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ABSTRACT OF THE DISCLOSURE

A multi-bored flat tube has cutermost unit passages located
at both ends of the tube and intermediate unit passages between
the outermost unit passages. The outermost unit passage has a
circular-based inner surface in cross-section, such as a
circumferentially smooth curved shape in cross-section like a
perfect circular shape or elliptical shape, or has a circular-
based inner surface in cross—section having a plurality of inner
fins extending in a longitudinal direction of the tube. The
intermediate unit passage has a noh-circular based cross-
sectional shape, such as rectangular, triangular, trapezeidal,
or circular based shape including a plurality of inner fins. The
tube is strong against being hit by a stone and has a high heat

exchanging performance.
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MULTI-BORED FLAT TUBE FOR USE IN A HEAT EXCHANGER AND HEAT

EXCHANGER INCLUDING SAID TUBES

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a multi-bored flat tube for
use in a heat-exchanger and, more particulary, to a multi-bored
flat tube made of a metal such as an aluminum for use in a
condenser for an air conditioner. The present invention further

relates to a heat exchanger including the multi-bored flat tubes.

2. Description of the Related Art

Figs. 14(A)~(C) show cross-sectional views of a conventional
multi-bored flat tube of this kind. The multi-bored flat tubke
51 is made by extruding an aluminum. The tube 51 has a
peripheral wall 52 having an elongated circular crcss-secticnal
shape and a plurality of divisional wall 53, 53a connecting flat
wall portions 52a, 52a of the peripheral wall 52. The divisional
walls 53 divide an inside space of the tube 51 to form a
plurality of unit passages 54, 55 arranged in a lateral direction
of the tube 51. Each divisional wall 53, 53a has a constant
thickness along the height thereof so that a contact area with
the heat exchanging medium can be enlarged, thereby enhancing the
heat exchanging performance of the tube 51. The tube 51 includes

outermost unit passages 54, 54 and intermediate unit passages 55
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located between the outermost unit passages 54, 54. Each
intermediate passage 55 has a rectangular cross-sectional shape,
and each outermost unit passage 54 has & semi-circular cross-
sectional shape at a lateral outside portion and a rectangular
cross-sectional shape at lateral inside pertien. Further, each
portion of the tube 51, i.e., the peripheral wall 52 and the
divisional walls 53, 53a, are formed to be as thin as possible

for the purpose of lightening the weight of the tube 51.

Other existing heat exchangers include a tube having unit passages with inner
fins formed on an inner surface bf each unit passage to enlarge a contact area
with the heat exchanging medium for the purpose of enhancing the
heat 'excha‘nging performance. For example, as shown in Figs. 15A
and 15B, a tube 52 has a plurality of inner fins 62 formed con the
inner surface of the uﬁit passages 54, 55 surrounded by the
peripheral wall 52 and the divisicnal walls 53, 53a. Each fin
62 has a triangular cross-sectiocnal shape and extends ;i.n the

longitudinal direction of the tube 61.

Still another type of heat exchanger‘including a tube having a plurality of unit

passages each have a round cross-sectional shape for the purpose of equalising the flow

speed of the heat exchanging medium and lowering the flow

resistance of the heat exchanging medium in each unit passage.

In Figs. 14 and 15, the reference numeral 57 denotes a corrugate

W.loniABFSpech59801-84.00¢
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fin interposed between the adjacent tubes 61.

In a heat exchanger inciuding the above-mentioned flatrtubes
51, 61, a stress caused by an inner pressure of the heat
exchanging medium passing through the tube is concentrated on
connecting portions between the divisional wall 53, 53a and the
peripheral wall 52. The lateral middle portion of the tube 51,

,
61 can withstand such a stress because the flat wall portions 52a
of the peripheral wall 52 ére supported and reinforced by the
corrugate fins 5§57, 57. However, the lateral end portions of the
tube 51, 61 are not strong enough to withstand such a stress
because reinforcing effects obtained by the corrugate fins 57,
57 are not enough. Therefore, such a stress tends to be
concentrated on the connecting portions between the outermost
dividing wall 53a and the peripheral wall 52 to cause a breakage.

Further, as shown in Figs. 14B and 14C, the above-mentioned
tubes used in a condenser mounted‘in an automobile may sometimes
be damaged and cause leakage of the heat exchanging medium when
a stone, or the like, hits the tube while the automobile is
moving.

The above-mentioned problems may be solved by thickening the
dividing wall portion 53, 53a and the peripheral wall 52;
However, this causes an increase in the tube weight, resulting
in an increase in the heat exchanger weight.

In a tube having a plurality of unit passages each having
a perfect circular cross-sectional shape, a flow resistance of
heat exchanging medium passing through the unit passage can be

-3-
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decreased and the pressure resistance can be improved. However,
upper and lower portions of each dividing wall are thicker than
the middle portion thereof, which re'quires larger amount of
material for forming the tube, thereby increasing the
manufacturing costs. Further, within a limited tube thickness,
a heat transferring area of the circular cross-sectional unit
passage is smaller than that of the rectangular cross-sectional
unit passage, resulting in a lower heat exchanging efficiency.

SUMMARY OF THE INVENTION

The present invention has been made to overcome or at least reduce the
disadvantages in the conventiona} multi-bored flat tube for use in a heat exchanger as
described above.

An object of the present invention is to provide a multi-bored flat tube having an
improved strength against an impact force and an excellent heat exchanging
performance by keeping a large contact area with a heat exchanging medium. »

Another object of the present invention is to provide a heat exchanger including
the abovementioned flat tubes.

According to one aspect of this invention there is provided a multi-bored flat
tube for use in a heat exchanger, including:

a peripheral wall including flat wall potions facing each other at a certain
distance and sidewall portions connecting lateral ends of said flat wall portions; and

dividing wall each connecting said flat wall portions and dividing an inside
spaced defined by said peripheral wall into a plurality of unit passages arranged in a
lateral direction of said tube,

wherein said plurality of unit passages include outermost unit passages located
at both lateral ends of said tube and intermediate unit passages located between said
both outermost unit passages,

wherein each of said outermost unit passages has a circumferentially smooth
curved inner surface in cross-section,

wherein each of said intermediate unit passages has a non-circular-based inner

CRRAL, surface in cross-section.
[ %\
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The plurality of unit passages include outermost unit passages located at both
lateral ends of the tube and intermediate unit passages located between the outermost
unit passages.

Each of the outermost unit passages has a circumferentially smooth curved inner
surface in cross-section, and each of the intermediate unit passages has a non-circular
inner surface in cross-section.

In the tube according to the present invention, since the outermost unit passages
have circumferentially smooth curved inner surface in cross-section, a stress
concentration on connecting portions between the outermost dividing wall and the

peripheral wall can be decreased. Accordingly, a high pressure resistance can be

obtained throughout the tube. 1In a heat exchanger including the
multi-bored flat tube, a high préssure resistance can be obtained
by the structure even at both lateral ends of the tube where
reinforcing effect by the outer fins is not enough.

In particular, when the outermost unit passage is designed
to have a circular creoss-sectional shape, an inner pressure of
the heat exchanging medium passing through the passage acts on
the inner surface of the passages equally in the circumferential
direction thereof. Therefore, a higher pressure resistance can
be obtained. This effect is remarkable when the outermost unit
passage 1s designed to have a perfect circular shape.

Furthermore, since the outermost unit passage is designed to have

WIDNIBFISpeciBaBa1-8d.doc
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a circumferentially smooth curved inner surface in cross-section, a stress

concentration on connecting portions between the outermest
dividing wall and the peripheral wall can be reduced even when
a small article such as a stone hits the tube. Consequently, the
peripheral wall at the connecting portions c¢an be prevented from
being damaged, resulting in supericr breaking strength against
an outside stress caused when small article such as a stone hits

the tube.

The circumnferentially smooth curved shape in cross-section of the outermost
unit passage includes various kinds of circular shapes such as a perfect circular shape,

an elliptical shape, an elongated circular shape, or the like.

Furthermore, the outermost unit passage may have a star-like
shape in cross-section, i.e., a circular-based cross-sectional
shape having a plurality of inner fins extending in a
leongitudinal direction of the tube. In this case, the contact
area with the refrigerant can be enlgrged, thereby improving the
heat exchange performance.

Each of the intermediate unit passages is designed to have
a non-circular inner surface in cross-section. This can prevent
the thickness of upper and lower portions of the dividing wall
from being thickened as compared to an intermediate unit passage
having a circular-based inner surface, which results in a
decreased amount of materials, thereby decreasing the weight and

costs of the tube. 1In addition, within a limited thickness of

the tube, a larger contact area with the heat exchanging medium

Widonis\E FiSpechE9801-98.d0c
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can be obtained as compared to an intermediate unit passage
having a circular inner surface, which in turn can obtain a high
heat exchanging performance. In this specification, the word
"non-circular” means other than circular and includes any kinds
of shape, such as a triangular shape, a square shape, . a
trapezoidal shape, a star-like shape as well as a shape having
uneven inside surfaces thereof.

| The intermediate unit passage adjacent to the outermost unit
paséage may have a semi-circuiar inner surface at the outermost
unit passage side. This can decrease a stress concentration on
the connecting portions between the outermost dividihg wall and
the peripheral wall to improﬁe the strength, whereby the
peripheral wall at the comnnecting portions can effectively be
prevented from bheing broken.

The sidewall portion may have a rounded shape in cross-
secticn and may be formed relatively thicker than the flat wall
portions. This can prevent the sidewall portien from being
broken or deformed when a small article such as a stone hits the
sidewall pertion. In addition, since the thickness of the flat
wall portions is kept relatively thinner, an -optimal heat
transmission performance can be maintained and an indrease in-the

weight can be avoided, resulting in a light-weight heat

s
&%

exchanger. Further, the structure does not cause an increased
. n : W

pressure leoss of the heat exchanging medium. . ffn!
The intermediate wunit passages may have a - square,

triangular, or trapezoidal shapes in cross-section. ‘In the case

of intermediate unit passages having triangulaf&pf trapezoidal

.-
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shapes, it is preferable to invert the crientation of adjacent
passages in order to have as many unit passages as possible. The
intermediate unit passage can have a large heat transmission area
5 as compared with a passage having & circular shape in cross-

section, thereby improving the heat-exchanging efficiency.
The intermediate unit passages may also have a star-like
shape in cross-section, that is a circular-based shape having a
10 plurality of inner fins extending in a longitudinal directicn of

the tube. 1In this case, since the cross-section has a circular-

-:'::. based shape, a high performance of pressure-resistance can be
obtained. Ewen though the cross-section has a circular-based
:_:'::: 45 shape, the passage can have a large heat transmission area due

to’ the inner fins. Even if the cross-section does not have a
nee circular-based shape, the same effect can be cobtained when the
“ inner surface has a plurality of inner fins extending in a

20 longitudinal direction of the tube.

According to another aspect of the invention there is provided a heat-exchanger

including:
a plurality of multi-bored flat tubes disposed in a direction of a thickness of said
tube at certain intervals;
25 a plurality of fins interposed between said adjacent tubes; and
a pair of headers each located at an end of said tube and connected with said
tube in fluid communication, whereby a heat exchanging medium flows through more
than two of said tubes at the same time,
wherein said multi-bored flat tube includes:
30 a peripheral wall including flat wall portions facing each other at a certain
distance and sidewall portions conneéting lateral ends of said flat wal} portions; and
dividing walls each connecting said flat wall portions and dividing an inside
space defined by said peripheral wall into a plurality of unit passages arranged in a

lateral direction of said tube,

Wloniz\BF\SpechEBE01-08.dor
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9
wherein said plurality of unit passages include outermost unit passages located
at both lateral ends of said tube and intermediate unit passages located between said
both outermost unit passapes,
wherein each of said outermost unit passages has a circumferentially smooth
5  curved inner surface in cross-section, and
wherein each of said intermediate unit passages has a non-circular inner surface

in cross-section.

10 In this case, since the outermeost unit passages are designed
to have a circular-based inner surface in cross-section, a stress
concentraticn on the connecting portion between the outermest

dividing wall and the peripheral wall can be reduced. A high

.t 15 performance of pressure resistance can be obtained throughout the
tube, and a superior breaking strength against an outside stress

caused when a small article such as a stone hits the tube can be

S obtained.
T 20 Furthermore, each of the intermediate unit passages 1is
_— designed to have a modified cross-sectional shape. This can

prevent the thickness of upper and lewer portions of the dividing
wall from being thickened as compared to an intermediate unit

passage having a circular inner surface in cross-section, which

25
results in a decreased amount cof material, thereby decreasing the
weight and costs of the tube. In addition, within a limited
thickness of the tube, a larger contact area with the heat
20 exchanging medium can be obtained as compared to an intermediate

unit passage having a circular inner surface in cross-section,
which in turn can obtain & high heat exchanging performance.

Concretely, it is preferable to have a plurality of inner fins

WAloniNBFSpach69001-88.000




extehding in a longitudinal direction of the tube on a square-

based inner surface in cross-section. In this case, in addition

te an increase in the heat transmission area caused by the inner

fins, an even higher heat exchanging performance can be.obtained.

5 A heat-exchanger having the above-mentioned multi-bored flat

tube can improve a breaking strength against a small article such

as a stones which hits the tube, and can maintain a high heat
transmission performance and a low pressure 1oss.

Other objects, features and advantages of the present

10 invention will now be clarified by the following explahation of

the preferred embodiments.

BRIEF EXPLANATION OF THE DRAWINGS
Figs. 1A and 1B show a tube of an embodiment according to
venel the present invention, wherein Fig. 1A is a cross-sectional view
thereof, and Fig. 1B is an enlarged cross-sectional view of the
lateral end portion thereof.

Fig. 2A is a part of cross-sectional view of a heat

exchanger core including the tubes and fins, and Fig. 2B is an

St enlarged cross-sectional view of the lateral end portion thereof
against which a stone hits.

Figs. 3A and 3B show a heat exchanger, wherein Fig. 3A is

a front view thereof, and Fig. 3B is a top plan view thereof.

Fig, 4 1is a graph showing examination results of “the

strength. ad

i

25 Fig. 5 is a graph showing examination results: of the

radiation amount.

o

-10-




Fig. 6 1is a graph showing examination results of the
pressure loss of the heat exchanging medium.

Figs. 7A and 7B show a second embodiment of the tubé
according to the present invention, wherein Fig. 7TA-is a cross-

5 sectional view of the tube, and Fig. 7B 1s an enlarged cross-
sectional view of the lateral end portien thereof.

Fig. 8 is a cross-sectional view of a third embodiment of
the tube according to the present invention.

Fig. 9 is a cross-sectional view of a forth embodiment of

10 the tube according to the present invention.

Figs. 10A and 10B show a fifth embodiment of the tube
according to the present invention, wherein Fig. 10A is a cross-
sectional view of the tube, and Fig. 10B is an enlarged cross-
sectional view of the lateral end portion thereof.

0ol 3 Fig. 11A is a part of cross-sectional view of a heat
exchanger core including the tubes and fins, and Fig. 11B is an
o'os enlarged cross-sectional view of the lateral end portion thereof.
. Figs. 12A and 12B show a sixth embodiment of the tube
according to the present invention, wherein Fig. 12A is a cross-—
$ 20 secticnal view thereof, and Fig. 12B is an enlarged <ross-
: secticnal view of the lateral end portion thereof.
Figs. 13A and 13B show a seventh embodiment of the tube

according to the present invention, wherein Fig. 13A is a cross-

sectional view thereof, and Fig. 13B is an enlarged cross-
25 sectional view of the lateral end portion thereof.
Figs. 14A-14C show related art, wherein Fig. 14A is a cross-

sectional view of a conventional tube, Fig. 14B is a partial

-11-
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cross-sectional view of a heat exchanger core including the tubes
and fins, and Fig. 14C is an enlarged partial cross-sectional
view of the tube to which a stone hit.

Figs. 15A-15B show other related art, wherein Fig. 15A is
a cross-sectional view of ‘a partial cross-sectional view of a
heat exchanger core including the tubes and fins, and Fig. 15B

is an enlarged partial cross-sectional view thereof.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A preferred embodiment of the present invention will now be
described with reference to the ;ccompanying drawings.

The multi-bored flat tube for use in a heat exchanger of the
embodiment and a .heat exchanger including the tubes are
preferably used as a condenser for an automobile air conditioner.

Fig. 3 shows a heat exchanger of a so-called multi-flow type
that includes a plurality of multi-bored flat tubes 1 each having
a certain length, fins 2 interposed between the tubes 1, and a
pair of hollew headers 3, 3 to which the ends of the tubes 1 are
connected. Each header 3 is divided by a partition 4 into upper
and lower chambers. A heat exchanging medium flows into the left
hand header 3 through an inlet 5 connected to the upper portion
of the header, passes through the tubes 1 in a zigzag manner, and
flows out of the right hand header 3 through an ocutlet 6
connec%sd to the 1lower portion of the header 3.

First embodiment:

Figs. 1 and 2 show a multi-bored flat tube 1 of the first

-12-




embodiment used in the above-mentioned heat exchanger.

The tube 1 is an aluminum extruded article. As shown in
Fig, 1A and 1B, the peripheral wall 7 is formed to have an
elongated circular cross-secticnal shape. A plurality of

5 divisional walls 8 are provided in the tube 1 to form a
plurality of unit passages 11, 11b, 1lla arranged in the lateral
direction of the tube 1. The divisional walls 8 connect flat
wall portions 9, 9 of the peripheral wall 7 faced with each other
at a certain distance.

10 This tube 1 has rounded sidewall portions 10, 10 at the
lateral end portions of the tube. The sidewall portion 10 is
formed to be thicker than the flat wall porticn 9. For example,
the maximum thieckness €2 of the sidewall portion 10 can be

speeed designed to be 0.7 mm where the thickness tl1 of the flat wall
portion 9 is 0.35 mm.

The inner ;urface of each of the outermost unit passages
lla, 1lla is formed to be a circumferentially smooth eurved shape
in cross-section. 1In this embodiment, the unit passage 1lla is

formed to be an elongated circular cross-sectional shape, but it
may be formed to be an elliptical shape or a perfect circular

shape. Each intermediate unit passage 1llb adjacent to the

outermost unit passage lla, i.e., the second passage llb from_thé"
lateral end of the tube 1, has a rounded, or semi-circular,. irner

. S
surface at the outermost unit passage side and ai rectangular

25 inner surface at the other side. As shown inﬁiig. 1B, each

-13-
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radius curvature R of the cﬁrved inner surfaces 12, 12, 12, 12
located at connecting portions between the outermost dividing
wall 8 and the flat wall portiéns 9 is preferably designed to be
approximately half of the height h of the unit passages 11.

The fin 2 is an aluminum corrugate fin. As shown in Fig.
2R, the fin 2 is disposed between adjacent tubes 1, 1 such that
one lateral end of the fin 2 protrudes from one lateral end of
the tube 1 toward leeward side. In the embodiment shown in Fig.
27, the width of the fin 2 is the same as that of the tube 1 and,
therefore, the other later;l end ¢f the fin 2 is indented from
the other lateral end of the tube 1 at rearward side. However,
the width of the fin 2 may be designed toc be larger than that of
the tube 1 so that one lateral end of the fin 2 protrudes from
one lateral end of the tube 1 toward windward side and the other
lateral end is not indented from the other lateral end of the
tube 1 at rearward side.

When the above-mentioned heat exchanger is wused as a
condenser for an automeobile air conditioner, the heat exchange;
may ke hit by a stone passed through a radiator grill of the
automokbile. In this case, however, the rounded sidewall portion
10 is prevented from being destroyed by the stone because the
thickness of the rounded sidewall portion 10 at the windward sidg'
is larger than that of the flat wall portion 9. Furtherffthe
rounded sidewall portion 10 is also prevented from being heavily

deformed by the stone, and a stress concentration on connecting

-14-
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porticns betweeﬁ the outermost dividing wall 8 and the flat wall
porticn 9 is-decreased due to the stress concentration decreasing
effect of the curved inner surfaces 12, 12, 12, 12, which
prevents the peripheral wall 7 at the connecting portions from
being damaged. Fig. 2B shows a stone hitting the rounded
sidewall portion 10.

In addition, since the thicknesses of the flat wall pertions
9, 9 are kept relatively thinner, an optimal heat transmission
performance can be maintained and a weight increase can be
decreased, resulting in a light-weight heat exchanger. Further,
the structure does not cause an increase in the pressure loss of
the heat exchanging medium. The fins 2 can also receive a stone
to protect the tubes 1.

The following four types of condensers were prepared to
compare the strength therecf. First, a condenser €l having tubes
1 c¢f the present invention shown in Fig. 1A and fins 2 interposed
between adjacent tubes was prepared. OCne lateral end of the fin
2 protruded from one lateral end of the tubé 1 toward windwarq
side. Second, a condenser €2 having the tubes 1 and fins 2
interposed between adjacent tubes was prepared. One lateral end
of the fin 2 did not protrude from one lateral end of the tube
1 toward windward side. Third, a condenser €3 having the
conventional tubes 51 shown in fig. 14 and fins 57 interposed
between adjacent tubes was prepared. One lateral end of the fin

57 protruded from one lateral end of the tube 51 toward windward

-15-
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side. Fourth, a condenser C4 having the conventional tubes 51
and fins 57 interposed between adjacent tubes was prepared. One
lateral end of the fin 57 did not protrude from one lateral end
of the tube 57 toward windward side. These four condensers €1,
¢2, €3, ¢4 were laid down and various sizes of steal weights were
dropped from wvarious heights on the condensers. Each steal
weight had a size smaller than a distance between the adjacent
tubes of the condensers. The results are shown in a graph shown
in Fig. 4. 1In the graph, the vehicle velocity corresponds to the
falling velocity of the weight just before the weight contacts
the condenser.

From the results, it was confirmed that the tube 1 according
to the present invention can be prevented from being deformed or
broken by a stone as compared to the conventional tube 51.
Further, a lateral end of the fin 2 protrudiﬁg toward the
windward side can effectively prevent a tube from being deformed
or broken.

The heat radiation rate and the pressure loss of the heat
exchanging medium were also measured for each condenser. The
results are shown in Figs. 5 and €. From the results, it was
confirmed that the heat radiation rate and the pressure loss of

the condensers €1 and €2 were as good as those of

conventional condensers C3 and C4. }%'

Second embodiment:

ot

Fig. 7 shows a second embodiment of a multi-béred flat tube

~ T

. . . vqat..lt .
according to the present invention. This embodimefit differs from

-16-
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the first embodiment only in that the second unit passages 11b,
11lb from lateral ends of the tube 1 are also formed to have a
rectangular cross-sectional shape.

Since each of the outermost unit passages lla, lla is formed
to have a circumferentially smooth curved shape in cross-section,
a stress concentration on connectiﬁg pertions between the
outermost dividing wall 8 and the flat wall portion 9 decreases
due to the stress concentration decreasing effect of the curved
inner surfaces 12, 12, which prevents the peripheral wall 7 at
the connecting portions from being destroyed.

Further, since each of therintermediate unit passages 11 is
formed to have a rectangular shape in ¢ross-section, the
thickness of each portien can be thinner, tﬁereby lightening the
weight of the tube 1, resulting in a light weight heat exchanger.
Further, the heat exchanging performance can be improved by
increasing the contact area with a heat exchanging medium, as
compared to a tube having intermediate unit passages each having
a rcund shape in cross-section.

Since the other portions are the same as in the first
embodiment, the explanation thereof will be omitted by giving the
same numeral to the corresponding portion.

Third embodiment:

Fig. 8 shows a third embodiment of a multi-bored flat‘_?:ilge
according to the present invention. In this emboqiment; all
intermediate unit passages 11 are formed to have a triangular

cross-sectional shape, respectively. The adjaceﬁt unit passages

17-




11, 11 are disposed upside down ({i.e., inverted). The thickness
of each rounded sidewall portion 10 located at the léteral end
of the tube 1 is approximately the same as that of the flat wall
portion 9.

5 In this embodiment, each of the outermost unit passages ila,
1la is formed to Have a circumfereﬁtially smooth curved shape in
cross-section. Therefore, a stress concentration on connecting
portions between the cutermost dividing wall 8 and the flat wall
portion 8 is decreased due to the stress concentration decreasing

10 effect of the curved inner surfaces 12, 12, which prevents the
peripheral wall 7 at the connecting portions from being damaged.

Since each intermediate unit passage 11 has a triangular
cross-sectional shape, the thickness of each portion can be
seneed thinner, thereby lightening the weight of the tube 1, resulting

rhy in a light weight heat exchanger, as in the same manner in the

first and second embodiments. Further, the heat exchanging

1 performance can be improved by the large contact area with a heat
exchanging medium, as compared to a tube having intermediate unit

o e passages each having a round shape in cross-section.
Since the other portions are the same as in the first
embodiment, the explanations thereof will be omitted by giving

the same numerals to the corresponding portions.

Fourth embodiment:

Fig. 9 shows a feurth embodiment of a multi-bored flat tube

25 according to the present inventicn, In this embodiment, all

-18-
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intermediate unit passages 1l are formed to have a trapezoidal
cross-sectional shape, respectively. The adjacent unit passages
11, 11 are again disposed upside down. The thickness of each
rounded sidewall portion 10 located at the lateral end of the
tube 1 is approximately the same as that of the flat wall portion
8.

In this embodiment, each cf the cutermost unit passages 1lla,
1la is formed to have a circumferentially smooth curved shape in
cross-section. Therefore, a stress concentration on connecting
perticons between the outermost dividing wall 8 and the flat wall
portion 9 decreases due to the stress concentration decreasing
effect of the curved inner‘surfaces 12,‘12, which prevents the
peripheral wall 7 at the connecting porticn from being damaged.

Since each intermediate unit passage 11 has a trapezoidal
cross-sectional shape, the thickness of each portion can be
thinner, thereby lightening the weight of the tubg 1, resulting
in a light weight heat exchanger, as in the same manner in the
third embodiment. Further, the heat exchanging performance can
be improved by the large contact area with a heat exchanging
medium, as compared to a tube having intermediate unit passagdes
each having a round shape in cross-section.

S$ince the other portions are the same as in the f;§§t
embodiment, the explanations thereof will be omitted ?yﬁgiﬁing
the same numerals to the corresponding portions,

Fifth embodiment:

-19-
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Figs. 10 and 11 show a fifth emboediment of a multi-bored
flat tube 1 according to the present invention. This tube 1 is
an aluminum extruded formed article as in the third and fourth
embodinents.

The multi-bored flat tube 1 has a pair of outerﬁost unit
passages lla, 1la and intermediate unit passages 11 therebetween.
Each intermediate unit passage 11 has d rectangular-based inner
surface in cross-section having a plurality of triangular cross-
sectional inner fins 15 continuously formed along the inner
surface and extending in the longitudinal direction of the tube
l. As clearly shown in Fig. 10A, an inclined inner surface 16

is formed at each corner cof the rectangular-based inner surface

in cross-section.

In this tube 1, each outermost unit passage 1la is formed
to have a perfect circular shape.

Because the flat tube 1 has a plurality ¢f inner fins 15
formed on the rectangular-based inner surface of the intermediate
unit passage 11, a contact area with the heat exchanging medium

can be increased, whereby a high heat exchanging performance can

be obtained.

The flat tube 1 has a plurality of dividing walls 8
connecting the flat wall portions 9, 9, which divide the inner
space of the tube 1 into a plurality of unit passages 11, lla,
thereby being superior in pressure resistance.

In this embodiment, each of the outermost unit passages lla,
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1la is formed to have a circular shape in cross-section.
Therefore, a stress concentration on conhnecting pertions between
the outermost dividing wall Sland the flat wall portion 9 is
decreased due to the stress concentration decreasing effect of
the curved inner surfaces 12, 12, which prevents the peripheral
wall 7 at the connecting portions from being damaged. The
outermost connecting portions are not sufficiently reinforced by
the corrugate fins 2 as compared to the other connecting
port;ons. However, because each cutermost unit passage lla is
formed to have a circular shape in cross-section, a breakage of
the connecting porticns between the outermost dividing wall 8 and
the flat wall portion 7 can be prevented due to the stress
concentration diminishing effects, which in turn enhances inner
pressure resistance performance of the tube 1. Especially, when
the outermost unit passage 1lla is formed to have a perfect
circular shape, the inner pressure of the heat exchanging medium
passing through the unit passage can be equalized on the inner
surface of the outermost unit passage 1la, resulting in extremely
high pressure performance.

Because each outermost unit passage 1lla has a circular
cross~sectional shape to decrease a stress concentration at the
connecting portions between the outermost dividing wall 8 and the
peripheral wall 7, even if a stone hits the tube, damage at the
connecting portions and a breakage of the tube 1 can be

effectively prevented.

21-




In addition, because each outermost unit passage 1lla is
formed to have a circular cross-sectional shape and each
intermediate unit paésage 11 has a rectangular-based cross-
sectional shape, each portiocn of the tube 1 can be thin, which

5 can lighten the weight of the tube 1, resulting in a light weight
heat exchanger. Further, the heat transferring area can be kept

larger, as compared to an intermediate unit passage having a

circular c¢ross-sectional shape. In addition, because each

intermediate unit passage 11 has a plurality of inner fins 15,
10 the heat transferring area can be inéreased, resulting in a high
heat exchanging performance.

Because an inclined inner surface 16 is formed at each
corner of the intermediate unit passage.ll, the thickness of the
dividing wall 8 can ke thin, which can lighten the weight of the
15, tube 1 and enhance the pressure resistance of the tube 1.
otae The inclined inner surface 16 can enlarge the distance
1 between the stress concentration portions &, A at the dividing
walls B except for the outermost dividing wall 8. This decreases
@& stress concentration at the connecting portions between the
dividing walls 8 and the peripheral wall 7. As for the outermost
dividing walls 8, a stress concentration at connecting portions

r.

between the outermost dividing wall 8 and the peripheral wall;?‘
. 2 ¥

e
can also be decreased because the outermost unit passagerﬁxa‘has

RS

a circular cross-sectional shape with no stress coq@eﬁtration

x

25 portion and the distance between the stress concentration portion
LI

2.
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A of the outer most dividing wall 8 and the central portion € of
the outermost dividing wall 8 is large. Therefore, the tube 1
has a good pressure resistance. Because high pressure resistance
is obtained by forming the‘inclined inner surfaces 16, the
thickness of the dividing wall B can be thinner. As a result,
a light weight tube can be obtained.

In other words, the'weight of the tube 1 can be lighter
where the pressure resistance remains the same, or the pressure
resistance can be improved where the weight remains the same.

Destructive tests were conductea on the tube shown in Fig.
10 and the conventional tubes shown in Figs. 14 and 15. The
results were as follows. Assuming that the pressure at which the
conventional tubes were broken was 100, the pressure of the
embodiment shown in Fig. 10 was 120. It was confirmed that the
pressure resistance of the tube shown in Fig. 10 was an
improvement compared to the conventional tubes.

In this embediment, each outermost unit passage lla has a
perfect circular shape, however, it may have a circumferentially
smooth curved shape in cross-section such as an elliptical shape
or an elongated circular shape. Continuously formed inner fins
15 each having a triangular cross-sectional shape are shown in
the embodiment. However; the inﬁer fin may have various kinds
of cross-sectional shapes. Further, the imner fin 15 may be
formed on one of the dividing walls 8 or the peripheral walls‘7,

or may also be discontinuously formed.

Sixth Embodiment:

-23-




10

25

Figs. 12A-12B shows a sixth embediment of a multi-bored flat
tube 1 according to the present .invention.

The inner surface of each outermost unit passage 1lla is
formed to be a circumferentially smooth curved shape in cross-
section as in the same manner shown in the other embodiments.
Each intermediate unit passages 11 has a star-like shape, in
detail, a circular-based inner surface in cross-section having
a plurality of triangular cross-secticnal inner fins 15-
continuously formed along the inner surface and extending in thé
longitudinal direction of the tube 1.

Because the flat tube 1 has a plurality of inner fins 15
formed on the circular-based inner surface of the intermediate
unit passage 11, the pressure resistance is good. In addition,
the contact area with the heat exchanging medium can be kept
large, whereby a high heat exchanging performance can be
obtained.

The flat tube 1 has a plurality of dividing walls &
connecting the flat wall portions 9, 9, which divide the inner
space of the tube 1 inte a plurality of unit passages 11, lla,
thereby being superior in pressure resistance. Further, each
outermost unit passage 1lla is formed to have a circumferentially
smooth curved shape in cross-section. Therefore, a stress
concentration on connecting portions betwesen the outermost
dividing wall 8 and the flat wall portion 9 can be decreased,

which prevents the peripheral wall 7 at the connecting pertions
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from being destroyed.

Because each outermost unit passage lla is formed to have
a circumferentially smooth curved shape in croess-section, a
breakage o¢f the connecting portions between the outermest
dividing wall B and the flat wall portion 7 can be prevented due
to the stress concentration diminishing effects, which in turn
enhances inner pressure resistance performance of the tube 1.
Especially, when the outermost unit passage lla is formed to have
a perfect circular shape, the inner pressure of the heat
exchanging medium passing through the unit passage lla can be
equalized on the inner surface of the outermost unit passage 1lla,
resulting in extremely high pressure performance.

Because each outermost unit passage 1lla  has a
circumferentially smooth curved shape in cross-section to
decrease stress concentration at the connecting pertion between
the outermost dividing wall 8 and the peripheral wall 7, even if
a stone hits tﬁe tubke, damage‘at the connecting portiens and
breakage of the tube 1 can be effectively prevented.

In the embodiment, each outermost unit passage 1lla has a
perfect circular shape, however, it may have a circumferentially
smooth curved shape in cross-section, such as an elliptical shape
or an elongated circular shape. Continuously formed inner fins
15 each having a triangular cross-sectional shape are shown in
the embodiment. However, the inner fin may have vafious kinds
of cross-sectional shapes. Further, the inngr fin 15 may also
be discontinuously formed.

-25-




10

25

Seventh embodiment:

Figs. 13A-13B show a seventh embodiment of a multi-bored
flat tube according to the present invention. This embodiment
differs from the sixth embodiment only in that the outermost unit
passages 1lla, 1lla are also formed to have a star-like cross-
sectional shape, respectively.

The flat tube 1 has a plurality of circular-based unit
passages 11 including the outermost unit passages 1lla, thereby
being superior in pressure resistance. In addition, because a
plurality of inner fins 15 are formed on the inner surface of all
of the unit passages 11, 1la, the contact area with the heat
exchanging medium can be increased, whereby a high heat
exchanging performance can be obtained.

The flat tube 1 has a plurality of dividing walls 8
connecting the flat wall portions 9,_9, which divide the inner
space of the tube 1 inte’'a plurality of unit passages 11, 1lla,
thereby being superior in pressﬁre resistance. Further, each
outerﬁost unit passage 1la is formed to have a circular-based
cross-sectional shape. Therefore, a stfess concentration on
connecting portions between the outermost dividing wall 8 and the
flat wall portion 9 is decreased, which prevents the peripheral
wall 7 at the connecting portions from being destroyed;

Because each outermost unit passage lla is formed{{b‘have
a circular-based shape inr cross-section, a breakééekéof the

connecting portions connecting the outermost dividinj wall 8 and
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the flat wall portion 7 can be prevented due to stress
concentration diminishing effects, which in turn enhances inner
pressure resistance performance of the tube 1 mounted in a heat
exchanger.

Especially, when the tube 1 is used in a condenser for an
automcbile air conditioner, even if a stone ﬁits the tube, damage
at the connecting portions between the oﬁtermost dividing wall
8 and the peripheral wall 7 and breakage of the tube 1 can be
effectively prevented.

In the embodiment, each unit passage 11, 1la has a circular-
based shape having a plurality of imner fins, however, it may
have an elliptical-based shape or an elongated c¢ircular-based
shape. Continucusly formed inner fins 15 each having a
triangular cross-secticen are shown in the embodiment. However,
the inner fin may have various kinds of cross-sectional shapes.
Further, the inner fin 15 may alsc be discontinuously formed.

The flat tube according to the presént invention is not
limited to a tube for use in a condenser for an automobile air
conditioner, and can be used as a tube for use in various kinds
of heat exchangers such as, for example, an outdecor heat
exchanger for a room air conditicner.

The terminoleogy “circular” used herein is no£ limited to
exact or perfect circles, but encompasses generally circle-like
shapes, e.g., rounded shapes, but the most preferred embodiments
having such shapes include perfect circles or sdbstantially

perfect circles. Similarly, the terminology rectangular,
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triangular, trapezeoidal, elliptical, etc., 1s net limited to
exact or perfect rectangles, triangles, trapezoids, ellipses,
etc., ~but the most preferred embodiments having such shapes
include exact or perfect shapes or substantially exact or perfect
shapes.

In the above-mentioned embodiments, the tubes are used in
a multi-flow type heat exchanger. However, the tubes may also
be used in a serpentine type heat exchanger in which a tube is
bent in a zigzag manner.

In the above-mentioned embodiments, the outer fin disposed
between adjacent tubes 1 is an corrugate fin, but is not limited
to this.

In the tube according to the present invention, since ther
outermost unit passage has a circular-based inner surface in
crosé-section, a stress concentration on connecting portions
between the outermost dividing wall and the peripheral wall can
be decreased. Accordingly, a high pressure resistance can bg
obtained throughout the tube. In a heat-exchanger using the
multi-bored flét tube, a high pressure resistance can be obtained
by the structure even at both lateral ends of the tube where
reinfotcing effect by the cuter fins is not enough.

Further, a stress concentration ¢n connecting portions
between the outermost dividing wall and the peripheral wall can
be reduced even when a small article such as a stone hits the
tube. Consequently, the peripheral wall at the connecting
portions can be prevented from being damaged, resulting in a

superiocr breaking strength against an outside stress caused when
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a small article such as a stone hits the tube.

Each of the intermediate unit passages is designed tc have
a non-circular inner surface in cross-section. This can prevent
the thickness of upper and lower portions of the dividing wall
from being thickened, as compared to an intermediate unit passage
having a circular-based inner surface, which results in a
decreased amount of material forming the tube, thereby
decreasing the weight and cost of the tube. 1In addition, within
a limited thickness c¢f the tube, a larger contact area with the
heat exchanging medium can be obtained asl compared to an
intermediate unit passage having a circular inner surface, which
in turn can cobtain a high heat exchanging performance.

The above effects can also be obtained by the outermost unit
passage having a circumferentially smocoth curved shape in cross-
section.

In a tube that has an outermost unit passage of a star-like
shape in cross-section having a plurality of inner fins extending
in a longitudinal direction c¢f the tube, the same functiocns and
effects can be obtained. Because a plurality of inner fins are
formed on the inner surface of the outermost unit passage, a
contact area with a heat exchanging medium in the outermost unit

passage can be enlarged, thereby improving a heat exchange

performance,

In a tube having an intermediate unit passage{@ﬁich is

adjacent to the outermost unit passages and has a s&mi‘circular

A

inner surface at the outermost unit passage side, a stress

L
concentration on the connecting portions bttween the outermost

29-



10

dividing wall and the peripheral wall can be decreased to improve
the strength, whereby the peripheral wall at the connecting
portions-can effectively be prevented from being broken.

If a sidewall portion has a rounded shape and is formed
relatively thicker than the flat wall portions, the sidewall
perticn can be prevented from being broken or deformed when small
article such as a stone hits the tube., In addition, since the
thickness of the flat wall portions is kept relatively thin, an
optimal heat transmission performance can be maintained and a
weight increase can be decreased, resulting in a light-weight
heat exchanger. Further, the structure does not cause an
increase in the pressure loss of the heét exchanging medium.

Similar effects can be cobtained by the intermediate unit
passage having a square, triangular, or trapezoidal shape in
cress—-section.

A high performance of pressure-resistance and a large heat
transmission area can be cobtained by the intermediate unit
passage having a c¢ircular-based cross-sectional shape with a
plurality of inner fins extending in a longitudinal direction of
the tube. The intermediate unit passage may have a star-like
shape in cross-section.

Superior destructive strength against outer stress can be
obtained by a multi-bored flat tube for use in a heat-exchanger
.comprising:

a peripheral wall including flat wall portions facing with
each other at a certain distance and sidewall portions connecting

ends of the flat wall porticns; and
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dividing walls connecting the flat wall portions and
dividing an inside space defined by the peripheral wall to form
a plurality of unit passages arranged in a lateral direction of
the tube, |

wherein the plurality of unit passages include outermost
unit passages located at both lateral ends of the tube and
intermediate unit passages located between the outermost unit
passages, and

wherein each of the outermost unit passages has a circular-
based inner surface in cross-section, and each of the
intermediate unit passages has a modified cross-sectional shape.

In addition, within a limited thickness of the tube, a
larger contact area with the heat exchanging medium can be
obtained as compared to an intermediate unit passage having a
circular inner surface in cross-section, which in turn can obtain
a high heat exchanging performance.

In a tube that includes outermost unit passages each having
a circumferentially smeocoth curved shape in cross-section and
intermediate unit passages each having a rectangular-based cross=-
section with a plurality of inner fins extending in the
longitudinal direction of the tube, a stress concentration on
connecting portions between the outermost dividing wall and the
peripheral wall can be reduced when a small article such as a
stone hits the tube. Consequently, the periphe;al wall at the
connecting portions can be prevented from being damaged,
resulting in superior breaking strength against an ocutside stress

caused when a small article such as a stone hits the tube.
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Further, when each intermediate unit passage has a rectangular-
based shape having a plurality of inner fins extending in the
loﬁgitudinal direction of the tube, the thickness of upper and
lower portions of the dividing wall can be prevented from being
thickened as compared to aﬁ intermediate unit passage having a
circular-based inner surface, which results in a decreased amount
of material, thereby decreasing the weight and cost of the tube.
In addition, within a limited thickness of the tube, a larger
contact area with the heat exchanging medium can be cbtained as
compared to an intermediate unit passage having a circular inner
surface, which in turn can obtain a high heat exchanging
performance.

A heat exchanger including the above-mentioned multi-bored
flat tubes has an improved strength against a stone which hits
the tube, an excéllent heat exchanging performance, and a low

pressure loss,

The present invention claims priority te patent application

No. H9-142017 filed in Japan on May 30, 1997 and to patent

application Ne. H10-69957 filed in Japan on March 19, 1998, the
contents of which are incorporated herein by reference.
Although the invention has been described in connection with
specific embodiments, the invention is not limited to such
embodiments, and as would be apparent to those skilled in the
art, various substitutions and modifications within the sceope and

spirit of the invention are contemplated.
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L THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS;

i. A multi-bored flat tube for use in a heat exchanger, including:
a peripheral wall including ﬂét wall potions facing -each other at a certain
5  distance and sidewall portions connecting lateral ends of said flat wall portions; and
dividing wall each connecting said flat wall portions and dividing an inside
spaced defined by said peripheral wall into a plurality of unit passages arranged in a
lateral direction of said tube,
wherein said plurality of unit passages include outermost unit passages located
10  at both lateral ends of said tube and intermediate unit passages located between said
epeeet both outermost unit passages,

wherein each of said outermost unit passages has a circumferentially smooth

I curved inner surface in cross-section,

.' E wherein each of said intermediate unit passages has a non-circular-based inner
'E,:: 15 surface in cross-section,

..:.:' 2. The multi-bored flat tube for use in a heat-exchanger as recited in claim 1,
f..::: wherein each of said outermost unit passages has a plurality of inner fins formed on said
5:5_:: inner surface and extending in a longitudinal direction of said tube.

w20

res 3 The multi-bored flat tube for use in a heat-exchanger as recited in claim 1 or 2,

wherein each of said intermediate unit passages adjacent to said outmost unit passages

has a semi-circular inner surface at an outermost unit passage side.

25 4. The multi-bored flat tube for use in a heat-exchanger as recited in any one of the
preceding claims, wherein each of said sidewall portions is formed to have a round

shape in cross-section and is relatively thicker than said flat wall portions.

5. The multi-bored flat tube for use in a heat-exchanger as recited in claim 1 or 2,

30  wherein each of said intermediate unit passages has a square cross-sectional shape.

6. The multi-bored flat tube for use in a heat-exchanger as recited in claim 1 or 2,

wherein each of said intermediate unit passages has a triangular cross-sectional shape.

Witgnia\BFSpecisesd1-58.doc
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7. The multi-bored flat tube for use in a heat-exchanger as recited in claim 1 or 2,

wherein each of said intermediate vnit passages has a trapezoidal eross-sectional shape.

8. . The multi-bored flat tube for use in a heat-exchanger as recited in claim 1 or 2,
wherein each of said intermediate unit passages has a circular-based inner surface in
cross-section and a plurality of inner fins formed on said inner surface and extending in

a longitudinal direction of said tube.

5. The multi-bored flat tube for use in a heat-exchanger as recited in claim 1 or 2,
wherein each of said intermediate unit passages has a plurality of inner fins extending in

a longitudinal direction of said tube.

10.  The multi-bored flat tube for use in a heat-exchange as recited in claim 1 or 2,
wherein each of said intermediate unit passages has a square-based cross-sectional

shape having a plurality of inner fins extending in a lengitudinal direction of said tube.

11. A heat-exchanger including:

a plurality of multi-bored flat tubes disposed in a direction of a thickness of said
tube at certain intervals;

a plurality of fins interposed between said adjacent tubes; and

a pair of headers each located at an end of said tube and connected with said
tube in fluid communication, whereby a heat exchanging medium flows through more
than two of said tubes at the same time,

wherein said multi-bored tube includes:

a peripheral wall including flat wall portions facing each other at a certain
distance and sidewall portions connecting lateral ends of said flat wall portions; and

dividing walls each connecting said flat wall portions and dividing an inside
space defined by said peripheral wall inte a plurality of unit passages arranged in a
lateral direction of said tube,

wherein said plurality of unit passages include outermost unit passages located
at both lateral ends of said tube and intermediate unit passages located between said
both outermost unit passages,

wherein each of said outermost unit passages has a circumferentially smooth

‘curved inner surface in cross-section, and

WikonigBf \Epericas01-08.doc
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. wherein each of said intermediate unit passages hag a non-circular inner surface

in cross-section.

12. A multi-bored flat tube for use in a heat exchanger substantially as herein before
5  described with reference to any one of the embodiments illustrated in the accompanying

illustrations.

13. A heat exchanger substantially as herein before described with reference to any
one of the embodiménts illustrated in the accompanying illustrations.
10
3l DATED: 15 February 2001
L PHILLIPS ORMONDE & FITZPATRICK
Attorneys for:
SHOWA ALUMINUM CORPORATION
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