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(54) REFRIGERATION CYCLE DEVICE

(57) To provide a refrigeration cycle apparatus in
which a subcooling circuit can exhibit sufficient perform-
ance using a simple configuration. A refrigeration cycle
apparatus 1 is provided with a refrigerant pipe 8 that con- 15
nects a compressor 2, an outdoor heat exchanger 3, a it 5 ‘
subcooling circuit 5, an indoor expansion valve 6, and an UNIT

indoor heat exchanger 7 and through which a refrigerant %r?zz
is caused to flow. The refrigerant pipe 8 includes: a main 31c
circuit pipe 31 for circulating the refrigerant through the
compressor 2, the outdoor heat exchanger 3, the sub- 2 2
cooling circuit 5, the indoor expansion valve 6, and the 3ib |
indoor heatexchanger 7; a bypass circuit pipe 32 branch- jijjj‘

ing from the middle of the main circuit pipe 31 connecting
the subcooling circuit 5 to the indoor expansion valve 6 adl
and bypassing the refrigerant to the compressor2; and a 3”‘\%
branch section 33 between the main circuit pipe 31 and T TR, 2 31—
the bypass circuit pipe 32. The branch section 33 includes 3le—~| 27 7 of 3
an upstream pipe section 51, a main circuit branch pipe
section 52 that branches upward from the upstream pipe
section 51 and extends toward the indoor expansion
valve 6, and a bypass circuit branch pipe section 53 that
branches downward from the upstream pipe section 51
and extends toward the subcooling circuit 5.

=

FIG. 1

Printed by Jouve, 75001 PARIS (FR)
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Description
TECHNICAL FIELD

[0001] Embodiments of the present invention relates
to a refrigeration cycle apparatus.

BACKGROUND

[0002] A known refrigeration cycle apparatus includes
a subcooling circuit, and a gas-liquid separator provided
on the upstream side of the subcooling circuit.

[0003] The conventional refrigeration cycle apparatus
separates a refrigerant in gas-liquid two-phase state into
a gas refrigerant and a liquid refrigerant by the gas-liquid
separator, causes only the separated liquid refrigerant
to flow into the subcooling circuit, and bypasses the sep-
arated gas refrigerant to a compressor.

PRIOR ART Document
PATENT DOCUMENT

[0004] [Patent Document 1] JP 2005-233551 A

SUMMARY
PROBLEMS TO BE SOLVED BY INVENTION

[0005] The conventional refrigeration cycle apparatus
requires the gas-liquid separator and piping that bypass-
es the separated gas refrigerant to the compressor.
These gas-liquid separator and bypass-piping increase
the cost of the refrigeration cycle apparatus and compli-
cate the piping system.

[0006] For this reason, the presentinvention proposes
arefrigeration cycle apparatus that can sufficiently exhibit
performance of a subcooling circuit with a simple config-
uration.

MEANS FOR SOLVING PROBLEM

[0007] To achieve the above object, an aspect of the
present invention provides a refrigeration cycle appara-
tus including: a compressor; a condenser; an indoor ex-
pansion valve; a subcooling circuit that is disposed be-
tween the condenser and the indoor expansion valve; an
evaporator; and a refrigerant pipe that connects the com-
pressor, the condenser, the subcooling circuit, the indoor
expansion valve, and the evaporator, and circulates a
refrigerant. The refrigerant pipe includes: a main circuit
pipe that circulates the refrigerant through the compres-
sor, the condenser, the subcooling circuit, the indoor ex-
pansion valve, and the evaporator; a bypass circuit pipe
that branches from the middle of the main circuit pipe
connecting the subcooling circuit to the indoor expansion
valve and bypasses the refrigerant to the compressor;
and a branch portion that connects the main circuit pipe
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and the bypass circuit pipe. The branch portion includes:
an upstream pipe portion; a main-circuit branch pipe por-
tion thatbranches upward from the upstream pipe portion
toward the indoor expansion valve; and a bypass-circuit
branch pipe portion that branches downward from the
upstream pipe portion and extends toward the subcooling
circuit.

[0008] It may be desired that the main-circuit branch
pipe portion and the bypass-circuit branch pipe portion
constitute a continuous straight pipe; and the upstream
pipe portion is connected to the straight pipe in a tee-
shape.

[0009] It may be desired that a flow-path cross-sec-
tional area of the straight pipe is twice a flow-path cross-
sectional area of the upstream pipe portion or more.
[0010] It may be desired thatthe upstream pipe portion
extends substantially in a horizontal direction; and the
main-circuit branch pipe portion and the bypass-circuit
branch pipe portion extend substantially in a vertical di-
rection.

[0011] Itmay be desired thatan extended line of a cen-
terline of the upstream pipe portion intersects neither a
centerline of the main-circuit branch pipe portion nor a
centerline of the bypass-circuit branch pipe portion.

BRIEF DESCRIPTION OF DRAWINGS
[0012]

Fig. 1 is a schematic diagram illustrating a refriger-
ation cycle apparatus according to one embodiment
of the present invention.

Fig. 2 is a schematic diagram illustrating a subcool-
ing circuit of the refrigeration cycle apparatus accord-
ing to the embodiment of the present invention.
Fig. 3 is a diagram showing a comparison of heat
exchange amount between the subcooling circuit of
the refrigeration cycle apparatus according to the
embodiment of the present invention and a subcool-
ing circuit of a comparative example.

Fig. 4 is a cross-sectional view illustrating another
aspect of a branch portion of the refrigeration cycle
apparatus according to the embodiment of the
present invention.

Fig. 5 is a cross-sectional view illustrating another
aspect of the branch portion of the refrigeration cycle
apparatus according to the embodiment of the
present invention.

DETAILED DESCRIPTION

[0013] Embodiments of a refrigeration cycle apparatus
according to the present invention will now be described
by referring to Fig. 1 to Fig. 5. The same reference signs
are given to identical or equivalent components in each
figure.

[0014] Fig. 1 is a schematic diagram illustrating a re-
frigeration cycle apparatus according to one embodiment
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of the present invention.

[0015] As shown in Fig. 1, the refrigeration cycle ap-
paratus 1 according to the present embodiment is, for
example, an air conditioner. The refrigeration cycle ap-
paratus 1 includes: a compressor 2; an outdoor heat ex-
changer 3; an outdoor expansion valve 9; a subcooling
circuit 5; an indoor expansion valve 6; an indoor heat
exchanger 7; and a refrigerant pipe 8 that connects the
compressor 2, the outdoor heat exchanger 3, the sub-
cooling circuit 5, the indoor expansion valve 6, and the
indoor heat exchanger 7 so as to circulate a refrigerant.
[0016] The refrigeration cycle apparatus 1 further in-
cludes: a four-way valve 11 that sends the refrigerant to
be discharged from the compressor 2 to one of the out-
door heat exchanger 3 and the indoor heat exchanger 7,
and causes the compressor 2 to suck in the refrigerant
having passed through the other of the outdoor heat ex-
changer 3 and the indoor heat exchanger 7 again; and
an accumulator 12 that is provided on the refrigerant pipe
8 between the four-way valve 11 and the compressor 2.
[0017] The refrigeration cycle apparatus 1 further in-
cludes: an outdoor unit 15 to be installed outside a build-
ing such as a house; and at least one indoor unit 16 to
be installed inside the building. The refrigeration cycle
apparatus 1 according to the present embodiment in-
cludes, for example, one outdoor unit 15 and a plurality
of indoor units 16 to be connected in parallel to the out-
door unit 15.

[0018] The outdoor unit 15 houses the compressor 2,
the outdoor heat exchanger 3, the outdoor expansion
valve 9, the subcooling circuit 5, the four-way valve 11,
and the accumulator 12. The outdoor unit 15 is provided
with an outdoor blower 21 that sucks in air from the out-
side of the outdoor unit 15 and blows out the air having
exchanged heat with the outdoor heat exchanger 3 to
the outside of the outdoor unit 15. The outdoor blower
21 includes: a propeller fan 22 that faces the outdoor
heat exchanger 3; and an electric motor 23 that rotation-
ally drives the propeller fan 22.

[0019] The indoor unit 16 houses the expansion valve
6 and the indoor heat exchanger 7. The indoor unit 16 is
provided with an indoor blower 25 that sucks in air from
the outside of the indoor unit 16 and blows out the air
having exchanged heat with the indoor heat exchanger
7 to the outside of the indoor unit 16. The indoor blower
25 includes: a propeller fan 26 that faces the indoor heat
exchanger 7; and an electric motor 27 that rotationally
drives the propeller fan 26.

[0020] Each of the outdoor heat exchanger 3 and the
indoor heat exchanger 7 is, for example, a fin-and-tube
type.

[0021] The outdoor heat exchanger 3 functions as a

condenser when the refrigeration cycle apparatus 1 is
operated for cooling, and functions as an evaporator
when the refrigeration cycle apparatus 1 is operated for
heating.

[0022] The indoor heat exchanger 7 functions as an
evaporator when the refrigeration cycle apparatus 1 is
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operated for cooling, and functions as a condenser when
the refrigeration cycle apparatus 1 is operated for heat-
ing.

[0023] The compressor 2 compresses the refrigerant,
then boosts the refrigerant, and then discharges the re-
frigerant. The compressor 2 may be, for example, a com-
pressor that can change its operating frequency by
known inverter control or a compressor that cannot
change its operating frequency.

[0024] Each of the indoor expansion valve 6 and the
outdoor expansion valve 9 is, for example, a Pulse Motor
Valve (PMV). Each of the indoor expansion valve 6 and
the outdoor expansion valve 9 can adjust its valve open-
ing. The indoor expansion valve 6 functions as an ex-
pansion valve mainly during cooling operation, and func-
tions as a subcooling-degree adjusting valve for the in-
door heat exchanger 7 mainly during heating operation.
The outdoor expansion valve 9 functions as an expansion
valve mainly during heating operation, and functions as
a subcooling-degree adjusting valve for the outdoor heat
exchanger 3 mainly during cooling operation. Although
it is not illustrated, each of the indoor expansion valve 6
and the outdoor expansion valve 9 includes: a valve body
having a through hole; a needle capable of advancing
and retreating with respect to the through hole; and a
power source for advancing and retreating the needle,
for example. When the through hole is closed with the
needle, the indoor expansion valve 6 and the outdoor
expansion valve 9 stop (block) the flow of the refrigerant
in the refrigeration cycle apparatus 1. At this time, the
indoor expansion valve 6 and the outdoor expansion
valve 9 are in the closed state, and the opening degree
of each of the indoor expansion valve 6 and the outdoor
expansion valve 9 is the smallest. When the needle is
situated farthest from the through hole, the amount of the
refrigerant flow in the refrigeration cycle apparatus 1 is
maximized and the opening degree of each of the indoor
expansion valve 6 and the outdoor expansion valve 9 is
the largest at this time.

[0025] The power source is, for example, a stepping
motor. When the number of pulses to be inputted to the
stepping motor is zero, the indoor expansion valve 6 and
the outdoor expansion valve 9 are closed. When the
number of pulses to be inputted to the stepping motor is
the maximum pulse, the indoor expansion valve 6 and
the outdoor expansion valve 9 reach the maximum open-
ing degree. The maximum number of pulses is, for ex-
ample, several hundred pulses such as 500 pulses.
[0026] The refrigerant pipe 8 connects the compressor
2, the accelerator 12, the four-way valve 11, the outdoor
heat exchanger 3, the outdoor expansion valve 9, the
subcooling circuit 5, the indoor expansion valve 6, and
the indoor heat exchanger 7. The refrigerant pipe 8 in-
cludes: a main circuit pipe 31 that circulates the refriger-
ant through the compressor 2, the accelerator 12, the
four-way valve 11, the outdoor heat exchanger 3, the
outdoor expansion valve 9, the subcooling circuit 5, the
indoor expansion valve 6, and the indoor heat exchanger



5 EP 3 859 230 A1 6

7; a bypass circuit pipe 32 that branches from the middle
of the main circuit pipe 31 interconnecting the subcooling
circuit 5 and the indoor expansion valve 6 so as to bypass
the refrigerant to the compressor 2; and a branch portion
33 thatbranches the bypass circuit pipe 32 from the main
circuit pipe 31.

[0027] The main circuit pipe 31 includes: a first main
refrigerant pipe 31a that connects the discharge side of
the compressor 2 and the four-way valve 11; a second
main refrigerant pipe 31b that connects the suction side
of the compressor 2 and the four-way valve 11; a third
main refrigerant pipe 31c that connects the four-way
valve 11 and the outdoor heat exchanger 3; a fourth main
refrigerant pipe 31d that connects the outdoor heat ex-
changer 3 and the indoor heat exchanger 7; and a fifth
main refrigerant pipe 31e that connects the indoor heat
exchanger 7 and the four-way valve 11.

[0028] The fourth main refrigerant pipe 31d connects
the outdoor heat exchanger 3 and the indoor heat ex-
changer 7 via a first pipe-connection-portion 31f of the
outdoor unit 15 and a second pipe-connection-portion
319 of the indoor unit 16.

[0029] The fifth main refrigerant pipe 31e connects the
indoor heat exchanger 7 and the four-way valve 11 via
a third pipe-connection-portion 31h of the indoor unit 16
and a fourth pipe-connection-portion 31i of the outdoor
unit 15.

[0030] The branch portion 33 is disposed in the middle
of the fourth main refrigerant pipe 31d that connects the
outdoor heat exchanger 3 and the first pipe-connection-
portion 31f of the outdoor unit 15.

[0031] The accumulator 12 is provided in the middle
of the second main refrigerant pipe 31b.

[0032] The outdoor expansion valve 9, the subcooling
circuit 5, and the indoor expansion valve 6 are provided
in the middle of the fourth main refrigerant pipe 31d. The
subcooling circuit 5 is closer to the outdoor heat exchang-
er 3 than the indoor expansion valve 6. The outdoor ex-
pansion valve 9 is closer to the outdoor heat exchanger
3 than the subcooling circuit 5. The indoor expansion
valve 6 is closer to the indoor heat exchanger 7 than the
subcooling circuit 5. In other words, the outdoor expan-
sion valve 9 is disposed between the outdoor heat ex-
changer 3 and the subcooling circuit 5. The subcooling
circuit 5 is disposed between the outdoor heat exchanger
3 and the indoor expansion valve 6. The subcooling cir-
cuit 5 is disposed between the outdoor expansion valve
9 and the indoor expansion valve 6. In addition, the out-
door expansion valve 9 is disposed in the middle of the
fourth main refrigerant pipe 31d that connects the outdoor
heat exchanger 3 and the first pipe-connection-portion
31f of the outdoor unit 15. The subcooling circuit 5 is
disposed in the middle of the fourth main refrigerant pipe
31d that connects the outdoor heat exchanger 3 and the
first pipe-connection-portion 31f of the outdoor unit 15.
The indoor expansion valve 6 is disposed in the middle
of the fourth main refrigerant pipe 31d that connects the
second pipe-connection-portion 31g of the indoor unit 16
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and the indoor heat exchanger 7.

[0033] The four-way valve 11 switches the direction of
the refrigerant flow in the refrigerant pipe 8. When the
refrigeration cycle apparatus 1 is operated for cooling
(with the flow of the refrigerant shown by the solid line in
Fig. 1) to lower the room temperature in the building, the
four-way valve 11 circulates the refrigerant from the first
main refrigerant pipe 31a to the third main refrigerant
pipe 31c and circulates the refrigerant from the fifth main
refrigerant pipe 31e to the second main refrigerant pipe
31b. When therefrigeration cycle apparatus 1is operated
for heating (with the flow of the refrigerant shown by the
broken line in Fig. 1) to raise the room temperature in the
building, the four-way valve 11 circulates the refrigerant
from the first main refrigerant pipe 31a to the fifth main
refrigerant pipe 31e and circulates the refrigerant from
the third main refrigerant pipe 31c to the second main
refrigerant pipe 31b.

[0034] Fig. 2 is a schematic diagram illustrating the
subcooling circuit of the refrigeration cycle apparatus ac-
cording to the embodiment of the present invention.
[0035] As shown in Fig. 1 and Fig. 2, the subcooling
circuit 5 of the refrigeration cycle apparatus 1 according
to the present embodiment includes: the bypass circuit
pipe 32; a subcooling expansion valve 41; and a sub-
cooling heat exchanger 42.

[0036] The bypass circuit pipe 32 branches the refrig-
erant flowing from the outdoor heat exchanger 3 to the
indoor heat exchanger 7 in the main circuit pipe 31 during
the cooling operation, and bypasses the refrigerant to
the accelerator 12 without passing through the indoor
expansion valve 6 and the indoor heat exchanger 7. The
bypass circuit pipe 32 branches from the branch portion
33, i.e., the middle of the fourth main refrigerant pipe 31d
that connects the outdoor heat exchanger 3 and the first
pipe-connection-portion 31f of the outdoor unit 15. The
bypass circuit pipe 32 joins the second main refrigerant
pipe 31b of the main circuit pipe 31 in the middle of the
second main refrigerant pipe 31b that connects the ac-
cumulator 12 and the four-way valve 11.

[0037] The subcooling expansion valve 41 decom-
presses the refrigerant that has flowed from the branch
portion 33 into the bypass circuit pipe 32.

[0038] The subcooling heat exchanger 42 exchanges
heat between the refrigerant decompressed by the sub-
cooling expansion valve 41 and the refrigerant flowing
through the main circuit pipe 31 (specifically, the portion
upstream of the branch portion 33 in the fourth main re-
frigerant pipe 31d) so as to subcool the refrigerant flowing
through the main circuit pipe 31.

[0039] The bypass circuit pipe 32 includes: a first by-
pass refrigerant pipe 32a that connects the branch por-
tion 33 and the subcooling expansion valve 41; a second
bypass refrigerant pipe 32b that connects the subcooling
expansion valve 41 and the subcooling heat exchanger
42; and a third bypass refrigerant pipe 32c that connects
the subcooling heat exchanger 42 and the second main
refrigerant pipe 31b of the main circuit pipe 31.
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[0040] In addition, the refrigeration cycle apparatus 1
includes a controller 45 that is electrically connected to
the four-way valve 11 via a signal line (not shown). The
controller 45 may be connected to the compressor 2 that
can change its operating frequency.

[0041] The controller 45 includes: a central processing
unit (not shown) and a storage device (not shown) that
stores various arithmetic programs and parameters to be
executed by the central processing unit. The controller
45 reads various control programs from an auxiliary stor-
age device into a main storage device, and causes the
central processing unit to execute the various control pro-
grams having been read into the main storage device.
[0042] The controller 45 switches between the cooling
operation and the heating operation of the refrigeration
cycle apparatus 1 by switching the state of the four-way
valve 11 on the basis of a request to be inputted into an
input device such as a remote controller.

[0043] The controller 45 controls the opening degree
of the subcooling expansion valve 41 on the basis of: a
first temperature sensor 46 that measures temperature
of the refrigerant flowing through the fourth main refrig-
erant pipe 31d between the outdoor heat exchanger 3
and the subcooling circuit 5; a second temperature sen-
sor 47 that measures temperature of the refrigerant flow-
ing through the fourth main refrigerant pipe 31d between
the subcooling circuit 5 and the first pipe-connection-por-
tion 31f; a third temperature sensor 48 that measures
temperature of the refrigerant flowing through the third
bypass refrigerant pipe 32c; and saturated suction tem-
perature.

[0044] The saturated suctiontemperature is calculated
by converting the value of a suction pressure sensor 49
that measures the pressure of the refrigerant flowing
through the fourth main refrigerant pipe 31d.

[0045] During the cooling operation, the refrigeration
cycle apparatus 1 discharges the compressed high-tem-
perature and high-pressure refrigerant from the com-
pressor 2, and then sends this refrigerant to the outdoor
heat exchanger 3 via the four-way valve 11. The outdoor
heat exchanger 3 exchanges heat between the air out-
side the building and the refrigerant passing through the
tube, and cools the refrigerant in order to liquefy the re-
frigerant into a high-pressure liquefied refrigerant. That
is, during the cooling operation, the outdoor heat ex-
changer 3 functions as a condenser. The refrigerant hav-
ing passed through the outdoor heat exchanger 3 passes
through the indoor expansion valve 6 so as to be depres-
surized and brought into a low-pressure gas-liquid two-
phase refrigerant, and then reaches the indoor heat ex-
changer 7. The indoor heat exchanger 7 cools the air
inside the building by exchanging heat between the air
inside the building and the refrigerant passing through
the tube. At this time, the indoor heat exchanger 7 func-
tions as an evaporator that evaporates the refrigerant
into a gaseous state. The refrigerant having passed
through the indoor heat exchanger 7 is sucked back into
the compressor 2.
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[0046] During the heating operation, the refrigeration
cycle apparatus 1 inverts the four-way valve 11 to gen-
erate a flow of refrigerant that is opposite to the flow of
the refrigerant during the cooling operation in the refrig-
eration cycle, causes the indoor heat exchanger 7 to func-
tion as a condenser, and causes the outdoor heat ex-
changer 3 to function as an evaporator.

[0047] The refrigeration cycle apparatus 1 may be ded-
icated to cooling without the four-way valve 11. In this
case, the discharge side of the compressor 2 is connect-
ed to the outdoor heat exchanger 3 through the refriger-
ant pipe 8, and the suction side of the compressor 2 is
connected to the indoor heat exchanger 7 through the
refrigerant pipe 8.

[0048] The subcooling circuit 5 is used for reducing the
dryness of the refrigerant flowing from the outdoor heat
exchanger 3 to the indoor expansion valve 6 and for re-
ducing the amount of the refrigerant circulating in the
indoor unit 16.

[0049] The subcooling circuit 5 is generally used in the
cooling operation. In the subcooling circuit 5, a part of
the liquid refrigerant condensed by the outdoor heat ex-
changer 3 is branched at the branch portion 33 and ex-
panded at a low pressure by the subcooling expansion
valve 41. The subcooling heat exchanger 42 exchanges
heat between the two-phase refrigerant expanded at a
low pressure by the subcooling expansion valve 41 and
the refrigerant flowing through the main circuit pipe 31
(specifically, the portion upstream of the branch portion
33 in the fourth main refrigerant pipe 31d) so as to cool
the refrigerant flowing through the main circuit pipe 31.

[0050] When a part of the refrigerant is not condensed
in the outdoor heat exchanger 3 and flows out to the
fourth main refrigerant pipe 31d in the state of gas refrig-
erant, there is a possibility that the two-phase refrigerant
flows into the subcooling circuit 5. Generally, the sub-
cooling expansion valve 41 has an insufficient pipe di-
ameter for circulating the two-phase refrigerant. Accord-
ingly, the amount of refrigerant flowing through the sub-
cooling circuit 5 is insufficient, and thus, the heat ex-
change amount of the subcooling circuit 5 decreases.
When the heat exchange amount of the subcooling circuit
5 decreases, the gas refrigerant is mixed into the fourth
main refrigerant pipe 31d of the main circuit pipe 31 and
the gas refrigerant is sent to the indoor unit 16.

[0051] For this reason, the branch portion 33 of the
refrigeration cycle apparatus 1 according to the present
embodiment includes: an upstream pipe portion 51; a
main-circuit branch pipe portion 52 that branches upward
(solid arrow U in Fig. 2) from the upstream pipe portion
51 and extends toward the indoor expansion valve 6; and
a bypass-circuit branch pipe portion 53 that branches
downward (solid arrow D in Fig. 2) from the upstream
pipe portion 51 and extends towards the subcooling cir-
cuit 5. The upstream pipe portion 51 and the main-circuit
branch pipe portion 52 correspond to a part of the fourth
main refrigerant pipe 31d of the main circuit pipe 31, and
the bypass-circuit branch pipe portion 53 corresponds to
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apartof thefirstbypassrefrigerant pipe 32a of the bypass
circuit pipe 32.

[0052] The main-circuit branch pipe portion 52 and the
bypass-circuit branch pipe portion 53 constitute a con-
tinuous straight pipe 55. In other words, the main-circuit
branch pipe portion 52 configured as a part of the straight
pipe 55 corresponds to a part of the fourth main refriger-
ant pipe 31d of the main circuit pipe 31, and the bypass-
circuit branch pipe portion 53 configured as the rest of
the straight pipe 55 corresponds to a part of the first by-
pass refrigerant pipe 32a of the bypass circuit pipe 32.
The straight pipe 55 has a substantially uniform flow-path
cross-sectional area from the portion corresponding to
the main-circuit branch pipe portion 52 to the portion cor-
responding to the bypass-circuit branch pipe portion 53.
The boundary between the fourth main refrigerant pipe
31d of the main circuit pipe 31 and the first bypass re-
frigerant pipe 32a of the bypass circuit pipe 32 is the
confluence of the straight pipe 55 and the upstream pipe
portion 51.

[0053] The fourth main refrigerant pipe 31d may be
bent except the portion that corresponds to a part of the
straight pipe 55. Additionally, the first bypass refrigerant
pipe 32a may be bent except the portion that corresponds
to the rest of the straight pipe 55.

[0054] The main-circuit branch pipe portion 52 and the
bypass-circuit branch pipe portion 53 extend substantial-
ly in the vertical direction. The main-circuit branch pipe
portion 52 and the bypass-circuit branch pipe portion 53
may be tilted in the range of 30 degrees (* 30 degrees)
with respect to the vertical line VL.

[0055] The upstream pipe portion 51 is connected to
the straight pipe 55 in a tee-shape. In other words, the
upstream pipe portion 51 abuts on the straight pipe 55
from the radial direction of the straight pipe 55. The up-
stream pipe portion 51 extends substantially in the hori-
zontal direction. The upstream pipe portion 51 may be
tilted within a range of 45 degrees (= 45 degrees) with
respect to the horizontal plane HP. The angle 6 formed
by the upstream pipe portion 51 and the straight pipe 55
is preferably 45 degrees or more.

[0056] For example, when the upstream pipe portion
51 abuts on the straight pipe 55 from the radial direction
ofthe straight pipe 55, the angle 6 formed by the upstream
pipe portion 51 and the straight pipe 55 is 90 degrees.
In this case, the upstream pipe portion 51 and the straight
pipe 55 form a tee-shape rotated by 90 degrees.
[0057] The flow-path cross-sectional area PA1 of the
straight pipe 55 is twice the flow-path cross-sectional ar-
ea PA2 of the upstream pipe portion 51 or more.
[0058] The branch portion 33 of the refrigeration cycle
apparatus 1 according to the present embodiment caus-
es the mainstream (i.e., flow of the refrigerant flowing
through the main circuit pipe 31) in the direction of the
solid arrow A in Fig. 2, and causes a bypass flow (i.e.,
flow of the refrigerant flowing through the subcooling cir-
cuit 5) in the direction of the solid arrow B in Fig. 2. The
amount of the refrigerant to be bypassed toward the sub-
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cooling circuit 5 is determined by the inner diameter of
the bypass circuit pipe 32 and the valve opening degree
of the subcooling expansion valve 41. The amount of the
refrigerant to be bypassed toward the subcooling circuit
5is, for example, from 0% (when the subcooling expan-
sion valve 41 is fully closed) to 20% (when the subcooling
expansion valve 41 is fully open) of the mainstream.
Thus, in the first bypass refrigerant pipe 32a, the gas
refrigerant is separated upward and the liquid refrigerant
is separated downward due to the influence of buoyancy
and gravity. Accordingly, the proportion of the liquid re-
frigerant flowing into the subcooling circuit 5 increases,
and the proportion of the gas refrigerant flowing into the
subcooling circuit 5 decreases.

[0059] Once the flow rate of the liquid refrigerant flow-
ing to the subcooling circuit 5 is secured, even if the gas-
liquid two-phase refrigerant flows out from the outdoor
heat exchanger 3, the gas-liquid two-phase refrigerant
can be condensed into the liquid refrigerant by the sub-
cooling circuit 5. Thatis, the outflow of the gas refrigerant
to the side of the indoor unit 16 is eliminated or reduced.
[0060] When the flow-path cross-sectional area of the
straight pipe 55 is twice the flow-path cross-sectional ar-
ea of the upstream pipe portion 51 or more, the flow ve-
locity of the refrigerant in the straight pipe 55 is reduced.
This reduction effect reduces the flow velocity of the re-
frigerant in the first bypass refrigerant pipe 32a (i.e., flow
velocity of the bypass flow) to, for example, about 10%
of the flow velocity of the refrigerant in the fourth main
refrigerant pipe 31d (i.e., flow velocity of the mainstream).
This reduction of the flow velocity of the refrigerant makes
the buoyancy of the gas refrigerant larger than the force
to be received from the flow of the liquid refrigerant. Thus,
the effect of gas-liquid separation appears more promi-
nently.

[0061] Fig. 3 is a diagram showing a comparison of
heat exchange amount between the subcooling circuit of
the refrigeration cycle apparatus according to the em-
bodiment of the presentinvention and a subcooling circuit
of a comparative example.

[0062] The solid line o in Fig. 3 indicates the relation-
ship between the dryness and the heat exchange amount
in the subcooling circuit 5 of the refrigeration cycle ap-
paratus 1 according to the presentembodiment. The bro-
ken line B in Fig. 3 indicates the relationship between the
dryness and the heat exchange amountin the subcooling
circuit of the refrigeration cycle apparatus of the compar-
ative example.

[0063] First, the branch portion of the refrigeration cy-
cle apparatus in the comparative example is assumed to
include: a main circuit pipe (corresponding to the fourth
main refrigerant pipe 31d) that extends in the horizontal
direction and connects the outdoor heat exchanger 3 to
the indoor heat exchanger 7; and a bypass-circuit pipe
(corresponding to the first bypass refrigerant pipe 32a)
that hangs down from the lower face of the main circuit
pipe and branches so as to be connected to the subcool-
ing expansion valve 41. In other words, the refrigeration
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cycle apparatus of the comparative example includes:
the main circuit pipe; and a tee-shaped branch portion
of the bypass-circuit pipe hanging down from a straight-
pipe portion of the main circuit pipe.

[0064] As shown in Fig. 3, in the refrigeration cycle
apparatus of the comparative example, the flow rate in
the subcooling expansion valve is insufficient unless the
dryness is zero or less. Thus, in the subcooling circuit of
the comparative example, the heat exchange amountbe-
comes insufficient when the dryness exceeds the zero
value.

[0065] Even in the gas-liquid two-phase region where
the dryness is larger than zero, the refrigeration cycle
apparatus 1 according to the present embodiment can
flow the liquid refrigerant through the subcooling expan-
sion valve 41 by the gas-liquid separation effect of the
branch portion 33. Thus, the subcooling circuit 5 accord-
ing to the present embodiment can increase the heat
exchange amount even if the dryness is larger than the
zero value.

[0066] Fig.4 and Fig. 5 are cross-sectional views illus-
trating another aspect of the branch portion of the refrig-
eration cycle apparatus according to the embodiment of
the present invention. Fig. 4 is a cross-sectional view of
passing through the center of the upstream pipe portion
51 of the branch portion 33 and orthogonal to the respec-
tive centers of the bypass-circuit branch pipe portion 53
and the main-circuit branch pipe portion 52. Fig. 5 is a
cross-sectional view of passing through the respective
centers of the bypass-circuit branch pipe portion 53 and
the main-circuit branch pipe portion 52.

[0067] As shown in Fig. 4 and Fig. 5, the refrigeration
cycle apparatus 1 according to the present embodiment
includes a branch portion 33A. The extended line of the
centerline Ca of the upstream pipe portion 51 of the
branch portion 33A intersects neither the centerline Cb
of the main-circuit branch pipe portion 52 nor the center-
line Cc of the bypass-circuit branch pipe portion 53. In
other words, the extended line of the centerline Ca of the
upstream pipe portion 51 is biased outward in the radial
direction of the main-circuit branch pipe portion 52 and
the bypass-circuit branch pipe portion 53 with respect to
the centerline Cb of the main-circuit branch pipe portion
52 and the centerline Cc of the bypass-circuit branch pipe
portion 53.

[0068] Itis preferred that the upstream pipe portion 51
is connected along the tangent TL of the bypass-circuit
branch pipe portion 53 and the main-circuit branch pipe
portion 52 in the cross-section of Fig. 4.

[0069] Further, itis preferred that the pipe diameter of
the upstream pipe portion 51 is equal to or smaller than
half the pipe diameter of the bypass-circuit branch pipe
portion 53 and the main-circuit branch pipe portion 52.
[0070] Inthebranch portion 33A, therefrigerantflowing
from the upstream pipe portion 51 into the straight pipe
55 (i.e., the main-circuit branch pipe portion 52 and the
bypass-circuit branch pipe portion 53) causes a circum-
ferential flow (solid arrow R) in the straight pipe 55. This
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swirling flow R causes a separation effect between the
gas refrigerant g and the liquid refrigerant 1 due to cen-
trifugal force at the branch portion between the upstream
pipe portion 51 and the straight pipe 55. Further, the swirl-
ing flow R reduces the flow velocity of the refrigerant in
the longitudinal direction in the straight pipe 55. This re-
duction of the flow velocity makes it easier for the gas
refrigerant to float upward and the liquid refrigerant to fall
downward. Thatis, the supply ratio of the liquid refrigerant
to the subcooling circuit 5 is improved.

[0071] The refrigeration cycle apparatus 1 according
to the present embodiment has the branch portion 33 or
33A, and this branch portion 33 or 33Aincludes: the main-
circuit branch pipe portion 52 that branches upward from
the upstream pipe portion 51 and extends toward the
indoor expansion valve 6; and a bypass-circuit branch
pipe portion 53 that branches downward from the up-
stream pipe portion 51 and extends toward subcooling
circuit 5. Consequently, even if the refrigerant in the state
of gas-liquid two-phase flows out of the outdoor heat ex-
changer 3, the refrigeration cycle apparatus 1 increases
the proportion of the liquid refrigerant flowing into the
subcooling circuit 5 and decreases the proportion of the
gas refrigerant flowing into the subcooling circuit 5. Once
the flow rate of the liquid refrigerant flowing to the sub-
cooling circuit 5 is satisfied, even if the refrigerant in the
state of gas-liquid two-phase flows out of the outdoor
heat exchanger 3, the refrigerant in the state of gas-liquid
two-phase can be condensed into the liquid refrigerant
by the subcooling circuit 5. That is, the refrigeration cycle
apparatus 1 can eliminate or reduce the outflow of the
gas refrigerant to the side of the indoor unit 16 by the
branch portion 33 or 33A having a simple structure.
[0072] Additionally, the refrigeration cycle apparatus 1
according to the present embodiment includes: the
straight pipe 55 configured with the main-circuit branch
pipe portion 52 and the bypass-circuit branch pipe portion
53 continuously; and the upstream pipe portion 51 that
is connected to the straight pipe 55 in the tee-shape.
Consequently, the refrigeration cycle apparatus 1 can
reduce the outflow of the gas refrigerant to the side of
the indoor unit 16 by the branch portion 33 or 33A having
an extremely simple structure.

[0073] Further, the refrigeration cycle apparatus 1 ac-
cording to the present embodiment includes the straight
pipe 55 having a flow-path cross-sectional area that is
twice or more than twice the flow-path cross-sectional
area of the upstream pipe portion 51. Consequently, the
refrigeration cycle apparatus 1 can reduce the flow ve-
locity of the refrigerant in the straight pipe 55. This re-
duction effect significantly reduces the flow velocity of
the refrigerantin the first bypass refrigerant pipe 32a than
the flow velocity of the refrigerant in the fourth main re-
frigerant pipe 31d. This reduction in the flow velocity of
the refrigerant makes the buoyancy of the gas refrigerant
larger than the force to be received from the flow of the
liquid refrigerant. That is, the refrigeration cycle appara-
tus 1 can exert the effect of gas-liquid separation more
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remarkably.

[0074] Moreover, the refrigeration cycle apparatus 1
according to the present embodiment includes: the up-
stream pipe portion 51 extending substantially horizon-
tally; and the main-circuit branch pipe portion 52 and the
bypass-circuit branch pipe portion 53, both of which ex-
tend substantially vertically. Consequently, the refriger-
ation cycle apparatus 1 can more reliably separate the
refrigerant in the state of gas-liquid two-phase into the
gas refrigerant and the liquid refrigerant, and introduce
the separated liquid refrigerant into the subcooling circuit
5.

[0075] Furthermore, the refrigeration cycle apparatus
1 according to the present embodiment includes the up-
stream pipe portion 51, extended line of the centerline of
which intersects neither the centerline of the main-circuit
branch pipe portion 52 nor the centerline of the bypass-
circuit branch pipe portion 53. Consequently, the refrig-
eration cycle apparatus 1 can generate a swirling flow in
the branch portion 33A, and create a synergistic effect
by the separation effect between the gas refrigerant and
the liquid refrigerant using centrifugal force in addition to
the separation effect between the gas refrigerant and the
liquid refrigerant using gravity.

[0076] Therefore, according to the refrigeration cycle
apparatus 1 of the presentembodiment, the performance
of the subcooling circuit 5 can be sufficiently exhibited
by the simply configured branch portions 33 or 33A.
[0077] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.
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[0078]

1 refrigeration cycle apparatus
2 compressor

3 outdoor heat exchanger

5 subcooling circuit

6 indoor expansion valve

7 indoor heat exchanger

8 refrigerant pipe

9 outdoor expansion valve

11 four-way valve

12 accumulator

15 outdoor unit

16 indoor unit

21 outdoor blower

22 propeller fan of the outdoor blower
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electric motor of the outdoor blower
indoor blower

propeller fan of the indoor blower
electric motor of the indoor blower
main circuit pipe

first main refrigerant pipe

second main refrigerant pipe

third main refrigerant pipe

fourth main refrigerant pipe

fifth main refrigerant pipe

first pipe-connection-portion
second pipe-connection-portion
third pipe-connection-portion
fourth pipe-connection-portion
bypass circuit pipe

first bypass refrigerant pipe
second bypass refrigerant pipe
third bypass refrigerant pipe
branch portion

subcooling expansion valve
subcooling heat exchanger
controller

first temperature sensor

second temperature sensor

third temperature sensor
upstream pipe portion
main-circuit branch pipe portion
bypass-circuit branch pipe portion
straight pipe

1. A refrigeration cycle apparatus comprising:

a compressor;

a condenser;

an indoor expansion valve;

a subcooling circuitthatis disposed between the
condenser and the indoor expansion valve;

an evaporator; and

a refrigerant pipe that connects the compressor,
the condenser, the subcooling circuit, the indoor
expansion valve, and the evaporator, and circu-
lates a refrigerant,

wherein the refrigerant pipe includes: a main cir-
cuit pipe that circulates the refrigerant through
the compressor, the condenser, the subcooling
circuit, the indoor expansion valve, and the
evaporator; a bypass circuit pipe that branches
from the middle of the main circuit pipe connect-
ing the subcooling circuit to the indoor expansion
valve and bypasses the refrigerant to the com-
pressor; and a branch portion that connects the
main circuit pipe and the bypass circuit pipe, and
wherein the branch portion includes: an up-
stream pipe portion; a main-circuit branch pipe
portion that branches upward from the upstream
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pipe portion toward the indoor expansion valve;
and a bypass-circuit branch pipe portion that
branches downward from the upstream pipe
portion and extends toward the subcooling cir-
cuit.

The refrigeration cycle apparatus according to claim
1, wherein:

the main-circuit branch pipe portion and the by-
pass-circuit branch pipe portion constitute a
continuous straight pipe; and

the upstream pipe portion is connected to the
straight pipe in a tee-shape.

The refrigeration cycle apparatus according to claim
1 orclaim 2, wherein a flow-path cross-sectional area
of the straight pipe is twice a flow-path cross-sec-
tional area of the upstream pipe portion or more.

The refrigeration cycle apparatus according to any
one of claim 1 to claim 3, wherein:

the upstream pipe portion extends substantially
in a horizontal direction; and

the main-circuit branch pipe portion and the by-
pass-circuit branch pipe portion extend substan-
tially in a vertical direction.

The refrigeration cycle apparatus according to any
one of claim 1 to claim 4, wherein an extended line
of a centerline of the upstream pipe portionintersects
neither a centerline of the main-circuit branch pipe
portion nor a centerline of the bypass-circuit branch
pipe portion.
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