(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
30 March 2006 (30.03.20006)

s,
%

(10) International Publication Number

WO 2006/033371 Al

(51) International Patent Classification:
F28F 9/26 (2006.01) F28D 1/053 (2006.01)
F25B 1/00 (2006.01) F28D 7/10 (2006.01)

(21) International Application Number:
PCT/JP2005/017428

(22) International Filing Date:

15 September 2005 (15.09.2005)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

2004-274374 22 September 2004 (22.09.2004) JP
60/613,227 28 September 2004 (28.09.2004) US
2005-068573 11 March 2005 (11.03.2005) JP
60/662,353 17 March 2005 (17.03.2005) US

(71) Applicant (for all designated States except US): SHOWA
DENKO K.K. [JP/JP]; 13-9, Shiba Daimon 1-chome, Mi-
nato-ku, Tokyo, 1058518 (JP).

(72) Inventor; and

(75) Inventor/Applicant (for US only): I1CHIYANAGI,
Shigeharu [JP/JP]; ¢/o SHOWA DENKO K.K., OYAMA
REGIONAL OFFICE, 480, Inuzuka 1-chome, Oyama-shi,
Tochigi, 3238678 (JP).

(74) Agents: HIBI, Norihiko et al.; c/o KISHIMOTO &
CO., 3rd Floor, Inaba Building, 13-18, Nishishinsaibashi
1-chome, Chuo-ku, Osaka-shi, Osaka 5420086 (JP).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, I, IN, IS, KE, KG,
KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, LY, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(81)

(84)

[Continued on next page]

(54) Title: INTEGRATED HEAT EXCHANGE APPARATUS

7033371 A1 |00 000 OO

37 I\ A7 | e o7
e NAICPlppzn M as
L $ <0 | St
B 46 \\:\\ Nz *//«)‘ 32 & B NS B

35 45 4430333 3B 4 34

(57) Abstract: An integrated heat exchange apparatus is composed of a gas cooler 1 and an intermediate heat exchanger 2. The

\& #as cooler 1 includes two header tanks 3, 4, and a plurality of heat exchange tubes 5. A refrigerant outlet 27 is formed on the first
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DESCRIPTION
INTEGRATED HEAT EXCHANGE APPARATUS

CROSS REFERENCE TO RELATED APPLICATIONS

This application is an application filed under 35 U.S.C.
§ 111(a) claiming the benefit pursuant to 35 U.S.C. §
119(e) (1) of the f£iling dates of Provisional Application Nos.
60/613,227 and 60/662,353 filed September 28, 2004 and March

17, 2005, respectively, pursuant to 35 U.S.C. § 111(b).

TECHNICAL FIELD

The present invention relates to an integrated heat
exchange apparatus, and more particularly to an integrated
heat exchange apparatus suitable for use as a gas cooler and
as an intermediate heat exchanger of a supercritical
refrigeration cycle which includes, for example, a compressor,
a gas céoler,‘an evaporator, a gas-liquid separator, a
pressure-reducing device, and an intermediate heat exchanger
for performing heat exchange between refrigerant flowing out
of the gas cooler and refrigerant flowing out of the
evaporator and in which a supercritical refrigerant such as
CO, is used.

Herein and in the appended claims, the term "aluminum"

encompasses aluminum alloys in addition to pure aluminum.

BACKGROUND ART
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Conventionally, a refrigeration cycle which includes a
compressor, a condenser, an evaporator, a gas-liquid
separator, and a pressure-reducing device and which uses a
fluorocarbon refrigerant has been widely used as a car air
conditioner mounted on an automobile.

Incidentally, in recent years, there has been
considered mounting, onto an automobile, as a car air
conditione;, a supercritical refrigeration cycle which uses a
supercritical refrigerant such as CO;. The supercritical
refrigerant refers to a refrigerant which becomes a
supercritical state while exceeding the critical pressure at
the high pressure side of the supercritical refrigeration
cycle.

As shown in FIG. 12, a supercritical refrigeration
cycle includes a compressor 75, a gas cooler 76, an
evaporator 77, an accumulator 78 serving as a gas-liquid
separator, an expansion valve 79 serving as a pressure- )
reducind device, and an intermediate heat exchanger 80 for
performing heat exchange between refrigerént flowing out of
the gas cooler 76 and refrigerant flowing out of the
evaporator 77.

Incidentally, the intermediate heat exchanger 80 of the
supercritical refrigeration cycle is a heat exchanger which
is not used in the conventional refrigeration cycle, which
uses a fluorocarbon refrigerant. The intermediate heat
exchanger 80 is required to be efficiently accommodated

within an engine compartment of an automobile, and presently
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is considered lto be disposed in the engine compartment at a
portion between the gas cooler 76 and the evaporator 77.

A known intermediate heat exchanger which is used in
the supercritical refrigeration cycle shown in FIG. 12
includes a heat exchange tube having a single inner fluid
hole, and a plurality of outer fluid holes formed around the
inner £1uid hole at circumferential int‘ervals; two connectors
for the inner £luid hole which are fixed to opposite end
portions of the heat exchange tube and which each have a flow
passage communicating with the inner fluid hole; and two
connectors for the outer f£luid holes which are fixed to the
heat exchange tube at locations inward of the connectors for
the inner fluid hole with respect to the longitudinal
direction of the heat exchange tube and which each have a
flow paésage communicating with the outer fluid holes (see
the publication of JP-A No. 2000-2492).

Another known intermediate heat exchanger which is used
in the s.upercritical refrigeration cycle shown in FIG. 12
includes a pair of header tanks separated ‘from each other;
and a plurality of flat heat exchange tubes which are
disposed in parallel between the header tanks and whose
opposite ends are connected to the corresponding header tanks
(see the publication of JP-A No. 2003-121086). Each of the
header tanks has a double pipe structure composed of a first
header pipe and a second header pipe disposed within the
first header pipe. Each of the heat exchange tubes includes

a plurality of first f£luid passages and a plurality of second
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fluid passages £ormed therein, and the opposite end portions
of each heat exchange tube are connected to the two header
tanks such that the first fluid passages communicate with the
intérior of the first header pipe, and the second fluid
passages communi.cate with the interior of the second header
pipe.

However, imn the case of a supercritical refrigeration
cycle which uses the intermediate heat exchanger disclosed in
the publications, there arise problems of a route of piping
for passing refrigerant through the intermediate heat
exchanger becoming complex, and requirement of a relatively
large installation space. Further, in the case where the
intermediate heat exchanger is disposedv in the engine
compartment at a portion between the gas cooler and the
evaporator, the ambient temperature around the intermediate
heat exchanger may become very high, and because of tvhermal
influence from the surrounding atmosphere, the efficiency of
heat exéhange between réfrigez;ant flowing out of the gas
cooler and refrigerant flowing out of the evaporator drops,
with a possible drop in the cooling performance of the
supercritical refrigeration cycle. |

An object of the present invention is to overcome the
above problems and to provide an integrated heat exchange
apparatus which can realize a supercritical refrigeration
cycle which can simplify the routing of piping, can make the -
installation space relatively small, and can prevent a drop

in cooling performance.
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DISCLOSURE OF THE INVENTION

To fulfill the above object, the present invention
comprises the following modes.

‘1) An integrated heat exchange apparatus comprising a
first heat exchanger including first and second header tanks
disposed apart from each other, and a plurality of heat
exchange tubes disposed between the two header tanks at
intervals along the length direction of the header tanks and
each having opposite end portiomns connected to the respective
header tanks, wherein a xefrigerant outlet is formed on the
first header tank; and a second heat exchanger including a
heat exchange section hawving first and second refrigerant
passages, and connectors provided at the opposite ends of rhe
heat exchange section and each having a first flow passage
for establishing communication betﬁeen the first refrigerant
passage and the outside of the second heat exchanger and a,
second flow passage for establishing communication between
the second refrigerant passage and the outside of thé second
heat exchanger, wherein both the connectors of the second
heat exchanger are fixed to the first heat gxchanger, and the
second flow passage of one connector of the second heat
exchanger communicates with the refrigerant outlet of the
first header tank of the first heat exchanger.

2) An integrated heat exchange apparatus according to
par. 1), wherein one conmnector of the second heat exchanger

is fixed to the first header tank of the first heat exchanger,
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the other connector of the second heat exchanger is fixed to
the second header tank of the fixrst heat exchanger, and the
second flow passage of the one connector communicates with
the refrigerant outlet of the fixst header tank of the first
heat exchanger.

3) An integrated heat exchange apparatus according to
par. 2), wherein the first headex tank of the first heat
exchanger has a plurality of header sections arranged along
the length direction thereof; the second header tank of the
first heat exchanger has a headex section(s) which is one
fewer in number than the header sections of the first header
tank; a header section at one end of the first header tank
serves as a refrigerant inlet header section having a
refrigerant inlet; and a header section at the other end of
the first header tank serves as a refrigerant outlet header
section having a refrigerant outlet, wherein ref;igerant‘
having flowed from the refrigeramt inlet into the refrigerant
inlet héader section passes through the heat exchange tubes
and the header sections, and is fed out f£from the refrigerant
outlet of the refrigerant outlet headef’section.

4) An integrated heat exchange apparatus according to

par. 1), wherein both the connectors of the second heat

- exchanger are fixed to the first header tank of the first

heat exchanger, and the second £low passage of one connector
communicates with the refrigerant outlet of the first header -
tank of the first heat exchanger.

5) An integrated heat exchange apparatus according to
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par. 4), wherein the first header tank of the first heat
exchanger has a plurality of header sections arranged along
the length direction thereof; the second header tank of the
first heat exchanger has header sections which are arranged
along the length direction thereof and which are equal in
number with the header sections of the first header tank; a
header section at one end of the second header tank serves as
a refrigerant inlet Iieader' section having a refrigerant
inlet; and a header section at the other end of the first
header tank serves as a refrigerant outlet header section
having a refrigerant outlet, wherein a refrigerant having
flowed from the refrigerant inlet into the, refrigerant inlet
header section passes through the heat exchiange tubés and the
header sections, and is fed out from the refrigerant outlet
of the refrigerant outlet headér section.

6) A:p integrated heat exchange apparatus ac‘cording to
par. 1), wherein each header tank of the first heat exchanger
is cons{:ructed by mutually stacking and brazing a header-
forming plate, a tube-connecting plate, and an intermediate
plate disposed between the header-forming plate and the tube-
connecting plate; a bulging portion is formc—_ad on the header-
forming plate such that the bulging portiom extends along the
length direction thereof and its opening is closed by the
intermediate plate; a plurality of tube insertion holes are
formed in the tube-connecting plate in a region corresponding
to the bulging portion such that the tube dnsertion holes

penetrate the tube-connecting plate and are arranged at
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intervals along the length direction of the tube-connecting
plate; communication holes for establishing communication
between the tube insertion holes of the tube-connecting plate
and the interior of the bulging portion of the header-forming
plate are formed in the intermediate plate such that the
communication holes penetrate the intermediate plate; a
header section is formed by a portion of the header—-forming
plate including the bulging portion and portions of the tube-
connecting plate and the intermediate portion corresponding
to the bulging portion; and the opposite end portioms of the
heat exchange tubes are inserted into the tube inser-tion
holes of the tube-connecting plates of the two header tanks
and are brazed to the tube-connecting plates.

7) An integrated heat exchange apparatus according to
par. 6), wherein a coirer wall is integrally provided along
each of the opposite lateral edge portions of the tube-
connecting plate so as to cover a boundary between tThe ,
header-forming plate and the intermediate plate ovex the
entire length; and the cover wall is brazed to the
corresponding side surfaces of the header-forming plate and
the intermediate plate.

8) An integrated heat exchange apparatus according to
par. 7), wherein engagement portions which engage the outer
surface of the header-forming plate are integrally provided
at the end portions of the cover walls.

9) An integrated heat exchange apparatus accoxding to

par. 1), wherein the heat exchange section of the second heat
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exchanger includes an outer tube and an inner tube disposed
within the outer tube with a clearance formed therebetween,
wherein the clearance between the outer tube and the inner
tube serves as the first refrigerant passage, and the
interior of the inner tube serves as the second refrigerant
passage.

10) An integrated heat exchange apparatus according to
par. 9), wﬁerein fins are provided between the outer tube and
the inner tube of the second heat exchanger; the opposite end
portions of the inner tube project outward from the outer
tube; a fin-absent portion is provided at least at an end
portion of eacﬁ of the outward projecting portions; and the
fin-absent portions of the inner tube are inserted into end
portions of the second flow passages of the corresponding
connectors.

11) An integrated heat exchange apparatus éccording to
par. 10), wherein fins are integrally formed on the outer .
circumférential surface of the innér tube at circumferential
intervals such that the fins extend along the length
direction of the inner tube.

12) An integrated heat exchange apparatus according to
par. 10), wherein the entirety of each of the outward
projecting portions of the inner tube projecting from the
outer tubé is the fin-absent portion.

13) A supercritical refrigeration cycle which comprise s
a compressor, a gas cooler, an evaporator, a gas-liquid

separator, a pressure-reducing device, and an intermediate
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heat exchanger for performing heat exchange between
refrigerant flowing out of the gas cooler and refrigerant
flowing out of the evaporator and in which a supercritical
refrigerant is used, wherein the gas cooler is composed of
the first heat exchanger of the integrated heat exchange
apparatus according to any one of pars. 1) to 12), and the
intermediate heat exchanger is composed of the second heat
exchanger of the integrated heat exchange apparatus.

14) A supercritical refrigeration cycle according to
par. 13), wherein low-pressure refrigerant flowing out of the
evaporator flows through the first refrigerant passage of the
intermediate heat exchanger, and high-pressure refrigerant
flowing out of the gas cooler flows through the second
refrigerant passage of the intermediate heat exchanger.

15) A supercritical refrigeration cycle according to
par. 14), wherein the supercritical refrigerant is carbon
dioxide. o .

16)— A vehicle in which a supercritical refrigeration
cycle according to par. 14) is installed as a car air
conditioner.

According to the integrated heat exchange apparatus
described in any one of pars. 1) to 5), both the connectors
of the second heat exchanger are fixed to the first heat
exchanger, and the second flow passage of one connector of
the second heat exchanger communicates with the refrigerant
outlet of the first header tank of the first heat exchanger.

Therefore, refrigerant fed out from the first heat exchanger

10
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via the refrigerant outlet flows directly into the second
refrigerant passage via the second flow passage of the
corresponding connector of the second heat exchanger, so that
piping between the refrigerant outlet of the first heat
exchanger and the second heat exchanger becomes unnecessary.
Accordingly, in a refrigeration cycle, such as a
supercritical refrigeration cycle, to which the integrated
heat exchange apparatus is applied, routing of piping can be
simplified, and the installation space can be made relatively
small. Further, in the case where the integrated heat
exchange apparatus is applied to a supercritical
refrigeration'cycle in such a manner that the first and
second heat exchangers are used as a gas cooler and an
intermediate heat exchanger, respectively, since the gas
cooler is typically disposed at the frontmost portion of the
engine compartment, the ambient temperature around the
intermediate heat exchanger becomes relatively low, so that
the intérmediate‘heat exchanger becomes less likely to be
thermally influenced from the surroundings. According, it is
possible to prevent a drop in the efficiency of heat exchange
between refrigerant flowing out of the gas cooler and
refrigerant flowing out of the evaporator, to thereby prevent
a drop in the cooling performance of the supercritical
refrigeration cycle.

According to the integrated heat exchange apparatus
according to any one of pars. 2) to 5), the flow direction of

refrigerant in the first heat exchanger can be properly set

11
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so as to improve the heat exchange efficiency.

According to the integrated heat exchange apparatus
described in par. 6), the opposite ends of each header tank
of the first heat exchanger can be closed Withouf use of a
closing part such as a cap. Accordingly, the number of parts
decreases, and éperation of joining a closing part such as a
cap becomes unnecessary. In addition, work of separately
fabricating a closing part such as a cap becomes unnecessary.
Further, since the header-forming plate having a bulging
portion, the tube-connecting plate having tube insertion
holes, and the intermediate plate having communication holes
can be formed through press working performed on a metal
plate, the number of machining steps can be reduced, and the
machining time can be shortened. In addition, a separate
member such as a partition is not required even when a
plurality of header sections are formed as in the integrated
heat exchange apparatuses according to pars. 3) and 5). )

Acéording to the integrated heat exchange apparatus
described in par. 7), the cover walls can prévent leakage of
refrigerant from the boundary between the header-forming
plate and the intermediate plate.

According to the integrated heat exchange apparatus
described in par. 8), when the three plates are brazed
together, the three plates can be provisionally fixed
together by means of the engagement portions. Therefore, a
separate jig for provisional fixing is not required.

According to the integrated heat exchange apparatus

12
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described in par. 9), since the heat exchange section of the
second heat exchanger is composed of an outer tubeAand an
inner tube disposed within the outer tube with a clearance
formed therebetween, the number of parts decreases.

According to the integrated heat exchange apparatus
described in par. 10), since fins are provided between the
outer tube and the inner tube of the second heat exchanger,
the heat transmission area between the refrigerant flowing
through the first refrigerant passage and that flowing
through the second refrigerant passage increases, and the
heat exchange efficiency increases.

According to the integrated heat exchangé apparatus
described in par. 11), the heat transmission area between the
refrigerant floWing through the first refrigerant passage of
the second heat exchanger and that flowing through the.second
refrigerant passage of the‘secohd.heat exchanger increases,
and the heat exchange efficiency increases. In addition, .
since tﬂe fins are formed integrally with the inner tube, the
number of components decreases further.

According to the integrated heat exchange apparatus
described in par. 12), the flow resistance §gainst’the
refrigerant flowing into or flowing out of the first flow
passage of each connector of the second heat exchanger can be
reduced.

According to the supercritical refrigeration cycle
described in any one of pars. 13) to 15), refrigerant fed out

from the first heat exchanger via the refrigerant outlet

13
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flows directly into the second refrigerant passage via the
second flow passage of the corresponding connector of the
second heat exchanger, so that piping between the refrigerant
outlet of the first heat exchanger and the second heat
exchanger becomes unnecessary. Accordingly, in the
supercritical refrigeration cycle, routing of piping can be
simplified, and the installation space can be made relatively
small. Further, since the gas cooler is typically disposed
at the frontmost portion of the engine compartment, the
ambient temperature around the intermediate heat exchanger
becomes relatively low, so that the intermediate heat
exchanger becomes less likely to be thermally influenced f£rom
the surroundings. According, it is possible to prevent a
drop in the efficiency of heat exchange between refrigerant
flowing out of the gas cooler and refrigerant flowing out of
the evaporator, to thereby prevent a drop in the cooling

performance of the supercritical refrigeration cycle. )

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing the overall
construction of an integrated heat exchange apparatus of
Embodiment 1 of the present invention. FIG. 2 is a partially
omitted vertical sectional view of the integrated heat
exchange apparatus of FIG. 1 as viewed from the rear side
toward the front side thereof. FIG. 3 is an exploded
perspective view showing a first header tank of the gas

cooler of the integrated heat exchange apparatus of FIG. 1.

14
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FIG. 4 is an enlarged sectional view taken along the line A-A
in FIG. 2. FIG. 5 is an exploded perspective view showing a
second header tank of the gas cooler of the integrated heat
exchange apparatus of FIG. 1. FIG. 6 is an enlarged
sectional view taken along the line B-B in FIG. 2. FIG. 7 is
an enlarged sectional view taken along the line C-C in FIG. 6.
FIG. 8 is an exploded perspective view showing a connection
structure f;r coﬁnecting a first connector of an intermediate
heat exchanger and the first heade: tank of the gas cooler of
the integrated heat exchange apparatus of FIG. 1. FIG. 9 is
a diagram showing the flow of refrigerant through the
integrated heat exchange apparatus of FIG. 1. FIG. 10 is a
‘view corresponding to FIG. 2 and showing the overall
construction of an integrated heat exchange apparatus of
Embodiment 2 of the present invention. FIG. 11 is a diagram
showing the flow of refrigerant through the integrated heat
exchange apparatus of FIG. 10. FIG. 12 is a diagram showing
a superdritical refrigeration cycle. FIG. 13 is a cross-
sectional view showing a first modified eﬁbodiment oflthe
heat exchange tube. FIG. 14 is a fragmentary enlarged view
of FIG. 13. FIG. 15 is a set of views showipg a method of
manufacturing the heat exchange tube shown in FIG. 13. FIG.
16 is a cross-sectional view showing a second modified
embodiment of the heat exchange tube. FIG. 17 is a cross-
sectional view showing a third modified embodiment of the
heat exchange tube. FIG. 18 is a fragmentary enlarged view

of FIG. 17. FIG. 19 is a set of views showing a method of

15
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manufacturing the heat exchange tube shown in FIG. 17.

BEST MODE FOR CARRYING OUT THE INVENTION

Embodiments of the present invention will be described
below with reference to the drawings. In the following
embodiments, an integrated heat exchange apparatus according
to the present invention is applied to a gas cooler and an
intermediate heat exchanger of a supercritical refrigération
cycle.

Notably, in the following description, the upper, lower,
left-hand, and right-hand»sides of FIGS. 1, 2, and 10 will be

referred to as "upper," "lower," "left," and "right,"
respectively. Further, the downstream side of flow of air
through an air passage clearance between each pair of
adjacent heat exchange tubes (the direction indicated by
arrow X in FIGS. 1 and 11; the reverse sides of the sheets of
FIGS. 2 and 10) will be referred to as the "front," and the
opposité side as the "rear."

Embodiment 1

Thi.s embodiment is shown in FIGS. 1 to 9.

FIGS. 1 and 2 shows the overall structgre of the
integrated heat exchange apparatus; FIGS. 3 to 8 show
essential portions thereof; and FIG. 9 shows a flow of
refrigerant within the integrated heat exchange apparatus.

With reference to FIGS. 1 and 2, the integratea heat

exchange apparatus used in a supercritical refrigeration

cycle in which a supercritical refrigerant, such as CO;, 1is

16
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used includes a gas cooler 1 (first exchanger) and an
intermediate heat exchanger 2 (second exchanger), which are
integrated togetherx.

The gas cooler 1 comprises two header tanks 3, 4
extending vertically and separated from each other in the
left-right direction, a plurality of flat heat exchaﬁge tubes
5 arranged in parallel between the two header tanks 3, 4 and
separated from one another in the vertical direction,
corrugated fins 6 arranged in respective air passage
clearances between respective adjacent pairs of heat exchange
tubes 5 and outside the heat exchange tubes 5 at the upper
and lower ends of the cooler and each brazed to the adje_tcent
pair of heat exchange tubes 5 or to the end tuﬁe 5, and side
plates 7 of bare aluminum material arranged externally .of and
brazed to the respective f£ins 6 at the upper and lower ends.
In this embodiment, the header tank 3 at the right will be
referred to as the "first header tank," and the header tank 4
at the left as the "second header tank."

As shown in FIGS. 2 and 3, the first .header tank 3
comprises a header-forming plate 8 made from a brazing sheet
having a brazing material layer over opposit‘e surfaces
thereof (an aluminum brazing sheet in the present embodiment),
a tube-connecting plate 9 made from a brazing sheet having a
brazing material layer over opposite surfaces thereof (an
aluminum brazing sheet in the present embodiment), and an
intermediate plate 10 interposed between the header—formi.ﬁg

plate 8 and the tube-connecting plate 9 and made from a bare

17
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metal material (bare aluminum material in the present
embodiment), the plates 8 to 10 being arranged in superposed
layers and brazed to one another.

Formed in the header-forming plate 8 and mutually
separated in the vertical direction are a plurality of (two
in the present embodiment) bulging portions 11A, 11B
extending vertically and beding equal in bulging height,
length, and width. An opening of each of the bulging
portions 11A, 11B facing leftward is closed with the
intermediate plate 10. A refrigerant inlet 12 is formed in
the top of the upper bulging portion 11A of the plate 8; and
an inlet member 13 made from a metal (bare aluminum material
in the present embodiment) and having a refrigerant inflow
passage 14 communicating with the refrigerant inletllz is
brazed to the outer surface of the bulging portion 11A by use
of the brazi'ng material on the outer surface of the header-
forming plate 8. The headex-forming plate 8 is made by press
work, Af;:om an aluminum brazing sheet having a brazing
material layer over opposite surfaces thereof.

The tube-connecting plate 9 has a plurality of tube
insertion holes 18 extending through the th:'i.ckness thereof,
elongated in the front-rear direction, and separated from one
another in the vertical direction. The insertion holes 18 in
the upper half of the plate 9 are provided within the
vertical range of the upper bulging portion 11A of the
header-forming plate 8, and the insertion holes 18 in the

lower half of the plate 9 are provided within the vertical

18
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range of the lower bulging portion 11B of the header-forming
plate 8. The front-to-rear length of each tube insertion
holes 18 is slightly larger than the front-to-rear width of
the bulging portion 11A or 11B, and the front and rear ends
of the tube insertion hole 18 project outward beyond the
respective front and rear edges of the bulging portion 11A or
11B. The tube-connecting plate 9 is integrally provided at
each of its front and rear side edges with a cover wall 19
projecting rightward to the outer surface of the header-
forming plate 8, covering the boundéry between the plate 8
and the intermediate plate 10 over the entire length thereof
and brazed to the front or rear side faces of the plates 8,
10{ The projecting end of the cover wall 19 is integrally
provided with engaging portions 21 separated from one another
in the vertical direction, engaging with the outer surface of
the plate 8, and brazed to the plate 8. The tube-connecting
plate 9 is made by press work, from an aluminum brazing sheet
having é brazing materiai“layer over‘cm;poéite surfaces
thereof. ) -

The intermediate plate 10 has cbnmnunication holes 22
extending through the thickness thereo®f and.equal in number
to the tube insertionAholes 18 in the tube-connecting plate 9
for causing the holes 18 to comﬁunicate:with the bulging
portion 11A or 11B of the plate 8 therethrough. The
communication holes 22 are substantially larger than the
insertion holes 18; that is, larger in transverse Cross

section than the heat exchange tubes 5 (see FIG. 4). The
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communication holes 22 are positioned in corresponding
relation with the respective tube insertion holes 18 of the
tube-connecting plate 9. The tube insertion holes 18 in the
upper half of ‘the plate 9 communicate with the interior of
the upper bulging portion 11A through. the communication holes
22 in the upper half of the intermediate plate 10, and the
tube insertion holes 18 in the lower half of the plate 10
communicate with the interior of the lower bulging portion
11B through the communication holes 22 in the l.ower half of
the intermediate plate 10. All the communication holes 22
communicating with the interior of the upper bulging portion
11A, as wéll as all the communication holes 22 communicating
with the interior of the lower bulging portion 11B, are héld
in communication by communication portions 23 f£ormed by
cutting away the portion between each adjacent pair of holes
22 in the intermediate plate 10. The intermediate plate 10
is made from a bare aluminum material by press work. ,
Thé upper half of the header-forming plate 8 including
the upper bulging portioh 11A, the upper half of the tube-
connecting i)late 9, and the upper half of the Antermediate
plate 10 form a refrigerant inlet header section 24, whereas
the lower half of the header-forming plate 8 imcluding the
lower bulging portion 11B, the lower half of the tube-
connecting plate 9, and the lower half of the dAntermediate
plate 10 form a refrigerant outlet header section 25. In the-
refrigerant inlet header section 24 and the refrigerant

outlet header section 25, refrigerant flows along the length
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direction of the first header tank 3 via the interiors of the
bulging portions 11A, 11B and the communication portions 23.
Downward projecting portions 8a, 9a, 1l0a slightly
narrower in width than the three plates 8, 9, 10 are formed
at the respective lower ends of the plates 8, 9, 10. In the
intermediate plate 10, a cut 26 is formed such that it
extends from the end of the downward projecting portion 10a
to the lowermost communication hole 22, whereby a refrigerant
outlet 27 communicating with the refrigerant outlet header
section 25 is formed in the fifst header tank 3 (see FIG. 2).
As shown in FIG. 5, the second header tank 4 has
approximately the same construction as the first header tamk
3, and like parts are designated by like reference numerals.
The two header tanks 3, 4. aré arranged with their tube-
connecting plates 9 opposed to each other. The second header
tank 4 differs from the first header tank 3 in that the
header-forming plate 8 has one bulging portion 28 which is .
one fewér in number than the bulging portions 11A, 11B of the
first header tank 3 and which extends from the upper end of
the header-forming plate 8 to the lower end thereof so as Eo
face both the bulging portions 11A, 11B of t_he first headex
tank 3; that the outer bulging portion 25; .does ﬁot have the
refrigerant inlet; that all tube insertion holes 18 of the
tube-connecting plate 9 communicate with the interior of the
bulging portion 28 through all the communication holes 22 An -
the intermediate plate 10; that all the communication holés

22 of the intermediate plate 10 are held in communication by
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communication portions 23 formed by cutting away the portion
between each adjacent pair of communication holes 22; and
that no cut is formed in the downward projecting portion 10a
of the intermediate plate 10. The projecting height and
width of the outer bulging portion 28 are equal to those of
the outer bulging portions 11A, 11B of the first header tank
3. The entireties of the three plates 8, 9, 10 form an
intermediate header section 29. In the intermediate header
section 29, refrigerant flows along the length direction of
the second header tank 4 via the interior of the bulging
portion 28 and the communication portions 23.

The header tanks 3, 4‘are manufactured as shown in FIGS.
3 and 5.

First, an aluminﬁm brazing sheet having a brazing
material layer over opposite surfaces thereof is subjected to
press work so as to form the header-forming plate 8 having
the bulging portions 11A, 11B and the downward projecting ,
portionJSa and the header—fdrming plate 8 having the bulging
portibnmza and thé downward projecting poftion 8a. kFuéfhér,
an aluminum brazing sheet having a brazing material layer
over opposite surfaces thereof is subjected to press work so
as to form the tube-connecting plates 9 each having the tube
insertion holes 18, the cover walls 19, engaging portion
forming lugs 21A extending straight from each of the cover
walls 19, and the downward projecting portion 9a. More&ver,
a bare aluminum material is subjected to press work so as to

form the intermediate plates 10 each having the communication
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holes 22, the communication portions 23, and the downward
projecting portion 10a. The cut 26 is formed in the
intermediate plate 10 of the firstlheader tank 3.

Subsequently, the three plates 8, 9, 10 of each header
tank are assembled in a layered form; and then the lugs 21A
are bent to form engaging portions 21. The engagement
portions 21 are engaged with the corresponding header-forming
plates 8 so as to form provisionary fixed assemblies.
Subsequently, utilizing the brazing material layers of the
plates 8, 9, the three plates 8, 9, 10 of each assembly are
then brazed to one another; the cover walls 19 are brazed to
the front and rear side faces of the intermediate plate 10
and the header-forming plate 8; and the engaging portions 21
are brazed to the plate 8. In this manner, both the header
tanks 3, 4 are manufactured.

Each of the heat exchange tubes 5 is made from a metal
extrudate (aluminum extrudate in the present embodiment), is
in the form of a flat tube having an increased width in the
front-rear direction, and has inside thereof a plurality of
refrigerant channels 5a extending longitudinally thereof and
arranged in parallel. The heat exchange tubgs 5 are brazed
to the tube-connecting plates 9 of the two header tanks 3, 4
using the brazing material layers of the plates 9, with their
opposite ends placed into the respective tube insertion holes
18 of the tanks 3, 4. Each end of the tube 5 is placed into
the corresponding communication hole 22 of the intermediate

plate 10 to an intermediate portion of the thickness thereof.
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The heat exchange tubes 5 in the upper half of the cooler to
be fabricated have their right ends connected to the first
header tank 3 so as to communicate with the interior of -the
upper bulging portion 11A; i.e., the interior of the
refrigerant inlet header section 24, and have their left ends
connected to the second header tank 4 so as to communicate
with the interior of the bulging portion 28; i.e., the
interior of the intermediate header section 29. Further, the
heat exchange tubes 5 in the lowef half have their right ends
connected to the first header tank 3 so as to communicate
with the interior of the lower bulging portion 11B; i.e., the
interior of the fefrigerant outlet header section 25, and
have their left ends connected to the second header tank 4 so
as to communicate with the interior of the bulging portion
28; i.e., the interior of the intermediate header section 29.

Each of the corrugated fins 6 is made in a wavy form
from a brazing sheet having a brazing material layer over ,
opposité surfaces thereof (aluminum brazing sheet in the
present embodiment).

As shown in FIGS. 2 and 6, the intermediate heat
gxchanger 2 includes an oufer tube 31 exten@ing in the left-
right direction; an inner tube 32 concentrically disposed
within the outer tube 31 with a clearance formed therebetween
and extending in the left-right.direction; fins 33 provided
on the oﬁter circumferential surface of the inner tube 32;
and two connectors 34, 35 fixed to the opposite ends of fhe

tubes 31, 32. The clearance between the outer tube 31 and
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the inner tube 32 serves as a first refrigerant passage 30,
and the interior of the inner tube 32 serves as a second
refrigerant passage 40. The outer tube 31 and the inner tube
32 form a heat exchange section. The connectors 34, 35 of
the intermediate heat exchanger 2 are fixed to the header
tanks 3, 4 of the gas cooler 1.

The outer tube 31 is made from a metal extrudate
(aluminum extrudate in the present embodiment). The inner
tube 32 is made from a metal extrudate (aluminum extrudate in
the present embodiment), and the plurality of fins 33 are
integrally formed on the outer circumferential surface
thereof at circumferential intervals such that the fins 33
extend in the longitudinal direction of the inner tube 32. A
slight clearance is present between the ends of the‘fins.33
and the inner circumferential surface of the outer tube 31
(see FIG. 7). The opposite ends of the inner tube 32 project
outward from the outer tube 31. The fins 33 are removed frxrom
the out&ard projecting portions of the inner tube 32 to
thereby form fin-absent portions 32a. Fufther, a plurality
of inner fins 39 are integrally formed on the inner
circumferential surface of the inner tube 3? at
circumferential intervals such that the inner fins 39 extend
over the entire length of the inner tube 32 (see FIG. 7).

The connectors 34, 35 are each formed of a metal block
(aluminum block in the present embodiment). In the following
description, the right-hand connector 34 will be referred to

as a first connector, and the left-hand connector 35 will be
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referred to as a second connector.

A header tank insertion hole 36 is formed in a right
end portion of the upper surface of the first connector 34,
and the downward projecting portions 8a, 9a, 10a of the
plates 8, 9, 10 of the first header tank 3 of the gas cooler
1 are fitted into the header tank insertion hole 36 (see FIG.
8). A header tank insertion hole 37 is formed in a left end
portion of the upper surface of the second connector 35, and
the downward projecting portions 8a, 9a, 1l0a of the plates 8,
9, 10 of the second header tank 4 of the gas cooler 1 are
fitted into the header tank insertion hole 37. The first
header tank 3 and the first connector 34 are brazed together
by use of the brazing material layers of the header-forming
plate 8 and the tube—connecting plate 9 with the downward
projecting portions 8a, 9a, 1l0a of the plates 8, 9, 10 of the
first header tank 3 of the gas cooler 1 fitted into the
headér tank insertion hole 36 of the first connector 34. The
second headerltank 4 and the seqond connector 35 are brazed
together by use of the brazing material léyers of the header;
forming plate 8 and the tube-connecting plate 9 with the
downward projecting portions 8a, 9a, 1l0a of.the plates 8, 9,
10 of the second header tank 4 fitted into the header tank
insertion hole 37 of the second connector 35. Thus, the
intermediate heat exchanger 2 is fixed to the gas cooler 1 in
such a manner that the intermediate heat exchanger 2 does not
close the air passage clearances between respective adjacent

pairs of heat exchange tubes 5 of the gas cooler 1.
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An outer tube insertion recess 38 is formed on the
left-hand side surface of the first connector 34, and the
right end of the outer tube 31 is fitted into the outer tube
insertion recess 38. The outer circumferential surface of
the outer tube 31 is joined, by means of brazing, to the
left-hand side surface of the first connector 34 at a portion
surrounding the circumferential edge of the opening of the
outer tube insertion recess 38. A first flow passage 41 is
formed in the first connector 34 such that one end of the
first flow passage 41 is opened to the bottom surface of the
outer tube insertion recess 38, and the other end thereof is
opened to the rear surface of the first connector 34. The
first flow passage 41 comﬁunicafes with the first refrigerant
passage 30. Further, a second flow passage 42 is formed in
the first connector 34 such that one end of the second flow
passage 42 is opened to the bottom surface of the header tank
insertion hole 36, and the other end thereof is opened to the
right eﬁd surface of a portion of the first flow passage 41 |
extending in the left-right direction. The second flow
passage 42 communicates with the second refrigerant passage
40. A right end portion of the fin-absent portion 32a of the
inner tube 32 is inserted into a portion of the second flow
passage 42 extending in the left-right direction, and the
outer circumferential surface of the fin-absent portion 32a
of the inner tube 32 is joined, by means of brazing, to the
right end surface of the left-right direction extending

portion of the first flow passage 41 at a portion surrounding
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the circumferential edge of the opening of the second flow
passage 42. Accordingly, the second flow passage 42 of the
first connector 34 communicates with the refrigerant outlet
27 of the refrigerant outlet header section 25 of the gas
cooler 1, whereby the second refrigérant passage 40 of the
intermediate heat exchanger 2 communicates with the
refrigerant outlet 27 of the gas cooler 1 via the second flow
channel 42. TFurther, an internally threaded hole 43 is
formed on the rear surface of the first connector 34. This
internally threaded hole 43 is used for connecting to the
first connector 34 a piping pipe (not shown) for d:i.scharging
refrigerant from the interior o:E the first refrigerant
passage 30 via the first flow passage 41.

An outer tube insertion recess 44 is formed on the
right-hand side surface of the second connector 35, and the
left end of the outer tube 31 is fitted into the outer tube
insertion recess 44. The outer circumferential surface of.
the outér tube 31 is joined, bjr means of brazing, to the
right-hand side surface of the second connector 35 at a
portionn surrounding the circumferential edge of the opening
of the outer tube insertion recess 44. A fi_rst flow passage
45 is Formed inﬁthe éecond connector 35 such that one end.of
the fii:st flow passage 45 is opened to the bottom surface of
the outer tube insertion recess 44, and the other end thereof
is opened to the rear surface of the second connector 35.
The first flow passage 45 communicates with the first |

refrigerant passage 30. Further, a second flow passage 46 is
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formed in the second connector 35 such that one end of the
second flow passage 46 is opened to the left-hand side
surface of the second connector 35, and the other end thereof
is opened to the left end surface of a portion of 1;he first
flow passage 45 extending in the left—right direction. The
second flow passage 46 communicates with the second
refrigerant passage 40. A left end portion of the fin-absent
portion 32a of +the inner tube 32 is inserted into a right end
portion of the second flow passage 46, and the outer
circumferential surface of ti1e fin-absent portion 32a of the
inner tube 32 is joined, by means of brazing, to the left end
surface of the left-right direction extending portion of the
first flow passage 45 at a portion surrounding the |
circumferential edge of the right end opening of the second
flow passage 46 . Further, internally threaded holes 47, 48
are formed on the rear surface and left-hand side surface,
respectively, of the second connector 35. The internally ,
threaded hole 47 formed on the rear surface is”usec‘i for
connecting to th'ev second connéctor 35 a piping pipe (not
shown) for supplying refrigerant to the interior of the first
refrigerant passage 30 via the first flow passage 45. The
internally threaded hole 48 formed on the left-hand side
surface is used for connecting to the second connector 35 a
piping pipe (not shown) for discharging refrigerant from the
interior of the second refrigerant passage 40 via the second:
flow passage 46. |

The above—described integrated heat exchange apparatus
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is manufactured by assembling and brazing all the components
together.

When the integrated heat exchange apparatus is used for
a supercritical refrigeration cycle as shown in FIG. 12, a
piping pipe extending from the compressor 75 is connected to
the refrigerant inlet member 13 of the gas cooler 1, and a
piping pipe extending from the accumulator 78, serving as a
gas-liquid separator,iis connected to the second connector 35
of the intermediate heat exchanger 2 by use of the internally
threaded hole 47 on the rear surface so as to establish
communication with the first flow passage 45. Further, a
piping pipe extending to the compressor 75 is connected to
the first connector 34 by use of the internally threaded hole
43 so as to establish communication with the first flow
passage 41. Moreover, a piping pipe extending to the
expansion valve 79, serving as a pressure-reducing device, is
connected to the second connector 35 by use of the internally
threaded hole 48 on the 1efﬁ—hand~siae surface so as to
establish communication with the second flow passége 46.
- This supercritical refrigeration cycle uses CO, as a
supercritical refrigerant, and is mounted on a vehicle, such
as an automobile, as a car air conditioner.

In the integrated heat exchange apparatus, as shown in
FIG. 9, high-pressure C0O; having passed through the
compressor 75 passes throutgh the refrigerant inflow passage
14 of the refrigerant inlet member 13, and then enters tﬁe

interior of the refrigerant inlet header section 24 of the
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first header tank 3 of the gas cool.er 1 from the refrigerant
inlet 12. The CO,; dividedly flows ZGinto the refrigerant
channels 5a of all the heat exchange tubes 5 in communication
with the interior of the upper bulging portion 11A. The CO;
in thé channels 5a flows leftward through the channels 55 and
enters the interior of the intermediate header section 29 of
the second heade:; tank 4, and then flows downward via the
interior of the bulging portion 28 and the communication
portions 23 of the intermediate plate 10. The CO, then
dividedly flows into the channels S5a of all the heat exchange
tubes 5 in communication with the Anterior of the
intermediate header section 29 and the interior of the
refrigerant outlet header section 25, the're;by changing its
flow direction, flows rightward thxrough the channels 5a, and
enters the refrigerant outlet header section 25 of the first
header tank 3. The CO, having entexed the refrigerant outlet
header section 25 flows downward via the interior of the ,
lower btilging portion 11B and the communication portions 23
of the intermediate plate 10, and -then flcsws into the second
refrigerant passage 40 via the refxigerant outlet 27 and the
second flow passage 42 of the firs-t connectqr 34 of the
intermediate heat exchanger 2. The CO, then flows leftward
within the second refrigerant passage 40, enters the piping
pipe via the second flow passage 46 of the second connector
35, and is then fed to the exXpansion wvalve 79.

Meanwhile, low pressure CO, fed from the accumulator' 78

flows from the piping pipe into the first refrigerant passage
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30 via the first flow passage 45 of the second connector 35
of the intermediate heat exchanger 2. Subsequently, the CO»
flows rightward through the first refrigerant passage 30,
then flows into the piping pipe via the first flow passage 41
of the first connector 34, and is then fed to the compressor
75.

While f£lowing through the channels 5a of the heat
exchange tubes 5 of the gas cooler 1, the CO, is subjected to
heat exchange with the air flowing through the air passage
clearances in the direction of arrow X shown -in FIGS. 1 and 9,
and is thereby cooled. Further, the high-pressure
refrigerant having come out of the gas cooler 1 and flowing
through the first refrigerant passage 30 of the second heat
exchanger 2 exchanges heat with the low-pressure refrigerant
having come out of the evaporator 77 and flowing through the
second refrigerant passage 40.

Embodiment 2 ’ " »

The present embodiment is shown in FIGS. 10 and 11.

In the present embodiment, a left—han;d header tank 51
of a gas cooler 50 will be referred to as a first header tank,
" and a right-hand header tank 52 thereof will- be referred to
as a second header tank.

A plurality of (two in the present embodiment) bulging
portions 53A, 53B are formed on the header-foxrming plate 8 of
the first header tank 51 of the gas cooler 50 such that they -
are mutually separated in the vertical direction and extend

vertically. The two bulging portions 53A, 53B are equal in
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bulging height and width. An opening of each of the bulging
portions 53A, 53B facing rightward is closed with the
intermediate plate 10. The length of the upper bulging
portion 53A is greater than that of the lower bulging portion
53B. Portions of the three plates 8, 9, 10, including the
upper bulging portion 53A, form a first intermediate header
section 54, whereas portions of the three plates 8, 9, 10,
including the lower bulging portion 53B, form a refrigeramnt
outlet header section 55. In the first intermediate headerx
section 54 and the refrigerant outlet header section 55,
refrigerant f£lows along the length direction of the first
header tank 51 via the interiors of the bulging portions 53A,
53B and the communication portions 23.

The tube-connecting plate 9 has tube insertion holes 18
formed in the vertical range of the upper bulging portion 53A
of tﬁe header-forming plate 8, and tube insertion holes 138
formed in the vertical range of the lower bulging portion 53B
of thé ﬁeader—forming plate 8.

Downward projecting portions 8a, 9a, 10a slightly
narrower in width than the three platesAB, 9, 10 are formed
at the respective lower ends of the plates 8, 9, 10. In the
intermediate plate 10, a cut 56 is formed such that it
extends from the end of the downward projecting portion 1 0Oa
to the lowermost communication hole 22, whereby a refrigerant
outlet 57 communicating with the refrigerant outlet header
section 55 is formed in the first header tank section 51.

Upward projecting portions 8b, 9b, 10b slightly narrower in
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width than the three plates 8, 9, 10 are formed at the
respective upper ends of the plates 8, 9, 10.

The remaining portions of the first header tank 51 have
the same structures as those of the second header tank 4 of
the gas cooler 1 of Embodiment 1.

A plurality of (two in the present embodiment) bulging
portions 58A, 58B are formed on the header-forming plate 8 of
the second header tank 52 of the gas cooler 50 such that they
are mutually separated in the vertical direction and extend
ﬁertically. The two bulging portions 58A, 58B are equal in
bulging height and width. An opening of each of the bulging
portions 58A, 58B facing leftward is closed with the
intermediate plate 10. The length of the upper bulging
portion 58A is less than that of the lower bulging portion
58B. The upper bulging portion~53A éfAthe first header tank
51 faces the two bulging portions 58A, 58B of the second
header tank 52, whereas the lower bulging portion 58B of the
second header tank 52 faces the two bulging portions 53A, 53B
of the first heade; tank 51. Portions of the three plates 8,
9, 10, including the upper bulging portion 58A, form a
refrigerant inlet header section 59, whereas portions of the
three plates 8, 9, 10, including the lower bulging portion
58B, form a second intermediate header section 61. In the
refrigerant inlet header section 59 and the second
intermediate header section 61, refrigerant flows along the
length direction of the second header tank 52 via the

interiors of the bulging portions 58A, 58B and the
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communication portions 23. Notably, a refrigerant inlet 12
is formed at a top portion of the upper bulging portion 58A
of the second header tank 52; and a refrigerant inlet member
13 which has a refrigerant inflow passage 14 communicating
with the refrigerant inlet 12 is brazed to the upper bulging
portion 58A.

The tube-connecting plate 9 has tube insertion holes 18
formed in the vertical range of the upper bulging portion 58A
of the header-forming plate 8, and tube insertion holes 18
formed in the vertical range of the lower bulging portion 58B
-of the header-forming plate 8. Downward projecting portions
are not formed at the lower ends of the three plates 8, 9, 10,
and needless to say, no cut is formed in the intermediate
plate.

The remaining portions of the second header tank 52
have the same structures as those of the first header tank 3
of the gas cooler 1 of Embodiment 1. ‘ .

Thé remaining portions of the gas cooler 50 have the
same structure as those of the gas cooler 1 of Embodiment 1.
Like components and like portions are denoted by like
reference numerals.

The intermediate heat exchanger 62 includes a‘
vertically extending outer tube 31; a vertically extending
inner tube 32 concentrically disposed within the outer tube
31 with a clearance formed therebetween; fins 33 provided on-
the outer circumferential surface of the inner tube 32; and

two connectors 63, 64 fixed to the upper and lower ends of
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the tubes 31, 32. The clearance between the outer tube 31
and the inner tube 32 serves as a first refrigerant passage
30, and the interior of the inner tube 32 serves as a second
refrigerant passage 40. The connectors 63, 64 of the
intermediate heat exchanger 62 are fixed to the first header
tank 51 of the gas cooler 50.

The outer tube 31, the inner tube 32, and the fins 33
are identical with the outer tube, inner tube, and fins of
the intermediate heat exchanger 62 of Embodiment 1, but are
directed wvertically.

The connectors 63, 64 are each formed of a metal block
(aluminum block in the present embodiment). In the following
description, the lower connector 64 will be referred to as
the first connector, and the upper connector 63 will be
referred to as the second connector. |

A header tank insertion hole 65 is formed in a right
end portion of the upper surface of the first connector 64,
and thejdownward projecting portions 8a, 9a, 1l0a of the
plates 8, 9, 10 of the first header tank 51 of the gas cooler
50 are fitted into the header tank insertion hole 65. A
header tank insertion hole 66 is formed in a right end
poréion of the lower surface of the second éonnector 63, and
the upward projecting portions 8b, 9b, 10b of the plates 8, 9,
10 of the first header tank 51 of the gas cooler 50 are
fitted into the header tank insertion hole 66. The first
header tank 51 of the gas cooler 50 and the first connector

64 are brazed together by use of the brazing material layers
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of the header-forming plate 8 and the tube-connecting plate 9
with the downward projecting portions 8a, 9a, 10a of the
plates 8, 9, 10 of the first header tank 51 fitted into the
header tank insertion hole 65 of the first connector 64. The
first header tank 51 and the second connector 63 are brazed
together by use of the brazing material layers of the header-
forming plate 8 and the tube-connecting plate 9 with the
upward projecting portiomns 8b, 9b, 10b of the plates 8, 9, 10
of the first header tank 51 fitted into the header tank
insertion hole 66 of the second connector 63. Thus, the
intermediate heat exchanger 62 is fixed to the gas cooler 50
in éuch a manner that the intermediate heat exchanger 62 does
not close the air passage clearances between respective
adjacent pairs of heat exchange tubes 5 of the gas cooler 50.
An outer tube insertion recess 67 is formed on a left-
hand portion of the upper surface of the first connector 64,
and the lower end of the outer tube 31 is fitted into the .
outer tﬁbe insertion recess 67. The outer.circumferential
surface of the outer tube 31 is joined, by means of brazing,
to the upper surface of the first connector 64 at a portion
surrounding the circumferential edge of the_opening of the
outer tube insertion recess 67. A first flow passage 68 is
formed in the first connector 64 such that one end of the
first flow passage 68 is opened to the bottom surface of the
outer tube insertion recess 67, and the other end thereof is -
opened to the rear surface of the first connector 64. The

first flow passage 68 communicates with the first refrigerant
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passage 30. Further, a second flow DPassage 69 is formed in
the first connector 64 such that one end of the second flow
bassage 69 is opened to the bottom surface of the header tank
insertion hole 65, and the other end thereof is opened to the
lower end surface of a vertically extending portion of the
first flow passage 68. The second flow passage 69
communicates with the second refrigerant passage 40. A lower
end portion of the fin-absent portion 32a of the inner tube
32 is inserted into a vertically extending portion of the
second flow passage 69, and the outer circumferential surface
of the fin-absent portion 32a of the inner tube 32 is joined,
by means of brazing, to the lower end surface of the
vertically extending portion of the first flow pbpassage 68 at
a portion surrounding the circumferential edge of the opening
of the second flow passage 69. Accordingly, the second flow
passage 69 of the first connector 64 communicates with the
refrigerant outlet 57 of the gas cooler 50, whereby the .
second fefrigérant passage 40 of the intermediate heat
exchanger 62 communicates with the refrigerant outlet 57 of
the refrigerant outlet header section 55 of the gas cooler 50
via the second flow channel 69. Although not illustrated in
the drawings, an internally threaded hole is formed on the
rear surface of the first connector 64. This internally
threaded hole is used for connecting to the first connector
64 a piping pipe for discharging refrigerant from the
interior of the first refrigerant passage 30 via the first

flow passage 68.
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An outer tube insertion recess 71 is formed on the
left-hand end portion of the lower surface of the second
connector 63, and the upper end of the outer tube 31 is
fitted into the outer tube insertion recess 71. The outer
circumferential surface of the outer tube 31 is joined, by
means of brazing, to the lower surface of the second
connector 63 at a portion surrounding the circumferential
edge of the opening of the outer tube insertion recess 71. A
first flow passage 72 is formed in the second connector 63.
such that one end of the first flow passage 72 is opened to
the bottom surface of the outer tube insertion recess 71, and
the other end thereof is opened to the rear surface of the
second connector 63. The first flow passage 72 communicates
with the first refrigerant passage 30. Further, a second
flow passage 73 is formed in the second connector 63 such
thaf one end of the second flow passage 73 is opened to the
upper surface of the second connector 63, and the other end
thereof.is opened to the upper end surface of a vertically
extending portion of the first flow passage 72. The second
flow passage 73 communicates with the second refrigerant
passage 40. An upper end portion of the fin-absent portion
32a of the innefAtube 32 is iﬁserted into a lower end portion
of the second flow passage 73, and the outer circumferential
surface of the fin-absent portion 32a of the inner tube 32 is
joined, by means of brazing, to thé upper end surface of the’
vertically extending portion of the first flow passage 72 at

a portion surrounding the circumferential edge of the opening
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of the second flow passage 73. Although not illustrated in
the drawings, an internally threaded hole is formed on the
rear surface of the second connector 63. This internally
threaded hole is used for connecting to the second connector
63 a piping pipe for supplying refrigerant to the interior of
the first refrigerant passage 30 via the first flow passage
72. Further, an internally threaded hole is formed on the
uppexr surface of the second connector 63. This internally
threaded hole is used for connecting to the second‘connector
63 a piping pipe for discharging refrigerant from'thev
interior of the second refrigerant passage 40 via the second
flow passage 73.

The above-described integrated heat exchange apparatus
is manufactured by assembling and brazing all the components
together.

When the integrated heat exchange apparatus is used for
a supercritical refrigeration cycle as shown in FIG. 12, a.
piping ﬁipe extending from the compressor 75 is connected to
the refrigerant inlet member 13 of the gas cooler 50, and a
piping pipe extending from the accumulator 78, serving as a
gas-liquid separator, is connected to the second connector 63
of the intermediate heat exchanger 62 by use of the
internally threaded hole on the rear surface so as to
establish communication with the first flow passage 72.
Further, a piping pipe extending to the compressor 75 is
connected to the first connector 64 by use of the internally

threaded hole on the rear surface so as to establish
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communication with the first flow passage 68. Moreover, a
piping pipe extending to the expansion valve 79, serving as a
pressure-reducing device, 1s connected to the second
connector 63 by use of the internally threaded hole on‘the
upper surface so as to establish communication with the
second flow passage 73. This supercritical refrigeration
cycle uses CO, as a supercritical refrigerant, and is mounted
on a vehicle, such as an automobile, as a car air conditionef.
In the integrated heat exchange apparatus, as shown in
FIG. 11, high-pressure CO; having passed through the
compressor 75 passes through the refrigerant inflow passage
14 of the refrigerant inlet member 13, and then enters the
interior of the refrigerant inlet header section 59 of the
second header tank 52 of the gas cooler 50 from the
refrigerant inlet 12. The CO, dividedly flows into the
refrigerant channels 5a of all the heat exchange tubes 5 in
communication with the interior of the upper bulging portion
58A. Tﬂe CO; in the channels 5a flows leftward through the
channels 5a and enters the interior of the first intermediate
header section 54 of the first header tank 51, and then flows
downward via the interior of the upper bulg;ng portion 53A
and the communication portions 23 of the intermediate plate
10. The CO, then dividedly flows into the channels 5a of the
heat exchamnge tubes 5 in communication with the interiors of
both the intermediate header sections 54, 61, thereby
changing its flow direction, flows rightward through the

channels 5a, and enters the second intermediate header
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section 61 of the second header tank 52. The CO; having
entered the second iAntermediate header section 61 flows
downward via the interior of the lower bulging portion 58B
and the communication portions 23 of the intermediate plate
10. The CO, then diwvidedly flows into the channels 5a of all
the heat exchange tubes 5 in communication with the interior
of the second intermediate header section 61 and the interior
of the refrigerant outlet header section 55, thereby changing
its flow direction, flows leftward through the channels 5a,
and enters the refrigerant outlet header section 55 of the
first header tank 51. The CO, having entered the refrigerant
outlet header section 55 flows downward via the interior of
the lower bulging portion 53B and the communication portions
23 of the intermediate plate 10, and then flows iﬁto the
second refrigerant passage 40 via the refrigerant outlet 57
and the second flow passage 69 of the first connector 64 of
the intermediate heat exchanger 62. The CO, then flows )
upward within the second refrigerant passage 40, enters the
piping pipe via the second flow passage 73 of the second
connector 63, and is then fed to the expansion wvalve 79.
Meanwhile, low pressure CO; fed from thg accumulator 78
flows from the pipimng pipe into the first refrigerant passage
30 via the first flow passage 72 of the second connector 63
of the intermediate heat exchanger 62. Subsequently, the CO,
flows downward throwugh the first refrigerant passage 30, then
flows into the pipimng pipe via the first flow passage 68 of

the first connector 64, and is then fed to the compressor 75.
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While flowing through the channels 5a of the heat
exchange tubes 5 of the gas cooler 50, the CO, is subjected
to heat exchange with the air flowing through the air passage
clearances in the direction of arrow X shown in FIG. 11, and
is thereby cooled. Further, the high pressure refrigerant
having come out of the gas cooler 50 and flowing through the
first refrigerant passage 30 of the intermediate heat
exchanger 62 exchanges heate:é‘ with the lo§v pre;ssure
refrigerant having come out of the evaporator 77 and flowing
through the second refrigerant passage 40.

In the above-described Embodiment 1, the two connectors
63, 64 of the intermediate heat exchanger 62 of the above-
described Embodiment 2 may be fixed to the first header tdnk
3 such that the second flow passage 69 of the first connector
64 communicates with the refrigerant outlet 27 of the first
header tank 3. That is, in an integ:a;ted heat -e#change
apparatus composed of an intermediate heat ‘exchanger and a.
gas cooier configured sﬁch that a first header tank has a ‘
plurality of header sections arranged along the length
direction thereof, a second header tank has a header
section(s) which is one fewer in number than_ the header
sections of the first header tank, a header section‘ at one
end of the first heade;:‘ tank serves as a refrigerant inlet
header section having a refi-igerant inlet, and a header
section at the other end of the first header tank serves as a
refrigerant outlet header section having a refrigerant ouflet,

the two connectors of the intermediate heat exchanger may be
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fixed to the first header tank such that the second flow
passage of the first connector communicates with the
refrigerant outlet of the first header tank.

In the above-described Embodiment 2, the first
connector 34 of the intermediate heat exchanger 2 of the
above-described Embodiment 1 may be fixed to the first header
tank 51 such that the second flow passage 42 communicates
with the refrigerant outlet 57 of the first header tank 51,
and the second connector 35 may be fixed to the second header
tank 52. That is, in an integrated heat exchange apparatus
composed of an intermediate heat exchanger and a gas cooler
configured such that a first header tank has a plurality of
header sections arranged along the length direction thereof,
a second header tank has header sections whose number is the
same as the number of the header sections of the first header
tank, a header section at one end of the second header tank
serves as a refrigerant inlet header section having a )
refriger‘ant inlet, and a header section at the. other end of
the first header tank serves as a refrigerant outlét header
section having a refrigerant outlet, the first connector of
the intermediate heat exchanger may be fixed to the first
header tank of the gas coéler, and the second connector may
be fixed to the second header tank of the gas cooler, such
that the second flow passage of the first connector
communicates with the refrigerant outlet of the first header -
tank.

Although CO, is used as a supercriti.cal refrigerant of a

44



WO 2006/033371 PCT/JP2005/017428

supercritical refrigeration cycle in the above-de scribed two
embodiments, the refrigerant is not limited thereto, but
ethylene, ethane, nitrogen oxide, or the like is
alternatively used.

FIGS. 13 to 19 show modified embodiments of a heat
exchange tube for use in the above-described gas cooler 1 and
evaporator 50 of the above-described two integrated heat
exchange apparatuses. Notably, in the following description
regarding the modified embodiments of the heat exchange tube,
the upper, lower, left-hand, and right-hand sides of FIGS. 13
to 19 will be referred to as "upper," "lower," "left," and
"right," respectively.

A heat exchange tube 160 shown in FIGS. 13 and 14
includes mutually opposed flat upper and lower walls 161, 162
(a pair of flat walls); left and right side walls 163, 164
that extend over left and right side ends, respectively, of
the upper and lower walls 161, 162; and a plurali ty of )
reinforéement walls 165 that are provided at predetermined
intervals between the left and right side walls 163, 164 and
.extend longitudinally and between the upper and 1l ower walls
161, 162. By virtue of this structure, the_heat exchange
tube 160 intermally has a plurality of refrigerant channels
166 arranged in the width direction thereof. The
reinforcement walls 165 serve as partition walls between
adjacent refrigerant channels 166. The width of each
refrigerant channel 166 remains unchanged along the entire

height of the refrigerant channel 166.
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The left side wall 163 has a dual structure and
includes an outer side-wall-forming elongated projection 167
that is integrally formed with the left side end of the uppex
wall 161 in a downward raised condition and extends along the
entire height of the heat exchange tube 160; an inner side-
wall-forming elongated projection 168 that is located inside
the outer side-wall-forming elongated projection 167 and is
integrally formed with the upper wall 161 in a downward
raised condition; and an inner side-wall-forming elongated
projection 169 that is integrally formed with the left side
end of the lower wall 162 in an upward raised condition. The
outer side-wall-forming elongated projection 167 is brazed to
the two inner side-wall-forming elongafed projections 168,
169 and the lower wall 162 while a lower end portion thereof
is engaged with a left side edge portion of the lower surface
of the lower wall 162. The two inner side-wall-forming
elongated projections 168, 169 are brazed together while .,
butting'against each other. A right side wall 164 is
integrally formed with the upper and lowef walls 161, 162. A
projection 169%9a is integrally formed on the tip end face of
the inner side-wall-forming projection 169 qf the lower wall
162 and extends in the longitudinal direction of the inner
side-wall-forming projection 169 along the entire length
thereof. A groove 168a is formed on the tip end face of the
inner side-wall-forming elongated projection 168 of the upperx
wall 161 and extends in the longitudinal direction of thé

inner side-wall-forming elongated projection 168 along the
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entire length thereof. The projection 169a is press-fitted
into the groove 1l1l68a.

Each of the reinforcement walls 165 is formed such that
a reinforcement-wall-forming elongated projection 170, which
is integrally formed with the upper wall 161 in a downward
raised condition, and a reinforcement-wall-forming elongated
projection 171, which is integrally formed with the lower
wail 162 in an upward raised condition, are brazed together
while butting against each other.

The heat exchange tube 160 is manufactured by use of a
tube-forming metal sheet 175 as shown in FIG. 15(a). The
tﬁge-fofming metal sheet 175 is formed by performing rolling
on an aluminum brazing sheet having a brazing material layer
over opposite surfaces thereof. The tube—forming metal sheet
175 includes a flat upper-wall-forming portion 176 (flat-
wall-forming portion); a lower-wall-forming portion 177
(flat-wall-forming portion); a connection portion 178 .
connectihg the upper-wall-forming portion 176 and the lowér—
wall-forming portion 177 and adapted to fo?m the right side
wall 164; the inner side-wall-forming elongated projections
168, 169, which are integrally formed with tpe side ends of
the upper-wall-forming and lower-wall-forming portions 176,
177 opposite the connection portion 178 in an upward raised
condition and which. are adapted to form an inner portion of
the side wall 163; an outer side-wall-forming-elongated-
projection forming portion 179, which extends in the left;

right direction (rightward) from the side end (right side
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end) of the upper-wall-forming portion 176 opposite the
connection portion 178; and a plurality of reinforcement-
wall-forming elongated projections 170, 171, which are
integrally formed with the upper-wall-forming and lower-wall-
forming portions 176, 177 in an upward raised condition and
which are arranged at predetermined intervals in the left-
right direction. The reinforcement-wall-forming elongated
projections 170 of the upper-wall-forming portion 176 and the
reinforcement-wall-forming elongated projections 171 of the
lower-wall-forming portion 177 are located symmetrically with
respect to the centerline of the width direction of the tube-
forming metal sheet 175. The projection 169a is formed on
the tip end face of the inner side—wali—forming elongated
projection 169 of the lower-wall-forming portion 177, and the
groove 168a is formed on the tip end face of the inner side-
wall-forming elongated projection 168 of the upper-wall-
forming portion 176. The two inner side-wall-forming '
elongatéd projections 168, 169 and all the reinforcement-
wall-forming elongated projections 170, 1%1 have the same
height. The vertical thickness of the connection portion 178‘
is greater than the thickness of the upper—wall—forming and
lower-wéll—forming portions 175, 176. The tob end face of
the connection portion 178 is substantially flush with the
top end faces of the inner side-wall-forming elongated
projections 168, 169 and the reinforcement-wall-forming
elongated projections 170, 171.

"The inner side-wall-forming elongated projections 168,
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169 and the reinforcement-wall-forming elongated projections
170, 171 are integrally formed through rolling performed on
the aluminum brazing sheet whose opposite sides are clad with
a brazing material. Thus,'a brazing material layer (not
shown) is formed on the opposite side surfaces and tip end
faces of the inner side-wall-forming elongated projections
168, 169, on those of the reinforcement-wall-forming
elongated projections 170, 171, and on the vertically
opposite surfaces of the upper-wall-forming and lower-wall-
forming portions 175, 176. In thié case, the brazing
material layer on the tip end faces of the inner side-wall-
forming elongated prdjections 168, 169 and the reinforcement-
wall—forming elongated projections 170, 171 become greater in
thickness than the brazing material layer on other portions
of the tube-forming metal sheet 175.

The tube-forming metal sheet 175 is gradually folded at
left and right side edges of the connection portion 178 by.a
roll fofming process (see FIG. 15(b)) until a hairpin form is
assumed. The inner side-wall-forming elongated projections_
168, 169 are caused to butt against each other; the
reinforcement-wall-forming elongated projec;ions 170, 171 are
caused to butt against each other; and the projection‘169a is
caused to be press-fitted into the groove 168a.

Next, the outer side-wall-forming-elongated-projection
forming portion 179 is folded along the outer surfaces of the
inner side-wall-forming elongated projections 168, 169, énd a

tip end portion thereof is deformed so as to be engaged with
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the lower-wall-forming portion 177, thereby yielding a folded
member 180 (see FIG. 15(c)).

Subsequently, the folded member 180 is heated at a
predetermined temperature so as to braze together tip end
portions of the inner side-wall-forming elongated projections
168, 169; to braze together tip end.portions of the
reinforcement-wall-forming elongated projections 170, 171:
and to braze the outer side-wall-forming-elongated-projection
forming portion 179 to the inner side-wall-forming elongated
projections 168, 169 and toﬁthe ;ower—wall—forming portion
177. Thus is manufactured the heat exchange tube 160. The
heat exchange tubes 160 are manufactured in the course of
manufacture of the integrated heat exchange apparatus.

In the case of a heat exchange tube 185 shown in FIG.
16, a projection 186 extending along the entire length
thereof and a groove 187 extending along the entire length
thereof are alternately formed on the tip end faces of all.
the reiﬁforcement—wall—forming elongated projections 170 of
the upper Wall 161. A groove 188 into which the
corresponding projection 186 of the reinforcement-wall-
forming elongated projection 170 of the upper wall 161 is
fitted and a projection 186 to be fitted into the
corresponding groove 187 of the reinforcement-wall-forming
elongated projection 170 of the upper wall 161 are
alternately formed on the tip end faces of all the
reinforcement-wall-forming elongated projections 171 of the

lower wall 162, along the entire length thereof. Other
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structural features are similar to those of the heat exchange
tube 160 shown in FIGS. 13 and 14. The heat exchange tube
185 is manufactured in a manner similar to that for the heat
exchange tube 160 shown in FIGS. 13 and 14.

In a heat exchange tube 190 shown in FIGS. 17 and 18,
the reinforcement wall 165 formed such that a reinforcement-
wall-forming elongated projection 191 formed integrally with
the upper wall 161 and in a downward raised condition is
brazed to the lower wall 162, and the reinforcement wall 165
formed such that a reinforcement-wall-forming elongated
projection 192 formed integrally with the lower wall 162 and
in an upward raised condition is brazed to the upper wall 161,
are alternately provided in the left-right direction; the
upper and lower walls 161, l62lhave projectioﬁs 193 extending
along the entire length thereof and formed integrally at
portions thereof that abut the corresponding reinforcement-
wall-forming elongated projections 192, 191; recesses 194 are
formed 6n the corresponding tip end faces of the projections
193 so as to allow corresponding tip end éortions of the
reinforcement-wall-forming elongated projections 191, 192 to
be fitted thereinto; and the tip end portioqs of the
réinforcement-wall—forming elongated projections 191, 1?2 are
brazed to the corresponding projections 193 while being
fitted into the recesses 194 of the projections 193. The
thickness of the projection 193 as measured in the left-right
direction is slightly greater than that of the reinforceﬁent—

wall-forming elongated projections 191, 192. Other
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structural features of the heat exchange tube 190 are similar
to those of the heat exchange tube 160 shown in FIGS. 13 and
14.

The heat exchange tube 190 is manufactured by use of a
tube-forming metal sheet 195 as shown in FIG. 19(a). The
tube-forming metal sheet 195 is formed by performing rolling
on an aluminum brazing sheet having a brazing material layer
over opposite surfaces thereof. The tube-forming metal sheet
195 includes a plurality of reinforcement-wall-forming
elongated projections 191, 192, which are integrally formed
with the upper-wall-forming and lower-wall-forming portions
176, 177 in an upward raised condition and which are arranged
at predetermined intervals in the left-right direction. The
reinforcement—wall—forming elongated projections 191 of the
upper-wall-forming portion 176 and the reinforcement-wall-
forming elongated projections 192 of the lower-wall-forming
portion 177 are located asymmetrically with respect to the,
centerline of thé width direction of the tube-forming metal
sheet 195. The reinforcement;wall—forming elongated
projections 191, 192 have the same height, which is about two_
times the height of the innerx side-wall—forming elongated
projections 168, 169. The projections 193 are integrally
formed, in such a manner as to extend along the entire length
of the upper-wall-forming and lower-wall-forming portions 176,
177, at those portions of the upper-wall-forming énd lower-
wall-forming portions 176, 177 which the corresponding

reinforcement-wall-forming elongated projections 192, 191 of
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the lower-wall-forming and upper-wall-forming portions 177,
176 abut. The recesses 194 are formed on the corresponding
tip end faces of the projections 193 so as to allow
corresponding tip end portions of the reinforcement-wall-
forming elongated projections 192, 161 to be fitted thereinto.
Othex structural features of the tube-forming metal sheet 195
are similar to those of the tube-forming metal sheet 175
shown in FIG. 15.

The tube-forming metal sheet 195 is gradually folded at
left and right side edges of the connection portion 178 by a
roll forming process (see FIG. 19(b)) until a hairpin form is
assumed. The inner side-wall-forming elongated projections
168, 169 are caused to butt against each other, and the
projection 169a is caused to be press-fitted into the groove
l68a . Also, tip end portions of the reinforcement—wali—
forming elongated projections 191 of the upper-wall-forming
portion 176 are caused to be fitted into the corresponding.,
grooves’l94 of the projections 193 of the lower-wall-forming
portion 177, and ti"p end portions of the reinforcement-wall-
forn_ling elongated projections 192 of the lower-wall-forming
portion 177 are caused to be fitted into the corresponding
grooves 194 of the projections 193 of the upper-wall-forming
portion 176.

Next, the outer side-wall-forming-elongated-projection
forming portion 179 is folded along the outer surfaces of the
inner side-wall-forming elongated projections 168, 169, and a

tip end portion thereof is deformed so as to be engaged with
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the lower-wall-forming portion 177, thereby yielding a folded
member 196 (see FIG. 19(c)).

Subseguently, the folded member 196 is heated at a
predetermined temperature so as to braze together tip end
portions of the inner side-wall-forming elongated projections
168, 169; to braze tip end portions of the reinforcement-
wall-forming elongated projections 191, 192 to the
.corresponding projections 193; and to braze the outer side-
wall-forming-elongated-projection forming portion 179 to the
inner side—-wall-forming elongated projections 168, 169 and to
the lower-wall-forming portion 177. Thus is manufactured the
heat exchange tube 190. .The heat exchange tubes 190 are
manufactured in the course of manufacture of the integrated

heat exchange apparatus.

INDUSTRIAL APPLICABILITY

The integrated heat exchange apparatus according to the
present ‘invention Ais preferably used as a gas cooler and an
intermediate heé.t exchanger of a supercritical refrigeration

cycle whichh uses a supercritical refrigerant such as CO,.

54



WO 2006/033371 PCT/JP2005/017428

CLAIMS
1. An integrated heat exchange apparatus comprising:

a first heat exchanger including first and second
header tanks disposed apart from each other, and a plurality
of heat exchange tubes disposed between the two header tanks
at intervals along the length direction of the header tanks
and each having opposite end portions connected to the
respective header tanks, wherein a refrigerant outlet is
formed on the first header tank; and

a second heat exchanger including a“heat exchange
section having first and second refrigerant passages, and
connectors provided at the opposite ends of thleA 'heat exéhange
section and each having a first flow passage for establishing
communication betweenn the first refrigerant passage and the
outside of the second heat exchanger and a second flow
passage for establishing commuhication between the second
refrigerant passage and the outside of the second heat .
exchangér,

. wherein both .the connectors 6f the second heat
exchanger are fixed to the first heat exchanger, and the
second flow passage of one connector of the .second heat
exchanger communicates with the refrigerant outlet of the
first header tank of the first heat exchanger.

2. An integrated heat exchange apparatus according to claim
1, wherein one connector of the second heat exchanger“ is
fixed to the first header tank of the first heat exchanger,

the other connector of the second heat exchanger is fixed to
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the second header tank of the first heat exchanger, and the
second flow passage of the one connector communicates with
the refrigerant outlet of thhe first header tank of the first
heat exchanger.

3. An integrated heat exchange apparatus according té claim
2, wherein the first header tank of the first heat exchanger
has a plurality of header sections arranged along(the length
direction thereof; the secornd header tank of the first heat
exchanger has a header section(s) which is one fewer in
number than the header sections of the first header tank; a
header section at one end of the first header tank serves as
a refrigerant inlet header sectiéﬁ ha&ing a refrigerant
inlet; and a header section at the other end of the first
header tank serves as a refrigerant outlet header section
having a refrigerant outlet, wherein refrigerant having
flowed from the refrigerant inlet into the refrigerant inlet
header section passes througﬂ# the heat exchange tubes and the
header éections, and is fed out from the refrigerant outlet
of the refrigerant outlet header section..

4. An integrated heat exchange apparatus according to claim
1, wherein both the conhectors of the seqonq heat exchanger
are fixed to the first header tank of the first heat
exchanger, and the second flow passage of one connector
communicates with the refrigerant outlet of thé first header
tank of the first heat exchanger.

5. An integrated heaf exchange apparatus according to claim

4, wherein the first header tank of the first heat exchanger

»
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has a plurality of header sections arranged along the length
direction thereof; the second header tank of the first heat
exchanger has header sections which are arranged along the
length direction thereof and axe equal in number with the
header sections of the first header tank; a header section at
one end of the second header tank serves as a refrigerant
inlet header section having a xefrigerant inlet; and a header
section at the other end of the first header tank serves as a
refrigerant outlet header section having a refrigerant outlet,
wherein a refrigerant having flowed from the refrigerant
inlet into the refrigerant inlet header section passes
through the heat exchange tubes and the header sections, and
is fed out from the refrigerant outlet of the refrigerant
outlet header section.

6. An integrated heat exchange apparatus according to claim .
1, wherein each header tank of the first heat exchanger is
constructed by mutually stackimg and brazing a header-forming
plate, é tube-connecting plate , and an intermediate plate
disposed between the header-foxming plate‘and the tube-
connecting plate; a bulging porxrtion is formed on the header-
forming plate such that the bulging portion_extends along the
length direction thereof and i-ts opening is closed by the
intermediate plate; a plurality of tube insertion holes are
formed in the tube-connecting plate in a region corresponding
to the bulging portion such that the tube insertion holes
penetrate the tube-connecting plate and are arranged at |

intervals along the length direction of the tube-connecting
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plate; communication holes for estTablishing communication
between the tube insertion holes of the tube-connecting plate
and the interior of the bulging portion of the header-forming
plate are formed in the intermediate plate such that the
communication holes penetrate the intermediate plate; a
header section is formed by a portion of the header-forming
plate including the bulging portion and portions of the tube-
connecting plate and the intermediate portion corresponding
to the bulging portion; and the opposite end portions of the
heat exchange tubes are inserted into the tube insertion
holes of the tube-connecting plates of the two header tanks
and are brazed to the tube-connecting plates.

7. An integrated heat exchange apparatus according to claim
6, wherein a cover wall is integrally provided along each of
the opposite lateral edge portions of the tube-connecting
plate so as to cover a boundary between the header-forming
plate and the intermediate plate over the entire length; and
the cover wall is brazed to the corresponding side surfaces
of the header-forming plate and the intermediaf_e plate.

8. An integrated heat exchange apparatus according to claim
7, wherein engagement portions whi.ch engage _the outer surface
-of the header-forming plate are integrally provided at the
end portions of the cover walls.

9. An integrated heat exchange apparatus according to claim
1, wherein the heat exchange section of the second heat
exchanger includes an outer tube @and an inner tube disposed

within the outer tube with a clearance formed therebetween,
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wherein the clearance between the outer tube and the inner
tube serves as the first refrigeramt passage, and the
interior of the inner tube serves as the second refrigerant
passage.

10. An integrated heat exchange apparatus according to claim
9, wherein fins are provided between the outer tube and the
inner tube of the second heat exchanger; the opposite end
portions of the inner tube project outward f£rom the outer
tube; a fin-absent portion is provided at least at an end
portion of each of the outward projecting portions; and the
fin-absent portions of the inner tube are inserted into end
portions of the second flow passages of the corresponding
connectors.

11. An integrated heat exchange apparatus according to claim
10, wherein fins are integrally formed on the outer
circumferential surface of the inner tube at circumferential
intervals such that the fins extend along the length »
direction of the inner tube.

12. An integrated heat exchange apparatus according to claim
10, wherein the entirety of each of the outward projecting
portions of the inner tube projecting £rom ;he outer tube is
the fin-absent portion.

13. A supercritical refrigeration cycle which comprises a
compressof, a gas cooler, an evaporator, a gas-liquid
separator, a pressure-reducing devi.ce, and an intermediate
heat exchanger for performing heat exchange between

refrigerant flowing out of the gas cooler and refrigerant

59



WO 2006/033371 PCT/JP2005/017428

flowing out of the evaporator and in which a supercritical
refrigerant is used, wherein the gas cooler is composed of
the first heat exchanger of the integrated heat exchange
apparatus according to any one of claims 1 to 12, and the
intermediate heat exchanger is composed of the second heat
exchanger of the integrated heat exchange apparatus.

14. A supercritical refrigeration cycle according to.claim
13, wherein low-pressure refrigerant flowing out of the
evaporator flows through the first refrigerant passage of the
intermediate heat exchanger, and high-pressure refrigerant
flowing out of'the gas cooler flows through the second
refrigerant passage of the intermediate heat exchanger.

15. A supercritical refrigeration cycle according to claim
14, wherein the supercritical refrigerant is carbon dioxide.
16. A vehicle in which a supercritical refrigeration cycle

according to claim 14 is installed as a car air conditioner.
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