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(54) REFRIGERATION DEVICE

(57) A refrigerator is provided in which a refrigerant
supplied to an evaporator is precooled to a dryness of
nearly zero and is supplied in a single liquid phase to
increase the amount of heat exchanged by the evapora-
tor, thereby improving cooling performance or reducing
the size of the evaporator. A refrigerator (1) has a refrig-
eration cycle (8) formed by sequentially connecting a
compressor (2) that compresses a refrigerant, a con-
denser (3) that condenses the high-pressure gas refrig-
erant, an economizer (4) that evaporates some of the
condensed liquid refrigerant to cool the liquid refrigerant
by means of the latent heat of evaporation thereof and
that has a circuit for injecting the evaporated medium-
pressure refrigerant into an intermediate inlet of the com-
pressor, an expansion valve (5) that adiabatically ex-
pands the liquid refrigerant, and an evaporator (7) that
evaporates the adiabatically expanded refrigerant, and
a refrigerant precooler (15) that precools the refrigerant
supplied to the evaporator (7) is disposed between the
economizer (4) and the evaporator (7).
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Description

Technical Field

[0001] The present invention relates to refrigerators,
and particularly to a refrigerator suitable for application
to a turbo refrigerator using a plate heat exchanger as
an evaporator.

Background Art

[0002] Turbo refrigerators, conventionally used as
high-capacity heat source systems, use shell-and-tube
heat exchangers suitable for exchange of large amounts
of heat as condensers and evaporators. Recently, how-
ever, dramatic advances in manufacturing technology
have enabled the manufacture of turbo refrigerators with
relatively low capacities, namely, less than 100 tons of
refrigeration. Such low-capacity turbo refrigerators use
plate heat exchangers in place of shell-and-tube heat
exchangers. On the other hand, turbo refrigerators have
high-efficiency performance characteristics and accord-
ingly require the plate heat exchangers that are used to
have large-size, high-performance specifications.
[0003] A typical plate heat exchanger has a structure
in which a plurality of plates are stacked in parallel such
that a plurality of refrigerant channels and a plurality of
cooled-medium channels are alternately arranged ther-
ebetween; therefore, a major challenge that is faced
when used as an evaporator is how to evenly distribute
a refrigerant in a vapor-liquid two-phase state among the
plurality of refrigerant channels at the entrance of the
evaporator. Specifically, because the vapor-liquid two-
phase refrigerant contains a large volume of vapor-phase
refrigerant, an unbalanced flow due to the difference in
pressure loss between the individual channels causes
the liquid-phase refrigerant to be distributed in an unbal-
anced manner among the plurality of refrigerant channels
and therefore results in an uneven distribution of the liq-
uid-phase refrigerant, thus posing a problem in that its
heat exchange performance (cooling performance) is de-
creased because of ineffective utilization of the heat
transfer area.
[0004] Patent Document 1 proposes a refrigerator in
which a nozzle and orifices are provided at a refrigerant
entrance of a plate heat exchanger to evenly distribute
a refrigerant among a plurality of refrigerant channels by
alleviating the difference in pressure loss, thus effectively
utilizing the entire heat transfer surface of the heat ex-
changer for improved cooling capacity. Also, to prevent
a drop in efficiency due to pressure losses at the orifices
in the case where plate heat exchangers are arranged
in series as multiple stages to increase the amount of
heat exchanged, Patent Document 2 proposes a refrig-
erator having an orifice mechanism, namely, through-
holes, only at the front-end plate heat exchanger and a
vapor-liquid separator disposed in piping connecting the
plurality of plate heat exchangers so that a gas refrigerant

separated by the vapor-liquid separator is returned to the
downstream side of the back-end plate heat exchanger.
[0005]

Patent Document 1: Japanese Unexamined Patent
Application, Publication No. 2001-165590
Patent Document 2: Japanese Unexamined Patent
Application, Publication No. 2005-337688

Disclosure of Invention

[0006] The refrigerators disclosed in Patent Docu-
ments 1 and 2 above, however, are the same in that both
include a refrigerant distributor having an orifice mecha-
nism at a refrigerant entrance of a plate heat exchanger
to evenly distribute a refrigerant in a vapor-liquid two-
phase state among a plurality of refrigerant channels.
Hence, both share a problem in that a drop in efficiency
due to a pressure loss at the orifice mechanism is una-
voidable and that the plate heat exchanger has a com-
plicated structure and is expensive.
[0007] In a refrigeration cycle, a refrigerant at an en-
trance of an evaporator is normally in a vapor-liquid two-
phase state and has a relatively low dryness, namely,
about 0.1. Nevertheless, the vapor-phase refrigerant ac-
counts for a predominantly large volume and, as de-
scribed above, makes it difficult to evenly distribute the
liquid-phase refrigerant among a plurality of refrigerant
channels, thus constituting the underlying cause of the
above problem. Accordingly, to improve the heat ex-
change efficiency of an evaporator for size reduction and
improved performance, the challenge, which is not limit-
ed to the case where a plate heat exchanger is used, lies
in how to bring the state of the refrigerant at the entrance
of the evaporator closer to a single liquid phase.
[0008] An object of the present invention, which has
been made in light of such circumstances, is to provide
a refrigerator in which a refrigerant supplied to an evap-
orator can be precooled to a dryness of nearly zero and
be supplied in a single liquid phase to increase the
amount of heat exchanged by the evaporator, thereby
improving cooling performance or reducing the size of
the evaporator.
[0009] To solve the above problem, a refrigerator of
the present invention employs the following solutions.
That is, a first aspect of a refrigerator according to the
present invention is a refrigerator having a refrigeration
cycle formed by sequentially connecting a compressor
that compresses a refrigerant, a condenser that condens-
es the high-pressure gas refrigerant, an economizer that
evaporates some of the condensed liquid refrigerant to
cool the liquid refrigerant by means of the latent heat of
evaporation thereof and that has a circuit for injecting the
evaporated medium-pressure refrigerant into an interme-
diate inlet of the compressor, an expansion valve that
adiabatically expands the liquid refrigerant, and an evap-
orator that evaporates the adiabatically expanded refrig-
erant, and a refrigerant precooler that precools the re-
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frigerant supplied to the evaporator is disposed between
the economizer and the evaporator.
[0010] According to the first aspect, the refrigerant pre-
cooler disposed between the economizer and the evap-
orator can precool the refrigerant supplied to the evapo-
rator to a dryness of nearly zero to supply the refrigerant
in a liquid phase to the evaporator. As a result, the tem-
perature of the liquid refrigerant can be decreased at the
same pressure to achieve a larger temperature differ-
ence between the liquid refrigerant and a cooled medium
cooled by the evaporator. This ensures improvement in
the refrigeration capacity and COP (coefficient of per-
formance) by the economizer effect and allows a larger
amount of heat to be exchanged at the same heat transfer
coefficient, thus improving cooling performance or reduc-
ing the size of the evaporator.
[0011] In the refrigerator of the first aspect, additional-
ly, the refrigerant precooler may evaporate some of the
liquid refrigerant to cool the liquid refrigerant by means
of the latent heat of evaporation thereof and may have a
circuit for returning the evaporated refrigerant to a refrig-
erant intake circuit between the evaporator and the com-
pressor.
[0012] According to the first aspect, because the re-
frigerant precooler uses some of the liquid refrigerant cir-
culated through the refrigeration cycle as a heat sink to
precool the refrigerant by means of the latent heat of
evaporation thereof, it is possible to efficiently precool
the liquid refrigerant and also to simplify the structure of
the refrigerant precooler for ease of installation without
the need to supply an external heat sink.
[0013] In the refrigerator of the first aspect, additional-
ly, the refrigerant precooler may be constituted of a re-
frigerant-refrigerant heat exchanger that precools the liq-
uid refrigerant by heat exchange with a refrigerant shunt-
ed from the liquid refrigerant and depressurized and that
has a circuit for returning the evaporated refrigerant to a
refrigerant intake circuit between the evaporator and the
compressor.
[0014] In the above structure, because the refrigerant
precooler is constituted of the refrigerant-refrigerant heat
exchanger that performs refrigerant-refrigerant heat ex-
change and that has the circuit for returning the evapo-
rated refrigerant to the refrigerant intake circuit between
the evaporator and the compressor, the refrigerant pre-
cooler used needs no special structure, and an existing
refrigerant-refrigerant heat exchanger can be directly ap-
plied. Accordingly, the refrigerant precooler can be pro-
vided at low cost.
[0015]  In the refrigerator having the above structure,
additionally, the economizer may be constituted of an
intermediate cooler that evaporates some of the con-
densed liquid refrigerant to cool the liquid refrigerant by
means of the latent heat of evaporation thereof, and the
refrigerant may be a mixed refrigerant such as R410A.
[0016] In the above structure, because the economizer
is constituted of the intermediate cooler that performs
refrigerant-refrigerant heat exchange and the refrigerant

precooler is constituted of the refrigerant-refrigerant heat
exchanger, the economizer and the refrigerant precooler
do not change the composition of the refrigerant even if
the refrigeration cycle uses a mixed refrigerant, such as
R410A, whose composition changes as a result of self-
expansion. Accordingly, the rated capacity can be deliv-
ered without the possibility of unstable capacity due to
changes in the composition of the refrigerant.
[0017] In the refrigerator of the first aspect, additional-
ly, the refrigerant precooler may be constituted of a vapor-
liquid separator that separates the liquid refrigerant into
a liquid-phase refrigerant and a vapor-phase refrigerant
and that has a circuit for returning the vapor-phase re-
frigerant having precooled the liquid-phase refrigerant by
evaporation and separation to a refrigerant intake circuit
between the evaporator and the compressor.
[0018] According to the first aspect, because the re-
frigerant precooler is constituted of the vapor-liquid sep-
arator that separates the liquid refrigerant into a liquid-
phase refrigerant and a vapor-phase refrigerant and that
has the circuit for returning the vapor-phase refrigerant
having precooled the liquid-phase refrigerant by evapo-
ration and separation to the refrigerant intake circuit be-
tween the evaporator and the compressor, the refrigerant
precooler used needs no special structure, and an exist-
ing vapor-liquid separator can be directly employed. Ac-
cordingly, the refrigerant precooler can be provided at
low cost.
[0019] In the refrigerator of the first aspect, additional-
ly, the evaporator may be constituted of a plate heat ex-
changer including a plurality of plates stacked in parallel
such that a plurality of refrigerant channels and a plurality
of cooled-medium channels are alternately arranged.
[0020] In the above structure, because the refrigerant
can be precooled to a dryness of nearly zero and be
supplied to the evaporator in a liquid phase, even if the
plate heat exchanger having the plurality of refrigerant
channels is used for the evaporator, the liquid refrigerant
can be evenly distributed among the plurality of refriger-
ant channels without using a distributor. As a result, a
uniform liquid refrigerant distribution can be formed in
the individual refrigerant channels to increase the effec-
tive heat transfer area, thus improving heat exchange
performance (cooling performance). This simplifies the
structure of the plate heat exchanger without the need
for a refrigerant distributor and also reduces the size of
the plate heat exchanger and improves the performance
of the plate heat exchanger.
[0021] In the refrigerator having the above structure,
additionally, the evaporator may be constituted of a plu-
rality of the plate heat exchangers connected in series
as multiple stages.
[0022] In the above structure, because the plurality of
plate heat exchangers are connected in series as multiple
stages, the amount of heat exchanged by the evaporator
(cooling capacity) can be increased. This improves the
cooling performance.
[0023] In the refrigerator having the above structure,
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additionally, the refrigerant precoolers constituted of the
vapor-liquid separators may be arranged in series as
multiple stages at individual entrances of the plurality of
plate heat exchangers.
[0024] In the above structure, because the refrigerant
precoolers constituted of the vapor-liquid separators are
arranged in series as multiple stages at the individual
entrances of the plurality of plate heat exchangers con-
nected in series as multiple stages, only a liquid-phase
refrigerant can be supplied from the refrigerant precool-
ers to the respective plate heat exchangers. This allows
the liquid refrigerant to be evenly distributed among the
individual refrigerant channels of the plurality of plate
heat exchangers to improve the heat exchange perform-
ance (cooling performance) and also reduces the size of
the plate heat exchangers to a compact size.
[0025] In addition, a second aspect of the refrigerator
according to the present invention is a refrigerator having
a heat pump cycle formed by sequentially connecting a
compressor that compresses a refrigerant, a switching
valve that switches a refrigerant cycle, a heat-source-
side heat exchanger, an expansion valve that adiabati-
cally expands the refrigerant, and a utilization-side heat
exchanger. An economizer through which a high-pres-
sure liquid refrigerant always flows in one direction via a
refrigerant-flow-direction switching valve, which evapo-
rates some of the high-pressure liquid refrigerant to su-
percool the refrigerant, and which has a circuit for inject-
ing the evaporated medium-pressure refrigerant into an
intermediate inlet of the compressor is disposed between
the heat-source-side heat exchanger and the utilization-
side heat exchanger, and a refrigerant precooler that pre-
cools the refrigerant supplied to the utilization-side heat
exchanger or the heat-source-side heat exchanger func-
tioning as an evaporator is disposed downstream of the
economizer.
[0026] According to the second aspect, in switching
between cooling and heating, the liquid refrigerant su-
percooled by the economizer can be supplied via the
refrigerant-flow-direction switching valve to the utiliza-
tion-side heat exchanger functioning as an evaporator in
cooling or to the heat-source-side heat exchanger func-
tioning as an evaporator in heating, and the medium-
pressure refrigerant evaporated by the economizer can
be injected into the intermediate inlet of the compressor.
This improves the cooling/heating capacity and COP (co-
efficient of performance). At the same time, because the
refrigerant precooler disposed downstream of the econ-
omizer precools the refrigerant supplied to the utilization-
side heat exchanger or the heat-source-side heat ex-
changer functioning as an evaporator in cooling or heat-
ing so that the refrigerant can be supplied in a liquid phase
with a dryness of nearly zero, the temperature of the liquid
refrigerant can be decreased at the same pressure to
achieve a larger temperature difference between the liq-
uid refrigerant and a heat exchange medium subjected
to heat exchange on the evaporator side. This allows a
larger amount of heat to be exchanged at the same heat

transfer coefficient, thus improving the heat exchange
performance or reducing the size of the heat exchangers
themselves.
[0027] In one of the above aspects, additionally, the
refrigerant precooler may decrease the dryness of the
refrigerant to nearly zero at an entrance of the evaporator.
[0028] According to the above aspect, because the re-
frigerant precooler decreases the dryness of the refrig-
erant to nearly zero at the entrance of the evaporator,
only a single-phase liquid refrigerant can be reliably sup-
plied to the evaporator. As a result, the temperature of
the liquid refrigerant can be decreased at the same pres-
sure to achieve a larger temperature difference between
the liquid refrigerant and the cooled medium cooled by
the evaporator. This allows a larger amount of heat to be
exchanged at the same heat transfer coefficient, thus
improving the cooling performance or reducing the size
of the evaporator.
[0029] In one of the above aspects, additionally, the
refrigerator may be a turbo refrigerator using a turbo com-
pressor as the compressor.
[0030] According to the above aspect, it is possible to
improve the performance of a turbo refrigerator that has
high-efficiency, high-performance characteristics and to
reduce the size thereof.
[0031] According to the present invention, because the
refrigerant supplied to the evaporator can be precooled
to a dryness of nearly zero and be supplied in a liquid
phase to the evaporator, the temperature of the liquid
refrigerant can be decreased at the same pressure to
achieve a larger temperature difference between the liq-
uid refrigerant and the cooled medium cooled by the
evaporator. This ensures the economizer effect and al-
lows a larger amount of heat to be exchanged at the same
heat transfer coefficient, thus improving the cooling per-
formance or reducing the size of the evaporator.

Brief Description of Drawings

[0032]

[FIG. 1] Fig. 1 is a refrigeration cycle diagram of a
turbo refrigerator according to a first embodiment of
the present invention.
[FIG. 2] Fig. 2 is a P-h graph of the turbo refrigerator
shown in Fig. 1.
[FIG. 3] Fig. 3 is a graph showing the relationship
between the refrigerant dryness and the overall heat
transfer U of the turbo refrigerator shown in Fig. 1.
[FIG. 4] Fig. 4 is a refrigeration cycle diagram of a
turbo refrigerator according to a second embodiment
of the present invention.
[FIG. 5] Fig. 5 is a refrigeration cycle diagram of a
turbo refrigerator according to a third embodiment
of the present invention.
[FIG. 6] Fig. 6 is a refrigeration cycle diagram of a
turbo refrigerator according to a fourth embodiment
of the present invention.
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Explanation of Reference Signs:

[0033]

1: turbo refrigerator
2: two-stage turbo compressor
3: condenser
3A: heat-source-side air heat exchanger
4: economizer
4A: intermediate heat exchanger (inter-

mediate cooler)
5: main expansion valve
6A, 6B: plate heat exchanger
7: evaporator
7A: utilization-side heat exchanger
8, 8A: refrigeration cycle (heat pump cycle)
15, 25, 35, 36: refrigerant precooler
15A: refrigerant-refrigerant heat exchang-

er
16: refrigerant-precooling expansion

valve
17, 26, 37, 39: gas circuit
20A, 20B: four-way switching valve
25A, 35A, 36A: vapor-liquid separator

Best Mode for Carrying Out the Invention

[0034] Embodiments of the present invention will be
described below with reference to the drawings.

First Embodiment

[0035] A first embodiment of the present invention will
be described below using Figs. 1 to 3.
Fig. 1 shows a refrigeration cycle diagram of a turbo re-
frigerator according to the first embodiment of the present
invention. A turbo refrigerator 1 has a refrigeration cycle
8 formed as a closed circuit by sequentially connecting
a two-stage turbo compressor 2, a condenser 3, an econ-
omizer 4, a main expansion valve 5, and an evaporator
7 including two plate heat exchangers 6A and 6B con-
nected in series as multiple stages.
[0036] The two-stage turbo compressor 2, a multistage
compressor driven by an inverter motor 9, has an inter-
mediate inlet 2C disposed between first and second im-
pellers (not shown) in addition to an inlet 2A and an outlet
2B and is configured to sequentially compress a low-
pressure refrigerant gas taken in from the inlet 2A by
centrifugation through rotation of the first and second im-
pellers and to discharge the compressed high-pressure
refrigerant gas from the outlet 2B. The condenser 3 con-
denses the high-pressure refrigerant gas supplied from
the two-stage turbo compressor 2 by heat exchange with
cooling water circulated via a cooling-water circuit 10.
[0037] The economizer 4 is constituted of an interme-
diate cooler 4A formed of a refrigerant-refrigerant heat
exchanger, such as a double-pipe heat exchanger, that
performs heat exchange between the liquid refrigerant

flowing through the main circuit of the refrigeration cycle
8 and a refrigerant shunted from the main circuit and
depressurized by an economizer expansion valve 11 to
supercool the liquid refrigerant flowing through the main
circuit by means of the latent heat of evaporation of the
refrigerant. In addition, the intermediate cooler 4A has a
gas circuit 12 for injecting the refrigerant gas evaporated
when supercooling the liquid refrigerant through the in-
termediate inlet 2C of the two-stage turbo compressor 2
into a medium-pressure compressed refrigerant, thus
constituting an intermediate-cooler economizer cycle.
[0038] The main expansion valve 5 adiabatically ex-
pands the refrigerant supercooled through the economiz-
er 4 and supplies it to the evaporator 7. The evaporator
7 is constituted of the plate heat exchangers 6A and 6B
connected in series as multiple stages, each constituted
of a plurality of plates stacked in parallel such that a plu-
rality of refrigerant channels and a plurality of cooled-
medium channels (cold water channels) are alternately
arranged, and the evaporator 7 evaporates the refriger-
ant by heat exchange with cold water circulated through
the cooled-medium channels (cold water channels) via
a cold-water circuit 13 to cool the cold water to a preset
temperature, for example, 7°C, by means of the latent
heat of evaporation thereof. The refrigerant and the cold
water preferably flow in counterflow.
[0039] In addition to the above structure, in this em-
bodiment, a refrigerant precooler 15 is further disposed
downstream of the economizer 4 to precool the refriger-
ant supplied to the evaporator 7 to a dryness of nearly
zero. This refrigerant precooler 15 is constituted of a re-
frigerant-refrigerant heat exchanger 15A, such as a dou-
ble-pipe heat exchanger, having nearly the same struc-
ture as the above intermediate cooler 4A for the econo-
mizer 4 and performs heat exchange between the liquid
refrigerant flowing through the main circuit of the refrig-
eration cycle 8 and a refrigerant shunted from the main
circuit downstream of the economizer 4 and depressu-
rized by a refrigerant-precooling expansion valve 16 to
cool the liquid refrigerant flowing through the main circuit
by means of the latent heat of evaporation of the refrig-
erant. In addition, the refrigerant precooler 15 has a gas
circuit 17 for returning the refrigerant gas evaporated
when cooling the liquid refrigerant to a refrigerant intake
circuit between the evaporator 7 and the two-stage turbo
compressor 2.
[0040] Next, the operation of this embodiment will be
described with reference to a P-h graph shown in Fig. 2.
A low-temperature, low-pressure refrigerant gas A taken
in from the inlet 2A of the two-stage turbo compressor 2
is compressed from point A to point B by the first impeller,
is mixed with the medium-pressure refrigerant gas inject-
ed from the intermediate inlet 2C to reach point C, and
is taken in through and compressed to point D by the
second impeller.
The refrigerant discharged in this state from the two-
stage turbo compressor 2 is cooled and condensed into
a high-pressure liquid refrigerant at point E by the con-
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denser 3. Some of the liquid refrigerant at point E is shunt-
ed and depressurized to point F by the economizer ex-
pansion valve 11 to flow into the intermediate cooler 4A.
This medium-pressure refrigerant is subjected, in the in-
termediate cooler 4A, to heat exchange with the liquid
refrigerant E flowing through the main circuit of the re-
frigeration cycle 8 to absorb heat from the liquid refriger-
ant E, thus evaporating, and is then injected via the gas
circuit 12 through the intermediate inlet 2C of the two-
stage turbo compressor 2 into the medium-pressure re-
frigerant gas being compressed.
[0041] On the other hand, the liquid refrigerant E in the
main circuit subjected to heat exchange with the refrig-
erant at point F in the intermediate cooler 4A for the econ-
omizer 4 is supercooled to point G and reaches the re-
frigerant precooler 15. Some of the liquid refrigerant ex-
iting the intermediate cooler 4A is shunted and depres-
surized to point H by the refrigerant-precooling expansion
valve 16 to flow into the refrigerant precooler 15 for heat
exchange with the liquid refrigerant G in the main circuit.
This refrigerant at point H is subjected, in the refrigerant
precooler 15, to heat exchange with the liquid refrigerant
G in the main circuit, thus evaporating, and is then re-
turned via the gas circuit 17 to the refrigerant intake circuit
between the evaporator 7 and the two-stage turbo com-
pressor 2 to meet the refrigerant A exiting the evaporator
7 through point I.
[0042] The liquid refrigerant at point G is cooled to point
J by precooling in the refrigerant precooler 15, is depres-
surized to point K by the main expansion valve 5, and
reaches the entrance of the evaporator 7. The low-pres-
sure refrigerant at point K, as shown in Fig. 2, is a single-
phase liquid refrigerant with a dryness of nearly zero.
Thus, the refrigerant precooler 15 disposed between the
economizer 4 and the evaporator 7 can further precool
the refrigerant supercooled by the economizer 4 to supply
a single-phase liquid refrigerant with a dryness of nearly
zero to the evaporator 7.
[0043] The refrigerant supplied to the evaporator 7 in
a single liquid phase is first evenly distributed among the
plurality of refrigerant channels of the front-end plate heat
exchanger 6A and flows therethrough while being sub-
jected to heat exchange with the cold water circulated
through the cooled-medium channels (cold water chan-
nels) via the cold-water circuit 13 so that some refrigerant
evaporates. The refrigerant flowing out of the front-end
plate heat exchanger 6A then flows into the back-end
plate heat exchanger 6B and is similarly subjected to
heat exchange with the cold water so that the remaining
refrigerant evaporates. Thus, the cold water circulated
via the cold-water circuit 13 is cooled to a preset temper-
ature and is supplied to the load side. The refrigerant
flowing through the plate heat exchangers 6A and 6B,
which turns into a slightly superheated low-pressure gas
refrigerant A at the exit thereof, meets the gas refrigerant
from the gas circuit 17 and is taken into the two-stage
turbo compressor 2 again, with the subsequent operation
being the same as above.

[0044] Thus, this embodiment provides the following
advantages.
Because the refrigerant can be supplied to the evaporator
7 in a single liquid phase with a dryness of nearly zero,
the temperature of the liquid refrigerant can be decreased
at the same pressure to achieve a larger temperature
difference between the liquid refrigerant and the cooled
medium (cold water) cooled by the evaporator 7. This
ensures improvement in the refrigeration capacity and
COP (coefficient of performance) by the economizer 4
and allows a larger amount of heat to be exchanged at
the same heat transfer coefficient, thus improving the
cooling performance or reducing the size of the evapo-
rator 7.
[0045] Specifically, as shown in Fig. 3, the refrigerant
supplied to the evaporator 7 (plate heat exchanger 6A)
is normally in a vapor-liquid two-phase state and has a
dryness of about 0.1 and an overall heat transfer U of A1
at the entrance thereof and an overall heat transfer U of
B1 at the exit thereof. As in Patent Document 2 above,
therefore, a vapor-liquid separator can be disposed be-
tween the front-end plate heat exchanger 6A and the
back-end plate heat exchanger 6B to separate the vapor-
phase refrigerant at the exit of the front-end plate heat
exchanger 6A, thereby improving the overall heat trans-
fer U at the exit to B2. Because the amount of heat Q
exchanged by the evaporator 7 is represented by Q = A
* U * ∆Tm, where A is the heat transfer area and ∆Tm is
the volume-change temperature difference, the heat
transfer area A can be reduced to reduce the size of the
evaporator 7 if the overall heat transfer U is increased to
increase the amount of heat Q exchanged. As in this
embodiment, if the refrigerant precooler 15 is provided
to precool the refrigerant supplied to the evaporator 7 so
that the refrigerant dryness at the evaporator entrance
is decreased to nearly zero and accordingly the overall
heat transfer U is increased to A2, it is possible to improve
the cooling performance or to reduce the size of the evap-
orator 7 more effectively than in the case of the refriger-
ator disclosed in Patent Document 2.
[0046] In addition, because the refrigerant precooler
15 uses some of the liquid refrigerant circulated through
the refrigeration cycle 8 as a heat sink to precool the
liquid refrigerant by means of the latent heat of evapora-
tion thereof, it is possible to efficiently precool the liquid
refrigerant and also to simplify the structure of the refrig-
erant precooler 15 for ease of installation without the
need to supply an external heat sink.
In addition, because the refrigerant precooler 15 is con-
stituted of the refrigerant-refrigerant heat exchanger 15A,
such as a double-pipe heat exchanger, that performs re-
frigerant-refrigerant heat exchange and that has the gas
circuit 17 for returning the evaporated refrigerant to the
refrigerant intake circuit between the evaporator 7 and
the two-stage turbo compressor 2, the refrigerant pre-
cooler 15 needs no special structure, and an existing
refrigerant-refrigerant heat exchanger can be directly ap-
plied. Accordingly, the refrigerant precooler 15 can be
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provided at low cost.
[0047] In addition, because the economizer 4 and the
refrigerant precooler 15 are constituted of refrigerant-re-
frigerant heat exchangers, such as double-pipe heat ex-
changers, that perform refrigerant-refrigerant heat ex-
change, the economizer 4 and the refrigerant precooler
15 do not change the composition of the refrigerant even
if the refrigeration cycle 8 uses a mixed refrigerant, such
as R410A, whose composition changes as a result of
self-expansion, so that the rated capacity can be deliv-
ered without the possibility of unstable capacity due to
changes in the composition of the refrigerant.
[0048] In addition, because the refrigerant precooler
15 can precool the refrigerant to a dryness of nearly zero
and supply it to the evaporator 7 in a single liquid phase,
even if the plate heat exchangers 6A and 6B having the
plurality of refrigerant channels are used for the evapo-
rator 7, the liquid refrigerant can be evenly distributed
among the plurality of refrigerant channels without using
a distributor. This allows formation of a uniform liquid
refrigerant distribution in the individual refrigerant chan-
nels to increase the effective heat transfer area, thus im-
proving the heat exchange performance (cooling per-
formance), and also simplifies the structure of the plate
heat exchangers 6A and 6B. In particular, the heat ex-
change efficiency can be increased because an orifice
mechanism can be omitted for reduced pressure loss. In
addition, because the evaporator 7 can be constituted
by connecting the plurality of plate heat exchangers 6A
and 6B in series as multiple stages, the amount of heat
exchanged by the evaporator 7 can be increased to im-
prove the cooling performance.
[0049] In addition, because the superheated refriger-
ant gas evaporated by the refrigerant precooler 15 is re-
turned to the refrigerant intake circuit between the evap-
orator 7 and the two-stage turbo compressor 2 via the
gas circuit 17, even if some refrigerant droplets are car-
ried over from the evaporator 7, they can be reliably evap-
orated. Thus, carry-over of refrigerant droplets to the two-
stage turbo compressor 2 can be prevented.
In this embodiment, the circuit for supplying some of the
liquid refrigerant to the refrigerant precooler 15 may be
constituted of a circuit branched from the circuit for shunt-
ing some of the liquid refrigerant from the upstream side
of the economizer 4 to the intermediate cooler 4A, as
indicated by the broken line in Fig. 1.

Second Embodiment

[0050] Next, a second embodiment of the present in-
vention will be described using Fig. 4.
This embodiment differs from the first embodiment de-
scribed above in the structure of a refrigerant precooler
25. The other points are similar to those of the first em-
bodiment, and a description thereof will therefore be omit-
ted.
In this embodiment, the refrigerant precooler 25 is con-
stituted of a vapor-liquid separator 25A disposed on the

entrance side of the evaporator 7 (plate heat exchanger
6A). A vapor-phase refrigerant separated by the vapor-
liquid separator 25A is returned to the refrigerant intake
circuit between the evaporator 7 and the two-stage turbo
compressor 2 via a gas circuit 26 having an on/off valve
27.
[0051] As described above, because the refrigerant
precooler 25 constituted of the vapor-liquid separator
25A disposed on the entrance side of the evaporator 7
(plate heat exchanger 6A) can supply a single liquid
phase with a dryness of nearly zero to the evaporator 7
(plate heat exchanger 6A), the same effects and advan-
tages as the first embodiment described above can be
provided. In addition, the vapor-liquid separator 25A
needs no special structure, and existing vapor-liquid sep-
arators widely used for refrigerators can be directly ap-
plied, so that the refrigerant precooler 25 can be provided
at low cost.
This embodiment illustrates the case where the single
plate heat exchanger 6A is provided as the evaporator
7; naturally, a plurality of plate heat exchangers may be
connected in series in multiple stages, as in the first em-
bodiment.

Third Embodiment

[0052] Next, a third embodiment of the present inven-
tion will be described using Fig. 5.
This embodiment differs from the first embodiment de-
scribed above in the structure of refrigerant precoolers
35 and 36. The other points are similar to those of the
first embodiment, and a description thereof will therefore
be omitted.
In this embodiment, the evaporator 7 constituted of the
plurality of plate heat exchangers 6A and 6B connected
in series as multiple stages is provided with refrigerant
precoolers 35 and 36 constituted of vapor-liquid separa-
tors 35A and 36A, respectively, arranged in series as
multiple stages at the entrances of the respective plate
heat exchangers 6A and 6B. In addition, vapor-phase
refrigerants separated by the vapor-liquid separators
35A and 36A are returned to the refrigerant intake circuit
between the evaporator 7 and the two-stage turbo com-
pressor 2 via gas circuits 37 and 39 having on/off valves
38 and 40, respectively.
[0053] As described above, if the evaporator 7 is con-
stituted of the plurality of plate heat exchangers 6A and
6B connected in series as multiple stages, the refrigerant
precoolers 35 and 36 constituted of the vapor-liquid sep-
arators 35A and 36A can be arranged in series as multiple
stages at the entrances of the respective plate heat ex-
changers 6A and 6B to supply only a single-phase liquid
refrigerant with a dryness of nearly zero from the refrig-
erant precoolers 35 and 36 to the respective plate heat
exchangers 6A and 6B. Thus, the same effects and ad-
vantages as the first embodiment described above can
be provided. In addition, because the liquid refrigerant
can be evenly distributed among the individual refrigerant
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channels of the plurality of plate heat exchangers 6A and
6B, it is possible to improve the heat exchange perform-
ance (cooling performance) and to reduce the size of the
plate heat exchangers 6A and 6B to a compact size.

Fourth Embodiment

[0054] Next, a fourth embodiment of the present inven-
tion will be described using Fig. 6.
This embodiment differs from the first embodiment de-
scribed above in that a four-way switching valve 20A for
switching the refrigeration cycle and a four-way switching
valve 20B for switching the refrigerant flow direction are
provided to form a heat pump cycle so that the turbo
refrigerator 1 can perform heating and cooling. The other
points are similar to those of the first embodiment, and
a description thereof will therefore be omitted.
The turbo refrigerator 1 of this embodiment includes the
four-way switching valve 20A capable of reversing the
refrigeration cycle between the discharge pipe and the
intake pipe of the two-stage turbo compressor 2 to form
a heat pump cycle 8A that can be switched between a
cooling cycle and a heating cycle and also includes, in-
stead of the water-cooled condenser 3, an air heat ex-
changer 3A equipped with a fin-and-tube refrigerant dis-
tributor 21 and capable of using air 10A as a heat source.
[0055] In addition, the four-way switching valve 20B
capable of switching the refrigerant flow direction is dis-
posed between the heat-source-side air heat exchanger
3A and a utilization-side heat exchanger 7A constituted
of the plate heat exchangers 6A and 6B connected in
series as multiple stages so that a high-pressure liquid
refrigerant always flows in one direction through the
economizer 4 and the refrigerant precooler 15 to achieve
an economizer effect and a refrigerant-precooling effect
in either of cooling and heating.
[0056] In the above structure, the four-way switching
valves 20A and 20B can be switched to the direction in-
dicated by the solid arrows so that the heat-source-side
air heat exchanger 3A functions as a condenser and the
utilization-side heat exchanger 7A functions as an evap-
orator, thereby supplying cold water from the utilization-
side heat exchanger 7A to achieve cooling. On the other
hand, the four-way switching valves 20A and 20B can be
switched to the direction indicated by the dashed arrows
so that the utilization-side heat exchanger 7A functions
as a condenser and the heat-source-side air heat ex-
changer 3A functions as an evaporator, thereby supply-
ing hot water from the utilization-side heat exchanger 7A
to achieve heating. During the operation, the refrigerant
flows in one direction through the economizer 4 and the
refrigerant precooler 15 to provide an economizer effect
and a refrigerant-precooling effect in either of cooling and
heating, as in the above embodiments.
[0057] According to this embodiment, therefore, the
liquid refrigerant supercooled by the economizer 4 can
be supplied to the heat exchanger functioning as an evap-
orator in either of cooling and heating (the utilization-side

heat exchanger 7A in cooling and the heat-source-side
air heat exchanger 3A in heating), and the medium-pres-
sure refrigerant evaporated by the economizer 4 can be
injected into the intermediate inlet 2C of the two-stage
turbo compressor 2. This improves the cooling/heating
capacity and COP (coefficient of performance).
At the same time, because the refrigerant precooler 15
disposed downstream of the economizer 4 precools the
refrigerant supplied to the utilization-side heat exchanger
7A or the heat-source-side air heat exchanger 3A func-
tioning as an evaporator in cooling or heating so that the
refrigerant can be supplied in a single liquid phase with
a dryness of nearly zero, the temperature of the liquid
refrigerant can be decreased at the same pressure to
achieve a larger temperature difference between the liq-
uid refrigerant and the heat exchange medium subjected
to heat exchange on the evaporator side. This allows a
larger amount of heat to be exchanged at the same heat
transfer coefficient, thus improving the heat exchange
performance or reducing the size of the heat exchangers
themselves.
[0058] In this embodiment, the switching valves 20A
and 20B for switching the refrigeration cycle and the re-
frigerant flow direction do not necessarily have to be four-
way switching valves; for example, they can be replaced
with bridge circuits composed of four electromagnetic
on/off valves. In addition, the refrigerant precooler 15 can
be constituted of the vapor-liquid separator 25A or 35A
and 36A as in the second and third embodiments shown
in Figs. 4 and 5.
[0059] In addition, the present invention is not limited
to the invention according to the above embodiments;
modifications are permitted where appropriate without
departing from the spirit thereof. Naturally, the present
invention can be similarly applied to, for example, a multi-
stage-economizer turbo refrigerator constituted of a
multistage turbo compressor including three or more
stages. In addition, although an intermediate-cooler
economizer cycle has been described as an example of
an economizer cycle, the present invention can be sim-
ilarly applied to a vapor-liquid-separator economizer cy-
cle using a vapor-liquid separator. In addition, the evap-
orator used is not limited to a plate heat exchanger; nat-
urally, another type of evaporator, such as a shell-and-
tube heat exchanger or a fin-and-tube heat exchanger,
can be used instead.

Claims

1. A refrigerator having a refrigeration cycle formed by
sequentially connecting a compressor that com-
presses a refrigerant, a condenser that condenses
the high-pressure gas refrigerant, an economizer
that evaporates some of the condensed liquid refrig-
erant to cool the liquid refrigerant by means of the
latent heat of evaporation thereof and that has a cir-
cuit for injecting the evaporated medium-pressure
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refrigerant into an intermediate inlet of the compres-
sor, an expansion valve that adiabatically expands
the liquid refrigerant, and an evaporator that evapo-
rates the adiabatically expanded refrigerant,
wherein a refrigerant precooler that precools the re-
frigerant supplied to the evaporator is disposed be-
tween the economizer and the evaporator.

2. The refrigerator according to Claim 1, wherein the
refrigerant precooler evaporates some of the liquid
refrigerant to cool the liquid refrigerant by means of
the latent heat of evaporation thereof and has a cir-
cuit for returning the evaporated refrigerant to a re-
frigerant intake circuit between the evaporator and
the compressor.

3. The refrigerator according to Claim 1 or 2, wherein
the refrigerant precooler is constituted of a refriger-
ant-refrigerant heat exchanger that precools the liq-
uid refrigerant by heat exchange with a refrigerant
shunted from the liquid refrigerant and depressu-
rized and that has a circuit for returning the evapo-
rated refrigerant to a refrigerant intake circuit be-
tween the evaporator and the compressor.

4. The refrigerator according to Claim 3, wherein the
economizer is constituted of an intermediate cooler
that evaporates some of the condensed liquid refrig-
erant to cool the liquid refrigerant by means of the
latent heat of evaporation thereof, and the refrigerant
is a mixed refrigerant such as R410A.

5. The refrigerator according to Claim 1 or 2, wherein
the refrigerant precooler is constituted of a vapor-
liquid separator that separates the liquid refrigerant
into a liquid-phase refrigerant and a vapor-phase re-
frigerant and that has a circuit for returning the vapor-
phase refrigerant having precooled the liquid-phase
refrigerant by evaporation and separation to a refrig-
erant intake circuit between the evaporator and the
compressor.

6. The refrigerator according to one of Claims 1 to 5,
wherein the evaporator is constituted of a plate heat
exchanger including a plurality of plates stacked in
parallel such that a plurality of refrigerant channels
and a plurality of cooled-medium channels are alter-
nately arranged.

7. The refrigerator according to Claim 6, wherein the
evaporator is constituted of a plurality of the plate
heat exchangers connected in series as multiple
stages.

8. The refrigerator according to Claim 7, wherein the
refrigerant precoolers constituted of the vapor-liquid
separators are arranged in series as multiple stages
at individual entrances of the plurality of plate heat

exchangers.

9. A refrigerator having a heat pump cycle formed by
sequentially connecting a compressor that com-
presses a refrigerant, a switching valve that switches
a refrigerant cycle, a heat-source-side heat ex-
changer, an expansion valve that adiabatically ex-
pands the refrigerant, and a utilization-side heat ex-
changer,
wherein an economizer through which a high-pres-
sure liquid refrigerant always flows in one direction
via a refrigerant-flow-direction switching valve,
which evaporates some of the high-pressure liquid
refrigerant to supercool the refrigerant, and which
has a circuit for injecting the evaporated medium-
pressure refrigerant into an intermediate inlet of the
compressor is disposed between the heat-source-
side heat exchanger and the utilization-side heat ex-
changer, and a refrigerant precooler that precools
the refrigerant supplied to the utilization-side heat
exchanger or the heat-source-side heat exchanger
functioning as an evaporator is disposed down-
stream of the economizer.

10. The refrigerator according to one of Claims 1 to 9,
wherein the refrigerant precooler decreases the dry-
ness of the refrigerant to nearly zero at an entrance
of the evaporator.

11. The refrigerator according to one of Claims 1 to 10,
wherein the refrigerator is a turbo refrigerator using
a turbo compressor as the compressor.
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