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(54) HEAT PUMP APPARATUS

(57) A heat pump apparatus includes a refrigerant
circuit to which a compressor (1), a condenser (3 or 5),
an expander (4), an evaporator (5 or 3) are connected in
a loop by a refrigerant tube. One of the condenser (3 or
5) and the evaporator (5 or 3) is a plate heat exchanger
which performs heat exchange between arefrigerantand
a liquid. The refrigerant which is filled in the refrigerant
circuitcontains R32 as a main component, which reduces
refrigerant drift current inside the condenser (3 or 5) and
pressure losses, and thereby increases energy-saving
performances.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a heat pump
apparatus.

BACKGROUND ART

[0002] Conventional heat pump apparatuses include
a heat pump apparatus including a finned tube heat ex-
changer and configured to be smaller by using R32 as a
refrigerant so as to reduce the volume ratio between an
indoor heat exchanger and an outdoor heat exchanger
(for example, see Patent Literature 1).

[0003] FIG. 7 is a schematic configuration diagram of
a conventional heat pump apparatus disclosed in Patent
Literature 1. As illustrated in FIG. 7, the heat pump ap-
paratus includes a refrigerant circuit to which compressor
101, outdoor heat exchanger 102, expansion valve 103,
indoor heat exchanger 104, and four-way valve 105 are
connected in a loop.

[0004] This heat pump apparatus uses R32 as a re-
frigerant. In addition, this heat pump apparatus is intend-
ed to be applied to an air conditioner. For this reason,
each of outdoor heat exchanger 102 and indoor heat ex-
changer 104 is a finned tube heat exchanger which ex-
changes a refrigerant and air. Ratio m (= Vout/ Vin) be-
tween internal volume Vout of outdoor heat exchanger
102 and internal volume Vin of indoor heat exchanger
104 is set to a value in a range of 0.7 <m < 1.5. In this
way, compared to the heat pump apparatus configured
using a conventional refrigerant such as R410A in par-
ticular, the heat pump apparatus is configured to save
energy and have a smaller outdoor heat exchanger.
[0005] In addition, in order to reduce the internal vol-
ume of the finned tube heat exchanger, there is a need
to reduce the tube diameters of heat transfer tubes in the
heat exchanger. In this case, it is an object of securing
heattransfer performances while reducing pressure loss-
es of the refrigerant flowing inside the heat transfer tubes.
[0006] There are techniques which clarify the relation-
ship between pressure losses and the flow rates of a
refrigerant inside heat transfer tubes at the time when
the refrigerant evaporates (see Non-patent Literature 1,
and Non-patent Literature 2).

[0007] InFIG.8, (a)isagraphshowing the relationship
between pressure losses and the flow rates of a refrig-
erant at the time when the refrigerant evaporates, dis-
closed in Non-patent Literature 1. In FIG. 8, (b) is a graph
showing the relationship between pressure losses and
the flow rates of a refrigerant at the time when the refrig-
erant evaporates, disclosed in Non-patent Literature 2.
These graphs show that pressure losses are approxi-
mately proportional to the squares of the flow rates.
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Citation List
Patent Literature

[0008] PTL 1: Japanese Unexamined Patent Applica-
tion Publication No. 2001-248922

Non-patent Literature
[0009]

NPL 1: "Jouhatsu seinou wo koujoushita naimen mi-
zo tsuki kuda no kaihatsu" ("Development of grooved
tube which provides enhanced evaporation perform-
ances"), Mamoru Hofuku and two others, Hitachi Ca-
ble, Ltd., No. 26 (2007-1), p. 59.

NPL 2: "Daigae reibai you kouseinou naimen mizo
tsuki kuda HF taipu no kaihatsu" ("Development of
HF-type High-Performance Multi-Grooved Tubes for
Alternative Refrigerants"), Yasutoshi Mori and three
others, Furukawa denkou jihou (Furukawa Electric
News Reports), No. 106, p. 8, July, Heisei 12 (2000),
Furukawa Electric Co., Ltd.

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0010] However, the above-described conventional
technique uses R32 as the refrigerant assuming that the
heat pump apparatus is applied to an air conditioner, and
thus is not configured considering the case in which the
heat pump apparatus is applied to a device which per-
forms heat exchange between the refrigerant and a lig-
uid.

[0011] Accordingly, when the conventional configura-
tion is directly applied to the heat pump apparatus which
performs heat exchange between the refrigerant and the
liquid, there is a problem that energy-saving performanc-
es are not sufficiently increased.

[0012] The present invention was made to solve the
conventional problem, and has an object to increase the
energy-saving performance of the heat pump apparatus
which performs heat exchange between a refrigerantand
a liquid.

SOLUTION TO PROBLEM

[0013] In order to solve the above-described conven-
tional problem, a heat pump apparatus according to the
present invention includes: a refrigerant circuit in which
a compressor, a condenser, an expander, and an evap-
orator are connected in a loop by a refrigerant pipe,
wherein one of the condenser and the evaporator is a
plate heat exchanger which performs heat exchange be-
tween arefrigerant and a liquid, and the refrigerant which
is filled in the refrigerant circuit contains R32 as a main
component.
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[0014] Underthe conditionsfor enabling the heat pump
apparatus using R32 to exhibit the same performances
as the heat pump apparatus using conventional R410A,
enthalpy difference h in a condensation process per-
formed by the heat pump apparatus using R32 is larger
than enthalpy difference hin a condensation process per-
formed by the heat pump apparatus using R410A. Thus,
when R32 is used, a refrigerant circulation amount re-
quired to obtain the predetermined performances is re-
duced. Accordingly, a flow velocity of the refrigerant in
the heat exchanger decreases. This reduces arefrigerant
drift current which occurs in a flow path, from a closer
part to a more distant part with respect to a refrigerant
inlet of a plate heat exchanger. As a result, the energy-
saving performances of the heat pump apparatus in-
crease.

ADVANTAGEOUS EFFECT OF INVENTION

[0015] Accordingtothe presentinvention, itis possible
to provide the heat pump apparatus having increased
energy-saving performances.

BRIEF DESCRIPTION OF DRAWINGS
[0016]

FIG.1 is a schematic configuration diagram illustrat-
ing aheatpump apparatus according to Embodiment
1 of the present invention.

FIG. 2 is a Mollier (p-h) chart showing the states of
R410A and R32.

In FIG. 3, regarding a plate heat exchanger of the
heat pump apparatus according to Embodiment 1 of
the presentinvention, (a) is a graph illustrating a flow
velocity distribution at a refrigerant inlet header in
the case where the refrigerant inlet and a refrigerant
outlet are formed in different surfaces of the plate
heat exchanger; and (b) is a graph illustrating a flow
velocity distribution at a refrigerant inlet header in
the case where the refrigerant inlet and a refrigerant
outlet are formed in the same surface of the plate
heat exchanger.

FIG. 4 is agraph illustrating the relationship between
compression ratios of a compressor and volume ra-
tios R of a heat exchanger in the case of the heat
pump apparatus using R410A.

FIG. 5is agraph illustrating the relationship between
compression ratios of a compressor and volume ra-
tios R of the heat exchanger in the case of the heat
pump apparatus using R32.

FIG. 6 is a Mollier chart illustrating differences be-
tween a compression process of alow-pressure shell
compressor and a compression process of a high-
pressure shell compressor.

FIG. 7 is a schematic configuration diagram of a con-
ventional heat pump apparatus.

In FIG. 8, each of (a) and (b) is a graph illustrating
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the relationship between refrigerant flow rates and
pressure losses at the time when the refrigerant
evaporates.

DESCRIPTION OF EXEMPLARY EMBODIMENT

[0017] A first aspect of the present invention is a heat
pump apparatus which includes: a refrigerant circuit in
which a compressor, a condenser, an expander, and an
evaporator are connected in a loop by a refrigerant pipe,
wherein one of the condenser and the evaporator is a
plate heat exchanger which performs heat exchange be-
tween a refrigerant and a liquid, and the refrigerant which
is filled in the refrigerant circuit contains R32 as a main
component.

[0018] Underthe conditions for enabling the heat pump
apparatus using R410A as the refrigerant and the heat
pump apparatus using R32 as the refrigerant to exhibit
the same performances, enthalpy difference h in the con-
densation process performed by the heat pump appara-
tus using R32 is larger than enthalpy difference h in the
condensation process performed by the heat pump ap-
paratus using R410A. Thus, a refrigerant circulation
amount required to obtain predetermined performances
is reduced by the heat pump apparatus using R32. Ac-
cordingly, a flow velocity of the refrigerant in the heat
exchanger decreases. This reduces a refrigerant drift
current which occurs in a flow path from a closer part to
a more distant part with respect to a refrigerant inlet of
the plate heat exchanger. As a result, heat exchange in
the plate heat exchanger is performed efficiently as a
whole, which increases the energy-saving performances
of the heat pump apparatus.

[0019] In addition, since enthalpy difference h in the
condensation process performed by the heat pump ap-
paratus using R32 is larger, dryness x at the inlet of an
evaporator decreases when the pressure of the refriger-
ant of each of the heat pump apparatuses is reduced in
the same super cooling state using the same pressure.
Thus, when the plate heatexchangeris used as the evap-
orator, the ratio of a liquid refrigerant increases in the
refrigerant flowing inside the plate heat exchanger. Ac-
cordingly, the flow rate of the refrigerant flowing inside
the plate heat exchanger decreases. This reduces a re-
frigerant drift current which occurs in a flow path, from a
closer part to a more distant part with respect to the re-
frigerant inlet of the plate heat exchanger. As a result,
heat exchange in the plate heat exchanger is performed
efficiently as a whole, which increases the energy-saving
performances of the heat pump apparatus.

[0020] According particularly to the first aspect of the
present invention, in a second aspect of the present in-
vention, the condenser is the plate heat exchanger, the
evaporator is a finned tube heat exchanger which per-
forms heat exchange between the refrigerant and gas,
and ratio R (= Vf/ Vp) of an internal volume (Vf) of the
evaporator with respect to an internal volume (Vp) of the
condenser satisfies 0.5 <R <4.0.
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[0021] Inthis way, itis possible to increase the energy-
saving performances of the heat pump apparatus, and
also to provide a smaller evaporator which is a finned
tube heatexchanger. In addition, the reliability of the com-
pressor increases. In addition, the evaporator configured
to be smaller reduces the internal volume of the heat
exchanger, which makes it possible to reduce a refriger-
ant amount required for the heat pump apparatus.
[0022] According particularly to the first or second as-
pect of the present invention, in a third aspect of the
present invention, the compressor is a high-pressure
shell compressor.

[0023] Inalow-pressure shell compressorhaving alow
pressure inside the shell, compression is started after a
refrigerant is heated by a motor in the shell. On the other
hand, in the high-pressure compressor, a refrigerant fed
to the compressor is directly fed to a compression room
inside the compressor. For this reason, the compression
is started before the refrigerant is heated by the motor.
Thus, even in the case of using R32 which is easy to
increase an outlet temperature, it is possible to reduce
an excessive increase in outlet temperature, which in-
creases the reliability of the compressor.

[0024] Hereinafter, an embodiment of the present in-
vention is described with reference to the drawings. It is
to be noted that this embodiment does not limit the
present invention.

EMBODIMENT 1

[0025] FIG. 1 is a schematic configuration diagram il-
lustrating a heat pump apparatus according to this em-
bodiment. FIG. 2 is a Mollier (p-h) chart showing the
states of R410A and R32. FIG. 3 includes graphs each
showing a flow velocity distribution at a refrigerant inlet
header of a plate heat exchanger; (a) is a graph in the
case where a refrigerant inlet and a refrigerant outlet are
formed in different surfaces of the plate heat exchanger,
and (b) is a graph in the case where a refrigerant inlet
and a refrigerant outlet are formed in the same surface
of the plate heat exchanger.

[0026] In addition, FIG. 4 is a graph illustrating the re-
lationship between compression ratios of a compressor
and volume ratios R of a heat exchanger in the case of
using R410A for the heat pump apparatus. FIG. 5 is a
graph illustrating the relationship between compression
ratios of a compressor and volume ratios R of the heat
exchanger in the case of using R32 for the heat pump
apparatus. FIG. 6 is a Mollier (p-h) chart illustrating dif-
ferences between a compression process performed by
a low-pressure shell compressor and a compression
process performed by a high-pressure shell compressor.
[0027] As illustrated in FIG. 1, heat pump apparatus
100 in this embodiment includes refrigerant circuit 100a
to which the following parts are connected in order using
a refrigerant pipe: compressor 1 which compresses a
refrigerant; four-way valve 2 which switches the flowing
direction of the refrigerant; first heat exchanger 3; expan-
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sion means 4 which reduces the pressure of the high-
pressure refrigerant to expand the refrigerant; and sec-
ond heat exchanger 5.

[0028] Compressor 1includes a shell which is an outer
shell. Compressor 1 includes a compression mechanism
and a motor inside the shell. The compression mecha-
nism includes a compression room. A rotation of the mo-
tor reduces the volume of the compression room, which
compresses the refrigerant. Compressor 1is a high-pres-
sure shell compressor having a high pressure inside the
shell.

[0029] Firstheatexchanger 3isa plate heatexchanger
in which the refrigerant and a liquid (for example, water)
are thermally exchanged. Second heat exchanger is a
finned tube heat exchanger in which the refrigerant and
gas (for example, air) are thermally exchanged.

[0030] In addition, heat pump apparatus 100 includes
liquid circuit 100b to which first heat exchanger 3, a cir-
culation pump (not illustrated), a heating terminal (not
illustrated) such as a floor heating panel etc. are con-
nected using a liquid pipe.

[0031] Expansion means 4 can be an expansion valve
capable of adjusting the cross-sectional area of a flow
pathinwhich arefrigerantflows, ora capillary tube whose
cross-sectional area is constant.

[0032] Heatpump apparatus 100 is capable of causing
four-way valve 2 to switch the flowing direction of the
refrigerant between when first heat exchanger 3 and sec-
ond heat exchanger 5 are used as a condenser and an
evaporator, respectively, and when first heat exchanger
3 and second heat exchanger 5 are used as an evapo-
rator and a condenser, respectively. In the condenser,
the high-pressure refrigerant compressed by compres-
sor 1 emits heat. In the evaporator, the refrigerant having
two phases of gas and aliquid whose pressure is reduced
and expanded by expansion means 4 evaporates.
[0033] A refrigerant which is used as the refrigerant to
be filled in the refrigerant circuit contains R32 (difluor-
omethane) as a main component. ltis preferable that the
refrigerant contain R32 at a percentage of 70% or more.
In addition, itis desirable that the refrigerant substantially
consist of R32. It is to be noted that few impurities may
be contained even when the refrigerant substantially con-
sists only of R32.

[0034] The finned tube heat exchanger performs heat
exchange between the refrigerant flowing inside the heat
exchanger and the gas (air) flowing outside the heat ex-
changer. The finned tube heat exchanger includes a plu-
rality of heat transfer tubes and a plurality of plate-shaped
fins. The plurality of heat transfer tubes penetrate through
the plurality of fins. The finned tube heat exchanger is
configured to enable the refrigerant flowing inside the
heat transfer tubes and air flowing between the fins to be
thermally exchanged. A fan (not illustrated) for sending
air between the fins is provided near the finned tube heat
exchanger.

[0035] The plate heat exchanger performs heat ex-
change between the refrigerant flowing in the refrigerant
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pathinside the heat exchanger and the liquid (water) flow-
ing in the liquid path inside the heat exchanger. The plate
heat exchanger includes a stacked structure of plates
with recesses and protrusions. A refrigerant path or a
liquid path is formed between adjacent plates. Since the
plurality of plates are stacked, the plate heat exchanger
includes refrigerant paths and liquid paths which are al-
ternately formed. The plate heat exchanger is configured
to allow the refrigerant flowing in the refrigerant paths
and a liquid (water) flowing in the liquid paths are ther-
mally exchanged.

[0036] The plate heatexchangerincludes arefrigerant
inlet header at one of ends in the direction perpendicular
to the layer stacking direction, and a refrigerant outlet
header at the other end. The refrigerant inlet header has,
at one end, a refrigerant inlet which is connected to a
refrigerant pipe located outside. The refrigerant inlet
header penetrates through the plurality of plates in the
layer stacking direction from the refrigerant inlet, to be
connected to the refrigerant flow path. In addition, the
refrigerant outlet header has, at one end, a refrigerant
outlet which is connected to a refrigerant pipe located
outside. The refrigerant outlet header penetrates through
the plurality of plates in the layer stacking direction from
the refrigerant outlet, to be connected to the refrigerant
flow path.

[0037] The refrigerant inlet and the refrigerant outlet
may be provided in different surfaces of the plate heat
exchanger (see the outline configuration in (a) of FIG. 3).
Alternatively, the refrigerant inlet and the refrigerant out-
let may be provided in the same surface (see the outline
configuration in (b) of FIG. 3).

[0038] In addition, the plate heat exchanger includes
a liquid inlet header and a liquid outlet header.

[0039] In heat pump apparatus 100 according to this
embodiment, the refrigerant flow path of first heat ex-
changer 3 which is a plate heat exchanger is connected
to refrigerant circuit 100a, and the liquid flow path of first
exchanger 3 is connected to liquid circuit 100b. Heat
pump apparatus 100 includes first heat exchanger 3 as
a condenser, and is applicable to a hot water generating
apparatus which heats a liquid.

[0040] More specifically, heat pump apparatus 100 is
applicable to a hot-water heating apparatus which heats
a room by circulating the heated liquid (hot water) in a
heating terminal such as a floor heating panel or the like.
Itis to be noted that heat pump apparatus 100 according
to this embodiment is capable of cooling a liquid using
first heat exchanger 3 by switching the liquid flowing di-
rection using four-way valve 2, and thus is also applicable
to a cold and hot water generating apparatus.

[0041] Operation states in a freezing cycle in the case
where heat pump apparatus 100 is operated under nor-
mal operation conditions are described using a Mollier
(p-h) chart. As illustrated in FIG. 2, enthalpy difference
h2 in the case where R32 is used as a refrigerant is ap-
proximately 1.5 times larger than enthalpy difference h1
in the case where R410A is used as a refrigerant. Thus,

10

15

20

25

30

35

40

45

50

55

R32 requires a smaller refrigerant circulation amount
than R410A in order to enable the heat pump apparatus
using R32 to exhibit the same heating performances as
the heat pump apparatus using R410A. More specifically,
the refrigerant circulation amount for R32 may be approx-
imately 66% with respect to the refrigerant circulation
amount for R410A.

[0042] In addition, as illustrated in FIG. 2, compared
to the case of using R410A, the use of R32 as the refrig-
erant decreases dryness x at the inlet of the evaporator
when the pressure of the refrigerant is reduced in the
same super cooling state using the same condensation
pressure. For example, under the operation conditions
as illustrated in FIG. 2, dryness x of the refrigerant at the
inlet of the evaporator of the heat pump apparatus using
R32 is reduced to 0.19 while dryness x of the refrigerant
at the inlet of the evaporator of the heat pump apparatus
using R410A is 0.24.

[0043] Here, the flow velocity distributions of the refrig-
erant at the refrigerant inlet headers of the plate heat
exchangers are described. The flow velocity distributions
vary between the case in which a refrigerant inlet and a
refrigerant outlet are provided in different surfaces of the
plate heatexchanger ((a)in FIG. 3), and the case in which
arefrigerant inlet and a refrigerant outlet are provided in
the same surface of the plate heat exchanger ((b) in FIG.
3). More specifically, as illustrated in (a) of FIG. 3, when
the refrigerantinlet and the refrigerant outlet are provided
in the different surfaces, the flow is drifted so that the flow
velocity at the side of the surface with the refrigerant inlet
is slow and the flow velocity at the side of the surface
(the depth side) with the refrigerant outlet is fast. As il-
lustrated in (b) of FIG. 3, when the refrigerant inlet and
the refrigerant outlet are provided in the same surface,
the flow velocity at the side of the surface with the refrig-
erant inlet and the refrigerant outlet is fast and the flow
velocity at the opposite side (the depth side) is slow.
[0044] Compared to the case in which R410A is used,
the use of R32 decreases the refrigerant circulation
amount, which reduces the refrigerant flow velocity.
Thus, as illustrated in (a) and (b) of FIG. 3, irrespective
of whether the refrigerant inlet and the refrigerant outlet
are provided in the different surfaces or in the same sur-
face, the variation in the refrigerant flow velocity decreas-
es, which improves the refrigerant branch current.
[0045] In addition, dryness x of the refrigerant at the
inlet of the evaporator decreases as described above,
the ratio of the liquid refrigerant in the refrigerant flowing
in the evaporator increases, which reduces the flow ve-
locity of the refrigerant. In this way, especially when the
plate heat exchanger is used as the evaporator, the drift
current of the refrigerant inside the plate heat exchanger
is improved, which improves the refrigerant branch cur-
rent. Accordingly, since heat exchange is performed ef-
ficiently in each of the refrigerant flow paths in the plate
heat exchanger, the heat exchange efficiency increases.
As a result, the energy-saving performances of heat
pump apparatus 100 increase.
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[0046] Next, a description is given of appropriate vol-
ume ratio R (= Vf/ Vr) between internal volume Vf of the
finned tube heat exchanger and internal volume Vp of
the plate heat exchanger.

[0047] Internal volume Vf of the finned tube heat ex-
changer does not include the internal volume of the re-
frigerant pipe which is connected to the inlet and outlet
ofthe heat exchanger so as to be connected to expansion
means 4 and four-way valve 2, but includes the internal
volume of the heat transfer pipe of the heat exchanger
and the internal volume of the refrigerant pipe which con-
nects the heat transfer tubes to each other. It is to be
noted that the refrigerant pipe which connects the heat
transfer tubes to each otherincludes branch tubes, head-
ertubes, etc. for distributing the refrigerant to the plurality
of transfer tubes, or for collecting the refrigerant from the
plurality of heat transfer tubes.

[0048] Internal volume Vr of the plate heat exchanger
does not include the internal volume of the refrigerant
pipe which is connected to the inlet and outlet of the heat
exchanger so as to be connected to expansion means 4
and four-way valve 2, but includes the internal volume of
the refrigerant flow path, the internal volume of the re-
frigerant inlet header, and the internal volume of the re-
frigerant outlet header.

[0049] Ingeneral,inorderto secure the reliability, com-
pressor 1 needs to perform compression at the compres-
sion ratio in the range from 1.5 to 10. Thus, when heat
pump apparatus 100 is applied to a hot water generating
apparatus, there is a need to set the internal volume of
the heat exchanger so that the compression ratio of com-
pressor 1 falls between 1.5 to 10 in the actual use range
of the hot water generating apparatus. It is to be noted
that, the range employed as the actual use range in this
embodiment is a range which yields a rated power rang-
ing from 7 to 16 kW, an ambient air temperature ranging
from -15 to 12 degrees Celsius, and a liquid (water) tem-
perature ranging from 35 to 55 degrees Celsius.

[0050] Each of FIGs. 4 and 5 is a graph in which the
horizontal axis denotes volume ratios R, the vertical axis
denotes compression ratios, and the maximum values
and the minimum values of compression ratios required
in the actual use range are plotted.

[0051] When R410A is used, as illustrated in FIG. 4,
the maximum values and minimum values of the com-
pression ratios tend to decrease with increase in the vol-
ume ratio R. This is due to the reasons below. When the
internal volume of the finned tube heat exchanger for use
as an evaporator relatively increases, the heat exchange
amount of the evaporator increases, which increases the
pressure at the low-voltage side of heat pump apparatus
100. Thisincreaseresultsin decrease in the compression
ratio required to obtain predetermined heating perform-
ances ofthe plate heat exchanger foruse as acondenser.
[0052] In this way, according to increase or decrease
in volume ratio R (Vf / Vo), the maximum values and
minimum values of the compression ratios also tend to
increase or decrease. Thus, when R410A is used as the
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refrigerant, the plate heat exchanger is used as the con-
denser, and the finned tube heat exchanger is used as
the evaporator, the volume ratio R needs to satisfy 0.5 <
R <5 asillustrated in FIG. 4 so that the compression ratio
ranges from 1.5 to 10 in order to secure the reliability of
the condenser.

[0053] Asillustrated in FIG. 5, also when R32 is used,
the maximum values and minimum values of the com-
pression ratios tend to decrease with increase in the vol-
ume ratio R. Similarly to the case of R410A, also when
R32 is used, compressor 1 needs to be operated so that
the compression ratio ranges from 1.5 to 10, in terms of
the maintenance in the reliability of heat pump apparatus
100, especially compressor 1. For this reason, as illus-
trated in FIG. 5, the volume ratio R needs to satisfy 0.5
<R <4 as illustrated in FIG. 5.

[0054] Thisindicatesthat,compared tothe case where
R410A is used for heat pump apparatus 100 with the
same condenser (plate heat exchanger), it is possible to
configure an evaporator (finned tube heat exchanger) to
be smaller when R32 is used instead.

[0055] In addition, the case when R410A is used for
heat pump apparatus 100 including the same condenser
(plate heat exchanger) and the evaporator (finned tube
heat exchanger) with heat transfer tubes having the same
length L and the case when R32 is used for the same
are compared. This comparison shows that the cross-
sectional area S of the heat transfer tubes of the evapo-
rator can be made smaller when R32 is used. It is to be
noted that the cross-sectional area S of the heat transfer
tubes is obtained by dividing internal volume Vf of the
finned tube heat exchanger by length L of the heat trans-
fer tubes of the finned tube heat exchanger (Vf/L).
[0056] More specifically, the cross-sectional area S of
the heat transfer tubes of the finned tube heat exchanger
in the case where R32 is used ranges from 0.8 to 1.0
times with respect to the cross-sectional area S in the
case where R410A is used. Here, 0.8 can be obtained
by dividing 4 which is the maximum volume ratio in the
case where R32 is used by 5 which is the maximum vol-
ume ratio when R410A is used. In addition, 1.0 is ob-
tained by dividing 0.5 which is the minimum volume ratio
in the case where R32 is used by 0.5 which is the mini-
mum volume ratio in the case where R410A is used.
[0057] The flow velocity of the refrigerant inside the
heat transfer tubes of the finned tube heat exchanger in
the case where R32 is used as the refrigerant ranges
from 1.0 to 1.25 times with respect to the flow velocity of
the refrigerant in the case where R410A is used as the
refrigerant. Here, 1.0 is an inverse number of 1.0 which
is @ maximum value in the cross-sectional area S. In ad-
dition, 1.25 is an inverse number of 0.8 which is a mini-
mum value in the cross-sectional area S.

[0058] Furthermore, the enthalpy difference h increas-
es by approximately 1.5 times when R32 is used with
respect to the enthalpy difference h obtained when
R410Ais used, and thus it is possible to secure the same
performances even when the refrigerant flow velocity is
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decreased to approximately 66%. As illustrated in (a) and
(b) of FIG. 8 illustrating a conventional art, it is known
that the pressure loss dPc at the time when a refrigerant
evaporates is proportional to a square of the flow velocity
oftherefrigerant. As described above, the refrigerant flow
velocity of R32 ranges from 1.0 to 1.25 times with respect
to the refrigerant flow velocity of R410A, and thus the
pressure loss of R32 ranges from 0.44 to 0.68 times with
respect to the pressure loss of R410A. Here, 0.44 is ob-
tained when a value is squared. The value is obtained
according to 0.66 X 1.0 wherein 0.66 indicates the ratio
of the refrigerant flow velocity in the case where R32 is
used and 1.0 indicates a minimum ratio of the flow ve-
locity in the case where R32 is used. In addition, 0.68 is
obtained when a value is squared. The value is obtained
according to 0.66 X 1.25 wherein 0.66 indicates the ratio
of the refrigerant flow velocity in the case where R32 is
used and 1.25 indicates a minimum ratio of the flow ve-
locity in the case where R32 is used.

[0059] As described above, the flow velocity of the re-
frigerant flowing in the condenser for enabling heat pump
apparatus 100 using R32 to exhibit certain heating per-
formances is smaller than the flow velocity of the refrig-
erant flowing in the condenser for enabling heat pump
apparatus 100 using R410A to exhibit the same heating
performances. Accordingly, it is possible to reduce the
rotation rate of compressor 1, which decreases the motor
power of compressor 1. Furthermore, compared to the
case where R410A is used, the pressure losses in the
case where R 32is used decrease, and thus the pressure
of the refrigerant at the outlet of the evaporator, that is,
the pressure of the refrigerant to be fed to compressor 1
increases. Accordingly, the specific volume of the refrig-
erant fed to compressor 1 decreases, resulting in in-
crease in the amount of refrigerant to be fed to compres-
sor 1. As a result, even when the motor power of com-
pressor 1 is reduced, it is possible to secure circulation
of a sufficient amount of refrigerant. In this way, it is pos-
sible to increase the condensation performances and
evaporating performances.

[0060] In this way, compared to the case where R410A
is used, in the case where R32 is used, the plate heat
exchanger is used as the condenser, and the finned tube
heat exchanger is used as the evaporator, it is possible
to configure the evaporator to be smaller, reduce the re-
quired amount of refrigerant due to decrease in the in-
ternal volume ofthe evaporator, and increase the energy-
saving performances of the heat pump apparatus.
[0061] It is preferable that a high-pressure shell com-
pressor be used as compressor 1. In a low-pressure shell
compressor having low pressure inside the shell, a re-
frigerant fed to the compressor once flows to the inside
of the shell, and the refrigerant heated by the motor hav-
ing a high temperature is fed to the compressor. Thus,
as illustrated in FIG. 6, compression is started under the
condition that the refrigerant has a temperature in-
creased with respect to the temperature at the time when
the refrigerant is fed to the compressor in the compres-
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sion process. For this reason, there is a fear that the
refrigerant after the compression is completed has a too
high temperature (outlet temperature).

[0062] Onthe otherhand,in ahigh-pressure shell com-
pressor having a high pressure inside the shell, a refrig-
erant fed to the compressor is directly fed to a compres-
sion room. Thus, compression is started before the tem-
perature of the refrigerantincreases excessively. For this
reason, it is possible to reduce excessive increase in the
outlet temperature. In this way, even in the case of using
R32 which is easier to increase an outlet temperature
than R410A, it is possible to reduce an excessive in-
crease in outlet temperature, which increases the relia-
bility of the compressor.

[0063] Although this embodiment has been described
assuming that the heat pump apparatus includes one
condenser and one evaporator, it is to be noted that the
heat pump apparatus may include a plurality of condens-
ers and a plurality of evaporators. In this case, it is de-
sirable that all of the heat exchangers used as the con-
densers be plate heat exchangers, and all of the heat
exchangers used as the evaporators be finned tube heat
exchangers. In addition, in this case, internal volume Vf
of the finned tube heat exchanger is a sum of internal
volumes of all of the finned tube heat exchangers. Internal
volume Vr of the plate heat exchanger is a sum of internal
volumes of all of the plate heat exchangers.

INDUSTRIAL APPLICABILITY

[0064] According to the presentinvention, itis possible
to provide the heat pump apparatus which provides ex-
cellent energy saving properties. Thus, the present in-
vention is applicable to hot water generating apparatus-
es, hot-water heating apparatuses, etc.

REFERENCE MARKS IN THE DRAWINGS
[0065]

compressor
four-way valve

first heat exchanger
expander

second heat exchanger

a s ODN -

Claims

1. A heat pump apparatus, comprising
a refrigerant circuit in which a compressor, a con-
denser, an expander, and an evaporator are con-
nected in a loop by a refrigerant pipe,
wherein one of the condenser and the evaporator is
a plate heat exchanger which performs heat ex-
change between a refrigerant and a liquid, and
the refrigerant which is filled in the refrigerant circuit
contains R32 as a main component.
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2. The heat pump apparatus according to claim 1,

wherein the condenser is the plate heat exchanger,

the evaporator is afinned tube heat exchanger which
performs heat exchange between the refrigerantand
gas, and 5
ratio R of an internal volume of the evaporator with
respect to an internal volume of the condenser sat-
isfies 0.5 <R <4.0.

3. The heat pump apparatus according to claim 1 or 70
claim 2,
wherein the compressor is a high-pressure shell
compressor.

15
Amended claims under Art. 19.1 PCT

1. A heat pump apparatus, comprising
a refrigerant circuit in which a compressor, a con-
denser, an expander, and an evaporator are con- 20
nected in a loop by a refrigerant pipe,
wherein one of the condenser and the evaporator is
a plate heat exchanger which performs heat ex-
change between a refrigerant and a liquid,
the compressor is a high-pressure shell compressor, 25
and
the refrigerant which is filled in the refrigerant circuit
contains R32 as a main component.

2. The heat pump apparatus according to claim 1, 30
wherein the evaporator is a finned tube heat ex-
changer which performs heat exchange between the
refrigerant and gas,
the compressor is a high-pressure shell compressor,
and 35
ratio R of an internal volume of the evaporator with
respect to an internal volume of the condenser sat-
isfies 0.5 <R <4.0.
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FIG. 3
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FIG. 7
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FIG. 8
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