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Description
TECHNICAL FIELD

[0001] The presentinvention relates to heat exchang-
ersincluding a plurality of flat tubes and header-collecting
pipes connected to the plurality of flat tubes.

BACKGROUND ART

[0002] Heat exchangers including a plurality of flat
tubes and header-collecting pipes connected to the plu-
rality of flat tubes have conventionally been known. Pat-
ent Documents 1 and 2 each disclose a heat exchanger
of this type. Specifically, the heat exchanger of each of
the patent documents includes first and second header-
collecting pipes which are installed in an upright position
on the right and left sides of the heat exchanger, respec-
tively, and a plurality of flat tubes which extend from the
first header-collecting pipe to the second header-collect-
ing pipe. The heat exchanger of each of the patent doc-
uments causes a refrigerant flowing inside the flat tubes
to exchange heat with air flowing outside the flat tubes.
[0003] The heat exchanger described in Patent Docu-
ment 1 functions as a condenser. In this heat exchanger,
the gaseous refrigerant having flowed into an upper end
portion of the first header-collecting pipe is distributed to
all of the flat tubes. The refrigerant flowing through the
flat tubes dissipates heat into air and condensates, and
then, flows into the second header-collecting pipe. There-
after, the refrigerant flows out from a lower end portion
of the second header-collecting pipe to the outside of the
heat exchanger.

[0004] The heat exchanger described in Patent Docu-
ment 2 also functions as a condenser. In this heat ex-
changer, the refrigerant having flowed into an upper end
portion of the first header-collecting pipe makes one and
a half round-trips between the two header-collecting
pipes, and then, flows out from a lower end portion of the
second header-collecting pipe.

CITATION LIST
PATENT DOCUMENT
[0005]

PATENT DOCUMENT 1: Japanese Unexamined
Patent Publication No. 2006-105545

PATENT DOCUMENT 2: Japanese Unexamined
Patent Publication No. 2005-003223

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0006] Meanwhile, a heat exchanger as described in
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the patent documents can be used as an evaporator.
When the heat exchanger functions as an evaporator,
the refrigerant being in a gas-liquid two-phase state and
having been supplied to the heat exchanger flows into
one of the header-collecting pipes, and then, diverges
and separately flows into the plurality of flat tubes. In this
case, it is desirable to make flow rates at which the re-
frigerant flows into the flat tubes as uniform as possible,
for the following reason. If the flow rates at which the
refrigerant flows into the flat tubes are nonuniform, at a
midpoint in the flat tubes into which the refrigerant has
flowed at low flow rates, the refrigerant enters a single-
phase gas state, which disadvantageously causes the
heat exchanger to provide insufficient performance.
[0007] Conventionally, a prerequisite for uniformly dis-
tributing a refrigerant being in a gas-liquid two-phase
state from a header-collecting pipe to a plurality of flat
tubes has not been found out to a sufficient extent. Con-
sequently, it has been difficult to cause a heat exchanger
functioning as an evaporator to provide sufficient per-
formance.

[0008] Itis therefore an object of the present invention
to cause a heat exchanger including a plurality of flat
tubes and header-collecting pipes to provide the highest
performance when the heat exchanger functions as an
evaporator.

SOLUTION TO THE PROBLEM

[0009] A first aspect of the present invention relates to
a heat exchanger comprising: a plurality of flat tubes (31);
afirst header-collecting pipe (60) having inserted therein
an end portion of each of the flat tubes (31); a second
header-collecting pipe (70) having inserted therein the
other end portion of each of the flat tubes (31); and a
plurality of fins (36) joined to the flat tubes (31), where
the heat exchanger is provided in a refrigerant circuit (20)
configured to perform a refrigerating cycle, wherein the
second header-collecting pipe (70) forms flow spaces
(71a-71c) which communicate with the plurality of flat
tubes (31) and in which a refrigerant being in a gas-liquid
two-phase state flows upwardly when the heat exchanger
functions as an evaporator, an effective cross-sectional
area of the flow spaces (71a-71c) is an area obtained by
subtracting a projected area which corresponds to a por-
tion of each flat tube (31) located in a corresponding one
of the flow spaces (71a-71c) and which is projected onto
a plane perpendicular to an axial direction of the second
header-collecting pipe (70), from an area of a cross sec-
tion of the corresponding one of the flow spaces (71a-
71c) which is perpendicular to the axial direction of the
second header-collecting pipe (70), and the effective
cross-sectional area of the flow spaces (71 a-71 c) is set
based on a mass flow rate at which the refrigerant flows
into the flow spaces (71a-71c) when the heat exchanger
functions as the evaporator.

[0010] The heat exchanger (23) of the first aspect is
provided in the refrigerant circuit (20) configured to per-
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form a refrigerating cycle. In the heat exchanger (23), the
second header-collecting pipe (70) forms the flow spaces
(71a-71c). Here, a flow of the refrigerant in the heat ex-
changer (23) functioning as the evaporator is described.
The refrigerant being in a gas-liquid two-phase state
flows into the flow spaces (71a-71c) of the second head-
er-collecting pipe (70). The refrigerant having flowed into
the flow spaces (71a-71c) upwardly flows in the flow
spaces (71a-71c). While flowing in the flow spaces (71a-
71c), the refrigerant diverges and separately enters the
plurality of flat tubes (31) communicating with the flow
spaces (71a-71c). The refrigerant having flowed from the
flow spaces (71a-71c) into the flat tubes (31) passes
through the flat tubes (31) and enters the first header-
collecting pipe (60).

[0011] Accordingtothefirstaspect, the effective cross-
sectional area A of the flow spaces (71a-71c) of the sec-
ond header-collecting pipe (70) is an area obtained by
subtracting a projected area A, which corresponds to a
portion of each flat tube (31) located in a corresponding
one of the flow spaces (71a-71c) and which is projected
onto a plane perpendicular to an axial direction of the
second header-collecting pipe (70) from the area A of
a cross section of the flow spaces (71 a-71 c) which is
perpendicular to the axial direction of the second header-
collecting pipe (70) (A = Ag - A4). In the heat exchanger
(23) of the presentinvention, the effective cross-sectional
area A of the flow spaces (71a-71c) is set based on the
mass flow rate at which the refrigerant flows into the flow
spaces (71a-71c) when the heat exchanger (23) func-
tions as the evaporator.

[0012] Asecond aspectofthe presentinventionrelates
to the heat exchanger of the first aspect, wherein a value
included in a variation range of the mass flow rate at
which the refrigerant flows into the flow spaces (71 a-71
c) when the heat exchanger functions as the evaporator
is determined as a reference mass flow rate Mg [kg/h],
and the effective cross-sectional area A [mm?] of the flow
spaces (71a-71c) is equal to or greater than (1.91Mp, -
22.7) and equal to or smaller than (1.96Mg + 30.8).
[0013] A third aspect of the present invention relates
to the heat exchanger of the first aspect, wherein a value
included in a variation range of the mass flow rate at
which the refrigerant flows into the flow spaces (71a-71c)
when the heat exchanger functions as the evaporator is
determined as a reference mass flow rate Mg [kg/h], and
the effective cross-sectional area A [mm?] of the flow
spaces (71a-71c) is equal to or greater than (1.96Mg-
25.0) and equal to or smaller than (1.96Mg + 30.0).
[0014] According to each of the second and third as-
pects, a mass flow rate at which the refrigerant flows into
the heat exchanger (23) functioning as the evaporator
varies according to operational states of the refrigerant
circuit (20) in which the heat exchanger (23) is provided.
The mass flow rate at which the refrigerant flows into the
flow spaces (71a-71c) when the heat exchanger (23)
functions as the evaporator varies within a predetermined
variation range. A value included in the variation range
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of the mass flow rate of the refrigerant is determined as
the reference mass flow rate Mg. The reference mass
flow rate Mg may be the upper limit value, the lower limit
value, or a median value of the variation range, for ex-
ample. In the second and third aspects, the reference
mass flow rate M, is expressed in units of "kg/h" and the
effective cross-sectional area A is expressed in units of
"mm2."

[0015] According to the second aspect, the effective
cross-sectional area A of the flow spaces (71 a-71 c) of
the second header-collecting pipe (70) is a value satis-
fying the following formula:

1.9IMg—22.7< A £1.96Mg + 30.8

[0016] Onthe other hand, accordingtothe third aspect,
the effective cross-sectional area A of the flow spaces
(71a-71c) of the second header-collecting pipe (70) is a
value satisfying the following formula:

1.96Mg —25.0 < A < 1.96Mg + 30.0

[0017] A fourth aspect of the present invention relates
to the heat exchanger of the second or third aspect,
wherein the reference mass flow rate Mg [kg/h] is the
upper limit value of the variation range of the mass flow
rate at which the refrigerant flows into the flow spaces
(71 a-71c) when the heat exchanger functions as the
evaporator.

[0018] According to the fourth aspect, the upper limit
value of the variation range of the mass flow rate at which
the refrigerant flows into the flow spaces (71a-71c) when
the heat exchanger (23) functions as the evaporator is
determined as the reference mass flow rate Mg.

[0019] A fifth aspect of the present invention relates to
the heat exchanger of any one of the first to fourth as-
pects, wherein the first header-collecting pipe (60) and
the second header-collecting pipe (70) are in an upright
position, and the heat exchanger is configured such that
the refrigerant flows into a lower end portion of each of
the flow spaces (71 a-71 c) when the heat exchanger
functions as the evaporator.

[0020] According to the fifth aspect, the first header-
collecting pipe (60) and the second header-collecting
pipe (70) are in an upright position. When the heat ex-
changer (23) according to this aspect functions as the
evaporator, the refrigerant having flowed into the lower
end portion of each of the flow spaces (71a-71c) of the
second header-collecting pipe (70) upwardly flows in the
flow spaces (71a-71c).

ADVANTAGES OF THE INVENTION

[0021] In respect of the heat exchanger (23) function-
ing as the evaporator, in order to distribute uniformly the
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refrigerant being in a gas-liquid two-phase state and flow-
ing upwardly in the flow spaces (71a-71c) of the second
header-collecting pipe (70) to the plurality of flat tubes
(31), itis required to set the flow velocity of the refrigerant
flowing in the flow spaces (71 a-71 c) to an appropriate
value. The inventors of the present invention have made
this finding through analyses of results of various exper-
iments.

[0022] Specifically, when the flow velocity at which the
refrigerant upwardly flows in each of the flow spaces
(71a-71c) is excessive low, since almost none of the lig-
uid refrigerant can reach upper ones of the flat tubes (31),
the refrigerant flowing into the upper ones of the flat tubes
(31) increases in dryness fraction. Consequently, the
amount of heat which the refrigerant flowing through the
upper ones of the flat tubes (31) communicating with the
flow spaces (71a-71c) absorbs is reduced, thereby caus-
ing the heat exchanger (23) to provide insufficient per-
formance. On the other hand, when the flow velocity at
which the refrigerant upwardly flows in each of the flow
spaces (71a-71c) is excessive high, since a large pro-
portion of the liquid refrigerant having been raised with
great force flows into upper ones of the flat tubes (31)
and a large proportion of the gaseous refrigerant flows
into lower ones of the flat tubes (31), the refrigerant flow-
ing into the lower ones of the flat tubes (31) increases in
degree of dryness. Consequently, the amount of heat
which the refrigerant flowing through the lower ones of
the flat tubes (31) communicating with the flow spaces
(71a-71c) absorbs is reduced, thereby causing the heat
exchanger (23) to provide insufficient performance.
Thus, the performance provided by the heat exchanger
(23) becomes insufficient when the flow velocity at which
the refrigerant upwardly flows in the flow spaces (71a-
71c) is excessively low as well as when the flow velocity
is excessively high.

[0023] To address this problem, the heat exchanger
(23) of the present invention is configured such that the
effective cross-sectional area A of the flow spaces (71a-
71c) of the second header-collecting pipe (70) is set
based on the mass flow rate at which the refrigerant flows
into the flow spaces (71 a-71 c) when the heat exchanger
(23) functions as the evaporator. The effective cross-sec-
tional area A of the flow spaces (71a-71c) and the mass
flow rate of the refrigerant flowing into the flow spaces
(71a-71c) are physical quantities which have influence
on the flow velocity at which the refrigerant flows in the
flow spaces (71a-71c). Accordingly, setting of the effec-
tive cross-sectional area A of the flow spaces (71a-71c)
onthe basis of the mass flow rate of the refrigerant flowing
into the flow spaces (71a-71c) makes it possible to set
the flow velocity of the refrigerant flowing in the flow spac-
es (71a-71c) to an appropriate value at which the refrig-
erant is uniformly distributed from the flow spaces (71a-
71c) to the plurality of flat tubes (31). Thus, according to
the present invention, it is possible to cause the heat
exchanger (23) to provide sufficient performance.
[0024] Here, the assumption is made that the refriger-
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ant in the heat exchanger (23) functioning as the evap-
orator absorbs an insufficient amount of heat. In such a
case, if the mass flow rate at which the refrigerant flows
into the flow spaces (71a-71c) is smaller than the upper
limit value of the variation range, it is possible to increase
the amount of heat which the refrigerant absorbs by in-
creasing the mass flow rate at which the refrigerant flows
into the flow spaces (71a-71c). However, when the mass
flow rate at which the refrigerant flows into the flow spac-
es (71a-71c) has already reached the upper limit value
of the variation range, no further increase in the mass
flow rate of the refrigerant is possible.

[0025] To address this, according to the fourth aspect
of the present invention, the reference mass flow rate
Mg, based on which the effective cross-sectional area A
of the flow spaces (71a-71c) is set, is equal to the upper
limit value of the variation range of the mass flow rate at
which the refrigerant flows into the flow spaces (71a-71c)
when the heat exchanger (23) functions as the evapora-
tor. Therefore, according to this aspect, it is possible to
cause the heat exchanger (23) to provide the highest
performance when no increase in the mass flow rate of
the refrigerant flowing into the flow spaces (71a~71c) is
possible.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]

[FIG. 1] FIG. 1 is a refrigerant circuit diagram sche-
matically illustrating a configuration of an air condi-
tioner including an outdoor heat exchanger accord-
ing to Embodiment 1 of the present invention.
[FIG. 2] FIG. 2 is a front view schematically illustrat-
ing a configuration of the outdoor heat exchanger of
Embodiment 1.

[FIG. 3] FIG. 3 is a cross-sectional view illustrating
a portion of the outdoor heat exchanger of Embodi-
ment 1, viewed from front.

[FIG. 4] FIG. 4 is an enlarged cross-sectional view
illustrating a portion of the cross section taken along
the line A-Ain FIG. 3.

[FIG. 5] FIGS. 5A-5D are enlarged cross-sectional
views of a main portion of the cross section taken
along the line B-B in FIG. 3. Specifically, FIG. 5A
illustrates the dimensions of parts. FIG. 5B illustrates
a cross-sectional area A, of a subspace in a second
header-collecting pipe. FIG. 5C illustrates a project-
ed area A, of a flat tube. FIG. 5D illustrates an ef-
fective cross-sectional area A of the subspace in the
second header-collecting pipe.

[FIG. 6] FIG. 6 is a graph illustrating relations be-
tween a flow velocity V of a refrigerant in the sub-
space of the second header-collecting pipe and a
performance rate of the outdoor heat exchanger.
[FIG. 7] FIG. 7 is a graph illustrating a range of the
effective cross-sectional area A of the outdoor heat
exchanger of Embodiment 1.
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[FIG. 8] FIG. 8 is a graph illustrating a range of the
effective cross-sectional area A of the outdoor heat
exchanger of Variation 2 of Embodiment 1.

DESCRIPTION OF EMBODIMENTS

[0027] An embodiment of the present invention will be
descried below in detail with reference to the drawings.
The following embodiment and variations are merely pre-
ferred examples in nature, and are not intended to limit
the scope, applications, and use of the present disclo-
sure.

[0028] A heat exchanger of this embodiment is an out-
door heat exchanger (23) provided in an air conditioner
(10). The air conditioner (10) is described first, and there-
after, a detailed description of the outdoor heat exchang-
er (23) will be given.

- Air Conditioner -

[0029] First, the air conditioner (10) is described with
reference to FIG. 1.

<Configuration of Air Conditioner>

[0030] The airconditioner (10) includes an outdoor unit
(11) and an indoor unit (12). The outdoor unit (11) and
the indoor unit (12) are connected to each other via a
liquid communication pipe (13) and a gas communication
pipe (14). In the air conditioner (10), the outdoor unit (11),
the indoor unit (12), the liquid communication pipe (13),
and the gas communication pipe (14) form a refrigerant
circuit (20).

[0031] The refrigerant circuit (20) includes a compres-
sor (21), a four-way switching valve (22), the outdoor
heat exchanger (23), an expansion valve (24), and an
indoor heat exchanger (25). The compressor (21), the
four-way switching valve (22), the outdoor heat exchang-
er (23), and the expansion valve (24) are housed in the
outdoor unit (11). The outdoor unit (11) is provided with
an outdoor fan (15) configured to supply outdoor air to
the outdoor heat exchanger (23). On the other hand, the
indoor heat exchanger (25) is housed in the indoor unit
(12). The indoor unit (12) is provided with an indoor fan
configured to supply indoor air to the indoor heat ex-
changer (25).

[0032] The refrigerant circuit (20) is a closed circuit
filled with a refrigerant. In the refrigerant circuit (20), a
discharge side and a suction side of the compressor (21)
are in connection to a first port and a second port of the
four-way switching valve (22), respectively. Further, in
the refrigerant circuit (20), a third port of the four-way
switching valve (22), the outdoor heat exchanger (23),
the expansion valve (24), the indoor heat exchanger (25),
and a fourth port of the four-way switching valve (22) are
sequentially arranged.

[0033] The compressor (21) is a scroll-type or rotary-
type hermetic compressor. Rotation speed of the com-
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pressor (21) is variable. Varying the rotation speed of the
compressor (21) causes operation capacity of the com-
pressor (21) to vary. The four-way switching valve (22)
is switchable between a first state and a second state.
In the first state (indicated by the broken lines in FIG. 1),
the first port communicates with the third port and the
second port communicates with the fourth port. In the
second state (indicated by the solid lines in FIG. 1), the
first port communicates with the fourth port and the sec-
ond port communicates with the third port. The expansion
valve (24) is a so-called electronic expansion valve.
[0034] The outdoor heat exchanger (23) causes out-
door air to exchange heat with the refrigerant. The out-
door heat exchanger (23) will be detailed later. On the
otherhand, the indoor heat exchanger (25) causesindoor
air to exchange heat with the refrigerant. The indoor heat
exchanger (25) is a so-called cross-fin type fin-and-tube
heat exchanger including circular heat transfer tubes.

<Operation of Air Conditioner>

[0035] The air conditioner (10) selectively performs
cooling operation and heating operation.

[0036] Duringthe cooling operation, the refrigerant cir-
cuit (20) performs a refrigerating cycle with the four-way
switching valve (22) maintained in the first state. In this
state, the refrigerant circulates by passing through the
outdoor heat exchanger (23), the expansion valve (24),
and the indoor heat exchanger (25) in this order, and the
outdoor heat exchanger (23) functions as a condenser
whereas the indoor heat exchanger (25) functions as an
evaporator. In the outdoor heat exchanger (23), the gas-
eous refrigerant having flowed from the compressor (21)
dissipates heat into outdoor air to become condensed,
and the condensed refrigerant flows out of the heat ex-
changer (23) toward the expansion valve (24).

[0037] Duringthe heating operation, the refrigerant cir-
cuit (20) performs a refrigerating cycle with the four-way
switching valve (22) maintained in the second state. In
this state, the refrigerant circulates by passing through
the indoor heat exchanger (25), the expansion valve (24),
and the outdoor heat exchanger (23) in this order, and
the indoor heat exchanger (25) functions as a condenser
whereas the outdoor heat exchanger (23) functions as
an evaporator. The refrigerant having expanded upon
passing through the expansion valve (24) and beingin a
gas-liquid two-phase state flows into the outdoor heat
exchanger (23). In the outdoor heat exchanger (23), the
refrigerantabsorbs heat from outdoor air and evaporates,
and then, flows out of the outdoor heat exchanger (23)
toward the compressor (21).

- Outdoor Heat Exchanger -

[0038] The outdoor heat exchanger (23) is now de-
scribed with reference to FIGS. 2-7 as appropriate. Note
that the number of flat tubes (31, 32), the number of prin-
cipal heat exchange sections (51a-51c¢), and the number
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of auxiliary heat exchange sections (52a-52c) will be de-
scribed below as a mere example.

<Configuration of Outdoor Heat Exchanger>

[0039] Asillustratedin FIGS. 2 and 3, the outdoor heat
exchanger (23) includes a first header-collecting pipe
(60), a second header-collecting pipe (70), and a large
number of the flat tubes (31, 32), and a large number of
fins (36). The first header-collecting pipe (60), the second
header-collecting pipe (70), the flat tubes (31, 32), and
the fins (35) are each an aluminum alloy member and
brazed to one another.

[0040] As will be detailed later, the outdoor heat ex-
changer (23) is divided into a principal heat exchange
region (51) and an auxiliary heat exchange region (52).
In the outdoor heat exchanger (23), the flat tubes (32)
constitute the auxiliary heat exchange region (52) and
the flat tubes (31) constitute the principal heat exchange
region (51).

[0041] Each of the first header-collecting pipe (60) and
the second header-collecting pipe (70) has along narrow
cylindrical shape with both ends closed. In FIGS. 2 and
3, thefirst header-collecting pipe (60) stands in an upright
position and forms the left edge of the outdoor heat ex-
changer (23), and the second header-collecting pipe (70)
stands in an upright position and forms the right edge of
the outdoor heat exchanger (23). Thus, the first and sec-
ond header-collecting pipes (60, 70) are disposed such
that the axial direction of the header-collecting pipes (60,
70) corresponds to the vertical direction of the outdoor
heat exchanger (23).

[0042] As illustrated in FIG. 4, each of the flat tubes
(31, 32) is a heat exchanger tube having a flat oval cross-
section. As illustrated in FIG. 3, in the outdoor heat ex-
changer (23), the direction in which the plurality of flat
tubes (31, 32) extend corresponds to the lateral direction,
and the flat tubes (31, 32) are arranged such that flat
faces of the adjacent ones of the flat tubes (31, 32) face
each other. The plurality of flat tubes (31, 32) are ar-
ranged one above the other at regular intervals and sub-
stantially in parallel with one another. Each of the flat
tubes (31, 32) has an end portion inserted in the first
header-collecting pipe (60) and the other end portion in-
serted in the second header-collecting pipe (70). The ax-
ial direction of each of the flat tubes (31, 32) is substan-
tially perpendicular to the axial directions of the header-
collecting pipes (60, 70). The flat faces (in this embodi-
ment, the upper and lower faces) of each of the flat tubes
(31, 32) are substantially perpendicular to the axial di-
rection of the header-collecting pipes (60, 70).

[0043] As illustrated in FIG. 4, a plurality of fluid pas-
sages (34) extend in each of the flat tubes (31, 32). The
fluid passages (34) extend in the direction in which the
flat tubes (31, 32) extend. In each of the flat tubes (31,
32), the plurality of fluid passages (34) are aligned in the
width direction (i.e., in the direction perpendicular to the
longitudinal direction) of the flat tubes (31, 32). The plu-
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rality of fluid passages (34) extending in the flat tubes
(31, 32) each has an end communicating with the inner
space of the first header-collecting pipe (60) and the other
end communicating with the inner space of the second
header-collecting pipe (70). The refrigerant supplied to
the outdoor heat exchanger (23) exchanges heat with air
while flowing through the fluid passages (34) extending
in the flat tubes (31, 32).

[0044] As illustrated in FIG. 4, each fin (36) is a verti-
cally oriented plate fin made by subjecting a metal plate
to press work. Each fin (36) has multiple long narrow
notches (45) extending from the front edge (i.e., the edge
located upstream of an air flow) of the fin (36) in the width
direction of the fin (36). In each fin (36), the multiple notch-
es (45) are arranged atregular intervals in the longitudinal
direction (the vertical direction). A portion of each notch
(45) located downstream of the air flow serves as a tube
insertion section (46). Each tube insertion section (46)
has a vertical width substantially equal to the thickness
of the flat tubes (31, 32) and a length substantially equal
to the width of flat tubes (31, 32). The flat tubes (31, 32)
are inserted into the tube insertion sections (46) of the
fins (36), and brazed to circumferential portions of the
tube insertion sections (46). Further, louvers (40) for pro-
moting heat transfer are formed in each fin (36). The plu-
rality of fins (36) are arranged across the direction in
which the flat tubes (31, 32) extend, and thereby divide
spaces sandwiched between adjacent ones of the flat
tubes (31, 32) into a plurality of air flow paths (38).
[0045] Asillustrated in FIGS. 2 and 3, the outdoor heat
exchanger (23) is divided into two regions located one
above the other, i.e., the heat exchange regions (51, 52).
In the outdoor heat exchanger (23), the upper heat ex-
change region serves as the principal heat exchange re-
gion (51) and the lower heat exchange region serves as
the auxiliary heat exchange region (52).

[0046] The heat exchange regions (51, 52) are each
divided into three heat exchange sections (51a-51c, 52a-
52c) located one above the other. That is, in the outdoor
heat exchanger (23), the principal heat exchange region
(51) and the auxiliary heat exchange region (52) are each
divided into the same number of heat exchange sections
(51a-51c, 52a-52c). The heat exchange regions (51, 52)
may be divided into two heat exchange sections or four
or more heat exchange sections.

[0047] Specifically, the principal heat exchange region
(51) includes, in the order from bottom to top, the first
principal heat exchange section (51 a), the second prin-
cipal heat exchange section (51b), and the third principal
heat exchange section (51c). The auxiliary heat ex-
change region (52) includes, in the order from bottom to
top, the first auxiliary heat exchange section (52a), the
second auxiliary heat exchange section (52b), and the
third auxiliary heat exchange section (52c). Each of the
principal heat exchange sections (51a-51c) and the aux-
iliary heat exchange sections (52a-52c) includes two or
more of the flat tubes (31 or 32). As illustrated in FIG. 3,
the number of the flat tubes (31) included in each of the
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principal heat exchange sections (51a-51c) is greater
than the number of the flat tubes (32) included in each
of the auxiliary heat exchange sections (52a-52c). Ac-
cordingly, the number of the flat tubes (31) included in
the principal heat exchange region (51) is greater than
the number of the flat tubes (32) included in the auxiliary
heat exchange region (52).

[0048] As illustrated in FIG. 3, the inner space of the
first header-collecting pipe (60) is partitioned by a parti-
tion plate (39a) into portions located one above the other.
Thus, the first header-collecting pipe (60) includes the
upper space (61) located above the partition plate (39a)
and the lower space (62) located below the partition plate
(39a).

[0049] The upperspace (61)servesas aprincipal com-
municating space corresponding to the principal heat ex-
change region (51). The upper space (61) is a continuous
space communicating with all of the flat tubes (31) in-
cluded in the principal heat exchange region (51). That
is, the upper space (61) communicates with the flat tubes
(31) of the principal heat exchange sections (51a-51c).
[0050] The lower space (62) serves as an auxiliary
communicating space corresponding to the auxiliary heat
exchange region (52). The lower space (62) is partitioned
by two partition plates (39b) into portions located one
above the other. Specifically, the lower space (62) is par-
titioned into the same number (three, in this embodiment)
of communicating chambers (62a-62c) as the number of
the auxiliary heat exchange sections (52a-52c). The first
communicating chamber (62a) which is the lowermost
chamber communicates with all of the flat tubes (32) in-
cluded in the first auxiliary heat exchange section (52a).
The second communicating chamber (62b) which is lo-
cated immediately above the first communicating cham-
ber (62a) communicates with all of the flat tubes (32)
included in the second auxiliary heat exchange section
(52b). The third communicating chamber (62c) which is
the uppermost chamber communicates with all of the flat
tubes (32) included in the third auxiliary heat exchange
section (52c).

[0051] The inner space of the second header-collect-
ing pipe (70) is divided into a principal communicating
space (71) corresponding to the principal heat exchange
region (51) and an auxiliary communicating space (72)
corresponding to the auxiliary heat exchange region (52).
[0052] The principal communicating space (71) is par-
titioned by two partition plates (39c) into portions located
one above the other. Specifically, the partition plates
(39c¢) partition the principal communicating space (71)
into the same number (three, in this embodiment) of sub-
spaces (71a-71c) as the number the principal heat ex-
change sections (51a-51c). The first subspace (71 a)
which is the lowermost subspace communicates with all
of the flat tubes (31) included in the first principal heat
exchange section (51a). The second subspace (71b)
which is located immediately above the first subspace
(71 a) communicates with all of the flat tubes (31) includ-
ed in the second principal heat exchange section (51b).
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The third subspace (71c) which is the uppermost sub-
space communicates with all of the flat tubes (31) includ-
ed in the third principal heat exchange section (51c). The
subspaces (71a-71c) serve as flow spaces in which the
refrigerant upwardly flows when the outdoor heat ex-
changer (23) functions as an evaporator.

[0053] The auxiliary communicating space (72) is par-
titioned by two partition plates (39d) into portions located
one above the other. Specifically, the partition plates
(39d) partition the auxiliary communicating space (72)
into the same number (three, in this embodiment) of sub-
spaces (72a-72c) as the number of the auxiliary heat
exchange sections (52a-52c¢). The fourth subspace (72a)
which is the lowermost subspace communicates with all
of the flat tubes (32) included in the first auxiliary heat
exchange section (52a). The fifth subspace (72b) which
is located immediately above the fourth subspace (72a)
communicates with all of the flat tubes (32) included in
the second auxiliary heat exchange section (52b). The
sixth subspace (72c) which is the uppermost subspace
communicates with all of the flat tubes (32) included in
the third auxiliary heat exchange section (52c).

[0054] Two connection pipes (76, 77) are attached to
the second header-collecting pipe (70). Each of the con-
nection pipes (76, 77) is a circular pipe.

[0055] The first connection pipe (76) has an end con-
nected to the second subspace (71b) corresponding to
the second principal heat exchange section (51b) and
the other end connected to the fourth subspace (72a)
corresponding to the first auxiliary heat exchange section
(52a). The second connection pipe (77) has an end con-
nected to the third subspace (71c) corresponding to the
third principal heat exchange section (51c) and the other
end connected to the fifth subspace (72b) corresponding
to the second auxiliary heat exchange section (52b). In
the second header-collecting pipe (70), the sixth sub-
space (72c) corresponding to the third auxiliary heat ex-
change section (52c) and the first subspace (71a) corre-
sponding to the first principal heat exchange section (51
a) communicate with each other and together form a con-
tinuous space.

[0056] Thus, in the outdoor heat exchanger (23) of this
embodiment, the first principal heat exchange section
(51a) is connected in series to the third auxiliary heat
exchange section (52c), the second principal heat ex-
change section (51b) is connected in series to the first
auxiliary heat exchange section (52a), and the third prin-
cipal heat exchange section (51c¢) is connected in series
to the second auxiliary heat exchange section (52b).
[0057] As illustrated in FIG. 2, the outdoor heat ex-
changer (23) is equipped with a liquid connection mem-
ber (80) and a gas connection pipe (85). The liquid con-
nection member (80) and the gas connection pipe (85)
are attached to the first header-collecting pipe (60).
[0058] The liquid connection member (80) is provided
with a distributor (81) and three small diameter pipes
(82a-82c). A pipe (17) connecting the outdoor heat ex-
changer (23) to the expansion valve (24) is in connection
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to a lower end of the distributor (81). An upper end of the
distributor (81) is in connection to an end of each of the
small diameter pipes (82a-82c). In the distributor (81),
the pipe connected to the lower end communicates with
the small diameter pipes (82a-82c). The other end of
each of the small diameter pipes (82a-82c) is in connec-
tion to the first header-collecting pipe (60) and commu-
nicates with a corresponding one of the lower subspaces
(62a-62c).

[0059] As illustrated also in FIG. 3, each of the small
diameter pipes (82a-82c) opens in a portion near the low-
er end (i.e., a portion located below the middle in the
vertical direction) of the corresponding one of the lower
subspaces (62a-62c). Specifically, the first small diame-
ter pipe (82a) opens in the portion near the lower end of
the first lower subspace (62a). The second small diam-
eter pipe (82b) opens in the portion near the lower end
of the second lower subspace (62b). The third small di-
ameter pipe (82c) opens in the portion near the lower
end of the third lower subspace (62c). The length of each
of the small diameter pipes (82a-82c) is individually de-
termined such that differences between flow rates at
which the refrigerant flows into the heat exchange sec-
tions (50a-50c) become as small as possible.

[0060] The gas connection pipe (57) has an end con-
nected to an upper portion of the first header-collecting
pipe (60) and communicates with the upper space (61).
The other end of the gas connection pipe (57) is in con-
nection to a pipe 18 connecting the outdoor heat ex-
changer (23) to the third port of the four-way switching
valve (22).

<Refrigerant Flow in Outdoor Heat Exchanger (When
Functioning as Condenser)>

[0061] When the air conditioner (10) is performing the
cooling operation, the outdoor heat exchanger (23) is
functioning as a condenser. A flow of the refrigerant
through the outdoor heat exchanger (23) during the cool-
ing operation is now described.

[0062] The gaseous refrigerant discharged from the
compressor (21) is supplied to the outdoor heat exchang-
er (23). The gaseous refrigerant sent from the compres-
sor (21) passes through the gas connection pipe (57) and
flows into the upper space (61) of the first header-col-
lecting pipe (60), and then, is distributed to the flat tubes
(31) of the principal heat exchange region (51). In the
principal heat exchange sections (51a-51c) of the prin-
cipal heat exchange region (51), the refrigerant having
flowed into the fluid passages (34) of the flat tubes (31)
dissipates heat into outdoor air and condenses while
flowing through the fluid passages (34). Thereafter, the
refrigerant flows into the corresponding subspaces (71a-
71c) of the second header-collecting pipe (70).

[0063] The refrigerant having flowed into the subspac-
es (71a-71c) of the principal communicating space (71)
is sent to the corresponding subspaces (72a-72c) of the
auxiliary communicating space (72). Specifically, the re-
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frigerant having flowed into the first subspace (71 a) of
the principal communicating space (71) downwardly
flows and enters the sixth subspace (72c) of the auxiliary
communicating space (72). The refrigerant having flowed
into the second subspace (71b) of the principal commu-
nicating space (71) passes through the first connection
pipe (76) and enters the fourth subspace (72a) of the
auxiliary communicating space (72). The refrigerant hav-
ing flowed into the third subspace (71c) of the principal
communicating space (71) passes through the second
connection pipe (77) and enters the fifth subspace (72b)
of the auxiliary communicating space (72).

[0064] The refrigerant having flowed into the subspac-
es (72a-72c) of the auxiliary communicating space (72)
is distributed to the flat tubes (32) of the corresponding
auxiliary heat exchange sections (52a-52c). The refrig-
erant flowing though the fluid passages (34) of the flat
tubes (32) dissipates heatinto outdoor air to be converted
into subcooled liquid, and then, flows into the correspond-
ing communicating chambers (62a-62c) of the lower
space (62) of the first header-collecting pipe (60). The
refrigerant then flows out from the communicating cham-
bers (62a-62c), passes through the small diameter pipes
(82a-82c), and enters the distributor (81), where the flows
of the refrigerant merge with one another. In this manner,
the refrigerant flows out of the outdoor heat exchanger
(23).

<Refrigerant Flow in Outdoor Heat Exchanger (When
Functioning as Evaporator)>

[0065] When the air conditioner (10) is performing the
heating operation, the outdoor heat exchanger (23) is
functioning as an evaporator. A flow of the refrigerant
through the outdoor heat exchanger (23) during the heat-
ing operation is now described.

[0066] The refrigerant having expanded upon passing
through the expansion valve (24) and being in a gas-
liquid two-phase state is supplied to the outdoor heat
exchanger (23). The refrigerant sent from the expansion
valve (24) flows into the distributor (81) of the liquid con-
nection member (80), and thereafter, diverges and flows
into the three small diameter pipes (82a-82c) to be dis-
tributed to the heat exchange sections (50a-50c).
[0067] Specifically, the refrigerant having flowed from
the distributor (81) into the small diameter pipes (82a-
82c) enters the corresponding communicating chambers
(62a-62c) of the first header-collecting pipe (60). In the
communicating chambers (62a-62c) of the first header-
collecting pipe (60), the refrigerant is distributed to the
flat tubes (32) of the corresponding auxiliary heat ex-
change sections (52a-52c). The refrigerant then flows
through the fluid passages (34) of the flat tubes (32).
While flowing through the fluid passages (34), the refrig-
erant absorbs heat from outdoor air, and part of the liquid
refrigerant evaporates. The refrigerant having passed
though the fluid passages (34) of the flat tubes (32) flows
into the corresponding subspaces (72a-72c) of the aux-
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iliary communicating space (72) of the second header-
collecting pipe (70). The refrigerant having entered the
subspaces (72a-72c) remains in the gas-liquid two-
phase state.

[0068] The refrigerant having flowed into the subspac-
es (72a-72c) of the auxiliary communicating space (72)
is sent to the corresponding sunspaces (71 a-71 c¢) of the
principal communicating space (71). Specifically, the re-
frigerant having flowed into the fourth subspace (72a) of
the auxiliary communicating space (72) passes through
the first connection pipe (76) and enters a lower end por-
tion of the second subspace (71b) of the principal com-
municating space (71). The refrigerant having flowed into
the fifth subspace (72b) of the auxiliary communicating
space (72) passes through the second connection pipe
(77) and enters a lower end portion of the third subspace
(71c) of the principal communicating space (71). The re-
frigerant having flowed into the sixth subspace (72c) of
the auxiliary communicating space (72) upwardly flows
and enters a lower end portion of the first subspace (71
a) of the principal communicating space (71).

[0069] In each of the subspaces (71a-71c) of the prin-
cipal communicating space (71), the refrigerant upwardly
flows. The refrigerant in the subspaces (71a-71c) is dis-
tributed to the flat tubes (31) of the corresponding prin-
cipal heat exchange sections (51a-51c). The refrigerant
flowing through the fluid passages (34) of the flat tubes
(31) absorbs heat from outdoor air and evaporates, there-
by entering a substantially single-phase gas state. There-
after, the refrigerant flows into the upper space (61) of
the first header-collecting pipe (60). The refrigerant flows
out of the outdoor heat exchanger (23) and passes
through the gas connection pipe (57).

<Insertion Length L of Flat Tubes>

[0070] In the outdoor heat exchanger (23) of this em-
bodiment, an insertion length L of the flat tubes (31) in
the second header-collecting pipe (70) is determined
such that the subspaces (71a-71c) of the principal com-
municating space (71) provided in the second header-
collecting pipe (70) has an effective cross-sectional area
A which is equal to a predetermined design value. The
insertion length L is expressed in units of "mm" and the
effective cross-sectional area A is expressed in units of
"mm2." In FIG. 5, the fins (36) are not shown.

[0071] As illustrated in FIG. 5A, the insertion length L
of eachflat tube (31) in the second header-collecting pipe
(70) refers to the length of a portion of the flat tube (31)
inserted in the corresponding one of the subspaces (71a-
71c). Specifically, the insertion length L corresponds to
the distance from the end face of the portion of the flat
tube (31) inserted in a corresponding one of the subspac-
es (71a-71c) to the inner surface of the second header-
collecting pipe (70).

[0072] The effective cross-sectional area A of each of
the subspaces (71a-71c) corresponds to the area of the
region marked with dots in FIG. 5D. The effective cross-

10

15

20

25

30

35

40

45

50

55

sectional area A is obtained by subtracting a projected
area A, of each flat tube (31) from a cross-sectional area
A, of each of the subspaces (71a-71c) (A= Ag-A4). The
cross-sectional area A, of each of the subspaces (71a-
71c) corresponds to the area of the region marked with
dots in FIG. 5B. That is, the cross-sectional area A of
each of the subspaces (71a-71c) is the area of a cross
section of each of the subspaces (71a-71c) which is per-
pendicular to the axial direction of the second header-
collecting pipe (70). Since the cross section of each of
the subspaces (71a-71c) is circular, the cross-sectional
area A of each of the subspaces (71a-71c) is written as
(n/4)d2. The projected area A, of each flat tube (31) cor-
responds to the area of the region marked with dots in
FIG. 5C. Specifically, the projected area A, of each flat
tube (31) is an area corresponding to a portion of the flat
tube (31) which is located in the subspaces (71a-71c)
and which is projected onto a plane perpendicular to the
axial direction of the second header-collecting pipe (70).
[0073] A width W of the flat tubes (31) is determined
according to the design value of the capability of the out-
door heat exchanger (23) for example. An inside diam-
eter d of the second header-collecting pipe (70) is deter-
mined such that the flat tubes (31) having the width W
can be inserted into the second header-collecting pipe
(70). Thus, when adesign for the outdoor heat exchanger
(23) is developed, the width W of the flat tubes (31) and
the inside diameter d of the second header-collecting
pipe (70) are determined first, and then, the insertion
length L of the flat tubes (31) is determined such that the
effective cross-sectional area A of the subspaces (71a-
71c) becomes equal to the predetermined value.
[0074] Asdescribed above, the compressor (21) of the
air conditioner (10) has the variable operation capacity.
When the operation capacity of the compressor (21) var-
ies, the flow rate at which the refrigerant circulates
through the refrigerant circuit (20) varies, and conse-
quently, the mass flow rate at which the refrigerant flows
into the outdoor heat exchanger (23) varies. In the air
conditioner (10) performing the heating operation, the
flow rate at which the refrigerant circulates through the
refrigerant circuit (20) (i.e., the mass flow rate at which
the refrigerant flows into the outdoor heat exchanger
(23)) varies within the range approximately from 90 kg/h
to 270 kg/hinclusive. On the other hand, the outdoor heat
exchanger (23) includes the three principal heat ex-
change sections (51a-51c), and the principal communi-
cating space (71) of the second header-collecting pipe
(70) is partitioned into three subspaces (71a-71c). Ac-
cordingly, when the outdoor heat exchanger (23) func-
tions as the evaporator, the mass flow rate at which the
refrigerant flows into the subspaces (71a-71c) of the prin-
cipal communicating space (71) of the second header-
collecting pipe (70) varies within the range approximately
from 30 kg/h to 90 kg/h inclusive.

[0075] Forthe outdoor heat exchanger (23) of this em-
bodiment, the upper limit value (i.e. 90 kg/h) of the vari-
ation range of the mass flow rate at which the refrigerant
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flows into the subspaces (71a-71c) of the principal com-
municating space (71) is determined as areference mass
flow rate M. On the other hand, in the outdoor heat ex-
changer (23) of this embodiment, the effective cross-sec-
tional area A of the subspaces (71 a-71 c) of the principal
communicating space (71) is setto a value which is equal
to or greater than (1.91Mg - 22.7) and equal to or smaller
than (1.96Mg + 30.8). Accordingly, in the outdoor heat
exchanger (23), the insertion length L of each flat tube
(31) in the second header-collecting pipe (70) is deter-
mined such that the effective cross-sectional area A of
the subspaces (71a-71c) of the principal communicating
space (71) becomes equal to or greater than 149 mm?2
and equal to or smaller than 207 mm?2.

[0076] In the outdoor heat exchanger (23) of this em-
bodiment, it is most desirable to determine the insertion
length L of each flat tube (31) in the second header-col-
lecting pipe (70) such that the effective cross-sectional
area A of the subspaces (71a-71c) of the principal com-
municating space (71) becomes equal to 188 mm2. For
example, if the flat tube (31) has the width W of 18 mm
and the second header-collecting pipe (70) has the inside
diameter d of 21 mm, the effective cross-sectional area
A of the subspaces (71a-71c) of the principal communi-
cating space (71) becomes 188 mm? by setting the in-
sertion length L of each flat tube (31) in the second head-
er-collecting pipe (70) to 10 mm.

<Effective Cross-sectional Area A of Principal Commu-
nicating Space>

[0077] As described above, in the outdoor heat ex-
changer (23) of this embodiment, the insertion length L
of eachflat tube (31) in the second header-collecting pipe
(70) is determined such that the effective cross-sectional
area A of the subspaces (71a-71c) of the principal com-
municating space (70) becomes equal to the predeter-
mined value.

[0078] Intheoutdoorheatexchanger(23), the effective
cross-sectional area A [mm?2] of the subspaces (71a-71c)
ofthe principal communicating space (71) is setto avalue
which is equal to or greater than (1.91Mg - 22.7) and
equal to or smaller than (1.96Mg + 30.8). The reference
mass flow rate Mg [kg/h] is a desired value within the
variation range of the mass flow rate at which the refrig-
erant flows into the subspaces (71a-71c) of the principal
communicating space (71) when the outdoor heat ex-
changer (23) functions as the evaporator. When the ef-
fective cross-sectional area A of the subspaces (71a-
71c) of the principal communicating space (71) is within
the above range and the mass flow rate at which the
refrigerant flows into the subspaces (71a-71c) of the prin-
cipal communicating space (71) is equal to the reference
mass flow rate Mg, the outdoor heat exchanger (23) func-
tioning as an evaporator provides sufficient performance.
The reason for this is now described with reference to
FIGS.6and 7.

[0079] FIG. 6 illustrates relations between a flow ve-
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10

locity V of the refrigerant flowing in the subspaces (71a-
71c) of the principal communicating space (71) of the
second header-collecting pipe (70) and a performance
rate of the outdoor heat exchanger (23) functioning as
the evaporator. Specifically, FIG. 6 illustrates the rela-
tions shown under low-temperature heating conditions,
rated heating conditions, and intermediate heating con-
ditions which are the conditions of the heating operation
of the air conditioner (10), and with varying the effective
cross-sectional area A of the subspaces (71a-71c). The
data shown in FIG. 6 were obtained from experiments
conducted using several outdoor heat exchangers (23)
and R410A as the refrigerant. Specifically, the outdoor
heat exchangers (23) subjected to the experiments each
included the flat tubes (31) having the width W of 18 mm
and the second header-collecting pipe (70) having a cir-
cular cross section and the inside diameter d of 21 mm,
but were different from one another only in the effective
cross-sectional area A of the subspaces (71a-71c) of the
principal communicating space (71).

[0080] Under the low-temperature heating conditions,
an evaporating temperature Te of the refrigerant in the
outdoor heat exchanger (23) is -7°C and a mass flow rate
M at which the refrigerant flows into the subspaces (71a-
71c) of the principal communicating space (71) of the
second header-collecting pipe (70) is 90 kg/h. Under the
rated heating conditions, the evaporating temperature Te
of the refrigerant in the outdoor heat exchanger (23) is
0°C and the mass flow rate M at which the refrigerant
flows into the subspaces (71a-71c) of the principal com-
municating space (71) of the second header-collecting
pipe (70) is 80 kg/h. Under the intermediate heating con-
ditions, the evaporating temperature Te of the refrigerant
in the outdoor heat exchanger (23) is 2°C and the mass
flow rate M at which the refrigerant flows into the sub-
spaces (71a-71c) of the principal communicating space
(71) of the second header-collecting pipe (70) is 40 kg/h.
[0081] InFIG. 6, the horizontal axis represents the flow
velocity V [m/s] at which the refrigerant flows in the sub-
spaces (71a-71c) of the principal communicating space
(71) of the second header-collecting pipe (70). The flow
velocity V is calculated by dividing a volume flow rate X
[m?3/s] of the refrigerant flowing into the subspaces (71a-
71c) by the effective cross-sectional area A [m?] of the
subspaces (71a-71c) (V = X/A). The volume flow rate X
[m3/s] of the refrigerant flowing into the subspaces (71a-
71c) is calculated by dividing the mass flow rate M [kg/h]
of the refrigerant flowing into the subspaces (71a-71c)
by a density D [kg/m3] of the refrigerant flowing into the
subspaces (71a-71c) (X = (M/3600)/D).

[0082] In FIG. 6, the vertical axis represents the per-
formance rate R of the outdoor heat exchangers (23)
under the above operation conditions. The performance
rate Ris apercentage of the performance of each outdoor
heat exchanger (23) relative to predetermined reference
performance. The reference performance is the perform-
ance of the outdoor heat exchanger (23) including the
subspaces (71a-71c) having the effective cross-section-
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al area A of 188 mmz2,

[0083] The performance rate R of each outdoor heat
exchanger (23) under the low-temperature heating con-
ditions is calculated by dividing performance Q4 of each
outdoor heat exchanger (23) under the low-temperature
heating conditions by performance of the outdoor heat
exchanger (23) including the subspaces (71a-71c) hav-
ing the effective cross-sectional area A of 188 mmZ2 and
operating under the low-temperature heating conditions
(i.e., by the reference performance Qg4 under the low-
temperature heating conditions) (R =100 (Q4/Qq)). The
performance rate R of each outdoor heat exchanger (23)
under the rated heating conditions is calculated by divid-
ing performance Q, of each outdoor heat exchanger (23)
under the rated heating conditions by performance of the
outdoor heat exchanger (23) including the subspaces
(71a-71c) having the effective cross-sectional area A of
188 mm?2 and operating under the rated heating condi-
tions (i.e., by the reference performance Qg, under the
rated heating conditions) (R = 100 (Q,/Qq,)). The per-
formance rate R of each outdoor heat exchanger (23)
under the intermediate heating conditions is calculated
by dividing performance Q3 of each outdoor heat ex-
changer (23) under the intermediate heating conditions
by performance of the outdoor heat exchanger (23) in-
cluding the subspaces (71 a-71c) having the effective
cross-sectional area A of 188 mm?2 and operating under
the intermediate heating conditions (i.e., by the reference
performance Qg3 under the intermediate heating condi-
tions) (R = 100 (Q4/Qq3)). As a matter of course, the ref-
erence performance provided under the low-temperature
heating conditions, that provided under the rated heating
conditions, and that provided under the intermediate
heating conditions are different from one another (Qg #
Qo2 # Qoa)-

[0084] The performance Q of the outdoor heat ex-
changer (23) is calculated according to the formula: Q =
G (hgyt-hi,) wherein G is amass flow rate of the refrigerant
passing through the outdoor heat exchanger (23), h;, is
specific enthalpy of the refrigerant at an inlet of the out-
door heat exchanger (23), and h; is specific enthalpy
ofthe refrigerant at an outlet of the outdoor heat exchang-
er (23).

[0085] Four outdoor heat exchangers (23) differing in
the effective cross-sectional area A of the subspaces
(71a-71c) of the principal communicating space (71) of
the second header-collecting pipe (70) were subjected
to performance measurementunder the low-temperature
heating conditions. Specifically, the four outdoor heat ex-
changers (23) had the effective cross-sectional area A
of 152 mm?2, 188 mm?2, 214 mm2, and 240 mm?2, respec-
tively. As illustrated in FIG. 6, the measurement indicated
that the outdoor heat exchanger (23) of which the sub-
spaces (71a-71c) had the effective cross-sectional area
A of 188 mm?2 provided the highest performance.
[0086] Four outdoor heat exchangers (23) differing in
the effective cross-sectional area A of the subspaces
(71a-71c) of the principal communicating space (71) of
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the second header-collecting pipe (70) were subjected
to performance measurement under the rated heating
conditions. Specifically, the four outdoor heat exchang-
ers (23) had the effective cross-sectional area A of 117
mm2, 152 mm2, 188 mm2, and 214 mm?2, respectively.
As illustrated in FIG. 6, the measurement indicated that
the outdoor heat exchanger (23) of which the subspaces
(71a-71c) had the effective cross-sectional area A of 152
mm?2 provided the highest performance.

[0087] Six outdoor heat exchangers (23) differing in
the effective cross-sectional area A of the subspaces
(71a-71c) of the principal communicating space (71) of
the second header-collecting pipe (70) were subjected
to performance measurement under the intermediate
heating conditions. Specifically, the six outdoor heat ex-
changers (23) had the effective cross-sectional area A
of 54 mm2, 79 mm2, 117 mm2, 152 mmZ2, 188 mm2, and
214 mm2, respectively. As illustrated in FIG. 6, the meas-
urement indicated that the outdoor heat exchanger (23)
of which the subspaces (71 a-71 c) had the effective
cross-sectional area A of 79 mm?2 provided the highest
performance.

[0088] The effective cross-sectional area A of the sub-
spaces (71a-71c) with which the outdoor heat exchanger
(23) provides the highest performance varies depending
on the low-temperature heating conditions, the rated
heating conditions, and the intermediate heating condi-
tions. The reason for this variation is as follows.

[0089] When the mass flow rate M at which the refrig-
erant flows into the subspaces (71a-71 c) is constant,
the flow velocity V of the refrigerant flowing in the sub-
spaces (71a-71c) decreases as the effective cross-sec-
tion A of the subspaces (71a-71c) increases. In the sub-
spaces (71a-71c) of the principal communicating space
(71) of the second header-collecting pipe (70), the refrig-
erant being in the gas-liquid two-phase state flows up-
wardly. Accordingly, a decrease in the flow velocity V at
which the refrigerant flows in the subspaces (71a-71c)
causes a large proportion of the liquid refrigerant having
a higher density to flow into lower ones of the flat tubes
(31) and a large proportion of the gaseous refrigerant
having a lower density to flow into upper ones of the flat
tubes (31). That is, the mass flow rate at which the re-
frigerant flows from the subspaces (71a-71c) into the flat
tubes (31) becomes nonuniform.

[0090] In the upper flat tubes (31) into which a small
proportion of the liquid refrigerant has flowed, the refrig-
erant enters a single-phase gas state before reaching
the first header-collecting pipe (60), and the temperature
of the refrigerant approaches the temperature of outdoor
air. This causes a decrease in the amount of heat which
the refrigerant in an upper portion of each of the principal
heat exchange sections (51a-51c) exchanges with the
air, and thereby reduces the performance of the outdoor
heat exchanger (23).

[0091] When the mass flow rate M at which the refrig-
erant flows into the subspaces (71a-71 c) is constant,
the flow velocity V of the refrigerant flowing in the sub-
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spaces (71 a-71 c) increases as the effective cross-sec-
tion A of the subspaces (71a-71c) decreases. When the
flow velocity V of the refrigerant flowing in the subspaces
(71a-71c) increases, inertial force acting on the liquid re-
frigerant having a higher density increases. In the sub-
spaces (71 a-71 c) of the principal communicating space
(71) of the second header-collecting pipe (70), the refrig-
erant being in the gas-liquid two-phase state flows up-
wardly. Consequently, a large proportion of the liquid re-
frigerant having been raised with great force flows into
upper ones of the flat tubes (31), and a large proportion
of the gaseous refrigerant having a lower density flows
into lower ones of the flat tubes (31). That is, the mass
flow rate at which the refrigerant flows from the subspac-
es (71 a-71 c) into the flat tubes (31) becomes nonuni-
form.

[0092] In the lower flat tubes (31) into which a small
proportion of the liquid refrigerant has flowed, the refrig-
erant enters a single-phase gas state before reaching
the first header-collecting pipe (60), and the temperature
of the refrigerant approaches the temperature of outdoor
air. This causes a decrease in the amount of heat which
the refrigerant in a lower portion of each of the principal
heat exchange sections (51a-51c) exchanges with the
air, and thereby reduces the performance of the outdoor
heat exchanger (23).

[0093] Thus, inthe outdoor heat exchanger (23), when
the flow velocity V at which the refrigerant flows in the
subspaces (71a-71c) of the principal communicating
space (71) of the second header-collecting pipe (70) is
excessively high as well as when the flow velocity V is
excessively low, the amounts of the refrigerant distribut-
ed to the flat tubes (31) communicating with the subspac-
es (71a-71c) become nonuniform, and consequently, the
performance of the outdoor heat exchanger (23) de-
creases. On the other hand, when the mass flow rate at
which the refrigerant flows into the subspaces (71a-71c)
is constant, the flow velocity V of the refrigerant flowing
inthe subspaces (71a-71c)is proportional to the effective
cross-sectional area A of the subspaces (71a-71c).
Therefore, as described above, the effective cross-sec-
tional area A of the subspaces (71a-71c) with which the
outdoor heat exchanger (23) provides the highest per-
formance varies depending on the low-temperature heat-
ing conditions, the rated heating conditions, and the in-
termediate heating conditions.

[0094] FIG. 7 illustrates the experimental results of
FIG. 6 inadifferentmanner. Specifically, FIG. 7 illustrates
the experimental results rearranged and shown in terms
of the relation between the mass flow rate M at which the
refrigerant flows into the subspaces (71 a-71c) of the
principal communicating space (71) of the second head-
er-collecting pipe (70) and the effective cross-sectional
area A of the subspaces (71a-71c).

[0095] A linear approximate equation for the points at
which the outdoor heat exchanger (23) provides the high-
est performance under the low-temperature heating con-
ditions, the rated heating conditions, and the intermediate
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heating conditions (i.e., the point where M = 40 kg/h and
A = 79 mm?2, the point where M = 80 kg/h and A = 152
mm?2, and the point where M = 90 kg/h and A =188 mm?2)
is expressed as Equation 1 below:

[Equation 1] A =1.96M

[0096] A linear approximate equation for the points at
which the performance of the outdoor heat exchanger
(23) becomes 95% of the highest performance and the
effective cross-sectional area A becomes greater than
the value calculated according to Equation 1, under the
low-temperature heating conditions, the rated heating
conditions, and the intermediate heating conditions, (i.e.,
the point where M = 40 kg/h and A = 109 mm?2, the point
where M = 80 kg/h and A = 187 mm?2, and the point where
M =90 kg/h and A = 207 mm?2) is expressed as Equation
2 below:

[Equation 2] A =1.96M + 30.8

[0097] A linear approximate equation for the points at
which the performance of the outdoor heat exchanger
(23) becomes 95% of the highest performance and the
effective cross-sectional area A becomes smaller than
the value calculated according to Equation 1, under the
low-temperature heating conditions, the rated heating
conditions, and the intermediate heating conditions, (i.e.,
the point where M = 40 kg/h and A = 53 mm?2, the point
where M = 80 kg/h and A = 130 mm?2, and the point where
M =90 kg/h and A = 149 mm?2) is expressed as Equation
3 below:

[Equation 3] A=19IM-22.7

[0098] Therefore, according to this embodiment, caus-
ing the effective cross-sectional area A of the subspaces
(71a-71c) to become equal to or greater than (1.91Mg -
22.7) and equal to or smaller than (1.96Mg + 30.8) by
adjusting the insertion length L of the flat tubes (31) in
the second header-collecting pipe (70) enables the out-
door heat exchanger (23) functioning as the evaporator
in an operational state where the mass flow rate at which
the refrigerant flows into the subspaces (71 a-71 c) is
equal to the reference mass flow rate Mg, to provide per-
formance corresponding to 95% or more of the highest
performance that can be provided in the same operation-
al state.

- Advantages of Embodiment -
[0099] Asdescribed above, the outdoor heat exchang-

er (23) of this embodiment is configured such that the
upper limit value (i.e., 90 kg/h) of the variation range of
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the mass flow rate at which the refrigerant flows into the
subspaces (71a-71c) of the principal communicating
space (71) is determined as the reference mass flow rate
Mg, and the effective cross-sectional area A of the sub-
spaces (71a-71c) of the principal communicating space
(71) is equal to or greater than (1.91Mg - 22.7) and equal
to or smaller than (1.96Mg, + 30.8). Therefore, according
to this embodiment, under the low-temperature heating
conditions where the operation capacity of the compres-
sor (21) provided in the refrigerant circuit (20) is maxi-
mized, itis possible to cause the outdoor heat exchanger
(23) to provide performance corresponding to 95% or
more of its highest performance.

[0100] Under operating conditions where the mass
flow rate at which the refrigerant flows into the subspaces
(71a-71c) of the principal communicating space (71) is
lower than the mass flow rate under the low-temperature
heating conditions, the performance of the outdoor heat
exchanger (23) of this embodiment can become less than
95% of the highest performance. Under such operating
conditions, however, the operation capacity of the com-
pressor (21) is smaller than the maximum. Therefore,
under the operating conditions where the mass flow rate
at which the refrigerant flows into the subspaces (71a-
71c) is lower than the mass flow rate under the low-tem-
perature heating conditions, the heating performance of
the air conditioner (10) can be ensured by increasing the
operation capacity of the compressor (21).

[0101] Thus, as described in this embodiment, setting
the effective cross-sectional area A of the subspaces
(71a-71c) of the principal communicating space (71) on
the basis of the reference mass flow rate Mg which is the
upper limit value (i.e., 90 kg/h) of the variation range of
the mass flow rate at which the refrigerant flows into the
subspaces (71a-71c) enables the outdoor heat exchang-
er (23) to provide sufficient performance in a state where
the operation capacity of the compressor (21) is maxi-
mized. As a result, the heating performance of the air
conditioner (10) can be increased without increasing the
size of the outdoor heat exchanger (23).

- Variation 1 of Embodiment -

[0102] In the outdoor heat exchanger (23) of this em-
bodiment, a flow rate lower than the upper limit value of
the variation range of the mass flow rate at which the
refrigerant flows into the subspaces (71 a-71 c) of the
principal communicating space (71) may be determined
as the reference mass flow rate Mg, and the insertion
length L of each flat tube (31) in the second header-col-
lecting pipe (70) may be set such that the effective cross-
sectional area A of the subspaces (71a-71c) becomes
equal to or greater than (1.91Mg - 22.7) and equal to or
smaller than (1.96Mg, + 30.8).

[0103] Here, the period during which the operation ca-
pacity of the compressor (21) of the refrigerant circuit
(20) is maximized is not so long throughout the year. In
other words, the period during which the compressor (21)
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is operated with an operation capacity smaller than the
maximum operation capacity is longer than the period
during which the compressor (21) is operated with the
maximum operation capacity.

[0104] Accordingly, it is possible to determine, as the
reference mass flow rate Mg, a mass flow rate at which
the refrigerant flows into the subspaces (71a-71c) of the
principal communicating space (71) in an operational
state which appears most frequently throughout the year.
Setting, on the basis of this flow rate determined as the
reference mass flow rate Mg, the insertion length L of
each flat tube (31) in the second header-collecting pipe
(70) such that the effective cross-sectional area A of the
subspaces (71a-71c) becomes equal to or greater than
(1.91Mg - 22.7) and equal to or smaller than (1.96Mg +
30.8) enables the outdoor heat exchanger (23) being un-
der the operational state which appears most frequently
throughout the year to provide performance correspond-
ing to 95% or more of the highest performance which can
be provided under the same operational state. Thus, ac-
cording to this variation, it is possible to improve opera-
tional efficiency of the air conditioner (10) being in the
operational state which appears most frequently through-
out the year, and consequently, annual power consump-
tion of the air conditioner (10) can be reduced.

-Variation 2 of Embodiment-

[0105] The effective cross-sectional area A of the sub-
spaces (71 a-71 c) of the outdoor heat exchanger (23)
of this embodiment may be set using only Equation 1,
which is the linear approximate equation for the points
at which the outdoor heat exchanger (23) provides the
highest performance under the low-temperature heating
conditions, the rated heating conditions, and the inter-
mediate heating conditions.

[0106] Specifically, as illustrated in FIG. 8, when a val-
ue within the variation range of the mass flow rate at
which the refrigerant flows into the subspaces (71 a-71
c) of the principal communicating space (71) of the sec-
ond header-collecting pipe (70) is determined as the ref-
erence mass flow rate Mg, the insertion length L of each
flat tube (31) in the second header-collecting pipe (70)
may be set such that the effective cross-sectional area
A of the subspaces (71a-71c) becomes equal to or great-
erthan (1.96Mg - b) and equal to or smaller than (1.96Mg
+a).Forexample,whena=30.0and b=25.0, the outdoor
heat exchanger (23) in a state where the mass flow rate
at which the refrigerant flows into the subspaces (71a-
71c) of the principal communicating space (71) is equal
to the reference mass flow rate Mg provides performance
corresponding to about 95% or more of the highest per-
formance that can be provided in the same state.

INDUSTRIAL APPLICABILITY

[0107] As described above, the present invention is
useful for heat exchangers including a plurality of flat
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tubes and header-collecting pipes connected to the plu-
rality of flat tubes.

DESCRIPTION OF REFERENCE CHARACTERS

[0108]

20
23
31
36
60
70
71a
71b
71c

Refrigerant circuit

Heat exchanger (Outdoor heat exchanger)
Flat tube

Fin

First header-collecting pipe

Second header-collecting pipe

First subspace (Flow space)

Second subspace (Flow space)

Third subspace (Flow space)

Claims

1.

2,

A heat exchanger comprising:

a plurality of flat tubes (31); a first header-col-
lecting pipe (60) having inserted therein an end
portion of each of the flat tubes (31); a second
header-collecting pipe (70) having inserted
therein the other end portion of each of the flat
tubes (31); and a plurality of fins (36) joined to
the flat tubes (31), the heat exchanger provided
in a refrigerant circuit (20) configured to perform
a refrigerating cycle, wherein

the second header-collecting pipe (70) forms
flow spaces (71a-71c) which communicate with
the plurality of flat tubes (31) and in which a re-
frigerant being in a gas-liquid two-phase state
flows upwardly when the heat exchanger func-
tions as an evaporator,

an effective cross-sectional area of the flow
spaces (71a-71c) is an area obtained by sub-
tracting a projected area which corresponds to
a portion of each flat tube (31) located in a cor-
responding one of the flow spaces (71a-71c)
and which is projected onto a plane perpendic-
ular to an axial direction of the second header-
collecting pipe (70), from an area of a cross sec-
tion of the corresponding one of the flow spaces
(71a-71c) which is perpendicular to the axial di-
rection of the second header-collecting pipe
(70), and

the effective cross-sectional area of the flow
spaces (71a-71c) is set based on a mass flow
rate at which the refrigerant flows into the flow
spaces (71a-71c) when the heat exchanger
functions as the evaporator.

The heat exchanger of claim 1, wherein
avalue included in a variation range of the mass flow
rate atwhich the refrigerantflows into the flow spaces
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(71 a-71 c) when the heat exchanger functions as
the evaporator is determined as a reference mass
flow rate Mg [kg/h], and

the effective cross-sectional area A[mm?] of the flow
spaces (71a-71c)is equalto orgreaterthan (1.91Mg
- 22.7) and equal to or smaller than (1.96Mg + 30.8).

The heat exchanger of claim 1, wherein
avalueincluded in a variation range of the mass flow
rate at which the refrigerant flowsinto the flow spaces
(71a-71c) when the heat exchanger functions as the
evaporator is determined as a reference mass flow
rate Mg, [kg/h], and

the effective cross-sectional area A [mm?] of the flow
spaces (71a-71c) is equal to or greater than (1.96Mg
- 25.0) and equal to or smaller than (1.96Mg + 30.0).

The heat exchanger of claim 2 or 3, wherein

the reference mass flow rate Mg [kg/h] is an upper
limit value of the variation range of the mass flow
rate at which the refrigerant flowsinto the flow spaces
(71a-71c) when the heat exchanger functions as the
evaporator.

The heat exchanger of any one of claims 1-4, where-
in

the first header-collecting pipe (60) and the second
header-collecting pipe (70) are in an upright position,
and

the heat exchanger is configured such that the re-
frigerant flows into a lower end portion of each of the
flow spaces (71a-71c) when the heat exchanger
functions as the evaporator.
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