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(54) HEAT EXCHANGER

(57)  Afin(2) has a U-form cutaway portion (21a) into
which a flat tube (1) is fitted and a fin collar (22) standing
inclined from an edge portion of the cutaway portion
(21a), and an opened end width W2 of the cutaway por-
tion (21a) is formed to be larger than an outer width W1
of the flat tube (1).

Also, the fin collar (22) has a fin collar inclined face
portion (22a) standing inclined with respect to a fin flat
face from the edge portion of the cutaway portion (21a),
and a fin collar end face portion (22b) bent from an end
portion of the fin collar inclined face portion (22a) and in
surface contact with an outer face of the flat tube (1).
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Description
Technical Field

[0001] The present invention relates to a fin-and-tube
heat exchanger in which a flat tube is used.

Background Art

[0002] An existing fin-and-tube heat exchanger in
which a flat tube is used is manufactured using a manu-
facturing device such that a position of a flat tube is reg-
ulated by the flat tube being fitted between restraining
pins, fins are held in a mounting drum that carries out a
rotary movement, and the fins are sequentially mounted
in the flat tube while the mounting drum is rotated (for
example, refer to Patent Document 1).

Citation List
Patent Literature
[0003] Patent Document 1: JP-A-2013-59847

Summary of the Invention

Technical Problem

[0004] The heat exchanger disclosed in Patent Docu-
ment 1 is such that a force is exerted whereby the flat
tube attempts to push apart a closed end portion of a U-
form cutaway portion for fitting the fin into the flat tube.
Because of this, there is a problem in that when the re-
straining pins regulating the position of the flat tube are
removed, the fin becomes deformed, and warping occurs
in a step direction of the flat tube, of which a multiple are
disposed.

[0005] Further, when warping in the step direction of
the flat tube increases at a manufacturing stage of mount-
ing the fin in the flat tube, there is a case in which the fin
can no longer be inserted into the flat tube. When the
heat exchanger manufacturing device is operated in a
state in which the fin cannot be inserted into the flat tube,
there is concern that a problem such as a fin mounting
plate and the flat tube colliding will occur, and the man-
ufacturing device will stop due to damage.

[0006] The invention, having been contrived in order
to resolve the heretofore described kind of problem, has
an object of employing a cutaway portion form such that
a force that attempts to push apart a closed end of a fin
cutaway portion when fitting the fin into a flat tube can
be restricted, reducing warping in a step direction of the
flat tube, and preventing damage to the flat tube and a
fin mounting plate.

Solution to the Problem

[0007] A heat exchanger according to the invention in-
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cludes a multiple of a flat tube that forms a passage of a
heat conducting medium and whose cross-section is of
a flat form, and a multiple of a fin, fixed to the flat tube,
whose main flat face is perpendicular to a passage di-
rection of the flat tube, and which is disposed at intervals
in the passage direction, wherein the fin has a cutaway
portion into which the flat tube is fitted and a fin collar
standing erect from an edge portion of the cutaway por-
tion, an opened end of the cutaway portion is larger than
an outer width of the flat tube, and the fin collar has a fin
collar inclined face portion standing inclined with respect
to a fin flat face from the edge portion of the cutaway
portion, and a fin collar end face portion bent from an end
portion of the fin collar inclined face portion and in surface
contact with an outer face of the flat tube.

Advantageous Effects of the Invention

[0008] According to the heat exchanger of the inven-
tion, an opened end of a cutaway portion is larger than
an outer width of a flat tube, because of which deforma-
tion of a fin when fitting the fin on the flat tube can be
restricted, and as a fin collar end face portion of a fin
collar is in surface contact with an outer face of the flat
tube, the fin and the flat tube can be fixed, and thermal
conductivity between the two can be secured.

Brief Description of the Drawings

[0009]

FIG. 1 is a perspective view of a heat exchanger of
the invention.

FIG. 2 is a perspective view showing a form of a
cutaway portion of a fin of a heat exchanger of a first
embodiment of the invention.

FIG. 3is aschematic configuration diagram of aman-
ufacturing device of the heat exchanger of the inven-
tion.

FIG. 4 is a perspective view showing a flat tube re-
straining portion used in manufacturing the heat ex-
changer of the invention.

FIG. 5 is a side sectional view showing assembly of
the fin on the flat tube of the heat exchanger of the
first embodiment of the invention.

FIG. 6A and FIG. 6B are sectional views showing a
form of a cutaway portion of the fin of the heat ex-
changer of the first embodiment of the invention.
FIG. 7A and FIG. 7B are diagrams showing a form
of a cutaway portion of the fin of the heat exchanger
according to a second embodiment of the invention,
wherein FIG. 7A is a perspective view, and FIG. 7B
is a side sectional view showing assembly of the fin
on the flat tube.

FIG. 8 is a side sectional view showing assembly of
the fin on the flat tube of the heat exchanger of a
third embodiment of the invention.

FIG. 9 is a reference perspective view showing a fin
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cutaway portion form necessary for a description of
the invention.

FIG. 10 is a reference perspective view showing fin
warping necessary for a description of the invention.
FIG. 11A, FIG. 11B, and FIG. 11C are perspective
views showing a form of a cutaway portion of the fin
of the heat exchanger according to a fourth embod-
iment of the invention.

Description of Embodiments

First Embodiment

[0010] A heat exchanger of a first embodiment of the
invention will be described, using FIG. 1 to FIG. 6.
[0011] FIG. 1is a perspective view showing a heat ex-
changer 100, manufactured using a manufacturing meth-
od and a manufacturing device to which the invention is
applied, and in which a flat tube 1 whose cross-section
is formed to be flatis used. In FIG. 1, the heat exchanger
100 is a fin-and-tube heat exchanger in which the flat
tube 1 is used, is formed of the flat tube 1 and a fin 2,
and is in a state wherein the flat tube 1 is fitted into a
cutaway portion 21a provided in the fin 2, and the flat
tube 1 and the fin 2 are joined together in this fitting por-
tion.

[0012] The fin 2 is of a flat plate form, and a multiple
thereof are mounted in parallel at constant intervals in a
longitudinal direction of the flat tube 1, that is, a passage
direction of a heat conducting medium. The flat tube 1 is
such that a cross-section perpendicular to the passage
direction is of a flat form, a multiple thereof are disposed
in parallel with outer peripheral planes (outer faces) of
neighboring flat tubes 1 opposing each other, and a fluid
forming a heat conducting medium, such as water or a
refrigerant, flows through an interior of each flat tube 1.
[0013] FIG. 2 is a perspective view showing a form of
the cutaway portion 21a of the fin 2 configuring the heat
exchanger 100 of the invention. A multiple of the cutaway
portion 21a are provided at predetermined intervals along
an edge in a longitudinal direction of the fin 2, but one
cutaway portion 21a is formed so as to form a slit of a
width (an opened end width W2) greater than a width (an
outer width W1) of the flat tube 1, as shown in FIG. 2.
[0014] An opened form of the cutaway portion 21a is
a U-form, and in a state in which the fin 2 and the flat
tube 1 are fitted, one semi-circular end portion of the flat
tube 1 is fitted into a semi-circular portion (an R portion)
forming a closed end of the cutaway portion 21a.
[0015] Also, a slit (not shown) is formed in each of flat
portions 2a segregated by the cutaway portion 21a.
[0016] Further, a fin collar 22 for joining the flat tube 1
and the fin 2 closely is formed standing erect along an
edge portion of each cutaway portion 21a on the same
surface side of the fin 2.

[0017] The fin collar 22 and the slit (not shown) are
formed protruding in the same direction with respect to
the surface of the fin 2.
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[0018] In this way, the fin 2 of the first embodiment of
the invention has the cutaway portion 21a in which the
flat tube 1 is fitted, and the fin collar 22 standing erect
from the edge portion of the cutaway portion 21a toward
the outer face of the flat tube 1, and the opened end width
W2 of the cutaway portion 21a is offset so as to extend
from the semi-circular portion of the closed end of the
cutaway portion 21a, in order to be greater than the outer
width W1 of the flat tube 1.

[0019] The fin collar 22 has a fin collar inclined face
portion 22a standing inclined with respect to a fin plane
from the edge portion of the cutaway portion 21a, and a
fin collar end face portion 22b bending from an end por-
tion of the fin collar inclined face portion 22a and in sur-
face contact with the outer face of the flat tube 1.
[0020] Because of this, an edge portion of the fin collar
22 of the fin 2 is not in a state of being in contact with the
outer face of the flat tube 1, even when in a state of being
fitted with the flat tube 1.

[0021] Fixing of the flat tube 1 and the fin 2 is carried
out by joining the outer face of the flat tube 1 and the fin
collar end face portion 22b of the fin 2, and thermal con-
ductivity can be secured by the two being in surface con-
tact.

[0022] Herein, the fin collar inclined face portion 22a
of the fin 2is formed in a state extending from two parallel
linear edge portions extending from the opened end to
the closed end of the U-form cutaway portion 21a, and
standing erect opposing the outer face of the flat tube 1
at an angle of less than 90° with respect to the flat portion
2a of the fin 2. At this time, as shown in FIG. 2, an angle
formed by an extended face of the flat portion 2a of the
fin 2 and a lower face of the fin collar inclined face portion
22ais less than 90°. From another point of view, an angle
formed by an upper face of the flat portion 2a of the fin
2 and an upper face of the fin collar inclined face portion
22a is an angle greater than 90° (an obtuse angle).
[0023] Also, as previously described, a fluid such as
water or arefrigerant is caused to flow through the interior
of the flat tube 1, but owing to the cross-section being of
a flat form, an amount of the fluid such as water or a
refrigerant can be increased without causing an increase
in ventilation resistance in comparison with a circular
tube. Because of this, performance as the heat exchang-
er 100 can be improved. That is, when compared as hav-
ing the same performance, the heat exchanger 100 in
which the flat tube 1 is used has an advantage in that
size can be reduced in comparison with an existing heat
exchanger in which a circular tube is used.

[0024] As shownin FIG. 1, the fin 2 is disposed strad-
dling the multiple of flat tubes 1 disposed in parallel, with
a main flat face perpendicular to the passage direction
of the flat tube 1, at intervals in the passage direction,
and by the flat tube 1 being individually mounted in each
cutaway portion 21a, the fin 2 is mounted on the outer
peripheral faces and the outer faces of the multiple of flat
tubes 1. A direction in which the flat tubes 1 are arrayed,
perpendicular to the passage direction of the flat tube 1,
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is taken to be a step direction of the flat tube 1.

[0025] As shown in FIG. 1, the step direction in which
the multiple of flat tubes 1 are disposed in parallel and
the direction in which the multiple of cutaway portions
21a of the fin 2 are disposed are the same, and it goes
without saying that pitches at which the flat tubes 1 and
the cutaway portions 21a are disposed in the heretofore
described direction are the same.

[0026] Further, as shown in FIG. 1, a multiple of fins 2
formed in the same form are mounted at predetermined
intervals on the outer peripheral faces of the multiple of
flat tubes 1, and in a state in which the heat exchanger
100 is operating, the atmosphere is cooled by the fluid
flowing inside each flat tube 1 absorbing heat from the
atmosphere via the flat tube 1 and the multiple of fins 2,
and conversely, the atmosphere is warmed by the fluid
radiating heat.

[0027] FIG. 3 is a schematic view showing the manu-
facturing device of the heat exchanger 100 to which the
invention is applied. A method of manufacturing the heat
exchanger 100 using the manufacturing device of FIG.
3 is a method whereby the multiple of fins 2 are mounted
at predetermined intervals in the passage direction
(length direction) of the flat tube 1 on the outer peripheral
face of the flat tube 1, through whose interior the fluid
forming the heat conducting medium is caused to flow,
and includes a movement function of relatively moving
the fin 2 to be mounted on the flat tube 1 and the flat tube
1 in the length direction of the flat tube 1, a fin mounting
function of mounting the fins 2 one-by-one on the flat
tube 1, and a flat tube restraining function for fixing the
position in a width direction of the flat tube 1 when exe-
cuting fin mounting using the fin mounting function.
[0028] Manufacture of the heat exchanger 100 is such
that before assembling the fin 2, a number of the flat
tubes 1 set in accordance with a required cooling and
heating performance are disposed in parallel at prede-
termined intervals. Further, the fin-and-tube is manufac-
tured by all of the multiple of flat tubes 1 disposed in
parallel being restrained using the flat tube restraining
function, and a necessary number of fins 2 being mount-
ed at predetermined intervals on the restrained flat tubes
1 using the fin mounting function.

[0029] The fin mounting function will be described in
detail using FIG. 3. A drum 122 configuring the manu-
facturing device rotates at a predetermined speed around
an axis center X in a direction of an arrow A, that is, in a
clockwise direction in FIG. 3. A most appropriate source,
such as a servo motor, is selected as a rotational drive
source. A multiple (eightin FIG. 3) of fin mounting plates
121 disposed at predetermined intervals in a circumfer-
ential direction of the drum 122 are provided in a periph-
eral edge portion of the drum 122. Each of the fin mount-
ing plates 121 carries out a circular movement centered
on the axis X in accompaniment to the rotation of the
drum 122.

[0030] The drum 122 repeatedly pauses operation
every one-eighth of a rotation, that is, at a pitch of 45°.
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At this time, a most appropriate value is selected as the
rotation speed. The fin mounting plate 121 that, for ex-
ample, reaches an uppermost portion forming an apex
portion of the drum 122 in accompaniment to the rotation
of the drum 122 receives and holds one fin 2 supplied
from a separate mechanism (not shown). For example,
vacuum suctioning that suctions the fin 2 utilizing an in-
take of air is employed for the holding of the fin 2 by the
fin mounting plate 121.

[0031] The fin mounting plate 121 holding the fin 2 ro-
tates in the direction of the arrow A around the axis X,
and stops in a position perpendicular with respect to the
flat tube 1 in a lower portion of (directly below) the drum
122, owing to the drum 122 performing one-half of a ro-
tation.

[0032] Subsequently, by the fin 2 held by vacuum suc-
tioning being released from the fin mounting plate 121
by vacuum breaking, the fin 2 can be mounted on the
outer peripheral face of the flat tube 1.

[0033] Next, the fin mounting plate 121 that releases
the fin 2 rotates owing to the drum 122 rotating further,
but it is necessary here that the fin mounting plate 121
operates so as not to interfere with the fin 2 mounted on
the flat tube 1. For the purpose of this operation, a cam
follower 124 is attached to the fin mounting plate 121.
Furthermore, a cam (not shown) is disposed in a rota-
tional center portion of the drum 122. By the cam follower
124 following the cam in accompaniment to the drum 122
rotating, the position of the fin mounting plate 121 is con-
trolled, and a configuration such that the fin mounting
plate 121 does not interfere with the fin 2 can be adopted.
[0034] Next, the movement function of the flat tube 1
will be described in detail. A kind of flat tube restraining
portion 300 shown in FIG. 4 is used to hold the multiple
of flat tubes 1. FIG. 4 is a perspective view showing the
flat tube restraining portion 300 having the flat tube re-
straining function, which is one portion of the manufac-
turing device of the heat exchanger 100 to which the in-
vention is applied. A base plate 302 forms a base of the
flat tube restraining portion 300, and the flat tube 1 is held
between restraining pins 301 erected on the base plate
302 so that a major axial direction of the cross-section
of the flat tube 1 is vertical.

[0035] Further, the flat tube restraining portion 300 is
moved a predetermined distance in a direction of an ar-
row B at a predetermined speed in order to move a po-
sition on the flat tube 1 in which the fin 2 is to be mounted
with respect to a fin mounting position directly below the
direction of rotation of the drum 122 as shown in FIG. 3.
[0036] A mostappropriate source, such as a servo mo-
tor, is selected as a drive source of the flat tube restraining
portion 300. Further, as the distance of movement in the
B direction changes depending on product specifica-
tions, a most appropriate value is selected together with
movement speed, and can easily be changed on an op-
erating panel with which the device is operated. It goes
without saying that the flat tube 1 may be fixed, and the
drum 122 moved in a direction opposite to that of the
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arrow B.

[0037] InFIG. 4, the flat tube restraining portion 300 is
configured of a multiple of the restraining pins 301, and
the base plate 302, in which are provided holes (not
shown in the drawing) for fixing the restraining pins 301
at equal pitches. The multiple of restraining pins 301 are
fixed by one portion thereof being mounted in holes pro-
vided in rows in each of one side portion and another
side portion of a surface of the base plate 302. Two each
of the restraining pins 301 neighboring in the one side
portion and the other side portion of the surface of the
base plate 302 regulate a horizontal direction position of
the flat tube 1 on the surface of the base plate 302.
[0038] Because of this, the multiple of flat tubes 1 are
arranged at equal pitches in the width direction of the flat
tube 1. The flat tube restraining function is such that,
while the heretofore described kind of fin mounting op-
eration is being carried out, movement is carried out by
the movement function while the flat tube 1 is constantly
restrained (in contact). That is, the restraining pin 301
and the flat tube 1 are in a state of being in contact. There-
fore, a material with excellent abrasion resistance is se-
lected for the restraining pin 301.

[0039] The flat tube restraining portion 300 shown in
FIG. 4 is such that an interval between restraining pins
301 positioned on either side of one flat tube 1 is set to
be slightly wider than the width of the flat tube 1, and
attachment to and detachment from the multiple of flat
tubes 1 of the flat tube restraining portion 300, and move-
ment thereof, is easily carried out.

[0040] Herein, a case in which the restraining pins 301
are disposed in two rows, and the pins positioned on
either side of the multiple of flat tubes 1 are set so as to
be in the same row, is shown in the example of FIG. 4,
but the restraining pins 301 may also be arrayed in three
or more rows so as to lock three or more places in the
passage direction of the flat tube 1. Also, rather than the
restraining pins positioned on either side of the multiple
of flat tubes 1 forming one row, the restraining pins can
also be arrayed in, for example, a zigzag so as to form
a staggered form. Also, an article such as a bearing,
which rotates in the direction in which the flat tube 1 op-
erates owing to the movement function, may be chosen
and used instead of the restraining pin 301.

[0041] Afterthe fin 2 has been mounted on the flat tube
1 by the manufacturing device of FIG. 3, the flat tube 1
moves a predetermined distance owing to the movement
function, and the next fin 2 is mounted on the flat tube 1
using the fin mounting function again. By this cycle (the
cycle of the fin 2 being mounted on the flat tube 1 and
the flat tube 1 being moved) being carried out continu-
ously a predetermined number of times, the heat ex-
changer 100 wherein the multiple of fins 2 are mounted
at, for example, equal intervals on the flat tube 1 can be
manufactured.

[0042] Next, FIG. 5 shows a side sectional view of the
heat exchanger 100 before the fin 2 is mounted on the
flattube 1, and after mounting the fin 2. FIG. 5is adiagram

10

15

20

25

30

35

40

45

50

55

showing the assembly of the fin 2 on the flat tube 1 of
the heat exchanger 100. Before the fin mounting, the fin
2 is such that the edge portion of the cutaway portion 21a
is not of a structure to be pressed against the outer face
of the flat tube 1, as shown in an upper view of FIG. 5.
[0043] Because of this, even when the fin 2 is mounted
on the flat tube 1, a force that attempts to push apart the
closed end of the cutaway portion 21a of the fin 2, as
shown in a lower view of FIG. 5, is unlikely to be exerted.
Because of this, warping in the longitudinal direction of
the fin 2, and inclination of the flat tube 1 caused by the
warping, are unlikely to occur in the heat exchanger 100.
[0044] Consequently, even when retracting the flat
tube restraining portion 300, and removing the flat tube
restraining portion 300 from the heat exchanger 100 be-
ing manufactured, in a step of sequentially mounting the
fins 2 on the flat tube 1 in the manufacturing process of
the heat exchanger 100, the fin mounting plate 121 and
the flat tube 1 no longer interfere, because of which the
fin 2 can be mounted as far as a fin mounting terminus
portion of the flat tube 1, thereby completing the heat
exchanger 100.

[0045] Next, using FIG. 6A and FIG. 6B, a modified
example of the cutaway portion 21a of the fin 2 will be
described. FIG. 6A and FIG. 6B are sectional views of
the fin 2 in the passage direction of the flat tube 1 and a
width direction of the opened end of the cutaway portion
21a.

[0046] As heretofore described, the fin collar 22 in-
cludes the fin collar inclined face portion 22a, but the fin
collarinclined face portion 22a can be a fin collar inclined
face portion 22aa formed of a flat face, as shown in FIG.
6A, and other than this, can also be a fin collar inclined
face portion 22ab formed of a curved face, as shown in
FIG. 6B. The fin collar inclined face portion 22ab of the
curved face form of FIG. 6B is such that a direction of
protrusion is the cutaway portion 21a side, but it goes
without saying that the form can be changed and used,
such as by adopting a curved face form that protrudes
on the opposite side.

[0047] As shownin FIG. 6A and FIG. 6B, the fin collar
inclined face portions 22aa and 22ab are formed bent at
an angle of less than 90° with respect to the extended
face of the flat portion 2a of the fin 2 from the edge portion
of the cutaway portion 21a, and end portions of the fin
collarinclined face portions 22aa and 22ab are in surface
contact with the outer face of the flat tube 1.

[0048] Further, the fin collar end face portion 22b is
formed, bent further, in the end portions of the fin collar
inclined face portions 22aa and 22ab, and a flat face of
the fin collar end face portion 22b is in a state of being
in surface contact with the outer face of the flat tube 1.
Therefore, a state wherein the fin collar end face portion
22b is joined with the flat tube 1 over a sufficient area
can be obtained, whereby a heat exchanging perform-
ance of the heat exchanger 100 can be improved.
[0049] Herein,aperspective view of afin 200 thatforms
a comparative example is shown in FIG. 9 for a compar-
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ison with the first embodiment of the invention. As shown
in FIG. 9, a narrow cutaway portion 210 whose opened
end is of a width smaller than an outer width of the flat
tube 1 is provided in the fin 200 that forms the compar-
ative example.

[0050] Thefin200issuchthatawidth W3 ofthe opened
end of the narrow cutaway portion 210 is formed to be
slightly smaller than the width W1 of the flat tube 1, and
furthermore, a fin collar 220 is formed so as to stand erect
perpendicular to a flat face portion 200a from an edge
portion of the narrow cutaway portion 210, because of
which positional deviation when the fin 2 is assembled
on the flat tube 1 can be restricted.

[0051] Next, FIG. 10 shows a sectional view of a case
in which the fin 200 of FIG. 9 is mounted on the flat tube
1. As shown in an upper view of FIG. 10, no deformation
such as warping is apparent at a stage before the fin 200
is mounted on the flat tube 1.

[0052] As shown in a middle view of FIG. 10, when the
fin 200 is fitted on the flat tube 1, the edge portion of the
narrow cutaway portion 210 presses the outer face of the
flat tube 1, and a force that attempts to push apart a
closed end of the narrow cutaway portion 210 is exerted,
but as a state is such that the flat tube 1 is held in the
unshown flat tube restraining portion 300, the force is
restricted by the restraining pin 301, and no deformation
is apparent in the fin 200 at this stage.

[0053] However, at a stage at which the flat tube 1 is
removed from the flat tube restraining portion 300, the
width of the opened end of the narrow cutaway portion
210 increases, and warping occurs in a longitudinal di-
rection of the fin 200, as shown in a lower view of FIG. 10.
[0054] Theforce thatattemptsto push apartthe narrow
cutaway portion 210 acts more strongly the nearer the
outer side of the heat exchanger 100, as there is nothing
to counteract the force, the nearer the flat tube 1 is to the
outer side, the more the flat tube 1 inclines, and a change
occurs in the parallel disposition of the flat tubes 1.
[0055] The comparative example shown in FIG. 9 and
FIG. 10 is such that after the fin mounting, unnecessary
stress caused by the form of the narrow cutaway portion
210 is generated between the fitted flat tube 1 and fin
200, but the heat exchanger 100 according to the first
embodiment of the invention is such that the opened end
width W2 of the form of the cutaway portion 21a is set to
be greater than the width W1 of the flat tube 1, whereby
a generation of unnecessary stress is restricted, and
manufacturing performance can be improved.

[0056] Furthermore, the heat exchanger 100 accord-
ing to the first embodiment of the invention is of a con-
figuration such that the flat face of the fin collar end face
portion 22b and the outer face of the flat tube 1 are pro-
vided so as to be parallel, and these faces are in surface
contact with each other, because of which the two can
be fixed and thermal conductivity can be secured.
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Second Embodiment

[0057] FIG.7AandFIG. 7B are schematic views show-
ing the heat exchanger 100 according to a second em-
bodiment of the invention, wherein FIG. 7A is a perspec-
tive view showing a form of a cutaway portion 21b of the
fin 2, and FIG. 7B is a side sectional view showing a state
of assembling the fin 2 on the flat tube 1.

[0058] A casein whichthe width W2 of the opened end
of the cutaway portion 21a is greater than the width W1
of the closed end, and the two linear edge portions of the
cutaway portion 21a, which is of a U-form, are parallel,
is shown as an example in the first embodiment, but the
cutaway portion 21b of the fin 2 according to the second
embodiment, as shown in FIG. 7A, is such that the width
W2 of an opened end of the cutaway portion 21b is great-
er than the width W1 of a closed end equivalent to a
diameter of a U-form semi-circular form, and two linear
edge portions of the cutaway portion 21b are positioned
one each on non-parallel lines that connect the opened
end and the closed end. An aperture width of the cutaway
portion 21b is in a state of being formed to be greater the
nearer to the opened end, and smaller the nearer to the
closed end.

[0059] Also, as the aperture of the cutaway portion 21b
is formed to be greater the nearer to the opened end, as
shown in FIG. 7A, a distance between the edge portion
of the cutaway portion 21b and the outer face of the flat
tube 1 is also greater the nearer to the opened end. Be-
cause of this, a form of a fin collar 23 also changes in
accompaniment to this, and is such that an upright width
of afin collar inclined face portion 23a is greater the near-
er to the opened end of the cutaway portion 21b, and the
upright width of the fin collar inclined face portion 23a is
smaller the nearer to the closed end of the cutaway por-
tion 21b.

[0060] Forming a fin collar end face portion 23b bent
from an end portion of the fin collar inclined face portion
23a is the same as forming the fin collar end face portion
22b of the first embodiment.

[0061] With regard to the size of the upright width of
the fin collar inclined face portion 23a, however, an ex-
ample such that the upright width is greater the nearer
to the opened end of the cutaway portion 21b, and smaller
the nearer to the closed end, is shown in FIG. 7A, but an
upright dimension (width) of the fin collar end face portion
23b can be regulated so as to be the same dimension,
regardless of the depth of the cutaway portion 21b, at a
stage of manufacturing the fin 2 using press molding.
Also, as a modified example of the fin collar end face
portion 23b, it goes without saying that joint area can be
earned by the dimension (width) nearer the closed end
of the cutaway portion 21b being increased.

[0062] As heretofore described, the form of the cuta-
way portion 21b of the fin 2 need not necessarily be of
the kind of constant width (W2) shown in FIG. 2, but may
be the kind of form shown in FIG. 7A wherein the opened
end width W2 is greater than the width W1 of the flat tube
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1, and by adopting this kind of form, a generation of a
force that attempts to push apart the closed end side of
the cutaway portion 21b when mounting the fin 2 can be
restricted, and the same advantages as in the first em-
bodiment can be obtained. Also, a load exerted when the
fin 2 is mounted on the flat tube 1 can be reduced.
[0063] Further, a state wherein the flat tube 1 and the
fin 2 are joined with no gap is obtained in a position near
the closed end of the cutaway portion 21b, whereby good
contact between the flat tube 1 and the fin collar 23 after
the fin 2 is mounted on the flat tube 1 can be secured.

Third Embodiment

[0064] FIG. 8 is a schematic view showing the heat
exchanger 100 according to a third embodiment of the
invention, and is a side sectional view showing a state
of assembling the fin 2 on the flat tube 1 when cutaway
portions of a multiple of forms are used in combination
in one fin 2.

[0065] An example wherein the multiple of cutaway
portions 21a or 21b formed in the fin 2 are all of the same
form is shown in the first embodiment or the second em-
bodiment. However, a multiple of cutaway portions
formed in one fin 2 need not all be of the same form.
Cutaway portions of differing forms can be used in com-
bination.

[0066] For example, the fin 2 formed employing two
kinds of cutaway portion of differing aperture widths,
wherein the narrow cutaway portion 210 shown as acom-
parative example of the first embodiment and the cuta-
way portion 21b shown in the second embodiment are
disposed alternately, can be used, as shown in FIG. 8.
It goes without saying that by the narrow cutaway portion
210 and the cutaway portion 21b being disposed alter-
nately, the advantages of both can be included.

[0067] Not being limited to this, three or more kinds of
cutaway portion may be provided in the fin 2, and the
most appropriate kinds may be selected and employed.
Furthermore, with regard to the distribution of cutaway
portions in one fin 2, the distribution need not necessarily
be of a form such that differing kinds of cutaway portion
are disposed alternately. For example, it goes without
saying that the cutaway portion form can be changed
every two cutaway portions, or cutaway portion forms
can be distinguished between depending on a mounting
region.

[0068] The cutaway portions 21a and 21b of the fin 2
shown in the first embodiment and the second embodi-
ment are such that although a force that attempts to push
apart the closed end side of the fin 2 is no longer gener-
ated, there is a tendency for contact force between the
flat tube 1 and the fin 2 to decrease.

[0069] Therefore, in order to supplement the contact
force between the flat tube 1 and the fin 2, one portion
of the multiple of cutaway portions are replaced in the fin
2 with the narrow cutaway portion 210 of the width W3
slightly smaller than the width W1 of the flat tube 1, as
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shown in FIG. 8, whereby the contact force with the flat
tube 1 is increased, and positional deviation of the flat
tube 1 and the fin 2 can be restricted.

[0070] Also, as shown in FIG. 1, the heat exchanger
100 is such that a large number of fins 2 are mounted on
the flat tube 1. In the first and second embodiments, it is
envisaged that the necessary number of fins 2 of the
same form are prepared and sequentially assembled on
the flat tube 1, but the fins 2 mounted in one heat ex-
changer 100 can also be such that a multiple of kinds of
fin 2 of differing cutaway portion forms are used in com-
bination.

[0071] For example, the heat exchanger 100 can also
be formed by a necessary number of the fin 2 in which
only the cutaway portion 21a is provided shown in FIG.
2 of the first embodiment, the fin 2 in which only the cut-
away portion 21b is provided shown in FIG. 7A of the
second embodiment, and the fin 2 in which the two forms
of the narrow cutaway portion 210 and 21b are alternately
disposed, shown in the side sectional view of FIG. 8,
being sequentially assembled on the flat tube 1. The kind
of fin 2 and the order of assembly on the flat tube 1 can
be variously changed by varying the order of supplying
the fin 2 to the manufacturing device.

Fourth Embodiment

[0072] FIG.11A,FIG.11B,and FIG. 11C are each per-
spective views of the fin 2 according to a fourth embod-
iment of the invention, and are diagrams showing forms
of cutaway portions 21c, 21d, and 21e.

[0073] An example wherein the fin collars 22 and 23
are provided with line symmetry across a central line
passing through a closed end apex of the cutaway portion
21aorthe cutaway portion 21b, and left and right fin collar
forms are the same, is shown in the first embodiment and
the second embodiment. In the fourth embodiment, a
case in which fin collars standing erect from left and right
edge portions of the cutaway portions 21c¢, 21d, and 21e
are of differing forms will be described.

[0074] AsshowninFIG. 11A, the fin collar 22 is formed
on a left side edge portion of the cutaway portion 21c¢ of
the fin 2, and the fin collar 23 is formed on a right side
edge portion.

[0075] The cutaway portion 21c of the fin 2 shown in
FIG. 11A is such that an opened end is larger than a
closed end (a semi-circular portion), and of the two linear
edge portions of the cutaway portion 21c¢ to be fitted with
a main flat face of the flat tube 1, the edge portion on the
side on which the fin collar 22 is formed is positioned on
a line parallel to the main flat face of the flat tube 1, and
the edge portion on the side on which the other fin collar
23 isformedis positioned on aline connecting the opened
end and the closed end of the cutaway portion 21c.
[0076] A broken line extending from a point at which
the opened end of the cutaway portion 21c and the fin
collar 23 come into contact indicates a line parallel to the
edge portion of the fin collar 22. An aperture width W4
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of the closed end side is offset in a direction spreading
from the semicircular portion (width W1) end portion of
the closed end of the cutaway portion 21¢, and is formed
to be greater than the outer width W1 of the flat tube 1
by the offset amount. Further, the opened end width W2
of the cutaway portion 21c is such that the aperture width
is greater still than the aperture width W4 of the closed
end side by an amount equivalent to the spread of the
fin collar 23.

[0077] The structure of the fin 2 shown in FIG. 11Ais
such that the fin collars 22 and 23 including the fin collar
inclined face portions 22a and 23a and the fin collar end
face portions 22b and 23b are disposed on the left and
right of the cutaway portion 21c, because of which de-
formation of the fin 2 on the left and right of the cutaway
portion 21c when assembling on the flat tube 1 is restrict-
ed, and the fin 2 and the flat tube 1 can be stably fixed.
[0078] Oftwo linear edge portions of a cutaway portion
of the fin 2 in which the flat tube 1 is to be fitted, the fin
collar 22 of the first embodiment is formed on a left side
edge portion, and a fin collar 220 of an existing structure
is formed on a right side edge portion, as shown in FIG.
11B.

[0079] The fin 2 including the fin collar 22 is such that
an opened end of the cutaway portion 21d is larger than
a closed end, the fin collars 22 and 220 standing erect
one from each of the two linear edge portions of the cut-
away portion 21d are of differing forms, the edge portion
on the side on which the fin collar 22 is formed is posi-
tioned on a line connecting a position offset in a direction
in which the cutaway portion 21d spreads from a closed
end semi-circular portion and the opened end, the edge
portion on the side on which the fin collar 220 is formed
is positioned on a line connecting the opened end and
the closed end, and the two are disposed in parallel.
[0080] The cutaway portion 21d is such thatan opened
end width and the aperture width W4 on the closed end
side are of the same dimension, which is greater than
the width W1 of the closed end (the semi-circular portion).
[0081] Furthermore, a structure such that the fin collar
23 of the second embodiment is formed on a left side
edge portion of the cutaway portion 21e of the fin 2, and
the fin collar 220 is formed on a right side edge portion,
can also be adopted, as shown in FIG. 11C. The opened
end width W4 of the cutaway portion 21e is greater than
the closed end width W1 by an amount equivalent to a
spread of the fin collar 23.

[0082] It goes without saying that the cutaway portions
21c, 21d, and 21 e of the fin 2 shown in FIG. 11A, FIG.
11B, and FIG. 11C are such that the fin collars can be
interchanged left and right without problem.

[0083] By the forms of the cutaway portions 21c, 21d,
and 21 e of the fin 2 shown in FIG. 11A, FIG. 11B, and
FIG. 11C being employed, generation of a force that at-
tempts to push apart the closed end sides of the cutaway
portions 21c, 21d, and 21e can be restricted, and the fin
2 can be stably fixed to the flat tube 1, in the same way
as in the first embodiment and the second embodiment.
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[0084] Also, it goes without saying that the cutaway
portions 21c, 21d, and 21e shownin FIG. 11A, FIG. 11B,
and FIG. 11C can be formed in an arbitrary order in the
fin 2, in the same way as in the third embodiment.
[0085] The embodiments of the invention can be freely
combined, and each embodiment can be modified or ab-
breviated as appropriate, without departing from the
scope of the invention.

Claims
1. A heat exchanger, comprising:

- a multiple of a flat tube that forms a passage
of a heat conducting medium and whose cross-
section is of a flat form; and

- a multiple of a fin, fixed to the flat tube, whose
main flat face is perpendicular to a passage di-
rection of the flat tube, and which is disposed at
intervals in the passage direction,

-wherein thefin has a cutaway portion into which
the flat tube is fitted and a fin collar standing
erect from an edge portion of the cutaway por-
tion,

an opened end of the cutaway portion is larger
than an outer width of the flat tube, and

- wherein the fin collar has a fin collar inclined
face portion standing inclined with respect to a
fin flat face from the edge portion of the cutaway
portion, and a fin collar end face portion bent
from an end portion of the fin collar inclined face
portion and in surface contact with an outer face
of the flat tube.

2. The heat exchanger according to claim 1,

wherein an aperture form of the cutaway portion is
U-form, one semi-circular end portion of the flat tube
is fitted into a semi-circular portion forming a closed
end of the cutaway portion, and

wherein the fin collar inclined face portion extends
from two linear edge portions reaching from the
opened end to the closed end of the cutaway portion,
and stands erect facing the outer face of the flat tube
at an angle of less than 90° with respect to the fin
flat face.

3. The heat exchanger according to claim 2,
wherein the opened end of the cutaway portion is
larger than the closed end, and the two linear edge
portions of the cutaway portion are parallel.

4. The heat exchanger according to claim 2,
wherein the opened end of the cutaway portion is
larger than the closed end, and each of the two linear
edge portions of the cutaway portion is positioned
on a line connecting the opened end and the closed
end.
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The heat exchanger according to any one of claim
1 to 4,

wherein the fin collar inclined face portion and the
fin collar end face portion are both flat faces.

The heat exchanger according to any one of claim
1 to 4,

wherein the fin collar inclined face portion is a curved
face, and the fin collar end face portion is a flat face.

The heat exchanger according to any one of claim
1 to 6,

wherein the fin has a narrow cutaway portion whose
opened end is smaller than the outer width of the flat
tube in addition to the cutaway portion.

The heat exchanger according to claim 7,

wherein the cutaway portion and the narrow cutaway
portion are alternately disposed in an end portion of
the fin.

The heat exchanger according to claim 2,

wherein the opened end of the cutaway portion is
larger than the closed end, fin collars standing erect
from each of the two linear edge portions of the cut-
away portion are of differing forms, one of the edge
portions is positioned on a line parallel to the main
flat face of the flat tube, and the other of the edge
portions is positioned on a line connecting the
opened end and the closed end.

The heat exchanger according to claim 2,

wherein the opened end of the cutaway portion is
larger than the closed end, fin collars standing erect
from each of the two linear edge portions of the cut-
away portion are of differing forms, one of the edge
portions is positioned on a line connecting a position
offset in a direction in which the cutaway portion
spreads from the closed end and the opened end,
and the other of the edge portions is positioned on
aline connecting the opened end and the closed end.
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