method includes a semi-permeable mem-
brane. With the filtering device including a semi-perme-
able membrane, additives can be separated from refrig-
erant liquid by utilizing the difference between the pres-
sures at the inlet and at the outlet of the filtering device.
Examples of the semi-permeable membrane include a
reverse osmosis membrane (RO membrane). The con-
figuration of the separating mechanism 6 is not particu-
larly limited as long as the additive can be separated from
the refrigerant liquid by utilizing the difference between
the pressures at the inlet and at the outlet of the sepa-
rating mechanism 6.

[0070] It is not necessary that the downstream end of
the return passage 3 be directly connected to the evap-
orator 21. As long as there is a satisfactory difference
between the pressures at the inlet and at the outlet of the
separating mechanism 6, the downstream end of the re-
turn passage 3 may be connected to a secondary loop
(the heat-absorbing circulation passage 10 in the first
embodiment) connected to the evaporator 21. However,
it is desirable that the downstream end of the return pas-
sage 3 be connected to the evaporator 21 or a portion of
the secondary loop where the pressure is lowest. In such
a configuration, the driving pressure that is necessary for
causing the refrigerant liquid to flow through the return
passage 3 can be reduced, and the efficiency of the re-
frigeration-cycle equipment 100 is improved. From such
a viewpoint, it is desirable that the downstream end of
the return passage 3 be connected to the evaporator 21.
In addition, to prevent the refrigerant liquid flowing into
the evaporator 21 through the return passage 3 from sig-
nificantly affecting the suction of the pump 12, it is desir-
able that the upstream end of the heat-absorbing circu-
lation passage 10 and the downstream end of the return
passage 3 be atan appropriate distance from each other.
[0071] In the first embodiment, the return passage 3 is
provided with no pumps. In such a configuration, the re-
frigerant liquid in the condenser 23 is returned to the
evaporator 21 through the separating mechanism 6 by
the following two driving pressures. One s a driving pres-
sure attributed to the difference between the saturated
vapor pressure of the refrigerant liquid stored in the evap-
orator 21 and the saturated vapor pressure of the refrig-
erant liquid stored in the condenser 23. The other is a
driving pressure attributed to the difference between the
surface level of the refrigerant liquid stored in the evap-
orator 21 and the surface level of the refrigerant liquid
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stored in the condenser 23 (the difference in refrigerant
liquid head). Omitting pumps reduces the cost.

[0072] A saturated vapor pressure P2 of the refrigerant
liquid stored in the condenser 23 and being at a specific
temperature is lower than a saturated vapor pressure P1
of the refrigerant liquid stored in the evaporator 21 and
being at the specific temperature. Thatis, supposing that
a temperature T1 of the refrigerant liquid stored in the
evaporator 21 is equal to a temperature T2 of the refrig-
erant liquid stored in the condenser 23, a relationship of
(saturated vapor pressure P1) > (saturated vapor pres-
sure P2) holds. If this relationship holds, the power (com-
pressing work) of the compressor 22 that is required for
generating refrigerant liquid that is at a predetermined
temperature (40°C, forexample) in the condenser 23 can
be reduced. That is, the efficiency of the refrigeration-
cycle equipment 100 can be improved. Reasons for such
a logic will now be described in detail.

[0073] For example, to satisfactorily utilize the per-
formance of the refrigeration-cycle equipment 100 in a
cooling use, the temperature of the refrigerant liquid
stored in the condenser 23 needs to be higher than the
temperature on the outside. The temperature of the re-
frigerant liquid generated in the condenser 23 depends
on the pressure of the refrigerant vapor supplied to the
condenser 23 and the saturated vapor pressure of the
refrigerant liquid stored in the condenser 23.

[0074] Hereis afirst case in which the saturated vapor
pressure of refrigerant liquid stored in an evaporator is
equal to the saturated vapor pressure of refrigerant liquid
stored in a condenser. In the first case, as illustrated in
Fig. 16A, not only the temperature and the pressure in
the evaporator but also the temperature and the pressure
in the condenser change along a single saturated-vapor-
pressure curve Cger. Therefore, for example, to gener-
ate a refrigerant liquid at 40°C in the condenser from a
refrigerant liquid at 10°C stored in the evaporator, the
pressure of the refrigerant vapor generated in the evap-
orator needs to be raised from P, (1.7 kPa, for example)
to at least P (9 kPa, for example).

[0075] Here is a second case in which the saturated
vapor pressure of the refrigerant liquid stored in the con-
denser 23 and being at a specific temperature is lower
than the saturated vapor pressure of the refrigerant liquid
stored in the evaporator 21 and being at the specific tem-
perature. In the second case, as illustrated in Fig. 16B,
the temperature and the pressure in the evaporator 21
change along a saturated-vapor-pressure curve Cgya,
whereas the temperature and the pressure in the con-
denser 23 change along a saturated-vapor-pressure
curve Ceon. Supposing that the saturated-vapor-pres-
sure curve Cgyp conforms to the saturated-vapor-pres-
sure curve Creg illustrated in Fig. 16A, arefrigerant liquid
at 40°C can be generated in the condenser 23 from a
refrigerant at 10°C in the evaporator 21 by raising the
pressure of the refrigerant vapor generated in the evap-
orator 21 from P to Pg (7 kPa, for example). That is, the
amount of work corresponding to a pressure difference
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(Pc-Pg) can be saved.

[0076] In the first embodiment, the above-described
relationship of (saturated vapor pressure P1) > (saturat-
ed vapor pressure P2) is maintained by adjusting the
composition of the refrigerant liquid stored in the con-
denser 23. The composition of the refrigerant liquid is
closely related to the saturated vapor pressure of the
refrigerant liquid. Therefore, the saturated vapor pres-
sure can be changed relatively easily by adjusting the
composition of the refrigerant liquid.

[0077] More specifically, the composition of the refrig-
erant liquid stored in the condenser 23 is adjusted such
that an additive concentration C2 (in % by mass) of the
refrigerant liquid stored in the condenser 23 exceeds an
additive concentration C1 (in % by mass) of the refriger-
ant liquid stored in the evaporator 21. By adjusting the
additive concentration, the saturated vapor pressure of
the refrigerant liquid stored in the condenser 23 can be
changed relatively easily. In the first embodiment, the
refrigeration-cycle equipment 100 includes the separat-
ing mechanism 6 as means for adjusting the additive con-
centration.

[0078] Suppose that the additive concentration of the
refrigerant liquid stored in the evaporator 21 is a% by
mass, and the additive concentration of the refrigerant
vapor flowing in the vapor passage 2 is % by mass.
When the saturated vapor pressure of a mixture of the
additive and the refrigerant component is below the sat-
urated vapor pressure of the refrigerant component, the
saturated vapor pressure of a solution (an aqueous so-
lution, for example) of the additive is also below the sat-
urated vapor pressure of the refrigerant component, in
general. Hence, in general, the value represented by o
is larger than the value represented by . When the re-
frigerant liquid evaporates in the evaporator 21, the re-
frigerant component having a high saturated vapor pres-
sure easily evaporates. Therefore, the refrigerant com-
ponent occupies the entirety or a large portion of the re-
frigerant vapor. Note that, in a case where only the re-
frigerant component is stored in the evaporator 21, a re-
lationship of o = = 0 holds.

[0079] The refrigerant vapor generated in the evapo-
rator 21 is compressed by the compressor 22, thereby
turning into superheated vapor. The superheated vapor
flows into the condenser 23. The condenser 23 stores
the refrigerant liquid containing the refrigerant compo-
nent and the additive. Letting the additive concentration
of the refrigerant liquid be y% by mass, the value repre-
sented by y is larger than the value represented by o and
the value represented by B. In general, the higher the
concentration of a solute component having a low satu-
rated vapor pressure, the lower the saturated vapor pres-
sure of a mixture containing the solute component.
Hence, when the additive concentration in the condenser
23 (y% by mass) is higher than the additive concentration
in the evaporator 21 (a% by mass), the range of reduction
in the saturated vapor pressure in the condenser 23 ex-
ceeds the range of reduction in the saturated vapor pres-
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sure in the evaporator 21. Consequently, the pressure
ratio between the evaporator 21 and the condenser 23,
i.e., the compression ratio and the amount of work that
are required of the compressor 22, can be reduced. Thus,
the system efficiency of the refrigeration-cycle equipment
100 is improved. The larger the difference between the
additive concentration in the condenser 23 (y% by mass)
and the additive concentration in the evaporator 21 (0%
by mass), the higher the superiority of the refrigeration-
cycle equipment 100.

[0080] Letting the saturated vapor pressure of the re-
frigerant component at a specific temperature be P, and
the saturated vapor pressure of the refrigerant that is in
a specific portion of the refrigeration-cycle equipment 100
and is at the specific temperature be Pn, the specific por-
tion that maximizes a value (P-Pn) is the condenser 23
in the first embodiment. Here, the pressure ratio between
the evaporator 21 and the condenser 23 can be made
satisfactorily small.

[0081] The magnitude of the difference between the
saturated vapor pressure P1 and the saturated vapor
pressure P2 is not particularly limited. The magnitude of
the difference between the additive concentration C2 and
the additive concentration C1 is not particularly limited,
either. As long as the relationship of (saturated vapor
pressure P1) > (saturated vapor pressure P2) or (additive
concentration C2) > (additive concentration C1) holds,
the amount of work required of the compressor 22 can
be assuredly made smaller than in a case where (satu-
rated vapor pressure P1) = (saturated vapor pressure
P2) or (additive concentration C2) = (additive concentra-
tion C1).

[0082] If the mass flow rates of the refrigerant vapor
and the refrigerant component in the vapor passage 2
are equal to the mass flow rates of the refrigerant liquid
and the refrigerant component in the return passage 3,
the additive concentration in the evaporator 21 and the
additive concentration in the condenser 23 are main-
tained to be constant. However, the mass flow rates of
the refrigerant vapor and the refrigerant component in
the vapor passage 2 are not necessarily equal to the
mass flow rates of the refrigerant liquid and the refrigerant
component in the return passage 3. For example, the
additive concentration of the refrigerant liquid having per-
meated through the separating mechanism 6 and being
supplied to the evaporator 21 may exceed the additive
concentration of the refrigerant vapor flowing in the vapor
passage 2. In such a case, the additive inevitably con-
centrates in the evaporator 21. Therefore, as to be de-
scribed below, a portion of the refrigerant liquid stored in
the evaporator 21 and a portion of the refrigerant liquid
stored in the condenser 23 may be exchanged regularly
or continuously. Evenifthe refrigeration-cycle equipment
100 is configured such that the portions of the refrigerant
liquid are exchanged, the separating mechanism 6 func-
tions such that the variation in the additive concentration
in each of the evaporator 21 and the condenser 23 can
be reduced. Hence, the amount of refrigerant liquid to be
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exchanged can be made smaller than in the known re-
frigeration-cycle equipmentthat does notinclude the sep-
arating mechanism 6. That s, since the heat loss accom-
panying the exchange of the portions of the refrigerant
liquid can be reduced, the system efficiency of the refrig-
eration-cycle equipment 100 is assuredly improved.
[0083] Pieces ofrefrigeration-cycle equipmentaccord-
ing to other embodiments will now be described. The
description of the refrigeration-cycle equipment 100 ac-
cording to the first embodiment illustrated in Fig. 1 is also
applicable to the following embodiments, unless they
technically contradict the first embodiment. Moreover,
details of any of the following embodiments are applica-
ble to the pieces of refrigeration-cycle equipment accord-
ing to other embodiments, as well as to the refrigeration-
cycle equipment 100illustrated in Fig. 1, unless they tech-
nically contradict one another. In some of the drawings
illustrating the following embodiments, the heat-absorb-
ing circulation passage 10 and the heat-dissipating cir-
culation passage 11 are omitted.

Second Embodiment

[0084] Refrigeration-cycle equipment 102 illustrated in
Fig. 2includes a flow rate adjustment mechanism 81 pro-
vided in the return passage 3, in addition to the elements
included in the refrigeration-cycle equipment 100 accord-
ing to the first embodiment. In Fig. 2, the flow rate ad-
justment mechanism 81 is provided in the downstream
portion 32 of the return passage 3. The flow rate adjust-
ment mechanism 81 may alternatively be provided in the
upstream portion 31. Examples of the flow rate adjust-
ment mechanism 81 include a check valve, a sluice valve,
and a flow rate control valve. With the flow rate adjust-
ment mechanism 81, the flow rate of the refrigerant liquid
in the return passage 3 can be adjusted according to
need. Furthermore, while the refrigeration-cycle equip-
ment 102 is not in operation, since there are differences
in saturated vapor pressure and in refrigerant liquid head
between the evaporator 21 and the condenser 23, the
refrigerant liquid can be prevented from excessively flow-
ing from the condenser 23 into the evaporator 21. The
flow rate of the refrigerant liquid in the return passage 3
may be adjusted when the refrigeration-cycle equipment
102 is performing a rated operation or a transient oper-
ation. The flow rate adjustment mechanism 81 may be
controlled such that the refrigerant liquid is intermittently
supplied from the condenser 23 to the evaporator 21.
[0085] As is obvious from the second embodiment,
changing the flow rate between 0 and 1 by using a device
such as a sluice valve is included in the adjustment of
the flow rate in this specification.

Third Embodiment
[0086] Refrigeration-cycle equipment 104 illustrated in

Fig. 3A includes a bypass passage 34 and a flow rate
adjustment mechanism 85 in addition to the elements
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includedin therefrigeration-cycle equipment 100 accord-
ing to the first embodiment or the refrigeration-cycle
equipment 102 according to the second embodiment.
The bypass passage 34 guides the refrigerant liquid from
the condenser 23 to the evaporator 21 and bypasses the
separating mechanism 6. The flow rate adjustment
mechanism 85 adjusts the amount of refrigerant liquid
supplied from the condenser 23 through the separating
mechanism 6 to the evaporator 21 and the amount of
refrigerant liquid supplied from the condenser 23 through
the bypass passage 34 to the evaporator 21. With the
bypass passage 34 and the flow rate adjustment mech-
anism 85 if, for example, the additive excessively con-
centrates in the condenser 23, the refrigerant liquid hav-
ing a higher additive concentration than the permeated
liquid can be supplied to the evaporator 21. Furthermore,
if the refrigerant liquid needs to be supplied quickly from
the condenser 23 to the evaporator 21, the bypass pas-
sage 34 can be used.

[0087] The bypass passage 34 branches off from the
upstream portion 31 of the return passage 3 and merges
with the downstream portion 32 of the return passage 3.
Alternatively, the upstream end of the bypass passage
34 may be directly connected to the condenser 23, and
the downstream end of the bypass passage 34 may be
directly connected to the evaporator 21. In the third em-
bodiment, the flow rate adjustment mechanism 85 is a
three-way valve that is capable of switching its state be-
tween a first state and a second state. In the first state,
the refrigerant liquid is supplied from the condenser 23
through the separating mechanism 6 to the evaporator
21. In the second state, the refrigerant liquid is supplied
from the condenser 23 through the bypass passage 34
to the evaporator 21. The three-way valve as the flow
rate adjustment mechanism 85 is provided at the position
where the bypass passage 34 branches off from the up-
stream portion 31 of the return passage 3. The three-way
valve as the flow rate adjustment mechanism 85 may
alternatively be provided at the position where the bypass
passage 34 merges with the downstream portion 32 of
the return passage 3.

[0088] Asillustratedin Fig. 3B, the flow rate adjustment
mechanism 85 may include a first valve 82 provided in
the return passage 3 and a second valve 83 provided in
the bypass passage 34. In the case where the bypass
passage 34 branches off from the return passage 3 and
merges with the return passage 3, the first valve 82 can
be provided in the return passage 3 between the branch-
ing position and the merging position. The first valve 82
and the second valve 83 may each be a sluice valve or
a flow rate control valve.

Fourth Embodiment

[0089] Refrigeration-cycle equipment 106 illustrated in
Fig. 4 includes an adjustment passage 9 in addition to
the elements included in any one of the pieces of refrig-
eration-cycle equipment 100, 102, and 104 according to
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the first, second, and third embodiments. The adjustment
passage 9 guides the refrigerant liquid from the evapo-
rator 21 to the condenser 23. The adjustment passage
9 is provided with a pump 52 and a valve 91. The valve
91 is, for example, a sluice valve. Even if the flow rate
and the additive concentration of the refrigerant liquid
(the permeated liquid) in the return passage 3 are differ-
ent from those of the refrigerant vapor in the vapor pas-
sage 2, the refrigeration-cycle equipment 106 can con-
tinue to perform a steady operation by using the adjust-
ment passage 9.

[0090] Forexample, suppose thatthe additive concen-
tration of the permeated liquid flowing in the return pas-
sage 3 is larger than the additive concentration of the
refrigerant vapor flowing in the vapor passage 2. Specif-
ically, suppose that the refrigerant vapor flowing in the
vapor passage 2 contains water (the refrigerant compo-
nent) and ethylene glycol (the additive) by 99.9% and by
0.1%, respectively, while the permeated liquid flowing in
the return passage 3 contains water and ethylene glycol
by 99% and by 1%, respectively. If the mass flow rate of
the refrigerant vapor is equal to the mass flow rate of the
permeated liquid, the amount of water that moves from
the evaporator 21 to the condenser 23 per unit time is
larger than the amount of water that moves from the con-
denser 23 to the evaporator 21 per unit time. If the refrig-
eration-cycle equipment 106 continues to operate in such
a state, the concentration of ethylene glycol in the evap-
orator 21 increases, whereas the concentration of ethyl-
ene glycol in the condenser 23 decreases. To avoid such
a variation in the concentration of ethylene glycol, the
amount of water that moves per unit time needs to be
equalized between that in the vapor passage 2 and that
in the return passage 3. That is, the flow rate adjustment
mechanism 81 (see Fig. 2) and other devices are con-
trolled such that the mass flow rate of the permeated
liquid slightly exceeds the mass flow rate of the refrigerant
vapor. Consequently, the amount of water in the evapo-
rator 21 and the amount of water in the condenser 23 are
each maintained to be constant. However, the amount
of ethylene glycol that moves from the condenser 23 to
the evaporator 21 per unit time still exceeds the amount
of ethylene glycol that moves from the evaporator 21 to
the condenser 23 per unit time. Hence, the amount of
refrigerant liquid in the evaporator 21 gradually increas-
es, whereas the amount of refrigerant liquid in the con-
denser 23 gradually decreases.

[0091] To address such a problem, the adjustment
passage 9 is used, and the refrigerant liquid is regularly
or continuously supplied from the evaporator 21 to the
condenser 23. Thus, the balance in the movement of
water and the balance in the movement of ethylene glycol
each substantially become even (the balance becomes
close to zero), and the amount of refrigerant liquid in the
evaporator 21 and the amount of refrigerant liquid in the
condenser 23 are each maintained to be constant. Con-
sequently, the refrigeration-cycle equipment 106 can
continue to perform a steady operation.
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Fifth Embodiment

[0092] Refrigeration-cycle equipment 108 illustrated in
Fig. 5includes a pump 51 provided in the return passage
3, in addition to the elements included in any one of the
pieces of refrigeration-cycle equipment 100 to 106 ac-
cording to the first to fourth embodiments. Specifically,
the pump 51 is provided in the upstream portion 31 of
the return passage 3. In addition to the differences in
saturated vapor pressure and in refrigerant liquid head
between the evaporator 21 and the condenser 23 that
are produced as described above, the pump 51 gener-
ates a driving pressure that is necessary for causing the
refrigerant liquid to flow through the return passage 3.
According to the fifth embodiment, a high driving pres-
sure can be applied to the refrigerant liquid. Therefore,
the size of the separating mechanism 6 can be reduced.
Furthermore, the permeability of the separating mecha-
nism 6 (the purity of the refrigerant component contained
in the permeated liquid) can be improved. Furthermore,
since a supply source for the driving pressure is provided
in addition to the differences in saturated vapor pressure
and in refrigerant liquid head, the flow rate of the perme-
ated liquid in the return passage 3 can be adjusted rela-
tively freely. For example, even if any conditions for op-
erating the refrigeration-cycle equipment 108 change,
the change in the flow rate of the permeated liquid in the
return passage 3 can be reduced.

Sixth Embodiment

[0093] In refrigeration-cycle equipment 110 illustrated
in Fig. 6, the separating mechanism 6 is a filtering device
employing a cross flow method. The filtering device em-
ploying a cross flow method may be a filtering device
employing a semi-permeable membrane, as with the fil-
tering device employing a total filtering method. In gen-
eral, the filtering device employing a cross flow method
has a lower probability of causing clogging of a filter unit
thanthefiltering device employing a total filtering method,
and can therefore provide stable performance and high
reliability for a long time.

[0094] In the sixth embodiment, the return passage 3
includes the upstream portion 31, a first downstream por-
tion 32, and a second downstream portion 33. The up-
stream portion 31 guides the refrigerant liquid (the orig-
inal liquid) to be treated by the separating mechanism 6
from the condenser 23 to the separating mechanism 6.
The first downstream portion 32 guides the refrigerant
liquid (the permeated liquid) whose additive concentra-
tion has been reduced from the separating mechanism
6 to the evaporator 21. The second downstream portion
33 guides (returns) the refrigerant liquid (the concentrat-
ed liquid) whose additive concentration has been in-
creased from the separating mechanism 6 to the con-
denser 23.

[0095] The refrigerant liquid to be treated flows from
the condenser 23 through the upstream portion 31 into
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the separating mechanism 6. The permeated liquid is
discharged from a permeated liquid outlet of the sepa-
rating mechanism 6 and flows through the first down-
stream portion 32 into the evaporator 21. The concen-
trated liquid is discharged from a concentrated liquid out-
let of the separating mechanism 6 and flows through the
second downstream portion 33 into the condenser 23.
The upstream portion 31 is provided with the pump 51.
In addition to the differences in saturated vapor pressure
and in refrigerant liquid head between the evaporator 21
and the condenser 23, the pump 51 produces a driving
pressure that is necessary for causing the refrigerant lig-
uid to flow through the return passage 3.

Seventh Embodiment

[0096] Refrigeration-cycle equipment 112 illustrated in
Fig. 7 includes the flow rate adjustment mechanism 81
provided in the return passage 3, in addition to the ele-
ments included in the refrigeration-cycle equipment 110
according to the sixth embodiment. The flow rate adjust-
ment mechanism 81 is provided in the first downstream
portion 32 of the return passage 3. Alternatively, the flow
rate adjustment mechanism 81 may be provided in at
least one of the upstream portion 31, the first downstream
portion 32, and the second downstream portion 33. Ex-
amples of the flow rate adjustment mechanism 81 include
acheckvalve, a sluice valve, and a flow rate control valve.
According to the seventh embodiment, as in the case of
the refrigeration-cycle equipment 102 according to the
second embodiment, the flow rate of the refrigerant liquid
in the return passage 3 can be adjusted.

Eighth Embodiment

[0097] Refrigeration-cycle equipment 114 illustrated in
Fig. 8 includes the bypass passage 34 and the flow rate
adjustment mechanism 85 in addition to the elements
included in the refrigeration-cycle equipment 110 accord-
ing to the sixth embodiment or in the refrigeration-cycle
equipment 112 according to the seventh embodiment.
The bypass passage 34 guides the refrigerant liquid from
the condenser 23 to the evaporator 21 and bypasses the
separating mechanism 6. The flow rate adjustment
mechanism 85 adjusts the amount of refrigerant liquid
supplied from the condenser 23 through the separating
mechanism 6 to the evaporator 21 and the amount of
refrigerant liquid supplied from the condenser 23 through
the bypass passage 34 to the evaporator 21. According
to the eighth embodiment, as in the case of the refriger-
ation-cycle equipment 104 according to the third embod-
iment, the refrigerant liquid can be supplied directly from
the condenser 23 to the evaporator 21. Furthermore, the
additive concentration in the condenser 23 can be re-
duced while the additive concentration in the evaporator
21 can be increased.

[0098] The bypass passage 34 branches off from the
upstream portion 31 of the return passage 3 and merges
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with the first downstream portion 32 of the return passage
3. Alternatively, the upstream end of the bypass passage
34 may be directly connected to the condenser 23, and
the downstream end of the bypass passage 34 may be
directly connected to the evaporator 21. In the eighth
embodiment, the flow rate adjustment mechanism 85 is
a three-way valve that is capable of switching its state
between a first state and a second state. In the first state,
the refrigerant liquid is supplied from the condenser 23
through the separating mechanism 6 to the evaporator
21. In the second state, the refrigerant liquid is supplied
from the condenser 23 through the bypass passage 34
to the evaporator 21. The three-way valve as the flow
rate adjustment mechanism 85 is provided at the position
where the bypass passage 34 branches off from the up-
stream portion 31 of the return passage 3. The three-way
valve as the flow rate adjustment mechanism 85 may
alternatively be provided at the position where the bypass
passage 34 merges with the first downstream portion 32
of the return passage 3.

[0099] As described above with reference to Fig. 3B,
the flow rate adjustment mechanism 85 may be replaced
with a combination of the first valve 82 provided in the
return passage 3 and the second valve 83 provided in
the bypass passage 34. In the case where the bypass
passage 34 branches off from the return passage 3 and
merges with the return passage 3, the first valve 82 can
be provided in the return passage 3 between the branch-
ing position and the merging position. The first valve 82
and the second valve 83 may each be a sluice valve or
a flow rate control valve.

Ninth Embodiment

[0100] Refrigeration-cycle equipment 116 illustrated in
Fig. 9 includes the adjustment passage 9 in addition to
the elements included in any one of the pieces of refrig-
eration-cycle equipment 110, 112, and 114 according to
the sixth, seventh, and eighth embodiments. The adjust-
ment passage 9 guides the refrigerant liquid from the
evaporator 21 to the condenser 23. The adjustment pas-
sage 9 is provided with the pump 52 and the valve 91.
The valve 91 is, for example, a sluice valve. As described
in the fourth embodiment, with the adjustment passage
9, the balance in the movement of the refrigerant com-
ponent and the balance in the movement of the additive
can each be made close to zero. Hence, the refrigeration-
cycle equipment 116 can continue to perform a steady
operation for a long time.

Tenth Embodiment

[0101] Refrigeration-cycle equipment 118illustrated in
Fig. 10A includes an adjustment passage 4 in addition
to the elements included in any one of the pieces of re-
frigeration-cycle equipment 100 to 108 according to the
first to fifth embodiments. The adjustment passage 4
guides the refrigerant liquid from the evaporator 21
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through the separating mechanism 6 to the condenser
23. In the tenth embodiment, the separating mechanism
6 is a filtering device employing a total filtering method.
[0102] The return passage 3 includes the upstream
portion 31 and the downstream portion 32. The upstream
portion 31 guides the refrigerant liquid (the original liquid)
to be treated by the separating mechanism 6 from the
condenser 23 to the separating mechanism 6. The down-
stream portion 32 guides the refrigerant liquid (the per-
meated liquid) whose additive concentration has been
reduced from the separating mechanism 6 to the evap-
orator 21. The adjustment passage 4 includes an up-
stream portion 41 and a downstream portion 42. The up-
stream portion 41 guides the refrigerant liquid (the orig-
inal liquid) to be treated by the separating mechanism 6
from the evaporator 21 to the separating mechanism 6.
The upstream portion 41 is provided with the pump 52.
The pump 52 generates a driving pressure that is nec-
essary for causing the refrigerant liquid to flow through
the adjustment passage 4. The downstream portion 42
guides the refrigerant liquid (the permeated liquid) whose
additive concentration has been reduced from the sep-
arating mechanism 6 to the condenser 23.

[0103] The refrigeration-cycle equipment 118 further
includes a first three-way valve 64 and a second three-
way valve 65. The first three-way valve 64 selectively
connects one of the upstream portion 31 of the return
passage 3 and the upstream portion 41 of the adjustment
passage 4 to the inlet of the separating mechanism 6.
The second three-way valve 65 selectively connects one
of the downstream portion 32 of the return passage 3
and the downstream portion 42 of the adjustment pas-
sage 4 to the outlet of the separating mechanism 6. That
is, the first three-way valve 64 and the second three-way
valve 65 enable the switching between a state where the
refrigerantliquid is allowed to flow through the return pas-
sage 3 and a state where the refrigerant liquid is allowed
to flow through the adjustment passage 4. The outlet of
the first three-way valve 64 and the inlet of the separating
mechanism 6 are connected to each other with a passage
61. The outlet of the separating mechanism 6 and the
inlet of the second three-way valve 65 are connected to
each other with a passage 62.

[0104] According to the tenth embodiment, the refrig-
erantliquid is allowed to move not only from the condens-
er 23 to the evaporator 21 but also from the evaporator
21 to the condenser 23. For example, if the outdoor tem-
perature has suddenly dropped while the refrigeration-
cycle equipment 118 as an air conditioner is performing
an air-heating operation, the additive concentration of
the refrigerant liquid stored in the evaporator 21 needs
to be increased quickly. In such a case, if the refrigerant
liquid is made to flow from the evaporator 21 through the
adjustment passage 4 into the condenser 23, the sepa-
rating mechanism 6 functions in such a manner as to
increase the additive concentration in the evaporator 21.
Thus, the refrigerant liquid stored in the evaporator 21 is
prevented from being frozen.
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[0105] Asillustratedin Fig. 10B, the refrigeration-cycle
equipment 118 may furtherinclude a bypass passage 44
and a flow rate adjustment mechanism 86. The bypass
passage 44 guides the refrigerant liquid from the evap-
orator 21 to the condenser 23 and bypasses the sepa-
rating mechanism 6. The flow rate adjustment mecha-
nism 86 adjusts the amount of refrigerant liquid supplied
from the evaporator 21 through the separating mecha-
nism 6 to the condenser 23 and the amount of refrigerant
liquid supplied from the evaporator 21 through the bypass
passage 44 to the condenser 23.

[0106] The bypass passage 44 branches off from the
upstream portion 41 of the adjustment passage 4 and
merges with the downstream portion 42 of the adjustment
passage 4. Alternatively, the upstream end of the bypass
passage 44 may be directly connected to the evaporator
21, and the downstream end of the bypass passage 44
may be directly connected to the condenser 23. In the
tenth embodiment, the flow rate adjustment mechanism
86 is a three-way valve that is capable of switching its
state between a first state and a second state. In the first
state, the refrigerant liquid is supplied from the evapora-
tor 21 through the separating mechanism 6 to the con-
denser 23. In the second state, the refrigerant liquid is
supplied from the evaporator 21 through the bypass pas-
sage 44 to the condenser 23. The three-way valve as the
flow rate adjustment mechanism 86 is provided at the
position where the bypass passage 44 branches off from
the upstream portion 41 of the adjustment passage 4.
The three-way valve as the flow rate adjustment mech-
anism 86 may alternatively be provided at the position
where the bypass passage 44 merges with the down-
stream portion 42 of the adjustment passage 4.

[0107] As described above with reference to Fig. 3B,
the flow rate adjustment mechanism 86 may be replaced
with the first valve 82 provided in the adjustment passage
4 and the second valve 83 provided in the bypass pas-
sage 44. In the case where the bypass passage 44
branches off from the adjustment passage 4 and merges
with the adjustment passage 4, the first valve 82 can be
provided between the branching position and the merg-
ing position, more specifically, at a position of the adjust-
ment passage 4 between the branching position and the
first three-way valve 64 (or between the second three-
way valve 65 and the merging position). The first valve
82 and the second valve 83 may each be a sluice valve
or a flow rate control valve.

[0108] According to the modified example illustrated in
Fig. 10B, while the refrigerant liquid whose additive con-
centration has been reduced is supplied from the con-
denser 23 through the return passage 3 to the evaporator
21, the refrigerant that is not treated by the separating
mechanism 6 can be supplied from the evaporator 21
through the bypass passage 44 to the condenser 23. The
refrigeration-cycle equipment 118 may further include
the bypass passage 34 and the flow rate adjustment
mechanism 85 (not illustrated in Fig. 10B) described
above with reference to Fig. 8. In that case, while the
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refrigerant liquid whose additive concentration has been
reduced is supplied from the evaporator 21 through the
adjustment passage 4 to the condenser 23, the refriger-
antliquid thatis not treated by the separating mechanism
6 can be supplied from the condenser 23 through the
bypass passage 34 to the evaporator 21. Thus, as de-
scribed in the fourth embodiment, the balance in the
movement of the refrigerant component and the balance
in the movement of the additive can be relatively easily
made even. Consequently, the refrigeration-cycle equip-
ment 118 can continue to perform a steady operation for
along time.

Eleventh Embodiment

[0109] Refrigeration-cycle equipment 120 illustrated in
Fig. 11A includes the adjustment passage 4 in addition
to the elements included in any one of the pieces of re-
frigeration-cycle equipment 110 to 116 according to the
sixth to ninth embodiments. The adjustment passage 4
guides the refrigerant liquid from the evaporator 21
through the separating mechanism 6 to the condenser
23. In the eleventh embodiment, the separating mecha-
nism 6 is a filtering device employing a cross flow method.
[0110] The return passage 3 includes the upstream
portion 31, the first downstream portion 32, and the sec-
ond downstream portion 33, the functions of which have
been described in the sixth embodiment. The adjustment
passage 4 includes the upstream portion 41, a first down-
stream portion 42, and a second downstream portion 43.
The upstream portion 41 guides the refrigerant liquid (the
original liquid) to be treated by the separatingmechanism
6 from the evaporator 21 to the separating mechanism
6. The upstream portions 31 and 41 are provided with
the pumps 51 and 52, respectively. The pump 51 gener-
ates a driving pressure that is necessary for causing the
refrigerant liquid to flow through the return passage 3.
The pump 52 generates a driving pressure that is nec-
essary for causing the refrigerant liquid to flow through
the adjustment passage 4. The first downstream portion
42 guides the refrigerant liquid whose additive concen-
tration has beenreduced from the separatingmechanism
6 to the condenser 23. The second downstream portion
43 guides (returns) the refrigerant liquid whose additive
concentration has been increased from the separating
mechanism 6 to the evaporator 21.

[0111] The refrigeration-cycle equipment 120 further
includes the first three-way valve 64, the second three-
way valve 65, and a third three-way valve 66. The first
three-way valve 64 selectively connects one of the up-
stream portion 31 of the return passage 3 and the up-
stream portion 41 of the adjustment passage 4 to the
inlet of the separating mechanism 6. The second three-
way valve 65 selectively connects one of the first down-
stream portion 32 of the return passage 3 and the first
downstream portion 42 of the adjustment passage 4 to
the permeated liquid outlet of the separating mechanism
6. The third three-way valve 66 selectively connects one
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of the second downstream portion 33 of the return pas-
sage 3 and the second downstream portion 43 of the
adjustment passage 4 to the concentrated liquid outlet
of the separating mechanism 6. That is, the three-way
valves 64, 65, and 66 enable the switching between a
state where the refrigerant liquid is allowed to flow
through the return passage 3 and a state where the re-
frigerant liquid is allowed to flow through the adjustment
passage 4. The outlet of the first three-way valve 64 and
the inlet of the separating mechanism 6 are connected
to each other with the passage 61. The permeated liquid
outlet of the separating mechanism 6 and the inlet of the
second three-way valve 65 are connected to each other
with the passage 62. The concentrated liquid outlet of
the separating mechanism 6 and the inlet of the third
three-way valve 66 are connected to each other with a
passage 63.

[0112] According to the eleventh embodiment, as in
the tenth embodiment, the refrigerant liquid is allowed to
move not only from the condenser 23 to the evaporator
21 but also from the evaporator 21 to the condenser 23.
Hence, the eleventh embodiment produces the same ef-
fect as the tenth embodiment.

[0113] Asillustratedin Fig. 11B, the refrigeration-cycle
equipment 120 may further include the bypass passage
44 and the flow rate adjustment mechanism 86. The by-
pass passage 44 guides the refrigerant liquid from the
evaporator 21 to the condenser 23 and bypasses the
separating mechanism 6. The flow rate adjustment
mechanism 86 adjusts the amount of refrigerant liquid
supplied from the evaporator 21 through the separating
mechanism 6 to the condenser 23 and the amount of
refrigerant liquid supplied from the evaporator 21 through
the bypass passage 44 to the condenser 23. The config-
urations of the bypass passage 44 and the flow rate ad-
justment mechanism 86 have been described above with
reference to Fig. 10B. As described above with reference
to Fig. 3B, the flow rate adjustment mechanism 86 may
be replaced with the first valve 82 provided in the adjust-
ment passage 4 and the second valve 83 provided in the
bypass passage 44, which has also been described
above with reference to Fig. 10B. The refrigeration-cycle
equipment 120 may further include the bypass passage
34 and the flow rate adjustment mechanism 85 (not illus-
trated in Fig. 11B) described above with reference to Fig.
8.

[0114] The only difference between the modified ex-
ample illustrated in Fig. 10B and the modified example
illustrated in Fig. 11B is the type of the separating mech-
anism 6. Hence, all description regarding the modified
example illustrated in Fig. 10B also applies to the modi-
fied example illustrated in Fig. 11B.

[0115] The pieces of refrigeration-cycle equipment that
have been described with reference to Figs. 1 to 11B
each includes only one separating mechanism 6. To
change the direction of the flow of the refrigerant liquid,
at least one three-way valve, for example, is provided.
However, the number of separating mechanisms is not
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limited to one, as described below.
Twelfth Embodiment

[0116] Refrigeration-cycle equipment 122 illustrated in
Fig. 12Aincludes the adjustmentpassage 9 and a second
separating mechanism 7 in addition to the elements in-
cluded in any one of the pieces of refrigeration-cycle
equipment 100 to 108 according to the first to fifth em-
bodiments. The adjustment passage 9 guides the refrig-
erant liquid from the evaporator 21 to the condenser 23.
The second separating mechanism 7 is provided in the
adjustment passage 9. The second separating mecha-
nism 7 has a function of separating the additive from the
refrigerant liquid supplied from the evaporator 21 to the
condenser 23. In the twelfth embodiment, the second
separating mechanism 7 is a filtering device employing
atotalfiltering method, as with the separating mechanism
6 (a first separating mechanism). The refrigerant liquid
whose additive concentration has been reduced can be
supplied from the evaporator 21 through the adjustment
passage 9 to the condenser 23. Although it depends on
the performance of the second separating mechanism
7, the refrigerant liquid that has permeated through the
second separating mechanism 7 may contain only the
refrigerant component.

[0117] The adjustment passage 9 guides the refriger-
ant liquid from the evaporator 21 to the condenser 23.
The adjustment passage 9 includes an upstream portion
92 and a downstream portion 93. The upstream portion
92 connects the lower portion of the evaporator 21 to the
inlet of the second separating mechanism 7. The down-
stream portion 93 connects the outlet of the second sep-
arating mechanism 7 to the lower portion of the condens-
er 23. That is, the upstream end of the adjustment pas-
sage 9 is connected to the lower portion of the evaporator
21, and the downstream end of the adjustment passage
9 is connected to the lower portion of the condenser 23.
Hence, the refrigerant in the liquid phase is allowed to
move from the evaporator 21 to the condenser 23.
[0118] The return passage 3 is provided with the pump
51 and the flow rate adjustment mechanism 81. Specif-
ically, the pump 51 is provided in the upstream portion
31 of the return passage 3. The flow rate adjustment
mechanism 81 is provided in the upstream portion 31 (or
the downstream portion 32) of the return passage 3. In
addition to the differences in saturated vapor pressure
and in refrigerant liquid head between the evaporator 21
and the condenser 23, the pump 51 generates a driving
pressure that is necessary for causing the refrigerant lig-
uid to flow through the return passage 3. The adjustment
passage 9 is provided with the pump 52 and a flow rate
adjustment mechanism 91. Specifically, the pump 52 is
provided in the upstream portion 92 of the adjustment
passage 9. The flow rate adjustment mechanism 91 is
provided in the upstream portion 92 (or the downstream
portion 93) of the adjustment passage 9. The pump 52
produces a driving pressure that is necessary for causing
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the refrigerant to flow through the adjustment passage
9. The flow rate adjustment mechanisms 81 and 91 are
each, for example, a check valve, a sluice valve, or a flow
rate control valve. As in the second embodiment, with
the flow rate adjustment mechanisms 81 and 91, the flow
rates of the refrigerant liquid in the return passage 3 and
in the adjustment passage 9 can be adjusted according
to need. Therefore, the additive concentrations in the
evaporator 21 and in the condenser 23 can be easily
stabilized even if the refrigeration-cycle equipment 122
is in unsteady operation. Furthermore, when the refrig-
eration-cycle equipment 122 is not in operation, the re-
frigerant liquid is prevented from excessively flow from
one of the evaporator 21 and the condenser 23 into the
other.

[0119] In the twelfth embodiment, the return passage
3 is separate from the adjustment passage 9. Hence,
there is no need to provide a mechanism for switching
the passage, and the refrigerant liquid is allowed to flow
through the return passage 3 and through the adjustment
passage 9 simultaneously. The first separating mecha-
nism 6 and the second separating mechanism 7 may
each be capable of adjusting the purity of the permeated
liquid. In such a configuration, the balance in the amount
of the substance that moves between the evaporator 21
and the condenser 23 can be adjusted by exchanging
portions of the permeated liquid. While the amounts of
portions of the refrigerant liquid that are exchanged be-
tween the evaporator 21 and the condenser 23 are re-
duced, the heat loss can be further reduced.

[0120] Asillustratedin Fig. 12B, the refrigeration-cycle
equipment 122 may furtherinclude a bypass passage 95
and a flow rate adjustment mechanism 97. The bypass
passage 95 bypasses the second separating mechanism
7 and guides the refrigerant liquid from the evaporator
21 to the condenser 23. The flow rate adjustment mech-
anism 97 adjusts the amount of refrigerant liquid supplied
from the evaporator 21 through the second separating
mechanism 7 to the condenser 23 and the amount of
refrigerant liquid supplied from the evaporator 21 through
the bypass passage 95 to the condenser 23. In this mod-
ified example, the flow rate adjustment mechanism 97
includes a first valve 91 provided in the adjustment pas-
sage 9 and a second valve 96 provided in the bypass
passage 95. The flow rate adjustment mechanism 97
may be a three-way valve provided at a position where
the bypass passage 95 branches off from (or merges
with) the adjustment passage 9. The description regard-
ing the third embodiment and the modified example
thereof (see Figs. 3A and 3B) is also applicable to the
bypass passage 95 and the flow rate adjustment mech-
anism 97.

Thirteenth Embodiment
[0121] Refrigeration-cycle equipment 124 illustrated in

Fig. 13 includes the adjustment passage 4 and the sec-
ond separating mechanism 7 in addition to the elements
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included in any one of the pieces of refrigeration-cycle
equipment 110 to 116 according to the sixth to ninth em-
bodiments. The adjustment passage 4 guides the refrig-
erant liquid from the evaporator 21 to the condenser 23.
The second separating mechanism 7 is provided in the
adjustment passage 4 and has a function of separating
the additive from the refrigerant liquid supplied from the
evaporator 21 to the condenser 23. In the thirteenth em-
bodiment, the second separating mechanism 7 is a fil-
tering device employing a cross flow method. The refrig-
erant liquid whose additive concentration has been re-
duced is supplied from the evaporator 21 through the
adjustment passage 4 to the condenser 23. Although it
depends on the performance of the second separating
mechanism 7, the refrigerant liquid that has permeated
through the second separating mechanism 7 may contain
only the refrigerant component.

[0122] The return passage 3 includes the upstream
portion 31, the first downstream portion 32, and the sec-
ond downstream portion 33, the functions of which have
been described above in the sixth embodiment. The ad-
justment passage 4 includes the upstream portion 41,
the first downstream portion 42, and the second down-
stream portion 43. The upstream portion 41 guides the
refrigerant liquid (the original liquid) to be treated by the
second separating mechanism 7 from the evaporator 21
to the second separating mechanism 7. The upstream
portions 31 and 41 are provided with the pumps 51 and
52, respectively. The pump 51 generates a driving pres-
sure that is necessary for causing the refrigerant liquid
to flow through the return passage 3. The pump 52 gen-
erates a driving pressure that is necessary for causing
the refrigerant liquid to flow through the adjustment pas-
sage 4. The first downstream portion 42 guides the re-
frigerant liquid whose additive concentration has been
reduced from the second separating mechanism 7 to the
condenser 23. The second downstream portion 43
guides (returns) the refrigerant liquid whose additive con-
centration has been increased from the second separat-
ing mechanism 7 to the evaporator 21.

[0123] The refrigeration-cycle equipment 124 further
includes the first three-way valve 64 and the second
three-way valve 65. The first three-way valve 64 selec-
tively connects one of the first downstream portion 32 of
the return passage 3 and the second downstream portion
43 of the adjustment passage 4 to the evaporator 21.
The second three-way valve 65 selectively connects one
of the second downstream portion 33 of the return pas-
sage 3 and the first downstream portion 42 of the adjust-
ment passage 4 to the condenser 23. That is, the three-
way valves 64 and 65 enable the switching between a
state where the refrigerant liquid is allowed to flow
through the return passage 3 and a state where the re-
frigerant liquid is allowed to flow through the adjustment
passage 4. One of two inlets of the first three-way valve
64 and the permeated liquid outlet of the first separating
mechanism 6 are connected to each other with the first
downstream portion 32 of the return passage 3. The other
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inlet of the first three-way valve 64 and the concentrated
liquid outlet of the second separating mechanism 7 are
connected to each other with the second downstream
portion 43 of the adjustment passage 4. One of two inlets
of the second three-way valve 65 and the concentrated
liquid outlet of the first separating mechanism 6 are con-
nected to each other with the second downstream portion
33 of the return passage 3. The other inlet of the second
three-way valve 65 and the permeated liquid outlet of the
second separating mechanism 7 are connected to each
other with the first downstream portion 42 of the adjust-
ment passage 4. The outlet of the first three-way valve
64 and the evaporator 21 is connected to each other with
a passage 67. The outlet of the second three-way valve
65 and the condenser 23 are connected to each other
with a passage 68.

[0124] According to the thirteenth embodiment, as in
the twelfth embodiment, the balance in the amount of the
substance that moves between the evaporator 21 and
the condenser 23 can be adjusted by exchanging por-
tions of the permeated liquid. While the amounts of por-
tions of the refrigerant liquid that are exchanged between
the evaporator 21 and the condenser 23 are reduced,
the heat loss can be further reduced.

[0125] As in the twelfth embodiment (see Figs. 12A
and 12B), the return passage 3 of the refrigeration-cycle
equipment 124 according to the thirteenth embodiment
may be provided with the flow rate adjustment mecha-
nism 81, and the adjustment passage 9 may be provided
with the flow rate adjustment mechanism 91. Such a con-
figuration produces the same advantageous effects as
in the twelfth embodiment.

[0126] In addition, as in the twelfth embodiment (see
Fig. 12B), the refrigeration-cycle equipment 124 accord-
ing to the thirteenth embodiment may include the bypass
passage 95 and the flow rate adjustment mechanism 97.
The configurations and the functions of the bypass pas-
sage 95 and the flow rate adjustment mechanism 97 have
been described above with reference to Fig. 12B.

Fourteenth Embodiment

[0127] In refrigeration-cycle equipment 126 according
to afourteenth embodimentillustrated in Fig. 14, a portion
of the heat-absorbing circulation passage 10 is shared
with the adjustment passage 4. Specifically, in the heat-
absorbing circulation passage 10, the pump 12 is provid-
ed between the outlet of the evaporator 21 (the outlet is
provided in the lower portion of the evaporator 21) and
the inlet of the first heat exchanger 13. The adjustment
passage 4 branches off from a position (the passage 10b)
of the heat-absorbing circulation passage 10 between
the outlet of the pump 12 and the inlet of the first heat
exchanger 13. The adjustment passage 4 is provided
with a flow rate adjustment mechanism 87, which is a
sluice valve, a control valve, or the like.

[0128] On the other hand, a portion of the heat-dissi-
pating circulation passage 11 is shared with the return
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passage 3. Specifically, in the heat-dissipating circulation
passage 11, the pump 14 is provided between the outlet
of the condenser 23 (the outlet is provided in the lower
portion of the condenser 23) and the inlet of the second
heat exchanger 15. The return passage 3 branches off
from a position (the passage 11b) of the heat-dissipating
circulation passage 11 between the outlet of the pump
14 and the inlet of the second heat exchanger 15. The
return passage 3 is provided with the flow rate adjustment
mechanism 81, which is a sluice valve, a control valve,
or the like.

[0129] According to the fourteenth embodiment, the
number of pumps is reduced. Therefore, the costand the
total size of the refrigeration-cycle equipment 126 can be
reduced. The configuration according to the fourteenth
embodiment is also applicable to the refrigeration-cycle
equipment according to any of the other embodiments
that includes the return passage 3 and the adjustment
passage 4 (or 9).

Fifteenth Embodiment

[0130] Refrigeration-cycle equipment 128 according to
a fifteenth embodiment illustrated in Fig. 15 includes an
ejector 28 in addition to the elements included in any one
of the pieces of refrigeration-cycle equipment 100 to 126
according to the first to fourteenth embodiments. The
ejector 28 is provided in the vapor passage 2 and on the
downstream side with respect to the compressor 22. The
vapor passage 2 includes portions 25, 26, and 27. The
portion 25 connects the upper portion of the evaporator
21 to the inlet of the compressor 22. The portion 26 con-
nects the outlet of the compressor 22 to the suction port
of the ejector 28. The portion 27 connects the outlet of
the ejector 28 to the upper portion of the condenser 23
(an extractor 23).

[0131] The refrigerant liquid that has flowed out of the
second heat exchanger 15 is supplied as a motive fluid
tothe ejector 28 through the passage 11c. Therefrigerant
vapor that has been compressed by the compressor 22
is supplied as a suction fluid to the ejector 28 through the
portion 26. The ejector 28 generates a high-temperature
refrigerant flow from the refrigerant vapor compressed
by the compressor 22 and the refrigerant liquid flowed
out of the second heat exchanger 15. The high-temper-
ature refrigerant flow may be a single-phase refrigerant
liquid. In that case, the ejector 28 has a function of con-
densing the refrigerant vapor. The high-temperature re-
frigerant flow may be a two-phase flow composed of re-
frigerant liquid and refrigerant vapor. The pressure of the
refrigerant (refrigerant flow) at the outlet of the ejector 28
is higher than the pressure of the refrigerant vapor at the
outlet of the compressor 22. That is, the ejector 28 has
a function of increasing the pressure of the refrigerant.
When the pressure at the outlet of the ejector 28 is re-
duced, the pressure (back pressure) at the outlet of the
compressor 22 can be further reduced. The extractor 23
receives the refrigerant flow from the ejector 28 and ex-
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tracts refrigerant liquid from the refrigerant flow. In the
fifteenth embodiment, a combination of the ejector 28
and the extractor 23 forms a condenser (a condensation
mechanism). The extractor 23 has the same configura-
tion as, for example, the condenser 23 described above.

Sixteenth Embodiment

[0132] A sixteenth embodiment will now be described.
The first to fifteenth embodiments each concern a case
where the refrigeration-cycle equipment includes the
separating mechanism. The sixteenth embodiment con-
cerns a case where the refrigeration-cycle equipment
does not include the separating mechanism.

[0133] Refrigeration-cycle equipment 130 according to
the sixteenth embodiment illustrated in Fig. 17 includes
the evaporator 21, the vapor passage 2, and the con-
denser 23. The vapor passage 2 is provided with the
compressor 22. The configurations of the foregoing ele-
ments have been described above in the first embodi-
ment. Note that the refrigeration-cycle equipment 130
employs an open cycle method in which the refrigerant
liquid stored in the condenser 23 is discharged to the
outside of the refrigeration-cycle equipment 130, instead
of returning the refrigerant liquid to the evaporator 21.
[0134] Specifically, the refrigeration-cycle equipment
130includes a heating passage 17 connected to the con-
denser 23. More specifically, the upstream end of the
heating passage 17 is connected to the lower portion of
the condenser 23. The heating passage 17 is provided
with the pump 14 and the heat exchanger 15. The pump
14 is provided between the outlet of the condenser 23
and the inlet of the heat exchanger 15. The refrigerant
liquid stored in the condenser 23 is supplied to the heat
exchanger 15 through the heating passage 17. The heat
exchanger 15is, forexample, providedin anindoor space
so as to heat indoor air. The refrigerant liquid is cooled
by a heat medium, such as the indoor air, in the heat
exchanger 15 and is discharged to the outside of the
refrigeration-cycle equipment 130. The additive can be
collected from the refrigerant liquid thus discharged to
the outside.

[0135] The evaporator 21 stores refrigerant liquid that
contains only the refrigerant component. Alternatively,
the evaporator 21 may store refrigerant liquid that con-
tains the refrigerant component and the additive. As the
refrigeration-cycle equipment 130 continues to operate,
the amount of refrigerant liquid in the evaporator 21 is
gradually reduced. Hence, to allow the refrigerant com-
ponent (water, for example) to be additionally supplied
to the refrigeration-cycle equipment 130 from the outside
when the amount of the refrigerant component has been
reduced by the generation of refrigerant vapor, the evap-
orator 21 has a supply port from which the refrigerant
component can be supplied. In addition to the refrigerant
component, the additive (ethylene glycol, for example)
may be supplied to the evaporator 21.

[0136] The condenser 23 includes a mechanism, such
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as a shell-tube heat exchanger, so as to generate refrig-
erant liquid by cooling the refrigerant vapor. That is, the
refrigerant vapor is cooled by a heat medium (such as
water) that circulates through a tube, and the resulting
refrigerant liquid is stored in a shell. The condenser 23
stores refrigerant liquid containing the refrigerant com-
ponent and the additive. The refrigerant liquid stored in
the condenser 23 is discharged to the outside of the re-
frigeration-cycle equipment 130 through the heating pas-
sage 17. Therefore, as the refrigeration-cycle equipment
130 continues to operate, the additive concentration of
the refrigerant liquid stored in the condenser 23 is grad-
ually reduced. Hence, to allow the additive to be addi-
tionally supplied to the refrigeration-cycle equipment 130
from the outside, the condenser 23 has a supply port
from which the additive can be supplied.

[0137] According to the sixteenth embodiment, the ad-
ditive concentration of the refrigerant liquid stored in the
evaporator 21 can be reduced to zero. By adjusting the
amount of additive to be supplied to the condenser 23,
the additive concentration of the refrigerant liquid stored
in the condenser 23 can be changed relatively freely.
That is, in each of the evaporator 21 and the condenser
23, the ratio of the amount of additive to the amount of
refrigerant liquid can be adjusted to a value desirable for
a smooth operation of the refrigeration-cycle equipment
130. Consequently, the saturated vapor pressure P2 of
the refrigerantliquid stored in the condenser 23 and being
at a specific temperature can be maintained ata pressure
lower than the saturated vapor pressure P1 of the refrig-
erant liquid stored in the evaporator 21 and being at the
specific temperature.

[0138] Refrigeration-cycle equipment according to an-
other aspect of the present disclosure includes an evap-
orator that stores refrigerant liquid and evaporates the
refrigerant liquid, a compressor that compresses refrig-
erant vapor flowing from the evaporator, and a condenser
that condenses the refrigerant vapor having been com-
pressed by the compressor and stores the refrigerant
liquid generated by condensing the refrigerant vapor. A
saturated vapor pressure P1 of the refrigerant liquid
stored in the evaporator and being at a specific temper-
ature is higher than a saturated vapor pressure P2 of the
refrigerant liquid stored in the condenser and being at
the specific temperature.

[0139] According to this aspect, the efficiency of the
refrigeration-cycle equipment is improved by reducing
the amount of work that is required of the compressor.
[0140] The refrigeration-cycle equipment disclosed in
this specification is particularly useful as an air condition-
er such as a home-use air conditioner or an industrial-
use air conditioner. The refrigeration-cycle equipment
disclosed in this specification is not limited to an air con-
ditioner and may be any other equipment such as a chiller
or a heat storage. An object to be heated by the first heat
exchanger 13 and an object to be cooled by the second
heat exchanger 15 may each be a gas other than air, or
liquid.
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Claims

Refrigeration-cycle equipment in which a mixture of
arefrigerant component and an additive is employed
as a refrigerant, the refrigeration-cycle equipment
comprising:

an evaporator that stores refrigerant liquid,
evaporates the refrigerant liquid, and generates
refrigerant vapor;

a condenser that condenses the refrigerant va-
por and generates refrigerant liquid;

a compressor provided between the evaporator
and the condenser, the compressor compress-
ing the refrigerant vapor;

a vapor passage that connects the evaporator
and the condenser to each other through the
compressor and guides the refrigerant vapor
from the evaporator to the condenser;

areturn passage that guides the refrigerant lig-
uid from the condenser to the evaporator; and
a separating mechanism provided in the return
passage, the separating mechanism separating
the additive from the refrigerant liquid supplied
from the condenser to the evaporator.

The refrigeration-cycle equipment according to
Claim 1, wherein the separating mechanism is a fil-
tering device employing a total filtering method.

The refrigeration-cycle equipment according to
Claim 1 or 2, further comprising a flow rate adjust-
ment mechanism for adjusting flow rate of the refrig-
erant liquid provided in the return passage.

The refrigeration-cycle equipment according to any
one of Claims 1 to 3, further comprising a pump pro-
vided in the return passage.

The refrigeration-cycle equipment according to
Claim 1,

wherein the separating mechanism is a filtering de-
vice employing a cross flow method, and

wherein the return passage includes

(a1) an upstream portion that guides the refrig-
erant liquid to be treated by the separating
mechanism from the condenser to the separat-
ing mechanism;

(a2) a first downstream portion that guides the
refrigerant liquid whose additive concentration
has been reduced from the separating mecha-
nism to the evaporator; and

(a3) a second downstream portion that guides
the refrigerant liquid whose additive concentra-
tion has been increased from the separating
mechanism to the condenser.
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The refrigeration-cycle equipment according to
Claim 5, further comprising a flow rate adjustment
mechanism for adjusting flow rate of the refrigerant
liquid provided in the return passage.

The refrigeration-cycle equipment according to
Claim 5 or 6, further comprising:

a bypass passage that bypasses the separating
mechanism and guides the refrigerant liquid
from the condenser to the evaporator; and

a flow rate adjustment mechanism that adjusts
an amount of refrigerant liquid supplied from the
condenser through the separating mechanism
to the evaporator and an amount of refrigerant
liquid supplied from the condenser through the
bypass passage to the evaporator.

The refrigeration-cycle equipment according to any
one of Claims 5 to 7, further comprising an adjust-
ment passage that has a valve and guides the re-
frigerant liquid from the evaporator to the condenser.

The refrigeration-cycle equipment according to
Claim 2, further comprising:

an adjustment passage that guides the refriger-
ant liquid from the evaporator through the sep-
arating mechanism to the condenser,
wherein the return passage includes

an upstream portion that guides the refrig-
erant liquid to be treated by the separating
mechanism from the condenser to the sep-
arating mechanism; and

a downstream portion that guides the refrig-
erant liquid whose additive concentration
has been reduced from the separating
mechanism to the evaporator,

wherein the adjustment passage includes

an upstream portion that guides the refrig-
erant liquid to be treated by the separating
mechanism from the evaporator to the sep-
arating mechanism; and

a downstream portion that guides the refrig-
erant liquid whose additive concentration
has been reduced from the separating
mechanism to the condenser, and

wherein the refrigeration-cycle equipment fur-
ther includes

a first three-way valve that selectively con-
nects one of the upstream portion of the re-
turn passage and the upstream portion of
the adjustment passage to an inlet of the
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separating mechanism; and

a second three-way valve that selectively
connects one of the downstream portion of
the return passage and the downstream
portion of the adjustment passage to an out-
let of the separating mechanism.

10. The refrigeration-cycle equipment according to

Claim 9, further comprising:

a bypass passage that bypasses the separating
mechanism and guides the refrigerant liquid
from the evaporator to the condenser; and

a flow rate adjustment mechanism that adjusts
an amount of refrigerant liquid supplied from the
evaporator through the separating mechanism
to the condenser and an amount of refrigerant
liquid supplied from the evaporator through the
bypass passage to the condenser.

11. The refrigeration-cycle equipment according to

Claim 5, further comprising:

an adjustment passage that guides the refriger-
ant liquid from the evaporator through the sep-
arating mechanism to the condenser,

wherein the adjustment passage includes

(b1) an upstream portion that guides the re-
frigerant liquid to be treated by the separat-
ing mechanism from the evaporator to the
separating mechanism;

(b2) a first downstream portion that guides
the refrigerant liquid whose additive con-
centration has been reduced from the sep-
arating mechanism to the condenser; and

(b3) a second downstream portion that
guides the refrigerant liquid whose additive
concentration has been increased from the
separating mechanism to the evaporator,
and

wherein the refrigeration-cycle equipment fur-
ther includes

(c1) a first three-way valve that selectively
connects one of the upstream portion of the
return passage and the upstream portion of
the adjustment passage to an inlet of the
separating mechanism;

(c2) a second three-way valve that selec-
tively connects one of the first downstream
portion of the return passage and the first
downstream portion of the adjustment pas-
sage to a permeated liquid outlet of the sep-
arating mechanism; and

(c3) a third three-way valve that selectively
connects one of the second downstream
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12.

13.

14.

15.

42

portion of the return passage and the sec-
ond downstream portion of the adjustment
passage to a concentrated liquid outlet of
the separating mechanism.

The refrigeration-cycle equipment according to
Claim 11, further comprising:

a bypass passage that bypasses the separating
mechanism and guides the refrigerant liquid
from the evaporator to the condenser; and

a flow rate adjustment mechanism that adjusts
an amount of refrigerant liquid supplied from the
evaporator through the separating mechanism
to the condenser and an amount of refrigerant
liquid supplied from the evaporator through the
bypass passage to the condenser.

The refrigeration-cycle equipment according to any
one of Claims 1 to 12,

wherein the additive is a substance that is mixed with
the refrigerant component, and

wherein a saturated vapor pressure of the mixture
at a specific temperature is below a saturated vapor
pressure of the refrigerant component at the specific
temperature.

The refrigeration-cycle equipment according to any
one of Claims 1 to 13, wherein the refrigerant com-
ponent is a substance whose saturated vapor pres-
sure at room temperature is a negative pressure.

The refrigeration-cycle equipment according to any
one of Claims 1 to 14, wherein a saturated vapor
pressure P1 of the refrigerant liquid stored in the
evaporator and being at a specific temperature is
higher than a saturated vapor pressure P2 of the
refrigerant liquid stored in the condenser and being
at the specific temperature.
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