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(54) HEAT-EXCHANGING FLAT TUBE

(57)  Toprovide aflat tube for heat exchange that can
ensure a target pressure-resisting strength and in which
thinning is achieved. A flat tube (1) for heat exchange is
a flat tube (1) for heat exchange in which plural through
holes (3) with circular cross-sections through which re-
frigerant passes are arrangedin onerow. Ift1/Ris a value
in which a thickness t1 of partition portions (4) partitioning
adjacent two of the through holes (3) has been made

dimensionless by a radius R of the through holes (3) and
t2/R is a value in which an outer peripheral thickness t2
thatis a thickness from aflat surface of an outer periphery
of the flat tube (1) to the through holes (3) has been made
dimensionless by the radius R, in a case where the in-
ternal pressure of the through holes (3) is 10.0 to 90.0
MPa, the relationship of 0.28 < (t2/R)/(t1/R) < 0.42 holds
true.
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Description
TECHNICAL FIELD
[0001] The present invention relates to a flat tube for heat exchange in which plural through holes are formed.
BACKGROUND ART

[0002] Conventionally, flattubes for heat exchange such as the one described in patent citation 1 (JP-ANo. 10-132424)
have been used in evaporators of air conditioners and so forth. The flat tube is integrally molded by, for example,
extrusion-molding an aluminum alloy or the like, and plural through holes with circular cross-sections are arranged side-
by-side in one row or plural rows. Heat exchange is performed between refrigerant that passes through the insides of
the through holes and a medium such as air that passes over the outer periphery of the flat tube.

[0003] In recent years, carbon dioxide (CO,) refrigerant (which has a working pressure equal to or greater than 10
MPa), whose working pressure is much higher than that of HFC refrigerant, has come to be used, and a variety of flat
tubes that can withstand the high pressure of CO, refrigerant have been proposed.

SUMMARY OF INVENTION
<Technical Problem>

[0004] However, in the case of designing a flat tube that withstands high-pressure refrigerant such as CO,, making
the thickness of the areas surrounding the through holes thicker so as to satisfy a pressure-resisting strength is required,
making the outer peripheral thickness that is the thickness from the flat surface of the outer periphery of the flat tube to
the through holes thinner is difficult, and as a result it has been difficult to achieve thinning of the flat tube overall.
[0005] It is a problem of the present invention to provide a flat tube for heat exchange that can ensure the target
pressure-resisting strength and in which thinning is achieved.

<Solution to Problem>

[0006] A flat tube for heat exchange of a first invention is a flat tube for heat exchange in which plural through holes
with circular cross-sections through which refrigerant passes are arranged in one row.

[0007] Ift1/Ris a value in which a thickness t1 of partition portions partitioning adjacent two of the through holes has
been made dimensionless by a radius R of the through holes and t2/R is a value in which an outer peripheral thickness
t2 that is a thickness from a flat surface of an outer periphery of the flat tube to the through holes has been made
dimensionless by the radius R, in a case where the internal pressure of the through holes is 10.0 to 90.0 MPa, the
relationship of

0.28 <(t2Z/R)/(t1/R) < 0.42  (Expression 1)

holds true.

[0008] Here, the above relational expression (expression 1) holds true, so the flat tube for heat exchange can ensure
the target pressure-resisting strength and it becomes possible to make the thickness of the flat tube thinnest.

[0009] A flat tube for heat exchange of a second invention is the flat tube for heat exchange of the first invention,
wherein in a case where the internal pressure of the through holes is 20.0 to 80.0 MPa, the relationship of

0.30 S (t2/RY/(t1/R) <041  (Expression 2)

holds true.

[0010] Here, depending on the type of refrigerant, even in a case where the internal pressure of the through holes
becomes 20.0 to 80.0 MPa, the above relational expression (expression 2) holds true, so the flat tube for heat exchange
can ensure the target pressure-resisting strength and it becomes possible to make the thickness of the flat tube thinnest.
[0011] A flat tube for heat exchange of a third invention is the flat tube for heat exchange of the first invention or the
second invention, whereinin a case where the internal pressure of the through holes is 30.0 to 80.0 MPa, the relationship of
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0.32 <(t2/R)/(t1/R) £0.41  (Expression 3)

holds true.

[0012] Here, depending on the type of refrigerant, even in a case where the internal pressure of the through holes
becomes 30.0 to 80.0 MPa, the above relational expression (expression 3) holds true, so the flat tube for heat exchange
can ensure the target pressure-resisting strength and it becomes possible to make the thickness of the flat tube thinnest.
[0013] Further, a flat tube for heat exchange of a fourth invention is the flat tube for heat exchange of any of the first
invention to the third invention, wherein the flat tube is manufactured from an elasto-plastically deformable material.
[0014] Here, the flat tube for heat exchange is manufactured from an elasto-plastically deformable material, so in a
case where the above relational expression holds true, the target pressure-resisting strength can be ensured more
reliably and it becomes possible to make the thickness of the flat tube thinnest.

<advantageous Effects of Invention>

[0015] According to the first invention, the flat tube for heat exchange can ensure the target pressure-resisting strength
and the thickness of the flat tube becomes thinnest; because of this, downsizing of the flat tube for heat exchange and
a reduction in cost can be achieved.

[0016] According to the second invention, depending on the type of refrigerant, even in a case where the internal
pressure of the through holes becomes 20.0 to 80.0 MPa, the above relational expression (expression 2) holds true, so
the flat tube for heat exchange can ensure the target pressure-resisting strength and it becomes possible to make the
thickness of the flat tube thinnest.

[0017] According to the third invention, depending on the type of refrigerant, even in a case where the internal pressure
of the through holes becomes 30.0 to 80.0 MPa, the above relational expression (expression 3) holds true, so the flat
tube for heat exchange can ensure the target pressure-resisting strength and it becomes possible to make the thickness
of the flat tube thinnest.

[0018] According to the fourth invention, the target pressure-resisting strength can be ensured more reliably and the
thickness of the flat tube becomes thinnest, so downsizing and a reduction in cost can be achieved.

BRIEF DESCRIPTION OF DRAWINGS
[0019]

FIG. 1 is a partial front view of a flat tube for heat exchange pertaining to an embodiment of the present invention.
FIG. 2 is a schematic view of an analysis object corresponding to the flat tube for heat exchange of FIG. 1.

FIG. 3 is a graph showing isobars of the pressure-resisting strength of the flat tube for heat exchange of FIG. 1 in
a case where the radius of the through holes is 0.2 mm (a case using aluminum alloy A3003-0).

FIG. 4 is a graph showing isobars of the pressure-resisting strength of the flat tube for heat exchange of FIG. 1 in
a case where the radius of the through holes is 0.3 mm (a case using aluminum alloy A3003-0O).

FIG. 5 is a graph showing isobars of the pressure-resisting strength of the flat tube for heat exchange of FIG. 1 in
a case where the radius of the through holes is 0.4 mm (a case using aluminum alloy A3003-0).

FIG. 6 is a graph showing isobars of the pressure-resisting strength of the flat tube for heat exchange of FIG. 1 in
a case where the radius of the through holes is 0.5 mm (a case using aluminum alloy A3003-0).

FIG. 7 is a graph showing isobars of the pressure-resisting strength of the flat tube for heat exchange of FIG. 1 in
a case where the radius of the through holes is 0.6 mm (a case using aluminum alloy A3003-0O).

FIG. 8 is a graph in which the plural graphs in the cases where the radius of the through holes was changed are
superimposed on each other and shows isobars of the pressure-resisting strength of the flat tube for heat exchange
of FIG. 1 (cases using aluminum alloy A3003-0).

FIG. 9 is a graph in which the graph of FIG. 8 is approximated and shows isobars of the pressure-resisting strength
of the flat tube for heat exchange of FIG. 1 (cases using aluminum alloy A3003-O).

FIG. 10 is a graph corresponding to FIG. 9 in a case using aluminum alloy A1050-O.

DESCRIPTION OF EMBODIMENT

[0020] An embodiment of a flat tube for heat exchange of the present invention will be described with reference to the
drawings.
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Embodiment

[0021] Aflattube 1 for heat exchange shown in FIG. 1 is a multi-hole tube having a flat elliptical cross-section in which
plural through holes 3 with circular cross-sections through which refrigerant passes are arranged laterally in one row
inside a body 2 of the flat tube 1. The through holes 3 have completely round circular cross-sections.

[0022] The flattube 1 for heat exchange is manufactured by integral molding by extrusion-molding an elasto-plastically
deformable material such as an aluminum alloy.

[0023] In this flat tube 1 for heat exchange, if t1/R is a value in which a thickness t1 of partition portions 4 partitioning
adjacent two of the through holes 3 has been made dimensionless by a radius R of the through holes 3 and t2/R is a
value in which an outer peripheral thickness t2 that is a thickness from a flat surface 5 of an outer periphery of the flat
tube 1 to the through holes 3 has been made dimensionless by the radius R, in a case where the internal pressure of
the through holes 3 is 10.0 to 90.0 MPa, the thickness t1 of the partition portions 4, the outer peripheral thickness t2,
and the radius R of the through holes 3 are set in such a way that the relationship of

0.28 < (t2/R)/(t1/R) <0.42 (Expression 1)

holds true (it is preferred that the relationship of 0.30 < (t2/R)/(t1/R) < 0.42 holds true).

[0024] By setting t1, t2, and R in such a way that this relational expression (expression 1) holds true, the flat tube 1
for heat exchange can ensure the targeted pressure-resisting strength (that is, the target pressure-resisting strength)
and the thickness of the flat tube 1 becomes thinnest; because of this, downsizing of the flat tube 1 for heat exchange
and a reduction in cost can be achieved.

[0025] Although it will be described in detail in Example below, when (t2/R)/(t1/R) becomes equal to or less than 0.28,
the flat tube 1 becomes unable to withstand the minimum pressure-resisting strength (10 MPa) that stands up to actual
use, and when (t2/R)/(t1/R) becomes equal to or greater than 0.42, a strength sufficient for withstanding the maximum
pressure-resisting strength (90 MPa) assumed in actual use is obtained, but as the value of (t2/R)/(t1/R) becomes larger,
the dimensions of the flat tube 1 end up becoming larger than necessary and downsizing becomes difficult. Consequently,
if the relationship is such that the relational expression (expression 1) holds true, designing a pressure-resisting strength
that stands up to actual use is possible and downsizing can be achieved.

[0026] As will be described in detail in the Examples below, the present invention is designed considering tensile
strength which greatly exceeds yield stress in aluminum materials and the like, assumes that t1, t2, and R are set in
such a way that the value of (t2/R)/(t1/R) falls around a central value of 0.35 within the range of 0.28 to 0.42, and differs
from settings that greatly deviate from this range (e.g., designs that consider only yield stress).

[0027] Further, in the case of using low-pressure refrigerant such as HFC, considering that it is necessary for the
pressure-resisting strength of the flat tube 1 to be equal to or greater than 20.0 MPa, in a case where the internal pressure
of the through holes 3 in the flat tube 1 is 20.0 to 80.0 MPa, it is preferred that the relationship of

0.30 <(12/R)/(t1/R) £0.41  (Expression 2)

holds true. Because of this, even in a case where low-pressure refrigerant such as HFC is used and the internal pressure
of the through holes 3 becomes 20.0 to 80.0 MPa, the above (expression 2) holds true, so the flat tube 1 can ensure
the target pressure-resisting strength and it becomes possible to make the thickness of the flat tube 1 thinnest.

[0028] Moreover, in the case of using high-pressure refrigerant such as carbon dioxide (CO,) considering that it is
necessary for the pressure-resisting strength of the flat tube 1 to be equal to or greater than 30.0 MPa, in a case where
the internal pressure of the through holes 3 in the flat tube 1 is 30.0 to 80.0 MPa, it is preferred that the relationship of

0.32 < (2/R)/(t1/R) <0.41  (Expression 3)

holds true. Because of this, even in a case where high-pressure refrigerant such as CO, is used and the internal pressure
of the through holes 3 becomes 30.0 to 80.0 MPa, the above (expression 3) holds true, so the flat tube 1 can ensure
the target pressure-resisting strength and it becomes possible to make the thickness of the flat tube 1 thinnest.
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Examples

[0029] FIGS. 3 to 7 show graphs in which the radius R of the through holes 3 is fixed at 0.2 mm, 0.3 mm, 0.4 mm, 0.5
mm, and 0.6 mm, isobars of pressure resistance P when t1/R is taken on the horizontal axis and t2/R is taken on the
vertical axis are numerically analyzed and found by computer simulation, and the isobars are shown. Aluminum alloy
A3003-0 is used in the analyses of the graphs shown in FIGS. 3 to 7. The material properties of aluminum alloy A3003-
O are shown in Table 1 below.

<Table 1>

Table 1. Material Properties of Aluminum Alloy A3003-O

Elastic Modulus (MPa) | Poisson’s Ratio | Yield Stress (MPa) | Tensile Strength (MPa) Elongation at Break
(%)

70000.0 0.33 40.0 110.0 29.0

[0030] Inthis way, in an elasto-plastically deformable material such as aluminum or an aluminum alloy, tensile strength
at the time when the material eventually plastically fractures after elasto-plastic deformation is much larger compared
toyield stress whichis an elastic limit, so by devising a pressure-resistant design that considers elasto-plastic deformation,
the dimensions of the flat tube 1 can be made much more compact and further thinning also becomes possible. This
technique is particularly effective for pressure-resistant designs in cases using high-pressure refrigerant such as CO,.
[0031] Moreover, when the graphs showing the isobars of FIG. 3 to FIG. 7 are superimposed on each other, the graph
of FIG. 8 is obtained. Further, FIG. 9 shows a graph in which, in order to make them easier to see, the isobars in the
graph of FIG. 8 are approximated in order to consolidate the isobars into single lines per pressure resistance P in 10
MPa intervals.

[0032] Looking at the graphs shown in FIGS. 8 and 9, it will be understood that the isobars, which have shapes in
which the relationship between t1/R and t2/R that have been made dimensionless abruptly curves on curve C1, are
regularly arranged.

[0033] Additionally, the combinations of t1/R and t2/R on curve C1 become combinations with which the thicknesses
of t1 and t2 can be made smallest.

[0034] Consequently, by using the graphs in FIGS. 8 and 9, optimum combinations of t1/R and t2/R at a given pressure
resistance P can be easily obtained.

[0035] Here, P, t1/R, t2/R, and the relationships of (t2/R)/(t1/R) found from these in a case where the thicknesses of
t1 and t2 can be made smallest are summarized in Table 2.

<Table 2>

Table 2. P, t1/R, t2/R, and Relationships of (t2/R)/(t1/R) in Case Using Aluminum Alloy A3003-O

Pressure Resistance P (MPa) t1/R t2/R (t2/R)/(t11/R)
10.0 0.26 0.08 0.308
20.0 0.47 0.15 0.319
30.0 0.68 0.23 0.338
40.0 0.94 0.32 0.341
50.0 1.24 0.43 0.347
60.0 1.62 0.58 0.358
70.0 2.02 0.75 0.371
80.0 2.47 0.96 0.389
90.0 297 1.24 0.418

[0036] Looking at Table 2, it is confirmed that (t2/R)/(t1/R) where the pressure resistance P that stands up to actual
use conforms to the range of 10.0 to 90.0 MPa is in a range greater than 0.28 (preferably equal to or greater than 0.30)
and smallerthan 0.42—that s, arange that satisfies the above relational expression (expression 1). Further, itis confirmed
that (t2/R)/(t1/R) where the pressure resistance P conforms to the range of 20.0 to 80.0 MPa is in a range equal to or
greater than 0.30 and equal to or less than 0.41—that is, a range that satisfies the above relational expression (expression
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2). Further, it is confirmed that (t2/R)/(t1/R) where the pressure resistance P conforms to the range of 30.0 to 80.0 MPa
is in a range equal to or greater than 0.32 and equal to or less than 0.41—that is, a range that satisfies the above
relational expression (expression 3).

[0037] Further, using Table 3 below, for example, in a case where the target pressure resistance is 70 MPa or 80
MPa, the optimum thicknesses of t1 and t2 when the diameter (2R) of the through holes 3 is 0.9, 1.0, 1.1, and 1.2 mm
can be quickly found.

<Table 3>

Partition Portion Thickness | Diameter of Through Holes (mm)

Pressure Resistance P (MPa)

Outer Peripheral Thickness 0.9 1.0 1.1 1.2

70 t1 0.9 1.0 1.1 1.2
t2 0.36 04 044 | 0.48

80 t1 1125 | 1.25 | 1.375 1.5
t2 0.45 0.5 0.55 0.6

[0038] Further, the present inventors performed the same analysis as that of aluminum alloy A3003-O also in regard
to another aluminum alloy A1050-O other than aluminum alloy A3003-O (that is, in which the radius R of the through
holes 3 is fixed at 0.2 mm, 0.3 mm, 0.4 mm, 0.5 mm, and 0.6 mm, and isobars of pressure resistance P when t1/R is
taken on the horizontal axis and t2/R is taken on the vertical axis are numerically analyzed and found by computer
simulation). The material properties of aluminum alloy A1050-O are shown in Table 4 below.

<Table 4>

Table 4. Material Properties of Aluminum Alloy A1050-O

Elastic Modulus (MPa) | Poisson’s Ratio | Yield Stress (MPa) | Tensile Strength (MPa) Elongation at Break
(%)

70000.0 0.33 30.0 70.0 35.0

[0039] FIG. 10 shows analysis results in a case where the same analysis as that of aluminum alloy A3003-O is
performed using aluminum alloy A1050-O. FIG. 10 corresponds to FIG. 9 and shows analysis results of aluminum alloy
A1050-0.

[0040] In the case using aluminum alloy A1050-O also, like in the case using A3003-O, the combinations of t1/R and
t2/R when they are on curve C2 become combinations with which the thicknesses of t1 and t2 can be made smallest.
P, 11/R, t2/R, and the relationships of (t2/R)/(t1/R) found from these in a case where the thicknesses of t1 and t2 can be
made smallest in a case using aluminum alloy A1050-O are summarized in Table 5 below.

<Table 5>

Table 5. P, t1/R, t2/R, and Relationships of (t2/R)/(t1/R) in Case Using Aluminum Alloy A1050-O

Pressure Resistance P (MPa) t1/R t2/R (t2/R)/(t1/R)
10.0 0.33 0.10 0.303
20.0 0.80 0.25 0.313
30.0 1.30 0.42 0.323
40.0 1.95 0.65 0.333
50.0 2.75 0.95 0.345
60.0 3.76 1.37 0.364
70.0 5.00 1.92 0.384
80.0 6.70 2.70 0.403
90.0 8.90 3.70 0.416
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[0041] As described above, even in a case using a different aluminum alloy, it is confirmed that (t2/R)/(t1/R) where
the pressure resistance P that stands up to actual use conforms to the range of 10.0 to 90.0 MPa is in a range greater
than 0.28 (preferably equal to or greater than 0.30) and smaller than 0.42—that is, a range that satisfies the above
relational expression (expression 1). Further, even in a case using a different aluminum alloy, it is confirmed that (t2/R)
/(t1/R) where the pressure resistance P conforms to the range of 20.0 to 80.0 MPa is in a range equal to or greater than
0.30 and equal to or less than 0.41—that is, a range that satisfies the above relational expression (expression 2). Further,
even in a case using a different aluminum alloy, itis confirmed that (t2/R)/(t1/R) where the pressure resistance P conforms
to the range of 30.0 to 80.0 MPa is in a range equal to or greater than 0.32 and equal to or less than 0.41—that is, a
range that satisfies the above relational expression (expression 3).

<Characteristics of Embodiment>

(1)

[0042] The flat tube 1 for heat exchange of the embodiment is a flat tube for heat exchange in which plural through
holes 3 with circular cross-sections through which refrigerant passes are arranged in one row, wherein if t1/R is a value
in which a thickness t1 of partition portions 4 partitioning adjacent two of the through holes 3 has been made dimensionless
by a radius R of the through holes 3 and t2/R is a value in which an outer peripheral thickness t2 that is a thickness from
a flat surface of an outer periphery of the flat tube 1 to the through holes 3 has been made dimensionless by the radius
R, in a case where the internal pressure of the through holes 3 is 10.0 to 90.0 MPa, the thickness t1 of the partition
portions 4, the outer peripheral thickness t2, and the radius R of the through holes 3 are set in such a way that the
relationship of

0.28 < (12/R)/(11/R) < 0.42  (Expression 1)

holds true.

[0043] The relational expression (expression 1) holds true, so the flat tube 1 for heat exchange can ensure the target
pressure-resisting strength and the thickness of the flat tube 1 becomes thinnest; because of this, downsizing of the flat
tube 1 for heat exchange and a significant reduction in its manufacturing cost can be achieved.

)

[0044] Moreover, as shown in FIGS. 8 and 9, the above relational expression (expression 1) makes t1 and t2 dimen-
sionless by the radius R of the through holes 3 with circular cross-sections, so specific values of t1 and t2 can be easily
calculated in cases where the radius R is different.

©)
[0045] Further, in a case where the internal pressure of the through holes 3 in the flat tube 1 is 20.0 to 80.0 MPa, by

ensuring that the relationship of

0.30 <(2/R)/(t1/R)<0.41  (Expression 2)

holds true, even in a case where low-pressure refrigerant such as HFC is used and the internal pressure of the through
holes 3 becomes 20.0 to 80.0 MPa, the above (expression 2) holds true, so the flat tube 1 can ensure the target pressure-
resisting strength and it becomes possible to make the thickness of the flat tube 1 thinnest.

“4)

[0046] Moreover, in a case where the internal pressure of the through holes 3 in the flat tube 1 is 30.0 to 80.0 MPa,
by ensuring that the relationship of

032 <(2/RY(11/R)<0.41  (Expression 3)
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holds true, even in a case where high-pressure refrigerant such as CO, is used and the internal pressure of the through
holes 3 becomes 30.0 to 80.0 MPa, the above (expression 3) holds true, so the flat tube 1 can ensure the target pressure-
resisting strength and it becomes possible to make the thickness of the flat tube 1 thinnest.

®)

[0047] The flat tube 1 for heat exchange of the embodiment is manufactured from an elasto-plastically deformable
material such as an aluminum alloy, so the target pressure-resisting strength can be ensured more reliably and the
thickness of the flat tube becomes thinnest, so downsizing and a reduction in cost can be achieved.

(6)

[0048] As described above, in an elasto-plastically deformable material such as an aluminum alloy, tensile strength
at the time when the material eventually plastically fractures after elasto-plastic deformation is much larger compared
toyield stress which is an elastic limit, so by devising a pressure-resistant design that considers elasto-plastic deformation
like the flat tube 1 of the present embodiment, the dimensions of the flat tube 1 can be made much more compact and
further thinning also becomes possible. This technique is particularly effective for pressure-resistant designs in cases
using high-pressure refrigerant such as CO.,.

<Modification>

[0049] An example where the flat tube 1 for heat exchange of the embodiment is manufactured by extrusion-molding
an aluminum alloy has been described, but the present invention is not limited to this, it suffices for the material to be
an elasto-plastically deformable material, and in addition to aluminum and aluminum alloys, the present invention is
widely applicable to materials ranging from metals such as copper and iron to resins.

INDUSTRIAL APPLICABILITY

[0050] The present invention can be applied to a variety of flat tubes for heat exchange equipped with plural through
holes.

REFERENCE SIGNS LIST
[0051]

1  Flat Tube for Heat Exchange
3 Through Holes

4  Partition Portions

CITATION LIST

<Patent Literature>

[0052]

Patent Citation 1: JP-A No. 10-132424

Claims

1. Aflattube (1) for heat exchange in which plural through holes (3) with circular cross-sections through which refrigerant
passes are arranged in one row, wherein
if t1/R is a value in which a thickness t1 of partition portions (4) partitioning adjacent two of the through holes (3)
has been made dimensionless by a radius R of the through holes (3) and t2/R is a value in which an outer peripheral
thickness t2 that is a thickness from a flat surface of an outer periphery of the flat tube (1) to the through holes (3)
has been made dimensionless by the radius R,
in a case where the internal pressure of the through holes (3) is 10.0 to 90.0 MPa, the relationship of
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0.28 < (©2/R)/(tI/R) <0.42  (Expression 1)

holds true.

The flat tube (1) for heat exchange according to claim 1, wherein in a case where the internal pressure of the through
holes (3) is 20.0 to 80.0 MPa, the relationship of

0.30 < (122/R)/(t1/R) £0.41  (Expression 2)

holds true.

The flat tube (1) for heat exchange according to claim 1 or 2, wherein in a case where the internal pressure of the
through holes (3) is 30.0 to 80.0 MPa, the relationship of

0.32 < (22/RY/(t1/R) <041  (Expression 3}

holds true.

The flat tube (1) for heat exchange according to any of claims 1 to 3, wherein the flat tube is manufactured from an
elasto-plastically deformable material.
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