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(54) REFRIGERATION DEVICE

(57) A refrigerating apparatus a heat-source side
heat medium circuit configured to circulate a heat-source
side heat medium therethrough, the heat-source side
heat medium circuit being formed by connecting, by pip-
ing, a compressor, a heat-source side heat exchanger,
an expansion unit, and a cascade heat exchanger con-
figured to exchange heat between the heat medium for
heat source and a load-side heat medium; and a load
side heat-medium circuit configured to circulate a
load-side heat medium therethrough, the load side
heat-medium circuit being formed by connecting a pump
for conveying the load-side heat medium, a load-side
heat exchanger, and the cascade heat exchanger,
wherein at least either one of the heat medium for heat
source and the heat medium for load is inclusive of
HF01123
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Description

Technical Field

[0001] The present invention relates to a refrigerating
apparatus in which a plurality of heat medium circuits are
configured in multi stages.

Background Art

[0002] Conventionally, a refrigerating apparatus in
which a heat-source side heat medium circuit and a load
side heat-medium circuit are configured in multi stages
has been proposed. Such a refrigerating apparatus with
multi-stage configuration uses a refrigerant or water, for
example, as a heat medium in the heat-source side heat
medium circuit or a load side heat-medium circuit. Patent
Literature 1 discloses a refrigeration cycle apparatus in
which a heat medium flowing through a high-temperature
side circulation circuit, which is a heat medium circuit for
a heat-source (heat- source heat medium circuit), is
HFO1234yf and a heat medium flowing through a low-
temperature side circulation circuit which is a heat-me-
dium circuit for a load (load side heat-medium circuit), is
carbon dioxide.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Unexamined Pat-
ent Application Publication No. 2013-36706 (page 4)

Summary of Invention

Technical Problem

[0004] The refrigeration cycle apparatus disclosed in
Patent Literature 1 uses HFO1234yf as a heat medium
flowing through the high-temperature side circulation cir-
cuit. Since the HFO1234yf is a high boiling-temperature
refrigerant with a high boiling point, it is not gasified easily,
and gas density at an operating pressure is small. Thus,
there is a concern that a pressure loss in a pipe in the
high-temperature side circulation circuit increases and
power for conveying the refrigerant (power consumption
of a compressor) increases. Moreover, the refrigeration
cycle apparatus disclosed in Patent Literature 1 uses car-
bon dioxide as a heat medium flowing through a low-
temperature side circulation circuit. The carbon dioxide
refrigerant has an operating pressure higher than that of
a CFC refrigerant. As a result, a pressure inside the low-
temperature side circulation circuit becomes high, which
leads to necessity of improvement of pipe strength and
to a concern of a cost increase.
[0005] The present invention was made in view of the
aforementioned problem and provides a refrigerating ap-
paratus which suppresses power consumption and a

cost. Solution to Problem
[0006] A refrigerating apparatus according to the
present invention includes a heat-source side heat me-
dium circuit configured to circulate therethrough a heat-
source side heat medium, the heat-source side heat me-
dium circuit being formed by connecting, by piping, a
compressor, a heat-source side heat exchanger, an ex-
pansion unit, and a cascade heat exchanger configured
to exchange heat between the heat-source side heat me-
dium and a load-side heat medium; and a load side heat-
medium circuit configured to circulate therethrough a
load-side heat medium, the load side heat-medium circuit
being formed by connecting , by piping, a pump for con-
veying the load-side heat medium, a load-side heat ex-
changer, and the cascade heat exchanger, wherein at
least either one of the heat-source side heat medium and
the load-side heat medium is inclusive of HF01123.

Advantageous Effects of Invention

[0007] According to the present invention, since at
least either one of the heat medium for heat source and
the heat medium for load is a refrigerant inclusive of
HF01123, an amount of energy consumption can be re-
duced, and cost reduction can be achieved.

Brief Description of Drawings

[0008]

[Fig. 1] Fig. 1 is a heat medium circuit diagram show-
ing a refrigerating apparatus 1 according to a first
embodiment.
[Fig. 2] Fig. 2 is a graph showing an action of the
refrigerating apparatus 1 according to the first em-
bodiment.
[Fig. 3] Fig. 3 is a graph showing an action of a re-
frigerating apparatus according to Comparative Ex-
ample 1.
[Fig. 4] Fig. 4 is a graph showing an action of a re-
frigerating apparatus 100 according to a modification
of the first embodiment.
[Fig. 5] Fig. 5 is a graph showing an action of a re-
frigerating apparatus according to Comparative Ex-
ample 2.

Description of Embodiments

[0009] An embodiment of a refrigerating apparatus ac-
cording to the present invention will be described below
by referring to the accompanying drawings. The present
invention is not limited by the embodiment described be-
low. In the following drawings including Fig. 1, relations
in size among constituent members are different from
actual ones in some cases.
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First Embodiment

[0010] Fig. 1 is a heat medium circuit diagram showing
a refrigerating apparatus 1 according to a first embodi-
ment. The refrigerating apparatus 1 will be described on
the basis of the Fig. 1. As illustrated in Fig. 1, the refrig-
erating apparatus 1 includes a heat-source side heat me-
dium circuit 2 on a heat source side and a load side heat-
medium circuit 3 on a load side, and they are connected
by a cascade heat exchanger 7 and constitute the refrig-
erating apparatus 1 in two-stage configuration. The re-
frigerating apparatus 1 is not limited to the two-stage con-
figuration but may have multi-stage configuration.
[0011] The heat-source side heat medium circuit 2 is
configured to circulate a heat medium for a heat source
(heat-source side heat medium) therethrough and is
formed by connecting a compressor 21, a heat exchang-
er 22 for heat source (heat-source side heat exchanger
22), an expansion unit 23, and the cascade heat ex-
changer 7. The heat-source side heat medium is a re-
frigerant inclusive of HF01123. The compressor 21 is
configured to compress the heat-source side heat medi-
um, and the heat-source side heat exchanger 22 is con-
figured to exchange heat between the heat-source side
heat medium and outside air, for example. Here, a fan
22a for the heat source (heat-source side fan 22a) is
provided in the heat-source side heat medium circuit 2,
and the heat-source side fan 22a is configured to convey
the outside air to the heat-source side heat exchanger
22. The expansion unit 23 is configured to expand the
heat-source side heat medium. The heat-source side
heat medium may have a single-component refrigerant
of only HF01123 or may have a refrigerant mixture inclu-
sive of HF01123.
[0012] The load side heat-medium circuit 3 is config-
ured to circulate a heat medium for a load (load-side heat
medium) flowing therethrough and is formed by connect-
ing, by piping, a pump 31, a heat exchanger 32 for load
(load-side heat exchanger 32), and the cascade heat ex-
changer 7 connected by a pipe. The load-side heat me-
dium is a refrigerant inclusive of HF01123 similarly to the
heat-source side heat medium. The pump 31 is to convey
the load-side heat medium, and the load-side heat ex-
changer 32 is configured to exchange heat between the
load-side heat medium and room air, for example. Here,
a fan 32a for load (load-side fan 32a) is provided in the
load side heat-medium circuit 3, and the load-side fan
32a is configured to convey the room air to the load-side
heat exchanger 32. The load-side heat medium may
have a single-component refrigerant of only HF01123 or
may have a refrigerant mixture inclusive of HF01123. Al-
ternatively, the load-side heat medium may be water or
antifreeze fluid other than the above.
[0013] The heat-source side heat medium circuit 2 and
the pump 31 in the load side heat-medium circuit 3 are
installed in an outdoor space 4, while the load-side heat
exchanger 32 in the load side heat-medium circuit 3 is
installed in an indoor space 5. The pump 31 and the load-

side heat exchanger 32 are connected by a first extension
pipe 6a. The cascade heat exchanger 7 connecting the
heat-source side heat medium circuit 2 and the load side
heat-medium circuit 3 and the load-side heat exchanger
32 are connected by a second extension pipe 6b.
[0014] The cascade heat exchanger 7 is configured to
connect the heat-source side heat medium circuit 2 and
the load side heat-medium circuit 3 as described above
and is constituted by a plate heat exchanger or a double-
pipe heat exchanger, for example. This cascade heat
exchanger 7 is configured to exchange heat between the
heat-source side heat medium flowing through the heat-
source side heat medium circuit 2 and the load-side heat
medium flowing through the load side heat-medium cir-
cuit 3. As described above, in the refrigerating apparatus
1 having double-stage configuration by the cascade heat
exchanger 7, heat is exchanged between the heat-
source side heat medium and the load-side heat medium,
and thus, the originally independent heat-source side
heat medium circuit 2 and the load side heat-medium
circuit 3 can be controlled in cooperation.
[0015] Subsequently, an operation of the refrigerating
apparatus 1 according to the first embodiment will be
described. In the first embodiment, an operation in a cool-
ing operation will be described as an example.
[0016] First, an operation in the heat-source side heat
medium circuit 2 will be described. The compressor 21
suctions the heat-source side heat medium, compresses
the heat-source side heat medium and discharges it in a
high-temperature and high-pressure gas state. The dis-
charged heat-source side heat medium flows into the
heat-source side heat exchanger 22, and the heat-source
side heat exchanger 22 condenses the heat-source side
heat medium by heat exchange with the outside air sup-
plied from the heat-source side fan 22a. This condensed
heat-source side heat medium flows into the expansion
unit 23, and the expansion unit 23 reduces the pressure
of the condensed heat-source side heat medium. Then,
the pressure-reduced heat-source side heat medium
flows into the cascade heat exchanger 7, and the cas-
cade heat exchanger 7 evaporates the heat-source side
heat medium by heat exchange with the load-side heat
medium in the load side heat-medium circuit 3. Then, the
evaporated heat-source side heat medium is suctioned
by the compressor 21.
[0017] Subsequently, an operation in the load side
heat-medium circuit 3 will be described. The pump 31
conveys the load-side heat medium, and the conveyed
load-side heat medium flows into the load-side heat ex-
changer 32. The load-side heat exchanger 32 evaporates
the load-side heat medium by heat exchange with the
room air supplied from the load-side fan 32a. This evap-
orated load-side heat medium flows into the cascade
heat exchanger 7, and the cascade heat exchanger 7
condenses the load-side heat medium by heat exchange
with the heat-source side heat medium in the heat-source
side heat medium circuit 2. Then, the condensed and
liquefied load-side heat medium flows into the pump 31.
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[0018] As described above, in the first embodiment,
flowing directions of the heat-source side heat medium
and the load-side heat medium in the cascade heat ex-
changer 7 are counter flows.
[0019] Subsequently, the working of the refrigerating
apparatus 1 according to the first embodiment will be
described. In the first embodiment, as described above,
the refrigerant inclusive of HF01123 is used as the heat-
source side heat medium and the load-side heat medium.
HF01123 has its gas density higher than the gas density
of HFO1234yf by approximately 25%. Thus, in the heat
medium circuit with the same circulation amounts of the
heat mediums, a flow velocity of flowing becomes slower
by using HF01123 as the heat medium rather than by
using HFO1234yf, whereby the pressure loss of the pipe
in the heat medium circuit can be reduced.
[0020] As described above, since the refrigerant inclu-
sive of HF01123 is used as the heat-source side heat
medium and the load-side heat medium in the first em-
bodiment, the pressure loss of the pipe in the heat-source
side heat medium circuit 2 and the load side heat-medium
circuit 3 can be reduced. Therefore, power for conveying
the compressor 21 and the pump 31 can be suppressed,
so that the amount of energy consumption can be sup-
pressed.
[0021] A standard boiling point of HF01123 is -51 de-
grees C and that of carbon dioxide is -78 degrees C.
Thus, the heat medium circuit having the same evapo-
rating temperatures of the heat mediums can be operated
at a lower pressure by using HF01123 as the heat me-
dium rather than carbon dioxide. Thus, pressure resist-
ance of the pipe in the heat medium circuit does not have
to be excessively improved.
[0022] As described above, since the refrigerant inclu-
sive of HF01123 is used as the heat-source side heat
medium and the load-side heat medium in the first em-
bodiment, the pressure resistance of element devices
such as the pipe in the heat-source side heat medium
circuit 2 and the load side heat-medium circuit 3 can be
suppressed. Therefore, a cost for manufacturing the re-
frigerating apparatus 1 can be reduced.
[0023] In the first embodiment, both of the heat-source
side heat medium and the load-side heat medium are
refrigerants containing HF01123 but it is only necessary
that at least either one of the heat-source side heat me-
dium and the load-side heat medium is a refrigerant in-
clusive of HF01123. In this case, the effect of reducing
the amount of energy consumption and cost reduction is
exerted in either one of the heat-source side heat medium
circuit 2 and the load side heat-medium circuit 3 using
the refrigerant inclusive of HF01123.
[0024] Moreover, in the first embodiment, since phase-
change heat transfer with favorable heat transfer rate is
used in the load-side heat exchanger 32 and the cascade
heat exchanger 7 in the load side heat-medium circuit 3,
heat exchange performances are improved. Thus, size
reduction of the load-side heat exchanger 32 and the
cascade heat exchanger 7 can be achieved.

[0025] Furthermore, in the first embodiment, the flow
directions in the cascade heat exchanger 7 of the heat-
source side heat medium and the load-side heat medium
are counter flows. Fig. 2 is a graph showing the action
of the refrigerating apparatus 1 according to the first em-
bodiment, and Fig. 3 is a graph showing an action of a
refrigerating apparatus according to Comparative Exam-
ple 1. The working of the refrigerating apparatus 1 (Fig.
2) in which flow directions are counter flows according
to the first embodiment will be described in comparison
with Comparative Example 1 (Fig. 3) in which flow direc-
tions in the cascade heat exchanger 7 are parallel flows.
The heat-source side heat medium and the load-side
heat medium are both single-component refrigerants on-
ly of HF01123.
[0026] In Figs. 2 and 3, a lateral axis indicates the flow
direction in which the heat medium flows, and a vertical
axis indicates a temperature of the heat medium. If the
flow directions in the cascade heat exchanger 7 are coun-
ter flows, as illustrated in Fig. 2, a temperature difference
ΔTf between a temperature of the heat-source side heat
medium and a temperature of the load-side heat medium
is uniform in the flow direction. Therefore, the heat ex-
change performances in the cascade heat exchanger 7
are high. On the other hand, in the case of Comparative
Example 1 in which the flow directions in the cascade
heat exchanger 7 are parallel flows, as illustrated in Fig.
3, a temperature difference ΔTp between a temperature
of the heat-source side heat medium and a temperature
of the load-side heat medium is non-uniform in the flow
direction. Thus, the heat exchange performances in the
cascade heat exchanger 7 are low.
[0027] As described above, in the first embodiment,
since the flow directions of the heat-source side heat me-
dium and the load-side heat medium in the cascade heat
exchanger 7 are counter flows, the heat exchange per-
formances in the cascade heat exchanger 7 are high.
Thus, size reduction of the cascade heat exchanger 7
can be achieved.

(Modification)

[0028] Subsequently, a modification of the first embod-
iment will be described. The modification is different from
the first embodiment in a point that the heat-source side
heat medium and the load-side heat medium are both
refrigerant mixtures containing HF01123 while the others
are common with the first embodiment. That is, in the
modification, too, the flow directions of the heat-source
side heat medium and the load-side heat medium in the
cascade heat exchanger 7 are counter flows. Fig. 4 is a
graph showing the working of the refrigerating apparatus
100 according to the modification of the first embodiment,
and Fig. 5 is a graph showing working of a refrigerating
apparatus according to Comparative Example 2. The ac-
tion of the refrigerating apparatus 100 (Fig. 4) in which
the flow directions in the cascade heat exchanger 7 ac-
cording to the modification are counter flows will be de-
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scribed in comparison with Comparative Example 2 (Fig.
5) in which the flow directions in the cascade heat ex-
changer 7 are parallel flows.
[0029] In the modification, as described above, both
the heat-source side heat medium and the load-side heat
medium are refrigerant mixtures containing HF01123.
The refrigerant added to the HF01123 is an R32 refrig-
erant, for example. The refrigerant mixture of HF01123
and the R32 refrigerant is a zeotropic refrigerant mixture
since their respective boiling points are different. The ze-
otropic refrigerant mixture has a temperature glide with
respect to the flow direction of a heat medium in the heat-
source side heat medium circuit 102 and a load side heat-
medium circuit 103. Thus, a temperature difference be-
tween a temperature of the heat-source side heat medi-
um and a temperature of the load-side heat medium can
become non-uniform more easily in the flow direction
than the single-component refrigerant.
[0030] In Figs. 4 and 5, a lateral axis indicates the flow
direction in which the heat medium flows, and a vertical
axis indicates a temperature of the heat medium. If the
flow directions in the cascade heat exchanger 7 are coun-
ter flows, as illustrated in Fig. 4, the temperature differ-
ence ΔTf between the temperature of the heat-source
side heat medium and the temperature of the load-side
heat medium is uniform in the flow direction. Therefore,
the heat exchange performances in the cascade heat
exchanger 7 are high. On the other hand, in the case of
Comparative Example 2 in which the flow directions in
the cascade heat exchanger 7 are parallel flows, as il-
lustrated in Fig. 5, the temperature difference ΔTp be-
tween a temperature of the heat-source side heat medi-
um and a temperature of the load-side heat medium is
non-uniform in the flow direction. Thus, the heat ex-
change performances in the cascade heat exchanger 7
are low.
[0031] As described above, in the modification, since
the flow directions of the heat-source side heat medium
and the load-side heat medium in the cascade heat ex-
changer 7 are counter flows, even if the both heat-source
side heat medium and the load-side heat medium are
refrigerant mixtures containing HF01123, the heat ex-
change performances in the cascade heat exchanger 7
are high. Thus, in this modification, too, size reduction of
the cascade heat exchanger 7 can be achieved. Refer-
ence Signs List
[0032] 1 refrigerating apparatus, 2 heat-source side
heat medium circuit, 3 load side heat-medium circuit, 4
outdoor space, 5 indoor space, 6a first extension pipe,
6b second extension pipe, 7 cascade heat exchanger,
21 compressor, 22 heat exchanger for heat source, 22a
fan for heat source, 23 expansion unit, 31 pump, 32 heat
exchanger for load, 32a fan for load, 100 refrigerating
apparatus, 102 heat-source side heat medium circuit,
103 load side heat-medium circuit

Claims

1. A refrigerating apparatus comprising:

a heat-source side heat medium circuit config-
ured to circulate therethrough a heat-source
side heat medium, the heat-source side heat
medium circuit being formed by connecting, by
piping, a compressor, a heat-source side heat
exchanger, an expansion unit, and a cascade
heat exchanger configured to exchange heat
between the heat-source side heat medium and
a load-side heat medium; and
a load side heat-medium circuit configured to
circulate therethrough a load-side heat medium,
the load side heat-medium circuit being formed
by connecting, by piping, a pump for conveying
the load-side heat medium, a load-side heat ex-
changer, and the cascade heat exchanger,
wherein
at least either one of the heat-source side heat
medium and the load-side heat medium is inclu-
sive of HF01123.

2. The refrigerating apparatus of claim 1, being config-
ured to flow the heat-source side heat medium and
the load-side heat medium in direction as counter
flows in the cascade heat exchanger.

3. The refrigerating apparatus of claim 1 or 2, wherein
the heat-source side heat medium is a refrigerant
inclusive of HF01123; and
the load-side heat medium is water.

4. The refrigerating apparatus of claim 1 or 2, wherein
the heat-source side heat medium is a refrigerant
inclusive of HF01123; and
the load-side heat medium is antifreeze fluid.
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