US 20120305228A1

a2y Patent Application Publication o) Pub. No.: US 2012/0305228 A1

a9 United States

Arino et al. 43) Pub. Date: Dec. 6, 2012
(54) CONDENSER (52) US.Cl .ot 165/173
(75) Inventors: Kouta Arino, Oyama-shi (IP);
Kazumi Tokizaki, Oyama-shi (JP); (57) ABSTRACT
Tatsuya Hanafusa, Oyama-shi (JP)
A condenser includes first and second header tanks provided
(73) Assignee: Keihin Thermal Technology at one end thereof such that the latter is located on the outer
Corporation, Oyama-shi (JP) side of the former. First heat exchange tubes forming a first
heat exchange path provided in a condensation part are con-
(21) Appl. No.: 13/480,948 nected to the first header tank. Second heat exchange tubes
forming a second heat exchange path provided in a super-
(22) Filed: May 25, 2012 cooling part are connected to the second header tank. The first
header tank has one communication section which commu-
(30) Foreign Application Priority Data nicates with the second header tank through a communication
part and to which all the heat exchange tubes forming the first
May 30, 2011 (IP) coeoveerrecrecrcccnen 2011-119903 heat exchange path are connected. The communication partis
.. . . provided at a height below the uppermost heat exchange tube
Publication Classification among all the heat exchange tubes connected to the commu-
(51) Imt.CL nication section. The upper end of the first header tank is
F28F 9/02 (2006.01) located above the lower end of the second header tank.
6A 2A 7
. 4\ /_
1 (T~ [ [] T [
NN =~ \ TR RN ARATT
JANANC i T
JANANNNAC _ NIRRT @/—-IA/ 1
T T (L. |9
0l R EVTNTRTIATV AN DATATAEATARAMAATLY
M I [ TN
MMM [ (IO, (| O L 14
At AT p LTI, 11O
:HUUU\ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂf : AN ANRRTTR |
TN — I
JUINANANATR AT — UNITTTNNNTET
TMMTAARAARAANNAC L MMIMANANNIT | ]
I — ML | S5
T ITTTIITe Y MANANRARANATT
16~ TMMIMTNAANARAANANT — TR
N — TTNARNNNTT
A r _WA (MMTAANARANNAAAT — (UIMMANARTT -8
T T — T 5
P
MO 2% — %iﬂ o 1°
I TR LT ATV VATAVARVARAVLIVARVARVAVAUATRUMRY AN g, L
S /4 \, ~—1B
7 oB 6B 11




US 2012/0305228 A1l

Dec. 6,2012 Sheet1 of 10

Patent Application Publication

gz LbI4
f
I
—__~ TN e
YA T Av
IR — | TIUUUNITIIIIIIOTOI, |
NI T SS9l
NN — T U
¢g—J!| LI B N |11 AT A
T T — TN,
NI _ T,
NI T,
T I,
v
\© i E%ﬁ ¥
o LI TN,
[T T,
LIVUTIARATTTTTATUITIT JUTULUIUTT
6— |1 LI T,
N T,
= || LILIARTTATUGIUL_ JULINTTITANT
g Vi NI T OO | |- By
[NV s JUUUGUUT
[T PRI
I [ [ ~TLjJ
/ /
L ve V9



Patent Application Publication Dec. 6,2012 Sheet 2 of 10 US 2012/0305228 A1

i

- <o Pt &S

= = P2 > e

Fig.2



Patent Application Publication Dec. 6,2012 Sheet 3 of 10 US 2012/0305228 A1




Patent Application Publication Dec. 6,2012 Sheet 4 of 10 US 2012/0305228 A1




Patent Application Publication Dec. 6,2012 Sheet S of 10 US 2012/0305228 A1

6A




Patent Application Publication Dec. 6,2012 Sheet 6 of 10 US 2012/0305228 A1

6A




Patent Application Publication Dec. 6,2012 Sheet 7 of 10 US 2012/0305228 A1




Patent Application Publication Dec. 6,2012 Sheet 8 of 10 US 2012/0305228 A1

2A

6A

e NN NNNNN sl S S S P S S S S \

—ANNNNNNNNNNN——A SIS S A F P

AN

N

NN
n

Q
),
N



Patent Application Publication Dec. 6,2012 Sheet 9 of 10 US 2012/0305228 A1

12
P
3 <::|/70
<= <= P <7 L 76
74
72 /
| 4 __70A
—> —> P2 —> ™5
A~ 71 77
79- *
73+ < <= P3 <= |75
- 4,13
TS = P - => 708
- ™78
Fig.15
0
<= P3 < _-8
1 | —~87
—> P2 = T2
8
_-80A
86
<= P1 <A 12
85| <—
Dl 13
> —> P4 —> > -80B
el ﬁngg

Fig.16



Patent Application Publication Dec. 6,2012 Sheet 10 0of 10 US 2012/0305228 A1
12
3 = = 90
—95
92 —> —> P1 —
<—90A
4~ 91 5
93-
75T K= <o P2 <
_}&@ 443
16 -
> —> P3 —> > -90B
- ™96
Fig.17
_—103
107 -
] 100
1= <ar <) O
16— [ 101 —~105
- 100A
102~ 15 5
= (= =>P1
a-| |
_ 104
o —13
> —=> P3 =2 1008
el ™ 106

Fig.18




US 2012/0305228 Al

CONDENSER

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a condenser suitable
for use in, for example, a car air conditioner mounted on an
automobile.

[0002] Herein and in the appended claims, the upper side,
lower side, left-hand side, and right-hand side of FIGS. 1 and
2 will be referred to as “upper,” “lower,” “left,” and “right,”
respectively.

[0003] A condenser for a car air conditioner is known (see
Japanese Patent Application Laid-Open (kokai) No. 2001-
33121). The known condenser has a condensation part and a
super-cooling part provided such that the former is located
above the latter. The condenser includes a plurality of heat
exchange tubes disposed in parallel such that their length
direction coincides with the left-right direction and they are
spaced apart from one another in the vertical direction; fins
each disposed between adjacent heat exchange tubes; and
header tanks which are disposed such that their length direc-
tion coincides with the vertical direction and to which leftand
right end portions of the heat exchange tubes are connected,
respectively. All the heat exchange tubes have the same
length. One heat exchange path formed by a plurality of heat
exchange tubes successively arranged in the vertical direction
is provided in each of the condensation part and the super-
cooling part. The heat exchange path provided in the conden-
sation part serves as a refrigerant condensation path for con-
densing refrigerant, and the heat exchange path provided in
the super-cooling part serves as a refrigerant super-cooling
path for super-cooling the refrigerant. The two header tanks,
to which all the heat exchange tubes are connected, are pro-
vided at the left and right ends of the condenser such that one
header tank is provided at each of the left and right ends of the
condenser. The interior of each of the two header tanks is
divided into upper and lower header sections by a partition
provided at a vertical position between the refrigerant con-
densation path and the refrigerant super-cooling path. Left
and right end portions of the heat exchange tubes of the
refrigerant condensation path are connected to the upper
header sections of the two header tanks, and left and right end
portions of the heat exchange tubes of the refrigerant super-
cooling path are connected to the lower header sections of the
two header tanks. A refrigerant inlet is provided at the upper
header section of one header tank, and a refrigerant outlet is
provided at the lower header section of the header tank. A
liquid receiver which separates gas and liquid from each other
and stores the liquid is joined to the other header tank, and a
refrigerant communication is established between the interior
of'the liquid receiver and the interiors of the upper and lower
header sections of the other header tank. In operation, refrig-
erant flows into the liquid receiver from the upper header
section of the other header tank, and the gas and liquid por-
tions of the refrigerant are separated from each other in the
liquid receiver. After that, the liquid portion; i.e., liquid-pre-
dominant mixed phase refrigerant, flows into the lower
header section of the other header tank.

[0004] However, in the condenser disclosed in the above-
mentioned publication, all the heat exchange tubes have the
same length; the interior of each of the two header tanks is
divided into upper and lower header sections by a partition
provided at a vertical position between the refrigerant con-
densation path and the refrigerant super-cooling path; the left
and right end portions of the heat exchange tubes of the
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refrigerant condensation path are connected to the upper
header sections of the two header tanks; and the left and right
end portions of the heat exchange tubes of the refrigerant
super-cooling path are connected to the lower header sections
of the two header tanks. Thus, the condensation part and the
super-cooling part have the same length as measured in the
left-right direction. Therefore, in the case where the dimen-
sions of the condenser, including the liquid receiver, as mea-
sured in the vertical direction and the left-right direction are
fixed to certain dimensions, the areas of the heat exchange
portions of the condensation part and the super-cooling part
become insufficient, and further improvement of the refrig-
erant condensation efficiency and the refrigerant super-cool-
ing efficiency cannot be attained.

[0005] In view of the above, the present applicant has pro-
posed a condenser for a car air conditioner which can further
improve the refrigerant condensation efficiency and the
refrigerant super-cooling efficiency (see the pamphlet of
W02010/047320). The proposed condenser has a condensa-
tion part and a super-cooling part provided such that the
former is located above the latter. The condenser includes a
plurality of heat exchange tubes disposed in parallel such that
their length direction coincides with the left-right direction
and they are spaced apart from one another in the vertical
direction; and header tanks which are disposed such that their
length direction coincides with the vertical direction and to
which left and right end portions of the heat exchange tubes
are connected, respectively. Three heat exchange paths each
formed by a plurality of heat exchange tubes successively
arranged in the vertical direction are provided such that the
heat exchange paths are juxtaposed in the vertical direction.
The condensation part has a first tube group composed of two
heat exchange paths each serving as a refrigerant condensa-
tion path. The super-cooling part has a second tube group
located below the first tube group and composed of a single
heat exchange path serving as a refrigerant super-cooling
path. A first header tank and a second header tank are pro-
vided at one of the left and right ends of the condenser, and a
third header tank is provided at the other of the left and right
ends of the condenser. The heat exchange tubes of the refrig-
erant condensation paths, excluding the refrigerant conden-
sation path located furthest downstream with respect to the
refrigerant flow direction, are connected to the first header
tank. The heat exchange tubes of the refrigerant condensation
path located furthest downstream with respect to the refrig-
erant flow direction and the heat exchange tubes of the refrig-
erant super-cooling path are connected to the second header
tank. All the heat exchange tubes are connected to the third
header tank. The second header tank is disposed on the outer
side of the first header tank with respect to the left-right
direction, and the upper end of the second header tank is
located above the lower end of the first header tank. The
second header thank has a function of separating gas and
liquid from each other and storing the liquid.

[0006] According to the condenser disclosed in the pam-
phlet, the portions of the heat exchange tubes connected to the
second header tank, the portions being located on the side
toward the second header tank, have projection portions
which project outward in the left and right direction in rela-
tion to the ends of the heat exchange tubes connected to the
first header, the ends being located on the side toward the first
header tank, and fins are disposed between adjacent projec-
tion portions. Thus, a heat exchange section is formed by the
projection portions of the exchange tubes connected to the
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second header tank and the fins disposed between adjacent
projection portions. Accordingly, the area of the heat
exchange section increases as compared with the heat
exchanger disclosed in the publication, and refrigerant con-
densation efficiency and refrigerant super-cooling efficiency
are improved.

[0007] Incidentally, a condenser is generally required to
have a wide stable range which appears when refrigerant is
charged into the condenser and in which a constant degree of
super cooling is attained such that the condenser has a super-
cooling characteristic which is more stable against load fluc-
tuation and/or leakage of refrigerant. Therefore, even the
condenser which is disclosed in the pamphlet and which has
improved refrigerant condensation efficiency and refrigerant
super-cooling efficiency as compared with the heat exchanger
disclosed in the publication is required to increase the width
of'the stable range in which a constant degree of super cooling
is attained.

SUMMARY OF THE INVENTION

[0008] In view of the above-described circumstances, an
object of the present invention is to provide a condenser
which can increase the width of the stable range while secur-
ing its performance to the greatest degree.

[0009] To achieve the above object, the present invention
comprises the following modes.

[0010] 1) A condenser which has a condensation part and a
super-cooling part provided such that the condensation part is
located above the super-cooling part and which comprises a
plurality of heat exchange tubes disposed in parallel such that
their length direction coincides with a left-right direction and
they are spaced apart from one another in a vertical direction;
and header tanks which are disposed such that their length
direction coincides with the vertical direction and to which
left and right end portions of the heat exchange tubes are
connected, each of the condensation part and the super-cool-
ing part including at least one heat exchange path formed by
a plurality of heat exchange tubes successively arranged in
the vertical direction, the condenser configured such that all
refrigerant having flowed through the heat exchange tubes of
the condensation part flows into the heat exchange tubes of
the super-cooling part,

[0011] wherein a first header tank to which all the heat
exchange tubes of the condensation part are connected and a
second header tank to which all the heat exchange tubes of the
super-cooling part are connected are provided at one of left
and right ends of the condenser; the first header tank has one
communication section which communicates with the second
header tank through a communication part and to which all
the heat exchange tubes forming one heat exchange path are
connected; the communication part is provided at a height
below the uppermost heat exchange tube among all the heat
exchange tubes connected to the communication section; the
second header tank is disposed on the outer side of the first
header tank with respect to the left-right direction; an upper
end of the second header tank is located above a lower end of
the first header tank; the second header tank has a function of
separating gas and liquid from each other and storing the
separated liquid; and all the refrigerant having passed through
the heat exchange tubes of the condensation part flows into
the communication section of the first header tank and flows
into the second header tank through the communication part.
[0012] 2) A condenser according to par. 1), wherein the
condensation part has one heat exchange path; the first header
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tank has one communication section to which all the heat
exchange tubes forming the heat exchange path of the con-
densation part are connected; and the communication part
establishes a refrigerant communication between the second
header tank and a portion of the communication section of the
first header tank, the portion extending downward from an
approximate center of the communication section with
respect to the vertical direction.

[0013] 3) A condenser according to par. 1), wherein the
condensation part has two or more heat exchange paths; the
condenser is configured such that refrigerant flows from a
heat exchange path at one end with respect to the vertical
direction toward a heat exchange path at the other end with
respect to the vertical direction; the first header tank has one
communication section to which all the heat exchange tubes
forming a furthest downstream heat exchange path of the
condensation part are connected; and the communication part
establishes a refrigerant communication between the second
header tank and a portion of the communication section of the
first header tank, the portion extending downward from an
approximate center of the communication section with
respect to the vertical direction.

[0014] According to a condenser according to pars. 1)to 3),
a first header tank to which all the heat exchange tubes of the
condensation part are connected and a second header tank to
which all the heat exchange tubes of the super-cooling part
are connected are provided at one of left and right ends of the
condenser; the first header tank has one communication sec-
tion which communicates with the second header tank
through a communication part and to which all the heat
exchange tubes forming one heat exchange path are con-
nected; the communication part is provided at a height below
the uppermost heat exchange tube among all the heat
exchange tubes connected to the communication section; the
second header tank is disposed on the outer side of the first
header tank with respect to the left-right direction; an upper
end of the second header tank is located above a lower end of
the first header tank; the second header tank has a function of
separating gas and liquid from each other and storing the
separated liquid; and all the refrigerant having passed through
the heat exchange tubes of the condensation part flows into
the communication section of the first header tank and flows
into the second header tank through the communication part.
Thus, when refrigerant within the communication section of
the first header tank reaches the communication part during
charging thereof, the refrigerant flows into the second header
tank through the communication part and then flows into the
heat exchange tubes of the refrigerant super-cooling path.
Therefore, as compared with the case where the refrigerant
within the communication section flows into the second
header tank after reaching the uppermost heat exchange tube
among all the heat exchange tubes connected to the commu-
nication section, the interiors of the heat exchange tubes
forming the refrigerant super-cooling path can be filled with
liquid-phase refrigerant at an early stage. Therefore, the width
of a stable range within which a constant degree of super
cooling is attained; i.e., the width of a range regarding the
refrigerant charge amount within which a constant degree of
super cooling is attained, increases. As a result, a super-
cooling characteristic which is more stable against load fluc-
tuation and/or leakage of refrigerant can be attained, and the
performance of a car air conditioner using this condenser can
be maintained for a long period of time.
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[0015] Also, since the length of the heat exchange tubes of
all the heat exchange paths of the super-cooling part becomes
greater than the length of the heat exchange tubes of all the
heat exchange paths of the condensation part, as compared
with the condenser disclosed in the above-mentioned publi-
cation, the area of the heat exchange section increases, and the
refrigerant super-cooling efficiency increases.

[0016] In the case where the first header tank to which all
the heat exchange tubes of the condensation part are con-
nected and the second header tank to which all the heat
exchange tubes of the super-cooling part are connected are
provided at one of the left and right ends as in the condenser
of par. 1), if a refrigerant communication is not established
between the first header tank and the second header tank via
the communication part, it is impossible to separate gas and
liquid in the second header tank and fill the interiors of the
heat exchange tubes of the super-cooling part with the
obtained liquid-predominant mixed phase refrigerant as in
the condenser described in the above-mentioned pamphlet.
However, evenin such a case, if communication is established
between the first header tank and the second header tank via
the communication part, it becomes possible to separate gas
and liquid in the second header tank and fill the interiors of the
heat exchange tubes of the super-cooling part with the
obtained liquid-predominant mixed phase refrigerant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG.1 is a front view specifically showing the over-
all structure of a first embodiment of a condenser according to
the present invention;

[0018] FIG. 2 is a front view schematically showing the
condenser of FIG. 1;

[0019] FIG. 3 is an enlarged sectional view taken along line
A-A of FIG. 1,
[0020] FIG. 4 is an exploded perspective view showing a

main portion of the condenser of FIG. 1;

[0021] FIG. 5is aview corresponding to FIG. 3 and show-
ing a first modification of a communication part;

[0022] FIG. 6 is a perspective view showing a communica-
tion member of the communication part of FIG. 5.

[0023] FIG. 7 is aview corresponding to FI1G. 3 and show-
ing a second modification of the communication part;
[0024] FIG. 8 is a perspective view showing a communica-
tion member of the communication part of FIG. 7.

[0025] FIG.9is aview corresponding to FIG. 3 and show-
ing a third modification of the communication part;

[0026] FIG. 10 is an exploded perspective view showing a
portion of a condenser which includes the communication
part of FIG. 9;

[0027] FIG.11isaview corresponding to FIG. 3 and show-
ing a fourth modification of the communication part;

[0028] FIG.12isaview corresponding to FIG. 3 and show-
ing a fifth modification of the communication part;

[0029] FIG.13isaview corresponding to FIG. 3 and show-
ing a sixth modification of the communication part;

[0030] FIG. 14 is an exploded perspective view showing a
portion of a condenser which includes the communication
part of FIG. 13;

[0031] FIG. 15 is a front view schematically showing a
second embodiment of the condenser according to the present
invention;

[0032] FIG. 16 is a front view schematically showing a
third embodiment of the condenser according to the present
invention;
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[0033] FIG. 17 is a front view schematically showing a
fourth embodiment of the condenser according to the present
invention; and

[0034] FIG. 18is a front view schematically showing a fifth
embodiment of the condenser according to the present inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0035] Embodiments of the present invention will next be
described with reference to the drawings.

[0036] In the following description, the reverse side of the
sheet on which FIG. 1 is drawn will be referred to as the
“front,” and the opposite side as the “rear.”

[0037] The term “aluminum” as used in the following
description encompasses aluminum alloys in addition to pure
aluminum.

[0038] Like portions and components are denoted by like
reference numerals throughout the drawings, and they will
not be described redundantly.

[0039] FIG. 1 specifically shows the overall structure of a
first embodiment of a condenser according to the present
invention. FIG. 2 schematically shows the condenser of FIG.
1. FIGS. 3 and 4 show the structure of a main portion of the
condenser of FIG. 1. In FIG. 2, individual heat exchange
tubes are not illustrated, and corrugate fins, side plates, a
refrigerant inlet member, and a refrigerant outlet member are
also not illustrated.

[0040] InFIGS. 1 and 2, a condenser 1 has a condensation
part 1A and a super-cooling part 1B provided such that the
former is located above the latter. The condenser 1 includes a
plurality of flat heat exchange tubes 2A, 2B formed of alumi-
num, three header tanks 3, 4, 5 formed of aluminum, corru-
gate fins 6A, 6B formed of aluminum, and side plates 7
formed of aluminum. The heat exchange tubes 2A, 2B are
disposed such that their width direction coincides with an air
passage direction, their length direction coincides with a left-
right direction, and they are spaced from one another in a
vertical direction. The header tanks 3, 4, 5 are disposed such
that their length direction coincides with the vertical direc-
tion, and left and right end portions of the heat exchange tubes
2A, 2B are brazed to the header tanks 3, 4, 5. Each of the
corrugate fins 6A, 6B is disposed between and brazed to
adjacent heat exchange tubes 2A, 2B, or is disposed on the
outer side of the uppermost or lowermost heat exchange tube
2A, 2B and brazed to the corresponding heat exchange tube
2A, 2B. The side plates 7 are disposed on the corresponding
outer sides of the uppermost and lowermost corrugate fins
6A, 6B, and are brazed to these corrugate fins 6A, 6B.
[0041] Each ofthe condensation part 1A and super-cooling
part 1B of the condenser 1 includes at least one (only one in
the present embodiment) heat exchange path P1, P2 formed
by a plurality of heat exchange tubes 2A, 2B successively
arranged in the vertical direction. The heat exchange path P1
provided in the condensation part 1A serves as a refrigerant
condensation path. The heat exchange path P2 provided in the
super-cooling part 1B serves as a refrigerant super-cooling
path. The flow direction of refrigerant is the same among all
the heat exchange tubes 2A, 2B which form the respective
heat exchange paths P1, P2. The flow direction of refrigerant
in the heat exchange tubes 2A, 2B which form a certain heat
exchange path is opposite the flow direction of refrigerant in
the heat exchange tubes 2A, 2B which form another heat
exchange path adjacent to the certain heat exchange path. The
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heat exchange path P1 of the condensation part 1A will be
referred to as the first heat exchange path, and the heat
exchange path P2 ofthe super-cooling part 1B will be referred
to as the second heat exchange path.

[0042] The first header tank 3 and the second header tank 4
are individually provided at the left end of the condenser 1.
Left end portions of all the heat exchange tubes 2A, which
form the first heat exchange path P1 provided in the conden-
sationpart 1A, are connected to the first header tank 3 through
brazing. Left end portions of the heat exchange tubes 2B,
which form the second heat exchange path P2 provided in the
super-cooling part 1B, are connected to the second header
tank 4 through brazing. The upper end of the second header
tank 4 is located above the lower end of the first header tank
3. In the present embodiment, the upper end of the second
header tank 4 is located at substantially the same height as the
upper end of the first header tank 3. The lower end of the
second header tank 4 is located below the lower end of the first
header tank 3. The heat exchange tubes 2B, which form the
second heat exchange path P2, are brazed to a portion of the
second header tank 4 located below the first header tank 3.
The inner volume of the second header tank 4 is determined
such that a portion of gas-liquid mixed phase refrigerant
having flowed into the second header tank 4; i.e., liquid-
predominant mixed phase refrigerant, accumulates in a lower
region within the second header tank 4 because of gravita-
tional force, and the gas phase component of the gas-liquid
mixed phase refrigerant accumulates in an upper region
within the second header tank 4 because of gravitational
force, whereby gas and liquid are separated from each other.
Accordingly, the second header tank 4 serves as a liquid
receiving section which separates gas and liquid from each
other through utilization of gravitational force and stores the
liquid.

[0043] Herein, the heat exchange tubes 2A connected to the
first header tank 3 will be referred to as the first heat exchange
tubes, and the heat exchange tubes 2B connected to the sec-
ond header tank 4 will be referred to as the second heat
exchange tubes. The corrugate fins 6 A disposed between the
adjacent first heat exchange tubes 2 A, that between the upper-
most first heat exchange tube 2A and the upper side plate 7,
and that between the lowermost first heat exchange tube 2A
and the uppermost second heat exchange tube 2B will be
referred to as the first corrugate fins. The corrugate fins 6B
disposed between the adjacent second heat exchange tubes
2B, and that between the lowermost second heat exchange
tube 2B and the lower side plate 7 will be referred to as the
second corrugate fins.

[0044] Thethird headertank 5 is disposed at the right end of
the condenser 1. Right end portions of all the heat exchange
tubes 2A, 2B which form the first and second heat exchange
paths P1, P2 are connected to the third header tank 5. The third
header tank 5 has a transverse cross-sectional shape identical
with that of the first header tank 3.

[0045] The interior of the third header tank 5 is divided into
anupper header section 9 and a lower header section 11 by an
aluminum partition plate 8 provided at a height between the
first heat exchange path P1 and the second heat exchange path
P2. A refrigerant inlet 12 is formed in the upper header section
9 of the third header tank 5 at a vertically middle position, and
a refrigerant outlet 13 is formed in the lower header section
11. A refrigerant inlet member 14 communicating with the

Dec. 6, 2012

refrigerant inlet 12 and a refrigerant outlet member 15 com-
municating with the refrigerant outlet 13 are joined to the
third header tank 5.

[0046] The first header tank 3 has one communication sec-
tion 17 to which all the first heat exchange tubes 2A of the first
heat exchange path P1 provided in the condensation part 1A
are connected and which communicates with the second
header tank 4 via a communication part 16. That is, the entire
interior of the first header tank 3 serves as the communication
section 17. The communication part 16 is provided at a height
below the uppermost first heat exchange tube 2A among all
the first heat exchange tubes 2A connected to the communi-
cation section 17 (in the present embodiment, at a position
which is below the vertically middle position of the commu-
nication section 17 and close to the lower end thereof.
[0047] As shown in FIGS. 3 and 4, the communication part
16 includes a through hole 18 formed in the circumferential
wall of the first header tank 3, a through hole 19 formed in the
circumferential wall of the second header tank 4, and a com-
munication member 21 formed of aluminum. The communi-
cation member 21 is disposed between the first header tank 3
and the second header tank 4, is brazed to the two header tanks
3, 4, and has a flow channel 22 for establishing a refrigerant
communication between the through hole 18 of the first
header tank 3 and the through hole 19 of the second header
tank 4. The communication member 21 has a first concave
arcuate surface 21a which is provided on its right side surface
and which matches the outer circumferential surface of the
first header tank 3, and a second concave arcuate surface 215
which is provided on its left side surface and which matches
the outer circumferential surface of the second header tank 4.
Opposite ends of the flow channel 22 are open to the two
concave arcuate surfaces 21a and 215.

[0048] The condenser 1 is manufactured by brazing all the
components thereof together.

[0049] The condenser 1 constitutes a refrigeration cycle in
cooperation with a compressor, an expansion valve (pressure
reducer), and an evaporator; and the refrigeration cycle is
mounted on a vehicle as a car air conditioner.

[0050] In the condenser 1 having the above-described
structure, gas phase refrigerant of high temperature and high
pressure compressed by the compressor flows into the upper
header section 9 of the third header tank 5 through the refrig-
erant inlet member 14 and the refrigerant inlet 12. The gas
phase refrigerant is condensed while flowing leftward within
the first heat exchange tubes 2 A of the first heat exchange path
P1, and flows into the communication section 17 of the first
header tank 3. The refrigerant having flowed into the com-
munication section 17 of the first header tank 3 flows into the
second header tank 4 through the through hole 18 of the first
header tank 3, the flow channel 22 of the communication
member 21, and the through hole 19 of the second header tank
4, which constitute the communication part 16.

[0051] The refrigerant having flowed into the second
header tank 4 is gas-liquid mixed phase refrigerant. A portion
of the gas-liquid mixed phase refrigerant; i.e., liquid-pre-
dominant mixed phase refrigerant, accumulates in a lower
region within the second header thank 4 because of gravita-
tional force, and flows into the second heat exchange tubes 2B
of the second heat exchange path P2.

[0052] The liquid-predominant mixed phase refrigerant
having flowed into the second heat exchange tubes 2B of the
second heat exchange path P2 is super-cooled while flowing
rightward within the second heat exchange tubes 2B. After
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that, the super-cooled refrigerant enters the lower header
section 11 of the third header tank 5, and flows out through the
refrigerant outlet 13 and the refrigerant outlet member 15.
The refrigerant is then fed to the evaporator via the expansion
valve.

[0053] Meanwhile, the gas phase component of the gas-
liquid mixed phase refrigerant having flowed into the second
header tank 4 stays in an upper region of the second header
tank 4.

[0054] FIGS. 5 to 14 show modifications of the communi-
cation part for establishing a refrigerant communication
between the communication section 17 of the first header tank
3 and the second header tank 4.

[0055] A communication part 30 shown in FIGS. 5 and 6
includes the through hole 18 formed in the circumferential
wall of the first header tank 3, the through hole 19 formed in
the circumferential wall of the second header tank 4, and a
communication member 31 formed of aluminum and having
the shape of a cylindrical tube. The communication member
31 is brazed to the first header tank 3 and the second header
tank 4, and has a flow channel 32 for establishing a refrigerant
communication between the through hole 18 of the first
header tank 3 and the through hole 19 of the second header
tank 4. The communication member 31 has an annular bead
33 which is formed at a center portion of the communication
member 31 with respect to the length direction and is located
between the two header tanks header tanks 3 and 4. A first
insertion portion 34 inserted into the through hole 18 of the
first header tank 3 is provided on the right side of the annular
bead 33 of the communication member 31, and a second
insertion portion 35 inserted into the through hole 19 of the
second header tank 4 is provided on the left side of the annular
bead 33 of the communication member 31.

[0056] A communication part 40 shown in FIGS. 7 and 8
includes the through hole 18 formed in the circumferential
wall of the first header tank 3, the through hole 19 formed in
the circumferential wall of the second header tank 4, and a
communication member 41 formed of aluminum. The com-
munication member 41 is disposed between the first header
tank 3 and the second header tank 4, is brazed to the two
header tanks 3 and 4, and has a flow channel 42 for establish-
ing a refrigerant communication between the through hole 18
of'the first header tank 3 and the through hole 19 of the second
header tank 4. The communication member 41 has a first
concave arcuate surface 41a which is provided on its right
side surface and which matches the outer circumferential
surface of the first header tank 3, and a second concave
arcuate surface 415 which is provided on its left side surface
and which matches the outer circumferential surface of the
second header tank 4. Opposite ends of the flow channel 42
are open to the two concave arcuate surfaces 41a and 414.
[0057] A first extension portion 43 is provided at a lower
half portion of the communication member 41. The first
extension portion 43 extends in one of the air flow directions
and along the outer circumferential surface of the first header
tank 3, and is brazed to the first header tank 3. A second
extension portion 44 is provided at an upper half portion of the
communication member 41. The second extension portion 44
extends in the same direction as the extension direction of the
first extension portion 43 and along the outer circumferential
surface of the second header tank 4, and is brazed to the
second header tank 4. A first protrusion 46 is formed on the
right side surface of the first extension portion 43, and is fitted
into a blind hole 45 formed on the outer circumferential
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surface of the first header tank 3. A second protrusion 48 is
formed on the left side surface of the second extension portion
44, and is fitted into a blind hole 47 formed on the outer
circumferential surface of the second header tank 4.

[0058] A communication part 50 shown in FIGS. 9 and 10
includes the through hole 18 formed in the circumferential
wall of the first header tank 3, the through hole 19 formed in
the circumferential wall of the second header tank 4, and a
tubular portion 51 which is integrally formed on the circum-
ferential wall of the second header tank 4 such that the tubular
portion 51 surrounds the through hole 19 and projects out-
ward. The tubular portion 51 is inserted into the through hole
18 of the first header tank 3, and is brazed to the first header
tank 3. The interior of the tubular portion 51 serves as a flow
channel 52 for establishing a refrigerant communication
between the through holes 18 and 19 of the two header tanks
3 and 4.

[0059] A communication part 55 shownin FIG. 11 includes
the through hole 18 formed in the circumferential wall of the
first header tank 3, the through hole 19 formed in the circum-
ferential wall of the second header tank 4, and a tubular
portion 56 which is integrally formed on the circumferential
wall of the first header tank 3 such that the tubular portion 56
surrounds the through hole 18 and projects outward. The
tubular portion 56 is inserted into the through hole 19 of the
second header tank 4, and is brazed to the second header tank
4. The interior of the tubular portion 56 serves as a flow
channel 57 for establishing a refrigerant communication
between the through holes 18 and 19 of the two header tanks
3 and 4.

[0060] A communication part 60 shownin FIG. 12 includes
the through hole 18 formed in the circumferential wall of the
first header tank 3, the through hole 19 formed in the circum-
ferential wall of the second header tank 4, a first tubular
portion 61 which is integrally formed on the circumferential
wall of the first header tank 3 such that the first tubular portion
61 surrounds the through hole 18 and projects outward, and a
second tubular portion 62 which is integrally formed on the
circumferential wall of the second header tank 4 such that the
second tubular portion 62 surrounds the through hole 19 and
projects outward. The second tubular portion 62 is fitted onto
the circumference of the first tubular portion 61 of the first
header tank 3, and is brazed to the first tubular portion 61. The
interiors of the two tubular portions 61 and 62 serve as flow
channels 63 and 64 for establishing a refrigerant communi-
cation between the through holes 18 and 19 of the two header
tanks 3 and 4.

[0061] A communication part 65 shown in FIGS. 13 and 14
includes the through hole 18 formed in the circumferential
wall of the first header tank 3, an outward bulging portion 66
formed on the circumferential wall of the second header tank
4 and brazed to the first header tank 3, and a through hole 67
formed in the bulging top wall of the outward bulging portion
66 and communicating with the through hole 18 of the first
header tank 3. A concave arcuate surface 66a which fits the
outer circumferential surface of the first header tank 3 is
provided on the outer surface of the bulging top wall of the
outward bulging portion 66.

[0062] FIGS. 15 to 18 show other embodiments of the
condenser of the present invention. Each of FIGS. 15 to 18
schematically shows a condenser, and shows none of the
individual heat exchange tubes, the corrugate fins, the side
plates, the refrigerant inlet member, and the refrigerant outlet
member.
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[0063] In the case of a condenser 70 shown in FIG. 15, a
condensation part 70A and a super-cooling part 70B are pro-
vided such that the former is located above the latter. The
condensation part 70A includes at least one heat exchange
path formed by a plurality of heat exchange tubes 2A succes-
sively arranged in the vertical direction. In the present
embodiment, the condensation part 70A includes three heat
exchange paths P1, P2, P3 which are juxtaposed in the verti-
cal direction. The super-cooling part 70B includes at least one
heat exchange path formed by a plurality of heat exchange
tubes 2B successively arranged in the vertical direction. In the
present embodiment, the super-cooling part 70B includes one
heat exchange path P4. The heat exchange paths P1, P2, P3
provided in the condensation part 70A serve as refrigerant
condensation paths. The heat exchange path P4 provided in
the super-cooling part 70B serves as a refrigerant super-cool-
ing path. The flow direction of refrigerant is the same among
all the heat exchange tubes 2A, 2B which form the respective
heat exchange paths P1, P2, P3, P4. The flow direction of
refrigerant in the heat exchange tubes 2A, 2B which form a
certain heat exchange path is opposite the flow direction of
refrigerant in the heat exchange tubes 2A, 2B which form
another heat exchange path adjacent to the certain heat
exchange path. The three heat exchange paths provided in the
condensation part 70A will be referred to as the first, second,
and third heat exchange paths P1, P2, P3 from the upper side.
The heat exchange path P4 of the super-cooling part 70B will
be referred to as the fourth heat exchange path P4. Left end
portions of all the heat exchange tubes 2A, which form the
first to third heat exchange paths P1, P2, P3, are connected to
the firstheader tank 3 through brazing. Left end portions of all
the heat exchange tubes 2B, which form the fourth heat
exchange path P4, are connected to a portion of the second
header tank 4 through brazing, the portion being located
below the first header tank 3. Herein, the heat exchange tubes
2A connected to the first header tank 3 will be referred to as
the first heat exchange tubes, and the heat exchange tubes 2B
connected to the second header tank 4 will be referred to as
the second heat exchange tubes.

[0064] The interior of the first header tank 3, which is
disposed at the left end of the condenser 70 and to which left
end portions of all the heat exchange tubes 2A of the first
through third heat exchange paths P1, P2, P3 provided in the
condenser section 70A are connected through brazing, is
divided into an upper header section 72 and a lower header
section 73 by an aluminum partition plate 71 provided at a
height between the second heat exchange path P2 and the
third heat exchange path P3.

[0065] The interior of the third header tank 5, which is
disposed at the right end of the condenser 70 and to which
right end portions of all the heat exchange tubes 2A, 2B of the
first through fourth heat exchange paths P1, P2, P3, P4 are
connected through brazing, is divided into an upper header
section 76, an intermediate header section 77, and a lower
header section 78 by aluminum partition plates 74, 75 pro-
vided at a height between the first heat exchange path P1 and
the second heat exchange path P2 and a height between the
third heat exchange path P3 and the fourth heat exchange path
P4, respectively. The refrigerant inlet 12 is formed in the
upper header section 76 of the third header tank 5, and the
refrigerant outlet 13 is formed in the lower header section 78
of the third header tank 5. A refrigerant inlet member (not
shown) communicating with the refrigerant inlet 12 and a
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refrigerant outlet member (not shown) communicating with
the refrigerant outlet 13 are joined to the third header tank 5.
[0066] The lower header section 73 of the first header tank
3 has one communication section 79 to which all the first heat
exchange tubes 2A of the third heat exchange path P3 are
connected and which communicates with the second header
tank 4 via the communication part 16. Of the first through
third heat exchange paths P1, P2, P3 provided in the conden-
sation part 70A, the third heat exchange path P3 is located
furthest downstream with respect to the refrigerant flow
direction. The communication part 16 is provided at a height
below the uppermost first heat exchange tube 2A among all
the first heat exchange tubes 2A of the third heat exchange
path P3 connected to the communication section 79 (in the
present embodiment, at a position which is below the verti-
cally middle position of the communication section 79 and
close to the lower end thereof).

[0067] The structure of the remaining portion is identical
with that of the condenser shown in FIGS. 1 to 4.

[0068] In the condenser 70 having the above-described
structure, gas phase refrigerant of high temperature and high
pressure compressed by the compressor flows into the upper
header section 76 of the third header tank 5 through the
refrigerant inlet member and the refrigerant inlet 12. The gas
phase refrigerant is condensed while flowing leftward within
the first heat exchange tubes 2 A of the first heat exchange path
P1, and flows into the upper header section 72 of the first
header tank 3. The refrigerant having flowed into the upper
header section 72 of the first header tank 3 is condensed while
flowing rightward within the first heat exchange tubes 2A of
the second heat exchange path P2, and flows into the inter-
mediate header section 77 of the third header tank 5. The
refrigerant having flowed into the intermediate header section
77 of the third header tank 5 is condensed while flowing
leftward within the first heat exchange tubes 2A of the third
heat exchange path P3, and flows into the communication
section 79 of the lower header section 73 of the first header
tank 3. The refrigerant having flowed into the communication
section 79 of the lower header section 73 of the first header
tank 3 flows into the second header tank 4 through the through
hole 18 of the first header tank 3, the flow channel 22 of the
communication member 21, and the through hole 19 of the
second header tank 4, which constitute the communication
part 16.

[0069] The refrigerant having flowed into the second
header tank 4 is gas-liquid mixed phase refrigerant. A portion
of the gas-liquid mixed phase refrigerant; i.e., liquid-pre-
dominant mixed phase refrigerant, accumulates in a lower
region within the second header thank 4 because of gravita-
tional force, and flows into the second heat exchange tubes 2B
of the fourth heat exchange path P4.

[0070] The liquid-predominant mixed phase refrigerant
having flowed into the second heat exchange tubes 2B of the
fourth heat exchange path P4 is super-cooled while flowing
rightward within the second heat exchange tubes 2B. After
that, the super-cooled refrigerant enters the lower header
section 78 of the third header tank 5, and flows out through the
refrigerant outlet 13 and the refrigerant outlet member. The
refrigerant is then fed to the evaporator via the expansion
valve.

[0071] Meanwhile, the gas phase component of the gas-
liquid mixed phase refrigerant having flowed into the second
header tank 4 stays in an upper region of the second header
tank 4.
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[0072] In the case of a condenser 80 shown in FIG. 16, a
condensation part 80 A and a super-cooling part 80B are pro-
vided such that the former is located above the latter. The
condensation part 80A includes at least one heat exchange
path formed by a plurality of heat exchange tubes 2A succes-
sively arranged in the vertical direction. In the present
embodiment, the condensation part 80A includes three heat
exchange paths P1, P2, P3 which are juxtaposed in the verti-
cal direction. The super-cooling part 80B includes at least one
heat exchange path formed by a plurality of heat exchange
tubes 2B successively arranged in the vertical direction. In the
present embodiment, the super-cooling part 80B includes one
heat exchange path P4. The heat exchange paths P1, P2, P3
provided in the condensation part 80A serve as refrigerant
condensation paths. The heat exchange path P4 provided in
the super-cooling part 80B serves as a refrigerant super-cool-
ing path. The flow direction of refrigerant is the same among
all the heat exchange tubes 2A, 2B which form the respective
heat exchange paths P1, P2, P3, P4. The flow direction of
refrigerant in the heat exchange tubes 2A, 2B which form a
certain heat exchange path is opposite the flow direction of
refrigerant in the heat exchange tubes 2A, 2B which form
another heat exchange path adjacent to the certain heat
exchange path. The three heat exchange paths provided in the
condensation part 80 A will be referred to as the first, second,
and third heat exchange paths P1, P2, P3 from the lower side.
The heat exchange path P4 of the super-cooling part 80B will
be referred to as the fourth heat exchange path P4. Left end
portions of all the heat exchange tubes 2A, which form the
first to third heat exchange paths P1, P2, P3, are connected to
the firstheader tank 3 through brazing. Left end portions of all
the heat exchange tubes 2B, which form the fourth heat
exchange path P4, are connected to a portion of the second
header tank 4 through brazing, the portion being located
below the first header tank 3. Herein, the heat exchange tubes
2A connected to the first header tank 3 will be referred to as
the first heat exchange tubes, and the heat exchange tubes 2B
connected to the second header tank 4 will be referred to as
the second heat exchange tubes.

[0073] The interior of the first header tank 3, which is
disposed at the left end of the condenser 80 and to which left
end portions of all the heat exchange tubes 2A of the first
through third heat exchange paths P1, P2, P3 provided in the
condenser section 80A are connected through brazing, is
divided into a lower header section 82 and an upper header
section 83 by an aluminum partition plate 81 provided at a
height between the second heat exchange path P2 and the
third heat exchange path P3.

[0074] The interior of the third header tank 5, which is
disposed at the right end of the condenser 80 and to which
right end portions of all the heat exchange tubes 2A, 2B
forming the first through fourth heat exchange paths P1, P2,
P3, P4 are connected through brazing, is divided into an
intermediate header section 86, an upper header section 87,
and a lower header section 88 by aluminum partition plates
84, 85 provided at a height between the first heat exchange
path P1 and the second heat exchange path P2 and a height
between the first heat exchange path P1 and the fourth heat
exchange path P4, respectively. The refrigerant inlet 12 is
formed in the intermediate header section 86 of the third
header tank 5, and the refrigerant outlet 13 is formed in the
lower header section 88 of the third header tank 5. A refrig-
erant inlet member (not shown) communicating with the
refrigerant inlet 12 and a refrigerant outlet member (not
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shown) communicating with the refrigerant outlet 13 are
joined to the third header tank 5.

[0075] The upper header section 83 of the first header tank
3 has one communication section 89 to which all the first heat
exchange tubes 2A of the third heat exchange path P3 are
connected and which communicates with the second header
tank 4 via the communication part 16. Of the first through
third heat exchange paths P1, P2, P3 provided in the conden-
sation part 80A, the third heat exchange path P3 is located
furthest downstream with respect to the refrigerant flow
direction. The communication part 16 is provided at a height
below the uppermost first heat exchange tube 2A among all
the first heat exchange tubes 2A of the third heat exchange
path P3 connected to the communication section 89 (in the
present embodiment, at a position which is below the verti-
cally middle position of the communication section 89 and
close to the lower end thereof).

[0076] The structure of the remaining portion is identical
with that of the condenser shown in FIGS. 1 to 4.

[0077] In the condenser 80 having the above-described
structure, gas phase refrigerant of high temperature and high
pressure compressed by the compressor flows into the inter-
mediate header section 86 of the third header tank 5 through
the refrigerant inlet member and the refrigerant inlet 12. The
gas phase refrigerant is condensed while flowing leftward
within the first heat exchange tubes 2A of the first heat
exchange path P1, and flows into the lower header section 82
of the first header tank 3. The refrigerant having flowed into
the lower header section 82 of the first header tank 3 is
condensed while flowing rightward within the first heat
exchange tubes 2A of the second heat exchange path P2, and
flows into the upper header section 87 of the third header tank
5. The refrigerant having flowed into the upper header section
87 of the third header tank 5 is condensed while flowing
leftward within the first heat exchange tubes 2A of the third
heat exchange path P3, and flows into the communication
section 89 of the upper header section 83 of the first header
tank 3. The refrigerant having flowed into the communication
section 89 of the upper header section 83 of the first header
tank 3 flows into the second header tank 4 through the through
hole 18 of the first header tank 3, the flow channel 22 of the
communication member 21, and the through hole 19 of the
second header tank 4, which constitute the communication
part 16.

[0078] The refrigerant having flowed into the second
header tank 4 is gas-liquid mixed phase refrigerant. A portion
of the gas-liquid mixed phase refrigerant; i.e., liquid-pre-
dominant mixed phase refrigerant, accumulates in a lower
region within the second header thank 4 because of gravita-
tional force, and flows into the second heat exchange tubes 2B
of the fourth heat exchange path P4.

[0079] The liquid-predominant mixed phase refrigerant
having flowed into the second heat exchange tubes 2B of the
fourth heat exchange path P4 is super-cooled while flowing
rightward within the second heat exchange tubes 2B. After
that, the super-cooled refrigerant enters the lower header
section 88 of the third headertank 5, and flows out through the
refrigerant outlet 13 and the refrigerant outlet member. The
refrigerant is then fed to the evaporator via the expansion
valve.

[0080] Meanwhile, the gas phase component of the gas-
liquid mixed phase refrigerant having flowed into the second
header tank 4 stays in an upper region of the second header
tank 4.
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[0081] In the case of a condenser 90 shown in FIG. 17, a
condensation part 90A and a super-cooling part 90B are pro-
vided such that the former is located above the latter. The
condensation part 90A includes at least one heat exchange
path formed by a plurality of heat exchange tubes 2A succes-
sively arranged in the vertical direction. In the present
embodiment, the condensation part 90A includes two heat
exchange paths P1, P2 which are juxtaposed in the vertical
direction. The super-cooling part 90B includes at least one
heat exchange path formed by a plurality of heat exchange
tubes 2B successively arranged in the vertical direction. In the
present embodiment, the super-cooling part 90B includes one
heat exchange path P3. The heat exchange paths P1, P2 pro-
vided in the condensation part 90A serve as refrigerant con-
densation paths. The heat exchange path P3 provided in the
super-cooling part 90B serves as a refrigerant super-cooling
path. The flow direction of refrigerant is the same among all
the heat exchange tubes 2A, 2B which form the respective
heat exchange paths P1, P2, P3. The flow direction of refrig-
erant in the heat exchange tubes 2A, 2B which form a certain
heat exchange path is opposite the flow direction of refriger-
ant in the heat exchange tubes 2A, 2B which form another
heat exchange path adjacent to the certain heat exchange path.
The two heat exchange paths provided in the condensation
part 90A will be referred to as the first and second heat
exchange paths P1, P2 from the upper side. The heat exchange
path P3 provided in the super-cooling part 90B will be
referred to as the third heat exchange path P3. Left end por-
tions of all the heat exchange tubes 2A, which form the first
and second heat exchange paths P1, P2, are connected to the
firstheader tank 3 through brazing. Left end portions of all the
heat exchange tubes 2B, which form the third heat exchange
path P3, are connected to a portion of the second header tank
4 through brazing, the portion being located below the first
header tank 3. Herein, the heat exchange tubes 2A connected
to the first header tank 3 will be referred to as the first heat
exchange tubes, and the heat exchange tubes 2B connected to
the second header tank 4 will be referred to as the second heat
exchange tubes. The first and second heat exchange paths P1,
P2 serve as refrigerant condensation paths, and the third heat
exchange path P3 serves as a refrigerant super-cooling path.

[0082] The interior of the first header tank 3, which is
disposed at the left end of the condenser 90 and to which left
end portions of all the heat exchange tubes 2A of the first and
second heat exchange paths P1, P2 provided in the condenser
section 90A are connected through brazing, is divided into an
upper header section 92 and a lower header section 93 by an
aluminum partition plate 91 provided at a height between the
first heat exchange path P1 and the second heat exchange path
P2. The upper end of the first header tank 3 is located below
the upper end of the second header tank 4, which is disposed
at the left end of the condenser 90 and to which left end
portions of all the heat exchange tubes 2B of the third heat
exchange path P3 provided in the super-cooling part 90B are
connected through brazing. The refrigerant inlet 12 is formed
in a portion of the upper header section 92 of the first header
tank 3, the portion projecting upward in relation to the second
header tank 4. A refrigerant inlet member (not shown) com-
municating with the refrigerant inlet 12 is joined to the first
header tank 3.

[0083] The interior of the third header tank 5, which is
disposed at the right end of the condenser 90 and to which
right end portions of all the heat exchange tubes 2A, 2B of the
first through third heat exchange paths P1, P2, P3 are con-
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nected through brazing, is divided into an upper header sec-
tion 95 and a lower header section 96 by an aluminum parti-
tion plate 94 provided at a height between the second heat
exchange path P2 and the third heat exchange path P3. The
refrigerant outlet 13 is formed in the lower header section 96
of the third header tank 5. A refrigerant outlet member (not
shown) communicating with the refrigerant outlet 13 is joined
to the third header tank 5.

[0084] The lower header section 93 of the first header tank
3 has one communication section 97 to which all the first heat
exchange tubes 2A of the second heat exchange path P2 are
connected and which communicates with the second header
tank 4 via the communication part 16. Of the first and second
heat exchange paths P1, P2 provided in the condensation part
90A, the second heat exchange path P2 is located furthest
downstream with respect to the refrigerant flow direction. The
communication part 16 is provided at a height below the
uppermost first heat exchange tube 2A among all the first heat
exchange tubes 2A of the second heat exchange path P2
connected to the communication section 97 (in the present
embodiment, at a position which is below the vertically
middle position of the communication section 97 and close to
the lower end thereof).

[0085] The structure of the remaining portion is identical
with that of the condenser shown in FIGS. 1 to 4.

[0086] In the condenser 90 having the above-described
structure, gas phase refrigerant of high temperature and high
pressure compressed by the compressor flows into the upper
header section 92 of the first header tank 3 through the refrig-
erant inlet member and the refrigerant inlet 12. The gas phase
refrigerant is condensed while flowing rightward within the
first heat exchange tubes 2A of the first heat exchange path
P1, and flows into the upper header section 95 of the third
header tank 5. The refrigerant having flowed into the upper
header section 95 of the third header tank 5 is condensed
while flowing leftward within the first heat exchange tubes
2A of the second heat exchange path P2, and flows into the
communication section 97 of the lower header section 93 of
the first header tank 3. The refrigerant having flowed into the
communication section 97 of the lower header section 93 of
the first header tank 3 flows into the second header tank 4
through the through hole 18 of the first header tank 3, the flow
channel 22 of the communication member 21, and the
through hole 19 of the second header tank 4, which constitute
the communication part 16.

[0087] The refrigerant having flowed into the second
header tank 4 is gas-liquid mixed phase refrigerant. A portion
of the gas-liquid mixed phase refrigerant; i.e., liquid-pre-
dominant mixed phase refrigerant, accumulates in a lower
region within the second header thank 4 because of gravita-
tional force, and flows into the second heat exchange tubes 2B
of the third heat exchange path P3.

[0088] The liquid-predominant mixed phase refrigerant
having flowed into the second heat exchange tubes 2B of the
third heat exchange path P3 is super-cooled while flowing
rightward within the second heat exchange tubes 2B. After
that, the super-cooled refrigerant enters the lower header
section 96 of the third header tank 5, and flows out through the
refrigerant outlet 13 and the refrigerant outlet member. The
refrigerant is then fed to the evaporator via the expansion
valve.
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[0089] Meanwhile, the gas phase component of the gas-
liquid mixed phase refrigerant having flowed into the second
header tank 4 stays in an upper region of the second header
tank 4.

[0090] In the case of a condenser 100 shown in FIG. 18, a
condensation part 100A and a super-cooling part 100B are
provided such that the former is located above the latter. The
condensation part 100A includes at least one heat exchange
path formed by a plurality of heat exchange tubes 2A succes-
sively arranged in the vertical direction. In the present
embodiment, the condensation part 100A includes two heat
exchange paths P1, P2 which are juxtaposed in the vertical
direction. The super-cooling part 100B includes at least one
heat exchange path formed by a plurality of heat exchange
tubes 2B successively arranged in the vertical direction. In the
present embodiment, the super-cooling part 100B includes
one heat exchange path P3. The heat exchange paths P1, P2
provided in the condensation part 100A serve as refrigerant
condensation paths. The heat exchange path P3 provided in
the super-cooling part 100B serves as a refrigerant super-
cooling path. The flow direction of refrigerant is the same
among all the heat exchange tubes 2A, 2B which form the
respective heat exchange paths P1, P2, P3. The flow direction
of refrigerant in the heat exchange tubes 2A, 2B which form
a certain heat exchange path is opposite the flow direction of
refrigerant in the heat exchange tubes 2A, 2B which form
another heat exchange path adjacent to the certain heat
exchange path. The two heat exchange paths provided in the
condensation part 100A will be referred to as the first and
second heat exchange paths P1, P2. The heat exchange path
P3 of the super-cooling part 100B will be referred to as the
third heat exchange path P3. Left end portions of all the heat
exchange tubes 2A, which form the first and second heat
exchange paths P1, P2, are connected to the first header tank
3 through brazing. Left end portions of all the heat exchange
tubes 2B, which form the third heat exchange path P3, are
connected to a portion of the second header tank 4 through
brazing, the portion being located below the first header tank
3. Herein, the heat exchange tubes 2A connected to the first
header tank 3 will be referred to as the first heat exchange
tubes, and the heat exchange tubes 2B connected to the sec-
ond header tank 4 will be referred to as the second heat
exchange tubes. The first and second heat exchange paths P1,
P2 serve as refrigerant condensation paths, and the third heat
exchange path P3 serves as a refrigerant super-cooling path.

[0091] The interior of the first header tank 3, which is
disposed at the left end of the condenser 100 and to which left
end portions of all the heat exchange tubes 2A of the first and
second heat exchange paths P1, P2 provided in the condenser
section 100A are connected through brazing, is divided into a
lower header section 102 and an upper header section 103 by
an aluminum partition plate 101 provided at a height between
the first heat exchange path P1 and the second heat exchange
path P2. The refrigerant inlet 12 is formed in the lower header
section 102 of the first header tank 3. A refrigerant inlet
member (not shown) communicating with the refrigerant
inlet 12 is joined to the first header tank 3.

[0092] The interior of the third header tank 5, which is
disposed at the right end of the condenser 100 and to which
right end portions of all the heat exchange tubes 2A, 2B of the
first through third exchange paths P1, P2, P3 are connected
through brazing, is divided into an upper header section 105
and alower header section 106 by an aluminum partition plate
104 provided at a height between the first heat exchange path
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P1 and the third heat exchange path P3. The refrigerant outlet
13 is formed in the lower header section 106 of the third
header tank 5. A refrigerant outlet member (not shown) com-
municating with the refrigerant outlet 13 is joined to the third
header tank 5.

[0093] Theupperheader section 103 of the first header tank
3 has one communication section 107 to which all the first
heat exchange tubes 2A of the second heat exchange path P2
are connected and which communicates with the second
header tank 4 via the communication part 16. Of the first and
second heat exchange paths P1, P2 provided in the conden-
sation part 100A, the second heat exchange path P2 is located
furthest downstream with respect to the refrigerant flow
direction. The communication part 16 is provided at a height
below the uppermost first heat exchange tube 2A among all
the first heat exchange tubes 2A of the second heat exchange
path P2 connected to the communication section 107 (in the
present embodiment, at a position which is below the verti-
cally middle position of the communication section 107 and
close to the lower end thereof).

[0094] The structure of the remaining portion is identical
with that of the condenser shown in FIGS. 1 to 4.

[0095] In the condenser 100 having the above-described
structure, gas phase refrigerant of high temperature and high
pressure compressed by the compressor flows into the lower
header section 102 of the first header tank 3 through the
refrigerant inlet member and the refrigerant inlet 12. The gas
phase refrigerant is condensed while flowing rightward
within the first heat exchange tubes 2A of the first heat
exchange path P1, and flows into the upper header section 105
of the third header tank 5. The refrigerant having flowed into
the upper header section 105 of the third header tank 5 is
condensed while flowing leftward within the first heat
exchange tubes 2A of the second heat exchange path P2, and
flows into the communication section 107 of the upper header
section 103 of the first header tank 3. The refrigerant having
flowed into the communication section 107 of the upper
header section 103 of the first header tank 3 flows into the
second header tank 4 through the through hole 18 of the first
header tank 3, the flow channel 22 of the communication
member 21, and the through hole 19 of the second header tank
4, which constitute the communication part 16.

[0096] The refrigerant having flowed into the second
header tank 4 is gas-liquid mixed phase refrigerant. A portion
of the gas-liquid mixed phase refrigerant; i.e., liquid-pre-
dominant mixed phase refrigerant, accumulates in a lower
region within the second header thank 4 because of gravita-
tional force, and flows into the second heat exchange tubes 2B
of the third heat exchange path P3.

[0097] The liquid-predominant mixed phase refrigerant
having flowed into the second heat exchange tubes 2B of the
third heat exchange path P3 is super-cooled while flowing
rightward within the second heat exchange tubes 2B. After
that, the super-cooled refrigerant enters the lower header
section 106 of the third header tank 5, and flows out through
the refrigerant outlet 13 and the refrigerant outlet member.
The refrigerant is then fed to the evaporator via the expansion
valve.

[0098] Meanwhile, the gas phase component of the gas-
liquid mixed phase refrigerant having flowed into the second
header tank 4 stays in an upper region of the second header
tank 4.

[0099] In the case of the condensers 70, 80, 90, 100 shown
in FIGS. 15 to 18 as well, in stead of the communication part
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16, any of the communication parts 30, 40, 50, 55, 60, 65
shown in FIGS. 5 to 14 may be used in order to establish a
refrigerant communication between the communication sec-
tion 79, 89, 97, 107 of the first header tank 3 and the second
header tank 4.

[0100] Inthe condensers 1,70, 80,90, 100 shown in FIGS.
1 to 4 and FIGS. 15 to 18, a desiccant or a filter may be
disposed in the second header tank 4.

What is claimed is:

1. A condenser which has a condensation part and a super-
cooling part provided such that the condensation part is
located above the super-cooling part and which comprises a
plurality of heat exchange tubes disposed in parallel such that
their length direction coincides with a left-right direction and
they are spaced apart from one another in a vertical direction;
and header tanks which are disposed such that their length
direction coincides with the vertical direction and to which
left and right end portions of the heat exchange tubes are
connected, each of the condensation part and the super-cool-
ing part including at least one heat exchange path formed by
a plurality of heat exchange tubes successively arranged in
the vertical direction, the condenser configured such that all
refrigerant having flowed through the heat exchange tubes of
the condensation part flows into the heat exchange tubes of
the super-cooling part,

wherein a first header tank to which all the heat exchange

tubes of the condensation part are connected and a sec-
ond header tank to which all the heat exchange tubes of
the super-cooling part are connected are provided at one
of left and right ends of the condenser; the first header
tank has one communication section which communi-
cates with the second header tank through a communi-
cation part and to which all the heat exchange tubes
forming one heat exchange path are connected; the com-
munication part is provided at a height below the upper-
most heat exchange tube among all the heat exchange

10

Dec. 6, 2012

tubes connected to the communication section; the sec-
ond header tank is disposed on the outer side of the first
header tank with respect to the left-right direction; an
upper end of the second header tank is located above a
lower end of the first header tank; the second header tank
has a function of separating gas and liquid from each
other and storing the separated liquid; and all the refrig-
erant having passed through the heat exchange tubes of
the condensation part flows into the communication sec-
tion of the first header tank and flows into the second
header tank through the communication part.

2. A condenser according to claim 1, wherein the conden-
sation part has one heat exchange path; the first header tank
has one communication section to which all the heat
exchange tubes forming the heat exchange path of the con-
densation part are connected; and the communication part
establishes a refrigerant communication between the second
header tank and a portion of the communication section of the
first header tank, the portion extending downward from an
approximate center of the communication section with
respect to the vertical direction.

3. A condenser according to claim 1, wherein the conden-
sation part has two or more heat exchange paths; the con-
denser is configured such that refrigerant flows from a heat
exchange path at one end with respect to the vertical direction
toward a heat exchange path at the other end with respect to
the vertical direction; the first header tank has one communi-
cation section to which all the heat exchange tubes forming a
furthest downstream heat exchange path of the condensation
part are connected; and the communication part establishes a
refrigerant communication between the second header tank
and a portion of the communication section of the first header
tank, the portion extending downward from an approximate
center of the communication section with respect to the ver-
tical direction.



