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(57) The object of the present invention is to provide
a plate fin heat exchanger that achieves better heat
transfer efficiency by both making the diameter of the
heat transfer tubes on the liquid side of the heat ex-
changer smaller than the diameter of the heat transfer
tubes on the gaseous side and curbing the decline in
the heat transfer rate at the outside of the heat transfer
tubes that results from deviating from the optimum di-
mensional ratio between the tube diameter and the fin
width. It is also the object of the present invention to pro-
vide a manufacturing that is well-suited to such a heat
exchanger. The heat exchanger (1) is provided with a
plurality of plate fins (2) that are arranged with a pre-
scribed spacing there-between in the thickness direc-
tion thereof and a plurality of heat transfer tubes (3) that
are installed in such a manner as to pass through the
plate fins (2) in said thickness direction of the plate fins
(2). As shown in Figures 4 and 5, the plate fins (2) are
shaped such that the width thereof decreases from a fin
width W1 to a fin width W2 in a continuous manner as
one moves from one end to the other. The heat transfer
tubes (3) are provided in at least two different diameter
sizes, each individual heat transfer tube (3) having only
one of said diameter sizes. The larger diameter heat
transfer tubes are arranged in the upper portion of the
heat exchanger (1) and the smaller diameter heat trans-
fer tubes are arranged in the lower portion of the heat
exchanger (1).
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Description

Technical Field

[0001] The present invention relates to a heat ex-
changer, a method of manufacturing the heat exchang-
er, and an air conditioner employing the heat exchanger.

Background Art

[0002] One type of conventional heat exchanger is the
cross fin heat exchanger. Cross fin heat exchangers are
often used in the indoor units and outdoor units of air
conditioners. An example of a cross fin heat exchanger
is the L-shaped heat exchanger shown in Figure 1,
which is configured to be installed in an outdoor unit of
an air conditioner.
[0003] A propeller fan 61 produces an air flow (indi-
cated by the arrows A0 and B0) that flows from the rear
panel side of the casing 62 of the outdoor unit toward
the front panel side of the same. The heat exchanger
51 exchanges heat with the air flow and is used to evap-
orate or condense a refrigerant that flows inside the heat
transfer tube of the heat exchanger 51.
[0004] The heat exchanger 51 comprises a plurality
of plate fins 52 that are arranged with a prescribed spac-
ing there-between in the thickness direction thereof and
a plurality of heat transfer tubes 53 that are installed so
as to pass through the plate fins 52 in said thickness
direction. Normally, as shown in Figures 1 and 2, each
plate fin 52 is a thin rectangular plate having a pre-
scribed width W0 and provided with a plurality of holes
52a for passing the heat transfer tubes 53 arranged
along the lengthwise direction thereof. Each of the plu-
rality of heat transfer tubes 53 has a hairpin shaped hair-
pin part 53a at one end and the heat exchanger 51 pre-
sented here has a total of 12 heat transfer tubes 53. The
end of each heat transfer tube 53a opposite the hairpin
part 53a is connected to the adjacent heat transfer tube
53 with a U-shaped tube 54.
[0005] A manufacturing method for the heat exchang-
er 51 will now be described. The manufacturing proc-
esses for manufacturing the heat exchanger 51 include
a fin manufacturing process for manufacturing the plu-
rality of plate fins 52 and an assembly process in which
the heat exchanger 51 is assembled by installing the
plurality of heat transfer tubes 53 in such a manner that
the heat transfer tubes 53 pass through the plate fins 52
in said thickness direction.
[0006] In a conventional fin manufacturing process for
manufacturing plate fins 52, a thin sheet-like work piece
is fed in one direction and formed into the prescribed fin
shape using a die. More specifically, in order to manu-
facture rectangular plate fins 52 from a sheet-like work
piece X0 that is fed in one direction (direction indicated
by arrow E0) as shown in Figure 3, the sheet-like work
piece X0 is die formed in such a manner that the long
sides of the plate fins 52 are aligned with the E0 direction

(i.e., the lengthwise direction of the sheet-like work
piece X0) and the short sides of the plate fins 52 are
aligned with the direction perpendicular to the E0 direc-
tion (i.e., the widthwise direction of the sheet-like work
piece X0). Hereinafter, this method of die forming the
plate fins 52 will be called the "longitudinal feed meth-
od." While the sheet-like work piece X0 is fed in the E0
direction, it is subjected sequentially to a "burring" proc-
ess, a perforation applying process, a side cut process,
and a cut off process so as to manufacture a plurality of
plate fins 52.
[0007] The "burring" process is a process in which the
plurality of through holes 52a for passing the heat trans-
fer tubes are formed in the sheet-like work piece X0 us-
ing a two-step die forming procedure. The perforation
applying process is a process in which perforations 59
are made in the sheet-like work piece X0 at positions
corresponding to the short dimensions (fin width W0) of
the plate fins 52. The side cut process is a process in
which the sheet-like work piece X0 is cut at the positions
where the perforations 59 are located. The cut off proc-
ess is a process in which the sheet-like work piece X0
is cut in the direction perpendicular to the E0 direction
after the length of the portions cut in the side cut process
have reached the lengthwise dimension of the plate fin
52, thus producing a plurality of plate fins 52 having a
prescribed length dimension and width dimension (fin
width W0).
[0008] The operation of the heat exchanger 51 will
now be described with reference to Figure 1. When the
indoor unit (not shown) of the air conditioner operates
in cooling mode, the heat exchanger 51 functions as a
condenser with respect to the refrigerant. Meanwhile,
when the indoor unit (not shown) of the air conditioner
operates in heating mode, the heat exchanger 51 func-
tions as an evaporator with respect to the refrigerant.
When the heat exchanger 51 functions as a condenser,
gaseous refrigerant flows into the heat transfer tube 53
from the tube end C0 and flows through the heat transfer
tubes 53 while exchanging heat with the air flowing over
the outside of the heat transfer tubes 53. The gaseous
refrigerant condenses into a liquid state and flows out
from the tube end D0. Conversely, when the heat ex-
changer 51 functions as an evaporator, liquid refrigerant
flows into the heat transfer tube 53 from the tube end
D0 and flows through the heat transfer tubes 53 while
exchanging heat with the air flowing over the outside of
the heat transfer tubes 53. The liquid refrigerant evap-
orates into a gaseous state and flows out from the tube
end C0.
[0009] Regardless of whether the heat exchanger is
functioning as a condenser or an evaporator, the inside
of the heat transfer tubes of the heat exchanger can be
divided into a portion through which the refrigerant flows
as a gas (gaseous side) and a portion through which the
refrigerant flows as a liquid (liquid side). In order to curb
the pressure drop of the heat exchanger, the diameters
of all the heat transfer tubes of the heat exchanger --
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from the gaseous side to the liquid side -- are designed
to a pipe diameter suited to the gaseous side based on
the flow speed of the refrigerant in the gaseous side.
Consequently, the diameter of the heat transfer tubes is
oversized on the liquid side of the heat exchanger. Also,
from the perspective of transferring heat to and from the
inside of the heat transfer tubes of the heat exchanger,
it is preferable for the diameter of the heat transfer tubes
to be small. Therefore, from both the perspective of the
pressure drop of the heat exchanger and the perspec-
tive of transferring heat to and from the inside of the heat
transfer tubes of the heat exchanger, it is preferable to
make the diameter of the heat transfer tubes on the liq-
uid side of the heat exchanger smaller than the diameter
of the heat transfer tubes on the gaseous side of the
heat exchanger.
[0010] Meanwhile, in conventional heat exchangers,
the diameter of the heat transfer tubes and the width of
the plate fins are designed to an optimum dimensional
ratio in view of the heat transfer at the outside of the
heat transfer tubes. Consequently, if a conventional
heat exchanger is merely modified such that the diam-
eter of the heat transfer tubes on the liquid side is small-
er than that on the gaseous side, the optimum dimen-
sional ratio between the diameter of the heat transfer
tubes and the width of the plate fins will not be obtained
because the width of the plate fins is constant over the
entire length of the plate fins. As a result, there is the
possibility that the heat transfer rate at the outside of the
heat transfer tubes will decline. Thus, there is a need for
a heat exchanger design that both reduces the diameter
of the heat transfer tubes on the liquid side of the heat
exchanger relative to the diameter of the heat transfer
tubes on the gaseous side and curbs the decline in the
heat transfer rate at the outside of the heat transfer
tubes, thereby improving the heat transfer efficiency of
the heat exchanger as a whole.
[0011] Additionally, when one attempts to manufac-
ture such a heat exchanger in which the diameters of
the heat transfer tubes are smaller on the liquid side than
on the gaseous side, it is necessary to die form through
holes having different diameters along the lengthwise
direction of the plate fins in order to accommodate the
different diameters of the heat transfer tubes. However,
since the longitudinal feed method is used to manufac-
ture conventional plate fins, it is difficult to die form
through holes having different diameters along the
lengthwise direction of the plate fins.

Disclosure of the Invention

[0012] The object of the present invention is to provide
a heat exchanger that achieves improved heat transfer
efficiency by both making the diameter of the heat trans-
fer tubes on the liquid side of the heat exchanger smaller
than that on the gaseous side and curbing the decline
in the heat transfer rate at the outside of the heat transfer
tubes. It is also the object of the present invention to

provide a manufacturing method that is well-suited to
such a heat exchanger.
[0013] The heat exchanger described in claim 1 is
provided with a plurality of plate fins arranged with a pre-
scribed spacing there-between in the thickness direc-
tion thereof and a plurality of heat transfer tubes in-
stalled in such a manner as to pass through the plate
fins in said thickness direction of the plate fins. The plate
fins are shaped such that the width thereof of becomes
smaller in either a continuous or a step-like manner as
one moves from one end to the other. The heat transfer
tubes are provided in at least two different diameter siz-
es, each individual heat transfer tube having only one
of said diameter sizes. The larger diameter heat transfer
tubes are arranged along the portions of the plate fins
where the fin width is larger and the smaller diameter
heat transfer tubes are arranged along the portions of
the plate fins where the fin width is smaller.
[0014] Since the plate fins are shaped such that the
width thereof of becomes smaller in either a continuous
or a step-like manner as one moves from one end to the
other and since larger diameter heat transfer tubes are
arranged along the portions of the plate fins where the
fin width is larger and the smaller diameter heat transfer
tubes are arranged along the portions of the plate fins
where the fin width is smaller, the ratio between the di-
ameter of the heat transfer tubes and the width of the
plate fins can be held as constant as possible. As a re-
sult, this heat exchanger can both reduce the diameter
of the heat transfer tubes on the liquid side of the heat
exchanger relative to the diameter of the heat transfer
tubes on the gaseous side and curb the decline in the
heat transfer rate at the outside of the heat transfer
tubes that results from deviating from the optimum ratio
between the diameter of the heat transfer tubes and the
width of the plate fins, thereby improving the heat trans-
fer efficiency of the heat exchanger as a whole.
[0015] The heat exchanger described in claim 2 is a
heat exchanger in accordance with claim 1, wherein the
ratio of the fin width at the narrowest portion to the fin
width at the widest portion of each plate fm is equal to
or larger than 0.25 and less than or equal to 0.67.
[0016] With this heat exchanger, since the ratio of the
fin width at the narrowest portion to the fin width at the
widest portion of each plate fin is equal to or larger than
0.25 and less than or equal to 0.67, the effect of curbing
the decline in the heat transfer rate at the outside of the
heat transfer tubes and improving the heat transfer ef-
ficiency of the heat exchanger as a whole is even more
marked.
[0017] The heat exchanger described in claim 3 is a
heat exchanger in accordance with either claim 1 or
claim 2, wherein the plate fins are shaped such that
when a plurality of plate fins are die formed in such a
manner as to be arranged side by side during die form-
ing, the plate fins can be arranged such that they are
neither overlapping each other in the widthwise direction
nor separated from each other by gaps in the widthwise
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direction.
[0018] With this heat exchanger, the amount of mate-
rial loss of the sheet-like work piece that occurs when
the plate fins are die formed from the sheet-like work
piece can be reduced.
[0019] The heat exchanger described in claim 4 is a
heat exchanger in accordance with claim 3, wherein the
plate fins are shaped in such a manner that by arranging
the plate fins such that each plate fin is rotated 180 de-
grees with respect to the adjacent plate fin(s), the plate
fins can be arranged such that they are neither overlap-
ping each other in the widthwise direction nor separated
from each other by gaps in the widthwise direction.
[0020] The heat exchanger manufacturing method
described in claim 5 is a manufacturing method for a
heat exchanger in accordance with claim 3 or 4, the
manufacturing method including the following process-
es:

a fin manufacturing process in which a sheet-like
work piece is fed in one direction and plate fins are
manufactured by means of sequential die forming
in which the die is oriented in a direction perpendic-
ular to the direction in which the sheet-like work
piece is fed; and

an assembly process in which the heat exchanger
is assembled by installing the plurality of heat trans-
fer tubes in such a manner that the heat transfer
tubes pass through the plate fins in said thickness
direction of the plate fins.

[0021] With this heat exchanger manufacturing meth-
od, since the plate fins are manufactured by means of
sequential die forming in which the die is oriented in the
direction perpendicular to the direction in which the
sheet-like work piece is fed (hereinafter called "trans-
verse feed method"), a die whose shape is well-suited
to the shape of the plate fins can be used for die forming
the plate fins. Thus, it is possible to make through holes
having different diameters along the lengthwise direc-
tion of the plate fins while die forming the plate fins such
that the width thereof becomes smaller in either a con-
tinuous or a step-like manner as one moves from one
end to the other.
[0022] The air conditioner described in claim 6 is pro-
vided with a heat exchanger in accordance with any one
of claims 1 to 4.
[0023] With this air conditioner, the air conditioning
performance of the air conditioner as a whole can be
improved because the heat transfer efficiency of the
heat exchanger has been improved.

Brief Descriptions of the Drawings

[0024]

Figure 1 is a schematic perspective view of an out-

door unit of an air conditioner in which a conven-
tional heat exchanger has been employed.
Figure 2 is a view of a plate fin of the conventional
heat exchanger taken along a line of sight corre-
sponding to the thickness direction of the plate fin.
Figure 3 is a diagram illustrating the processes used
to manufacture the plate fins of the conventional
heat exchanger.
Figure 4 is a schematic perspective view of an out-
door unit of an air conditioner in which a heat ex-
changer in accordance with a first embodiment of
the present invention is employed.
Figure 5 is a view of a plate fin of a heat exchanger
in accordance with the first embodiment of the
present invention taken along a line of sight corre-
sponding to the thickness direction of the plate fin.
Figure 6 is a diagram illustrating the processes used
to manufacture the plate fins of a heat exchanger in
accordance with the first embodiment of the present
invention.
Figure 7 is a view of a plate fin of a heat exchanger
in accordance with a second embodiment of the
present invention taken along a line of sight corre-
sponding to the thickness direction of the plate fin.
Figure 8 is a view of a plate fin of a heat exchanger
in accordance with a third embodiment of the
present invention taken along a line of sight corre-
sponding to the thickness direction of the plate fin.

Preferred Embodiments of the Invention

[First Embodiment]

[0025] A first embodiment of the present invention will
now be described with reference to the drawings.

(1) Structure of the Heat Exchanger

[0026] Figure 4 is a schematic perspective view of an
outdoor unit of an air conditioner in which a heat ex-
changer I in accordance with the first embodiment of the
present invention has been employed. The heat ex-
changer 1 is L-shaped and a propeller fan 11 produces
an air flow (indicated by the arrows A1 and B1) that flows
from the rear panel of the casing 12 of the outdoor unit
toward the front panel of the same. The heat exchanger
1 exchanges heat with said air flow and serves to evap-
orate or condense a refrigerant that flows inside the heat
transfer tubing of the heat exchanger 1.
[0027] The heat exchanger 1 comprises a plurality of
plate fins 2 that are arranged with a prescribed spacing
there-between in the thickness direction thereof and a
plurality of heat transfer tubes 3 that are installed so as
to pass through the plate fins 2 in said thickness direc-
tion. As shown in Figures 4 and 5, the width of each plate
fin 2 tapers in a continuous manner from a larger fin
width W1 to a smaller fin width W2 from one end to the
other (more specifically, from the top of the outdoor unit
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to the bottom of the same). Each plate fin 2 is provided
with a plurality of through holes through which the heat
transfer tubes 3 are passed. The through holes are
formed in at least two different diameter sizes, each in-
dividual through hole having only one of said diameter
sizes. The larger diameter through holes are arranged
along the portions of the plate fins where the fin width
is larger and the smaller diameter through holes are ar-
ranged along the portions of the plate fins where the fin
width is smaller. In this embodiment, the through holes
2a, 2b, 2c are provided in three different diameter sizes.
The through holes 2a are eight in number and arranged
from the top of the plate fin 2 (the end where the width
W1 exists) downward; the through holes 2b are eight in
number, smaller than the through holes 2a, and ar-
ranged below the through holes 2a; the through holes
2c are eight in number, smaller than the through holes
2b, and arranged on the bottom portion of the plate fin
2 (the end where the width W2 exists).
[0028] The heat transfer tubes 3 are provided in at
least two different diameter sizes, each individual heat
transfer tube 3 having only one of said diameter sizes.
The larger diameter heat transfer tubes are arranged on
the upper part of the heat exchanger 1 and the smaller
diameter heat transfer tubes are arranged on the lower
part of the heat exchanger 1. In this embodiment, the
heat transfer tubes 13, 14, 15 are provided in three dif-
ferent diameter sizes. Each of the heat transfer tubes
13, 14, 15 has a hairpin shaped hairpin part 13a, 14a,
15a at one end thereof. There are four of each diameter
of heat transfer tube 13, 14, 15 and the heat transfer
tubes 13, 14, 15 are arranged in positions correspond-
ing to the different diameter through holes 2a, 2b, 2c,
respectively, formed in the plate fins 2. Thus the heat
transfer tubes 13 have the largest diameter, the heat
transfer tubes 14 have a smaller diameter than the heat
transfer tubes 13, and the heat transfer tubes 15 have
a smaller diameter than the heat transfer tubes 14. The
end of each heat transfer tube 13 opposite the hairpin
part 13a is connected to an end of the adjacent heat
transfer tube 13 with a U-shaped tube 4. The end of the
heat transfer tube 13 that is adjacent to a heat transfer
tube 14 is connected to the end of the heat transfer tube
14 with a U-shaped tube 5. The U-shaped tube 5 com-
prises a U-shaped tube having a diameter correspond-
ing to the heat transfer tube 13 and a reducer provided
on one end of the U-shaped tube serving to match the
diameter of the heat transfer tube 14. The ends of adja-
cent heat transfer tubes 14 are connected together with
U-shaped tubes 6. The end (i.e., the end opposite the
hairpin part 14a) of the heat transfer tube 14 that is ad-
jacent to a heat transfer tube 15 is connected to the end
of the heat transfer tube 15 with a U-shaped tube 7 pro-
vided with a reducer, similarly to the U-shaped tube 5.
The ends of adjacent heat transfer tubes 15 are con-
nected together with U-shaped tubes 8.
[0029] Thus, the plate fins 2 of the heat exchanger 1
are shaped such that their widths decrease from the top

toward the bottom and the plurality of heat transfer tubes
3 is made up of tubes 13, 14, 15 of different diameters
arranged in a manner corresponding to the width of the
plate fins 2.
[0030] A specific example of the width dimension of
the plate fins 2 will now be described. The fin width W1
(width at the widest portion of each plate fin 2) and the
fin width W2 (width at the narrowest portion of the each
plate fin 2) are set in accordance with the diameters of
the heat transfer tubes 3. For example, plate fins 2 hav-
ing a fin width W1 in the range from 12 mm to 30 mm
and a fin width W2 in the range from 3 mm to 20 mm is
used. Thus, the ratio of the fin width W2 to the fin width
W1 (W2/W1) is in the range from 0.25 to 0.67.

(2) Manufacture of the Heat Exchanger

[0031] The method of manufacturing the heat ex-
changer 1 will now be described. The manufacturing
processes for the heat exchanger 1 includes a fin man-
ufacturing process for manufacturing a plurality of plate
fins 2 and an assembly process in which the heat ex-
changer 1 is assembled by installing the heat transfer
tubes 3 (made up of heat transfer tubes 13, 14, 15 hav-
ing different diameters) in such a manner that the heat
transfer tubes 3 pass through the plate fins 2 in the thick-
ness direction of the plate fins 2.
[0032] In the fin manufacturing process, a thin sheet-
like work piece is fed in one direction and a press die is
used to die form plate fins 2 having a prescribed shape.
More specifically, in order to manufacture plate fins 2
from a sheet-like work piece X1 that is fed in one direc-
tion (E1 direction) as shown in Figure 6, the sheet-like
work piece X1 is die formed in such a manner that the
long sides of the plate fins 2 are aligned with the direc-
tion perpendicular to the E1 direction (i.e., the widthwise
direction of the sheet-like work piece X1) and the short
sides (fin widths W1 and W2) of the plate fins 2 are
aligned with the E1 direction (i.e., the lengthwise direc-
tion of the sheet-like work piece X1). In short, the trans-
verse feed method is used as die forming method of
each plate fin 2. While the sheet-like work piece X1 is
fed in the E1 direction, it is subjected sequentially to a
burring process, a perforation applying process, a side
cut process, and a cut off process so as to manufacture
a plurality of plate fins 2.
[0033] The burring process is a process in which the
different diameter through holes 2a, 2b, 2c for passing
the heat transfer tubes are die formed in the sheet-like
work piece X1. More specifically, plate fins 2 shaped as
shown in Figure 5 are die formed in such a manner that
the plate fins 2 are lined up with no widthwise gaps in-
between. This is accomplished by arranging the plate
fins 2 such that each plate fin 2 is rotated 180 degrees
with respect to the adjacent plate fin(s) 2. The die used
to perform the burring is designed to work on a plurality
of plate fins 2 at a time (two plate fins 2 at a time in this
embodiment). The perforation applying process is a
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process in which perforations 9 are made in the sheet-
like work piece X1 at positions corresponding to the
shape of the plate fins 2.
[0034] The side cut process is a process in which the
sheet-like work piece X1 is cut along the portions of the
perforations 9 corresponding to the end edges (short
sides) of the plate fins 2.
[0035] The cut off process is a process in which the
portions of the sheet-like work piece X1 corresponding
to the side edges (long sides) of the plate fins 2 are cut
in the direction perpendicular to the feed direction, thus
producing a plurality of plate fins 2 having a prescribed
shape.
[0036] Afterwards, in the assembly process, the heat
exchanger 1 is assembled by installing the heat transfer
tubes 3 (made up of heat transfer tubes 13, 14, 15 hav-
ing different diameters) in such a manner that the heat
transfer tubes 3 pass through the plate fins 2 in the thick-
ness direction of the plate fins 2 and connecting the ends
of adjacent heat transfer tubes 3 with U-shaped tubes.

(3) Operation of the Heat Exchanger

[0037] The operation of the heat exchanger 1 will now
be described with reference to Figure 4. When the in-
door unit (not shown) of the air conditioner operates in
cooling mode, the heat exchanger 1 functions as a con-
denser with respect to the refrigerant. Meanwhile, when
the indoor unit (not shown) of the air conditioner oper-
ates in heating mode, the heat exchanger 1 functions
as an evaporator with respect to the refrigerant. When
the heat exchanger 1 functions as a condenser, gase-
ous refrigerant flows into the heat transfer tubes 3 from
the tube end C1 and flows through the heat transfer
tubes 3 while exchanging heat with the air flowing over
the outside of the heat transfer tubes 3. The gaseous
refrigerant condenses into a liquid state and flows out
from the tube end D1. Conversely, when the heat ex-
changer 1 functions as an evaporator, liquid refrigerant
flows into the heat transfer tubes 3 from the tube end
D1 and flows through the heat transfer tubes 3 while ex-
changing heat with the air flowing over the outside of the
heat transfer tubes 3. The liquid refrigerant evaporates
into a gaseous state and flows out from the tube end C1.

(4) Features of the Heat Exchanger and Manufacturing
Method

[0038] A heat exchanger and a manufacturing meth-
od thereof in accordance with this embodiment have the
following features.

[1] Improved heat transfer efficiency

[0039] With a heat exchanger 1 in accordance with
this embodiment, since the width of the plate fins 2 de-
creases in a continuous manner as one moves from one
end to the other and since the large diameter heat trans-

fer tubes 13 are arranged where the width of the plate
fins 2 is larger and the small diameter heat transfer tubes
15 are arranged where the width of the plate fins 2 is
smaller, the dimensional relationship between width of
the plate fins 2 and the diameter of the heat transfer
tubes 3 (i.e., the heat transfer tubes 13, 14, 15 having
different diameters) can be held as close as possible to
the optimum relationship. Thus, the diameter of the heat
transfer tubes 15 on the liquid side of the heat exchanger
1 is reduced relative to the diameter of the heat transfer
tubes 13 on the gaseous side while curbing the decline
in the heat transfer rate at the outside of the heat transfer
tubes 3 that results from disturbing the aforementioned
dimensional relationship, thereby improving the heat
transfer efficiency of the heat exchanger as a whole.
Likewise, the air conditioning performance of an air con-
ditioner equipped with such a heat exchanger is also im-
proved.

[2] Reduced pressure drop at the outside of the heat
transfer tubes

[0040] With a heat exchanger 1 in accordance with
this embodiment, as shown in Figure 5, the fin width W1
at the end each plate fin 2 corresponding to the gaseous
side of the heat exchanger 1 is the same or slightly larger
than the fin width W0 of the conventional heat exchang-
er 51 (more specifically, the fin width W0 is in the range
from 10 mm to 30 mm). Meanwhile, the fin width W2 at
the end of each plate fin 2 corresponding to the liquid
side of the heat exchanger 1 is smaller than the fm width
of the conventional heat exchanger 51. Consequently,
the pressure drop at the outside of the heat transfer
tubes 3 of the heat exchanger 1 can be reduced in com-
parison with the conventional heat exchanger 51.

[3] Plate fin manufacturing method uses transverse
feeding

[0041] With a heat exchanger 1 in accordance with
the present invention, the plate fins 2 are manufactured
using transverse feeding. That is, the direction in which
the plate fins 2, and thus the dies, are oriented when the
plate fins 2 are die formed is perpendicular to the feed
direction of the sheet-like work piece X1 and the plate
fins 2 are formed in a sequential manner. As a result, a
die whose shape is well-suited to the shape of the plate
fins 2 can be used for die forming. Thus, it is possible to
make through holes having different diameters along
the lengthwise direction of the plate fins 2 while forming
the plate fins 2 such that the width thereof becomes
smaller in a continuous manner as one moves from one
end to the other.
[0042] Additionally, the plate fins 2 are shaped such
that when a plurality of plate fins 2 are die formed in such
a manner as to be arranged side by side during die form-
ing, the plate fins 2 can be arranged such that they are
neither overlapping each other in the widthwise direction
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nor separated from each other by gaps in the widthwise
direction. As result, the amount of material loss of the
sheet-like work piece X1 can be reduced. The produc-
tivity is also improved because more than one plate fin
2 is die formed at a time.

[Second Embodiment]

[0043] Although the width of the plate fins 2 is varied
in a continuous manner in the first embodiment, as
shown in Figure 5, it is also acceptable to shape the
plate fins 22 such that the width varies from a larger
width W1 to a smaller width W2 in a step-like manner
from one end to the other as shown in Figure 7. In such
a case, the same effects are obtained as in the case of
the first embodiment.

[Third Embodiment]

[0044] Although the plate fins 2 of the first and second
embodiments shown in Figures 5 and 7 are shaped in
such a manner as to be symmetrical with respect to the
longitudinal centerlines thereof, it is also acceptable for
the plate fins to be shaped such that a rectangular shape
is formed when two plate fins are arranged side by side.
An example of such a plate fin is the plate fin 32 shown
in Figure 8. This shape of plate fin makes it possible to
reduce the material loss of the sheet-like work piece
even more than that accomplished by the first and sec-
ond embodiments.

[Other Embodiments]

[0045] While selected embodiments of the present in-
vention have been presented herein with reference to
the drawings, the specific constituent features of the
present invention are not limited to those of the embod-
iments. Various changes and modifications can be
made without departing from the scope of the invention.
[0046] For example, the number of heat transfer tubes
provided in the heat exchanger and the number of dif-
ferent tube diameters used for the heat transfer tubes
are not limited to the numbers presented in the foregoing
three embodiments.

Industrial Applicability

[0047] Since the plate fins are shaped such that the
width thereof becomes smaller in either a continuous or
a step-like manner as one moves from one end to the
other and since larger diameter heat transfer tubes are
arranged along the portions of the plate fins where the
fin width is larger and the smaller diameter heat transfer
tubes are arranged along the portions of the plate fins
where the fin width is smaller, employing the present in-
vention enables the ratio between the diameter of the
heat transfer tubes and the width of the plate fins to be
held as constant as possible. As a result, the diameter

of the heat transfer tubes on the liquid side of the heat
exchanger can be reduced relative to the diameter of
the heat transfer tubes on the gaseous side and the de-
cline in the heat transfer rate at the outside of the heat
transfer tubes that results from deviating from the opti-
mum ratio between the diameter of the heat transfer
tubes and the width of the plate fins can be curbed,
thereby improving the heat transfer efficiency of the heat
exchanger as a whole.

Claims

1. A heat exchanger, provided with:

a plurality of plate fins (2, 22, 32) that are
shaped such that the width thereof becomes
smaller in either a continuous or a step-like
manner as one moves from one end to the other
and arranged with a prescribed spacing there-
between in the thickness direction thereof; and

a plurality of heat transfer tubes (3) that are in-
stalled in such a manner as to pass through the
plate fins (2, 22, 32) in said thickness direction
of the plate fins and including at least two dif-
ferent diameter sizes of heat transfer tube (13,
14, 15),

the larger diameter heat transfer tubes being
arranged along the portions of the plate fins (2,
22, 32) where the fin width is larger and the
smaller diameter heat transfer tubes being ar-
ranged along the portions of the plate fins (2,
22, 32) where the fin width is smaller.

2. The heat exchanger as recited in claim 1, wherein
the ratio (W2/W1) of the fin width (W2) at the nar-
rowest portion to the fin width (W1) at the widest
portion of each plate fin (2, 22, 32) is equal to or
larger than 0.25 and less than or equal to 0.67.

3. The heat exchanger as recited in claim 1 or 2,
wherein the plate fins (2, 22, 32) are shaped such
that when a plurality of plate fins (2, 22, 32) are die
formed in such a manner as to be arranged side by
side during die forming, the plate fins (2, 22, 32) can
be arranged such that they are neither overlapping
each other in the widthwise direction nor separated
from each other by gaps in the widthwise direction.

4. The heat exchanger as recited in claim 3, wherein
the plate fins (2, 22, 32) are shaped in such a man-
ner that by arranging the plate fins (2, 22, 32) such
that each plate fin (2, 22, 32) is rotated 180 degrees
with respect to the adjacent plate fin(s) (2, 22, 32),
the plate fins (2, 22, 32) can be arranged such that
they are neither overlapping each other in the width-
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wise direction nor separated from each other by
gaps in the widthwise direction.

5. A method of manufacturing a heat exchanger in ac-
cordance with claim 3 or 4, the manufacturing meth-
od including the following processes:

a fin manufacturing process in which a sheet-
like work piece (X1) is fed in one direction and
plate fins (2, 22, 32) are manufactured by
means of sequential die forming in which the
die is oriented in a direction perpendicular to
the direction in which the sheet-like work piece
(X1) is fed; and
an assembly process in which the heat ex-
changer is assembled by installing the plurality
of heat transfer tubes (3) in such a manner that
the heat transfer tubes (3) pass through the
plate fins (2, 22, 32) in said thickness direction
of the plate fins (2, 22, 32).

6. An air conditioner equipped with a heat exchanger
as recited in any one of claims 1 to 4.
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