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Description

TECHNICAL FIELD

[0001] The present invention relates to a heat ex-
changer for use in an air conditioner or the like and more
particularly, to a so-called crossed-fin-and-tube type
heat exchanger in which heat transfer tubes penetrate
a plurality of fins arranged side by side, in a crossed
manner.

BACKGROUND ART

[0002] In heating the inside of a room by means of a
heat pump type air conditioner employing a refrigerant
circuit, its indoor heat exchanger is made to function as
a condenser and its outdoor heat exchanger is made to
function as an evaporator. In this case, a representative
of the heat exchangers capable of functioning as a con-
denser is a crossed-fin-and-tube type heat exchanger,
and its prior art example is shown in Fig. 10. In this heat
exchanger, a plurality of fins 40 made of a metal, such
as aluminum, having a good heat conduction are ar-
ranged in parallel with one another at predetermined in-
tervals, and a plurality of hairpin type heat transfer tubes
11 are inserted in the fins with their end portions con-
nected to one another by U-shaped communication
tubes 12. With this arrangement, a plurality of heat
transfer tubes 13 and a plurality of heat transfer tubes
14 are aligned, in a staggered form as a whole, at an
upwind half 40a and a downwind half 40b, respectively,
of each of the plurality of fins 40.
[0003] In this heat exchanger, a refrigerant from a
compressor flows through an inlet tube 9 and diverges
in two vertical directions to flow into the downwind heat
transfer tubes 14, at which the refrigerant exchanges
heat with air A passing the fins 40. Thereafter the refrig-
erant flows into the upwind heat transfer tubes 13. The
refrigerant that has flowed into the upwind heat transfer
tubes 13 further exchanges heat with the air A passing
the fins 40. Then, after converging from the two vertical
directions, the refrigerant flows out through an outlet
tube 8 and returns to the compressor by way of a pres-
sure reducing device and an evaporator.
[0004] The temperature of the refrigerant flowing
through the heat exchanger gradually decreases ac-
cording as it passes through the heat transfer tubes 13
and 14 while exchanging heat with the air A. Fig. 11 is
a diagram showing the temperature at several portions
of the hairpin type heat transfer tubes 11 and the U-
shaped communication tube 12 in the aforementioned
prior art heat exchanger. The connection structure of the
hairpin type heat transfer tubes 11 and the U-shaped
communication tube 12 is shown on the left-hand side
of the figure, and their temperatures are shown in the
graph on the right-hand side. The temperature has the
highest value of about 90 °C in the vicinity of the inlet
tube 9. On the other hand, the temperature has the low-

est value of about 30 °C in the vicinity of the outlet tube
8. The temperature gradually decreases along the flow
path of the refrigerant from the vicinity of the inlet tube
9 to the vicinity of the outlet tube 8 by the heat exchange
between the refrigerant and the air A. As shown in Fig.
11, disorder occurs in the temperature change at por-
tions B and C enclosed by dashed lines. This is because
the heat transfer tubes (inlet vicinity heat transfer tubes)
14a located in the vicinity of the inlet tube 9 and having
the highest temperature and the heat transfer tubes
(outlet vicinity heat transfer tubes) 13a located in the vi-
cinity of the outlet tube 8 and having the lowest temper-
ature are arranged close to each other and they share
the same fins 40. That is, in regard to the portion B, the
inlet vicinity heat transfer tubes 14a are arranged close
to and above and below the outlet vicinity heat transfer
tube 13a located on the lower side. Therefore, the high-
temperature heat of a superheated gas which flows
through the inlet vicinity heat transfer tube 14a is trans-
ferred via the fin 40 and imparted to a supercooled liquid
which flows through the outlet vicinity heat transfer tube
13a, so that a significant temperature rise occurs. In re-
gard to the portion C, the outlet vicinity heat transfer
tubes 13a is arranged close to and above and below the
inlet vicinity heat transfer tube 14a on the upper side.
Therefore, the low-temperature heat of the supercooled
liquid which flows through the outlet vicinity heat transfer
tube 13a is also imparted, transferred via the fin 40, to
the superheated gas which flows through the inlet vicin-
ity heat transfer tube 14a, so that a significant temper-
ature fall occurs. When the heat conduction via the fins
40 as described above occurs between the inlet tube 9
side and the outlet tube 8 side, the thermal efficiency of
the condenser is significantly reduced by the unneces-
sary heat flow.
[0005] In view of the above, there has been conven-
tionally proposed an improved heat exchanger as
shown in Fig. 12, in which a plurality of slits 41 are pro-
vided between the upwind heat transfer tubes 13 and
the downwind heat transfer tubes 14 so that the slits 41
thermally separate the upwind halves 40a from the
downwind halves 40b of the fins 40 (e.g., refer to Japa-
nese Patent Laid-Open Publication No. HEI 3-194370).
[0006] However, when the slits 41 as shown in Fig. 12
are provided at the fins 40, the bending rigidity of the
fins 40 is degraded in a direction in which the fins 40 are
arranged (i.e., in the direction in which the heat transfer
tubes 13 and 14 are inserted) as shown in the figure.
This has consequently led to a problem that the worka-
bility is reduced in handling the press-formed fins 40,
inserting the hairpin type heat transfer tubes 11 into the
stack of fins 40 and other operations. Furthermore, the
fins 40 are deformed during these works, and this caus-
es problems that the heat exchanging ability, or perform-
ance, of the heat exchanger is reduced and that the ven-
tilation resistance increases.
[0007] EP-A-0 401 752 discloses a heat exchanger of
a cross fin and tube type. A plurality of fins is arranged
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in parallel to each other and perpendicular to the heat
transfer tubes. The heat transfer tubes of the upwind
side and downwind side are arranged in a staggered
form as a whole. The upwind half is thermally separated
from the downwind half by a plurality of cut lines which
are arranged spaced from each other in a specified di-
rection and at least one of which is extended in a direc-
tion intersecting the direction of arrangement of the cut
lines. The upwind transfer tubes and the downwind
transfer tubes are arranged in a staggered form as a
whole and each cut line is located between the mutually
adjacent upwind heat transfer tube and the downwind
transfer tube, and extended intersecting an imaginary
line which connects the centres of the mutually adjacent
upwind and downwind heat transfer tubes having an ap-
proximately identical diameter. Alternatively, the upwind
half and the downwind half of each fin are formed with
raised positions having cut edges which protrude into
an airflow pass and extend in a direction intersecting a
direction of airflow. The cut lines are arranged in a mid-
dle portion formed between the upwind raised portions
and the downwind raised portions.

DISCLOSURE OF THE INVENTION

[0008] The present invention has been developed to
solve the aforementioned problems, and its object is to
provide a heat exchanger capable of securing a suffi-
cient rigidity of the fins while preventing the possible oc-
currence of unnecessary heat conduction via the fins.
[0009] In order to solve the aforementioned object,
the present invention provides a heat exchanger of a
crossed-fin-and-tube type according to one of claims 1,
2, 3 or 4. A plurality of fins are placed side by side, a
plurality of upwind heat transfer tubes penetrate an up-
wind half of each fin and are aligned in a specified di-
rection in the upwind half, a plurality of downwind heat
transfer tubes penetrate a downwind half of each fin and
are aligned in the downwind half in a direction substan-
tially identical to the direction in which the upwind heat
transfer tubes are aligned, and the upwind half is ther-
mally separated from the downwind half by a plurality of
cut lines which are arranged, spaced from each other,
in a specified direction, characterized in that at least one
of the cut lines is extended in a direction intersecting the
direction of arrangement of the cut lines.
[0010] Assuming that an angle made between the di-
rection in which the cut lines are arranged and the di-
rection in which the at least one cut line extends is θ,
preferably, a relationship of 5° ≤ θ ≤ 175° is satisfied.
[0011] In this heat exchanger, since at least one, pref-
erably all, of the plurality of cut lines are extended in a
direction intersecting the direction in which the cut lines
are arranged, it is possible to reduce such a degradation
in the bending rigidity of the fins that will cause the bend-
ing of the fins with the direction of arrangement of the
cut lines serving as a center of the bending. Thus, it is
possible to secure the rigidity of the fins while preventing

the possible occurrence of unnecessary heat conduc-
tion via the fins.
[0012] In an embodiment, the upwind heat transfer
tubes and the downwind heat transfer tubes are ar-
ranged in a staggered form as a whole, and each cut
line is located between mutually adjacent upwind heat
transfer tube and downwind heat transfer tube, and ex-
tended intersecting an imaginary line which connects
centers of the mutually adjacent upwind and downwind
heat transfer tubes.
[0013] In this case, because the cut lines are provided
across the imaginary lines and in each of spaces be-
tween the upwind heat transfer tubes and the downwind
heat transfer tubes, the unnecessary heat conduction
via the fins is surely prevented.
[0014] In an embodiment, the upwind heat transfer
tubes and the downwind heat transfer tubes are made
to have an approximately identical diameter whose
magnitude is represented by W1, each cut line is ex-
tended in a region centered on the imaginary line and
having a width represented by W2, and an expression
of 0.4 ≤ W2/W1 ≤ 1.3 holds.
[0015] According to this construction, the degradation
in the rigidity of the fins is avoided under the normal
working conditions while more surely preventing the un-
necessary heat conduction via the fins.
[0016] Assuming that a distance between mutually
facing outer peripheral portions of the upwind heat
transfer tube and downwind heat transfer tube on the
imaginary line is L1 and that a distance between a point
at which the cut line intersects the imaginary line and
the outer peripheral portion of the downwind heat trans-
fer tube on the imaginary line is L2, then an expression
of 0.2 ≤ L2/L1 ≤ 0.8 preferably holds. With this arrange-
ment, the possible occurrence of unnecessary heat con-
duction via the fins can be still more surely prevented.
[0017] In another embodiment, the upwind half and
downwind half of each fin are formed with raised por-
tions having cut edges which protrude into an air flow
path and extend in a direction intersecting a direction of
air flow, and the cut lines are arranged in a middle por-
tion formed between the upwind raised portions and the
downwind raised portions.
[0018] In this case, the heat exchanging ability, or per-
formance, is enhanced by the raised portions. Further-
more, the degradation in the rigidity of the fins is reduced
while preventing the possible occurrence of unneces-
sary heat conduction via the fins.
[0019] Assuming that the middle portion has a width
W3 in a direction in which the upwind heat transfer tubes
are laterally spaced from the downwind heat transfer
tubes and that a region in which the cut lines are extend-
ed has a width W4 in the direction in which the upwind
heat transfer tubes are laterally spaced from the down-
wind heat transfer tubes, then an expression of 0.4 ≤
W4/W3 ≤ 0.9, preferably, holds.
[0020] In this case, it is possible to avoid the degra-
dation in the rigidity of the fins while more surely pre-
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venting the unnecessary heat conduction via the fins.
[0021] Furthermore, assuming that a distance be-
tween the centers of the mutually adjacent upwind and
downwind heat transfer tubes in the vertical direction in
which the upwind heat transfer tubes or the downwind
heat transfer tubes are aligned is L3 and that a distance
between the centers of the upwind heat transfer tube
and cut line in the direction of alignment of the upwind
heat transfer tubes or the downwind heat transfer tubes
is L4, an expression of 0.3 ≤ L4/L3 ≤ 0.7, preferably, may
hold. In this case, the possible occurrence of unneces-
sary heat conduction via the fins is still more surely pre-
vented.
[0022] In an embodiment, a higher-temperature re-
frigerant flows through the downwind heat transfer tubes
and a lower-temperature refrigerant flows through the
upwind heat transfer tubes, and the upwind half of each
fin is formed with a fin connecting portion which is inter-
posed between two upwind raised portions and which
is located on an upwind side of the downwind heat trans-
fer tubes.
[0023] With this arrangement, part of the higher-tem-
perature heat of the downwind heat transfer tubes is
transferred to the upwind half of the fin via the fin con-
necting portions. This enables prevention of an abnor-
mal drop in temperature at those portions of the upwind
half located between the upwind heat transfer tubes.
Therefore, a sufficient heat exchanging ability, or a good
performance, is secured.
[0024] In an embodiment, assuming that an angle
made between the direction in which the upwind heat
transfer tubes or the downwind heat transfer tubes are
aligned and a direction in which the at least one cut line
is extended is θ, then an expression of 5° ≤ θ ≤ 175°
holds. Preferably, mutually adjacent cut lines are ex-
tended in such a manner that they intersect the direction
of alignment of the upwind heat transfer tubes or the
downwind heat transfer tubes in opposite directions. In
this case, the unnecessary heat conduction via the fins
is still more surely prevented and a sufficient rigidity of
the fins is also secured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Fig. 1 is a refrigerant circuit diagram of a heat pump
air conditioner which employs the heat exchanger
of the present invention;
Fig. 2 is a perspective view of an embodiment of the
heat exchanger of the present invention;
Fig. 3 is a front view of a part of a fin of the embod-
iment shown in Fig. 2;
Fig. 4 is a front view of a part of a fin of another
embodiment of the heat exchanger of the present
invention;
Fig. 5A is a perspective view showing the construc-
tion of a cut line formed at the fins shown in Figs. 3

and 4;
Figs. 5B, 5C and 5D are perspective views showing
modification examples of the above cut line;
Fig. 6 is a graph showing a relationship between the
configuration of a cut line and the heat exchanger
performance, the graph showing values of the heat
exchanger performance for each value of W2/W1
when it is assumed that the heat exchanger per-
formance for W2/W1=0 has a value of 1.0;
Fig. 7 is a graph showing a relationship between the
configuration of a cut line and the heat exchanger
performance, the graph showing values of the heat
exchanger performance for each value of L2/L1
when it is assumed that the heat exchanger per-
formance for L2/L1=0.5 has a value of 1.0;
Fig. 8 is a graph showing a relationship between the
configuration of a cut line and the heat exchanger
performance, the graph showing values of the heat
exchanger performance for each value of W4/W3
when it is assumed that the heat exchanger per-
formance for W4/W3=0 has a value of 1.0;
Fig. 9 is a graph showing a relationship between the
configuration of a cut line and the heat exchanger
performance, the graph showing values of the heat
exchanger performance for each value of L4/L3
when it is assumed that the heat exchanger per-
formance for L4/L3=0.5 has a value of 1.0;
Fig. 10 is a perspective view of a prior art heat ex-
changer;
Fig. 11 is a graph showing the temperature at each
portion of heat transfer tubes of the prior art heat
exchanger; and
Fig. 12 is a perspective view of an improved exam-
ple of the prior art heat exchanger.

BEST MODE FOR CARRYING OUT THE INVENTION

[0026] Embodiments of the heat exchanger of the
present invention will be described in detail with refer-
ence to the accompanying drawings.
[0027] Fig. 1 is a refrigerant circuit diagram of a heat
pump air conditioner provided with a refrigerant circuit.
In the figure, a reference numeral 1 denotes a compres-
sor, a reference numeral 2 denotes a four-way selector
valve, a reference numeral 3 denotes an indoor heat ex-
changer provided with an indoor fan 7, reference numer-
al 4 denotes a pressure reducing device, such as a cap-
illary tube, and a reference numeral 5 denotes an out-
door heat exchanger provided with an outdoor fan 6. Al-
so, a reference numeral 8 denotes an accumulator.
When executing a heating operation with this air condi-
tioner, the four-way selector valve 2 is switched to the
solid line side to drive the compressor 1. Then, a refrig-
erant flows from the compressor 1 through the indoor
heat exchanger 3, pressure reducing device 4 and out-
door heat exchanger 5 and is thereafter fed back to the
compressor 1. The indoor heat exchanger 3 functions
as a condenser and the outdoor heat exchanger 5 func-
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tions as an evaporator. Fig. 2 schematically shows the
construction of the above indoor heat exchanger 3
which functions as a condenser in the heating operation,
wherein components similar to those of the prior art heat
exchanger shown in Fig. 10 are denoted by the same
reference characters. The structure of this indoor heat
exchanger 3 is similar to that of the prior art shown in
Fig. 10 except for the configuration of the fins 10. That
is, a number of fins 10 made of a metal, such as alumi-
num, having a good heat conduction are arranged side
by side in parallel with each other at specified intervals,
and a plurality of hairpin type heat transfer tubes 11 are
inserted in the fins 10 with their end portions connected
to one another by U-shaped communication tubes 12.
With this arrangement, a plurality of heat transfer tubes
13 and a plurality of heat transfer tubes 14 are arranged
in a vertical direction, in a staggered form as a whole,
at an upwind half 10a and a downwind half 10b, respec-
tively, of the fins 10. The refrigerant from the compressor
1 flows through an inlet tube 9 and diverges in two ver-
tical directions to flow into the downwind heat transfer
tubes 14, at which the refrigerant exchanges heat with
air A passing the fins 10. Thereafter the refrigerant flows
into the upwind heat transfer tubes 13. The refrigerant
that has flowed into the upwind heat transfer tubes 13
further exchanges heat with the air A passing the fins
10. Then, after converging from the two vertical direc-
tions, the refrigerant flows out through an outlet tube 8
and returns to the compressor 1 by way of the pressure
reducing device 4 and the evaporator 5.
[0028] Next, the fins 10 of the above indoor heat ex-
changer 3 will be described in detail with reference to
Fig. 3. In the figure, reference numeral 13 denotes the
upwind heat transfer tube and reference numeral 14 de-
notes the downwind heat transfer tube. The figure
shows the cross-sections of the heat transfer tubes.
These heat transfer tubes 13 and 14 have an identical
diameter, the magnitude of which is represented by W1
in the figure. In the same figure, a reference numeral 15
denotes a cut line. The cut lines 15 each extend inter-
secting an imaginary line 20 which connects the centers
of the mutually adjacent upwind heat transfer tube 13
and downwind heat transfer tube 14. Assuming that a
distance between mutually confronting outer peripheral
portions of the upwind heat transfer tube 13 and the
downwind heat transfer tube 14 on the imaginary line
20 is L1 and that a distance between the outer peripheral
portion of the downwind heat transfer tube 14 and an
intersection point at which the cut line intersects the im-
aginary line is L2, the intersection point is located in a
position satisfying the following relationship:

Further, the cut line 15 is provided in a region centered
on the imaginary line 20 and having a width W2 which
satisfies the following relationship:

0.2 ≤ L2/L1 ≤ 0.8

Further, assuming that an angle made between the cut
line 15 and a vertical direction in which the downwind
heat transfer tubes 14 are aligned is θ, the cut line 15 is
provided within a range of 5° ≤ θ ≤ 175° so that the ad-
jacent cut lines 15 intersect the direction in which the
downwind heat transfer tubes are arranged, in the mu-
tually reverse directions, as shown in Fig. 3. Its concrete
shape is provided by an elongated hole as shown in Fig.
5A. It is to be noted that the downwind heat transfer
tubes 14 and the upwind heat transfer tubes 13 are ar-
ranged mutually parallel to each other, and this means
that the cut lines 15 are provided at same angles relative
to the vertical direction in which the upwind heat transfer
tubes 13 are aligned as relative to the direction in which
the downwind heat transfer tubes are aligned.
[0029] In the heat exchanger constructed as above,
the plurality of cut lines 15 are extended at the fins 10.
The cut lines 15 are arranged along the vertical direction
in which the downwind heat transfer tubes 14 and/or the
upwind heat transfer tubes 13 are aligned, and the di-
rections in which the cut lines extend make specified an-
gles of 5° to 175° relative to the direction in which the
downwind and/or upwind heat transfer tubes are ar-
ranged. Thus, the directions in which the cut lines 15
extend, do not coincide with the direction X in which the
cut lines are arranged. This avoids the degradation in
the rigidity of the fins which will cause the bending of the
fins with the direction X of arrangement of the cut lines
serving as a center of the bending. Consequently, it is
possible to enhance the workability in handling the fins
10 and also to prevent the reduction of the heat ex-
changing ability and the increase of the ventilation re-
sistance which are caused by the deformation of the fins
10.
[0030] Furthermore, in the above heat exchanger, by
providing the fins 10 with the cut lines 15 between the
upwind heat transfer tubes 13 and the downwind heat
transfer tubes 14, the possible occurrence of unneces-
sary heat conduction from the downwind half 10b to the
upwind half 10a of the fin 10 is prevented. Also, assum-
ing that the diameter of the heat transfer tubes 13 and
14 is W1 and that the width of a zone in which the cut
lines 15 are provided is W2, an expression of 0.4 ≤
W2/W1 is satisfied. With this arrangement, the unnec-
essary heat conduction is surely suppressed, and a suf-
ficient performance, or heat exchanging ability is dis-
played, as shown in the graph of Fig. 6. Furthermore,
because of W2/W1 ≤ 1.3, the degradation in the rigidity
of the fins 10 can be avoided under the normal operating
conditions. Furthermore, an expression of 0.2 ≤ L2/L1
≤ 0.8 is satisfied so that the cut lines 15 are each pro-
vided in a center portion of the imaginary line 20. With
this arrangement, a sufficient heat exchanger perform-
ance is displayed, as shown in the graph of Fig. 7.
[0031] Fig. 4 shows another embodiment of the heat

0.4 ≤ W2/W1 ≤ 1.3
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exchanger of the present invention. In Fig. 4, compo-
nents similar to those of the embodiment shown in Fig.
3 are denoted by the same reference characters. In this
heat exchanger, upwind raised portions 16 and 17 are
formed at an upwind half 100a of each fin 100, and
downwind raised portions 18 are formed at a downwind
half 100b of the fin 100. These raised portions 16, 17
and 18 are of the so-called slit type, formed by raising
a part of the surface of each fin 100 (see Fig. 5B). Their
cut edges 16a, 17a and 18a protrude in the air flow path
of the air A so as to intersect the air flow direction A.
Further, at the upwind half 100a of the fin 100, a fin con-
necting portion 19 interposed between two upwind
raised portions 16 and 17 located at the most downwind
side is formed on the upwind side (the left-hand side in
Fig. 4) of the downwind heat transfer tubes 14. In a mid-
dle portion of the fin 100 formed between the downwind
raised portion 18 located at the most upwind side and
the upwind raised portions 16 and 17 located at the most
downwind side, there are arranged a plurality of cut lines
15 which each intersect an imaginary line 20 connecting
the centers of the mutually adjacent upwind heat trans-
fer tube 13 and downwind heat transfer tube 14. Assum-
ing that the middle portion has a lateral width W3, the
cut lines 15 are provided in a central part of the middle
portion and within a lateral width W4 which satisfies the
following expression:

The direction X of arrangement of the cut lines 15 is ap-
proximately parallel to the direction of alignment of the
downwind heat transfer tubes 14 and hence approxi-
mately parallel to the direction of alignment of the up-
wind heat transfer tubes 13 as well. Then, assuming that
a distance between the centers of the upwind heat trans-
fer tube 13 and the downwind heat transfer tube 14 in
the direction of alignment of the tubes is L3 and that a
distance between the centers of the upwind heat trans-
fer tube 13 and the cut line 15 in the same direction is
L4, the cut line 15 is provided in a position for which the
following expression holds:

Further, the cut lines 15 are provided so that an angle θ
made between the direction X in which the cut lines are
arranged and the direction in which the cut line extends
is within a range of 5° ≤ θ ≤ 175° and that the mutually
adjacent cut lines 15 are extended in the mutually re-
verse directions.
[0032] In the heat exchanger constructed as above,
the raised portions 16, 17 and 18 are provided on the
surfaces of the fins 100 and their edges 16a, 17a and
18a are made to protrude in the air flow path of the air
A. Therefore, the fins 100 have a high heat dissipation

0.4 ≤ W4/W3 ≤ 0.9

0.3 ≤ L4/L3 ≤ 0.7

efficiency, and hence an improved heat exchanging abil-
ity. Then, by providing the heat exchanger having the
thus improved heat exchanging ability with the cut lines
15, the unnecessary heat conduction via the fins 100 is
prevented. Furthermore, similarly to the embodiment
described with reference to Fig. 3, the cut lines 15 are
arranged along the direction in which the downwind heat
transfer tubes 14 or the upwind heat transfer tubes 13
are arranged, and the direction of extension of the cut
line makes the specified angle of 5° to 175° relative to
the direction of arrangement of the cut lines. Therefore,
the directions of extension of the cut lines 15 do not co-
incide with the direction X of arrangement thereof, which
enables the avoidance of the reduction in the rigidity of
the fins 100 which may cause the fins to be bent along
the direction X of arrangement of the cut lines. Conse-
quently, the workability in handling the fins 100 is im-
proved.
[0033] In the above heat exchanger, the cut lines 15
are provided between the upwind heat transfer tubes 13
and the downwind heat transfer tubes 14 at the fins 100,
thereby preventing the unnecessary heat conduction
from the downwind half 100b to the upwind half 100a of
each fin 100. Further, a relationship of 0.4 ≤ W4/W3 is
made to hold, where W3 is the width of the middle por-
tion formed between the upwind raised portions 16 and
17 and the downwind raised portions 18 and W3 is the
width of the zone in which the cut lines 15 are provided.
With this arrangement, the unnecessary heat conduc-
tion is infallibly suppressed, and as shown in the graph
of Fig. 8, a good performance, or heat exchanging abil-
ity, is displayed as in the case of the aforementioned
embodiment shown in Fig. 3. Furthermore, with the re-
straint of W4/W3 ≤ 0.9, the degradation in the rigidity of
the fins 100 is avoided. Further, with the restraint of 0.3
≤ L4/L3 ≤ 0.7, the cut lines 15 are each located in the
center portion of the imaginary line 20. Therefore, in this
case, a good heat exchanger performance or heat ex-
changing ability is also exhibited as shown in the graph
of Fig. 9, as in the case of the aforementioned embodi-
ment shown in Fig. 3.
[0034] Since the fins 100 provided with the raised por-
tions 16, 17 and 18 have a good ability to exchange heat
with the passing air A, the temperature tends to drop
particularly in those portions that are located between
the upwind heat transfer tubes 13 at the upwind half
100a, and this sometimes leads to an insufficient display
of the heat exchanging ability. However, since the fin
connecting portions 19 are provided on the upwind side
of the downwind heat transfer tubes 14 in the present
embodiment,part of the high-temperature heat of the
downwind heat transfer tubes 14 through which the
higher-temperature refrigerant flows is transferred to the
upwind half 100a by way of the fin connecting portions
19. Therefore, an abnormal temperature reduction at
the aforementioned portions of the upwind half is pre-
vented, which allows the heat exchanging ability to be
improved.

9 10
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[0035] Although the concrete embodiments of the
present invention have been described above, the
present invention is not limited to the aforementioned
embodiments. For example, instead of providing the cut
line by the elongated hole as shown in Fig. 5A, it is ac-
ceptable to form the cut line 15 of a slit type as shown
in Fig. 5B in which a part of the fin is raised, or a louver
type as shown in Fig. 5C in which a side portion is sunk
(or raised), or a burring type as shown in Fig. 5D in which
a flange is provided around the elongated hole. In either
case, the cut lines 15 are provided at the fins 10 and
100, and the cut lines 15 prevent the unnecessary heat
conduction from the downwind halves 10b and 100b to
the upwind halves 10a and 100a of the fins 10 and 100.
Although the above describes the case where the cut
lines 15 are provided in the indoor heat exchanger 3
which functions as a condenser in the heating operation,
the cut lines may be provided in the outdoor heat ex-
changer 5 which functions as a condenser in the cooling
operation.

INDUSTRIAL APPLICABILITY

[0036] The heat exchanger of the present invention is
used for a heat pump type air conditioner or the like pro-
vided with a refrigerant circuit.

Claims

1. A heat exchanger of a crossed-fin-and-tube type
wherein a plurality of fins (10, 100) are placed side
by side, a plurality of upwind heat transfer tubes (13)
penetrate an upwind half (10a, 100a) of each fin and
are aligned in a specified direction in the upwind
half, a plurality of downwind heat transfer tubes (14)
penetrate a downwind half (10b, 100b) of each fin
and are aligned in the downwind half in a direction
substantially identical to the direction in which said
upwind heat transfer tubes (13) are aligned, and
said upwind half (10a, 100a) is thermally separated
from said downwind half (10b, 100b) by a plurality
of cut lines (15) which are arranged, spaced from
each other, in a specified direction and at least one
of which is extended in a direction intersecting the
direction (X) of arrangement of the cut lines (15),
wherein said upwind heat transfer tubes (13) and
said downwind heat transfer tubes (14) are ar-
ranged in a staggered form as a whole, and each
cut line (15) is located between the mutually adja-
cent upwind heat transfer tube (13) and downwind
heat transfer tube (14), and extended intersecting
an imaginary line (20) which connects centers of the
mutually adjacent upwind and downwind heat
transfer tubes (13) (14) having an approximately
identical diameter whose magnitude is represented
by W1,
characterized in that

each cut line (15) is extended in a region centered
on said imaginary line (20) and having a width rep-
resented by W2, and in that an expression of 0.4 ≤
W2/W1 ≤ 1.3 holds.

2. A heat exchanger of a crossed-fin-and-tube type
wherein a plurality of fins (10, 100) are placed side
by side, a plurality of upwind heat transfer tubes (13)
penetrate an upwind half (10a, 100a) of each fin and
are aligned in a specified direction in the upwind
half, a plurality of downwind heat transfer tubes (14)
penetrate a downwind half (10b, 100b) of each fin
and are aligned in the downwind half in a direction
substantially identical to the direction in which said
upwind heat transfer tubes (13) are aligned, and
said upwind half (10a, 100a) is thermally separated
from said downwind half (10b, 100b) by a plurality
of cut lines (15) which are arranged, spaced from
each other, in a specified direction and at least one
of which is extended in a direction intersecting the
direction (X) of arrangement of the cut lines (15),
wherein said upwind heat transfer tubes (13) and
said downwind heat transfer tubes (14) are ar-
ranged in a staggered form as a whole, and each
cut line (15) is located between the mutually adja-
cent upwind heat transfer tube (13) and downwind
heat transfer tube (14), and extended intersecting
an imaginary line (20) which connects centers of the
mutually adjacent upwind and downwind heat
transfer tubes (13) (14),
characterized in that
assuming that a distance between mutually facing
outer peripheral portions of said upwind heat trans-
fer tube (13) and downwind heat transfer tube (14)
on said imaginary line (20) is L1 and that a distance
between a point at which the cut line (15) intersects
said imaginary line (20) and said outer peripheral
portion of said downwind heat transfer tube (14) on
said imaginary line (20) is L2, then an expression
of 0.2 ≤ L2/L1 ≤ 0.8 holds.

3. A heat exchanger of a crossed-fin-and-tube type
wherein a plurality of fins (10, 100) are placed side
by side, a plurality of upwind heat transfer tubes (13)
penetrate an upwind half (10a, 100a) of each fin and
are aligned in a specified direction in the upwind
half, a plurality of downwind heat transfer tubes (14)
penetrate a downwind half (10b, 100b) of each fin
and are aligned in the downwind half in a direction
substantially identical to the direction in which said
upwind heat transfer tubes (13) are aligned, and
said upwind half (10a, 100a) is thermally separated
from said downwind half (10b, 100b) by a plurality
of cut lines (15) which are arranged, spaced from
each other, in a specified direction and at least one
of which is extended in a direction intersecting the
direction (X) of arrangement of the cut lines (15),
wherein said upwind half (100a) and downwind half
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(100b) of each fin (100) are formed with raised por-
tions (16, 17, 18) having cut edges (16a, 17a, 18a)
which protrude into an air flow path and extend in a
direction intersecting a direction of air flow, and said
cut lines (15) are arranged in a middle portion
formed between the upwind raised portions (16, 17)
and the downwind raised portions (18),
characterized in that
assuming that said middle portion has a width W3
in a direction in which said upwind heat transfer
tubes (13) are laterally spaced from said downwind
heat transfer tubes (14) and that a region in which
the cut lines (15) are extended has a width W4 in
the direction in which said upwind heat transfer
tubes are laterally spaced from said downwind heat
transfer tubes, then an expression of 0.4 ≤ W4/W3
≤ 0.9 holds.

4. A heat exchanger of a crossed-fin-and-tube type
wherein a plurality of fins (10, 100) are placed side
by side, a plurality of upwind heat transfer tubes (13)
penetrate an upwind half (10a, 100a) of each fin and
are aligned in a specified direction in the upwind
half, a plurality of downwind heat transfer tubes (14)
penetrate a downwind half (10b, 100b) of each fin
and are aligned in the downwind half in a direction
substantially identical to the direction in which said
upwind heat transfer tubes (13) are aligned, and
said upwind half (10a, 100a) is thermally separated
from said downwind half (10b, 100b) by a plurality
of cut lines (15) which are arranged, spaced from
each other, in a specified direction and at least one
of which is extended in a direction intersecting the
direction (X) of arrangement of the cut lines (15),
wherein said upwind half (100a) and downwind half
(100b) of each fin (100) are formed with raised por-
tions (16, 17, 18) having cut edges (16a, 17a, 18a)
which protrude into an air flow path and extend in a
direction intersecting a direction of air flow, and said
cut lines (15) are arranged in a middle portion
formed between the upwind raised portions (16, 17)
and the downwind raised portions (18),
characterized in that
assuming that a distance between the centers of the
mutually adjacent upwind and downwind heat
transfer tubes (13, 14) in the direction in which the
upwind heat transfer tubes (13) or the downwind
heat transfer tubes (14) are aligned is L3 and that
a distance between the centers of the upwind heat
transfer tube (13) and cut line (15) in the direction
of alignment of the upwind heat transfer tubes or
the downwind heat transfer tubes is L4, an expres-
sion of 0.3 ≤ L4/L3 ≤ 0.7 holds.

5. The heat exchanger as claimed in claim 3 or 4,
wherein a higher-temperature refrigerant flows
through said downwind heat transfer tubes (14) and
a lower-temperature refrigerant flows through said

upwind heat transfer tubes (13), and said upwind
half (100a) of each fin (100) is formed with a fin con-
necting portion (19) which is interposed between
two upwind raised portions (16, 17) and located on
an upwind side of the downwind heat transfer tubes
(14).

6. The heat exchanger as claimed in claim 1 or 2,
wherein assuming that an angle made between the
direction in which the upwind heat transfer tubes
(13) or the downwind heat transfer tubes (14) are
aligned and a direction in which said at least one
cut line (15) is extended is θ, then an expression of
5° ≤ θ ≤ 175° holds.

7. The heat exchanger as claimed in claim 6, wherein
mutually adjacent cut lines (15) are extended in
such a manner that they intersect the direction of
arrangement of said upwind heat transfer tubes (13)
or said downwind heat transfer tubes (14) in oppo-
site directions.

Patentansprüche

1. Wärmetauscher des Typs mit sich kreuzenden Rip-
pen und Rohren, bei dem mehrere Rippen (10, 100)
Seite an Seite angeordnet sind, mehrere stromauf-
wärtige Wärmeübertragungsrohre (13) eine strom-
aufwärtige Hälfte (10a, 100a) jeder Rippe durch-
dringen, und in einer vorgegebenen Richtung in der
stromaufwärtigen Hälfte ausgerichtet sind, mehrere
stromabwärtige Wärmeübertragungsrohre (14) ei-
ne stromabwärtige Hälfte (10b, 100b) jeder Rippe
durchdringen, und in der stromabwärtigen Hälfte in
einer Richtung ausgerichtet sind, die im wesentli-
chen identisch zu jener Richtung ist, in welcher die
stromaufwärtigen Wärmeübertragungsrohre (13)
ausgerichtet sind, wobei die stromaufwärtige Hälfte
(10a, 100a) thermisch von der stromabwärtigen
Hälfte (10b, 100b) durch mehrere Schnittlinien (15)
getrennt ist, die voneinander beabstandet in einer
vorgegebenen Richtung angeordnet sind, und von
denen zumindest eine in einer Richtung verläuft,
welche die Richtung (X) der Anordnung der Schnitt-
linien (15) schneidet, wobei die stromaufwärtigen
Wärmeübertragungsrohre (13) und die stromab-
wärtigen Wärmeübertragungsrohre (14) insgesamt
versetzt angeordnet sind, und jede Schnittlinie (15)
zwischen einem stromaufwärtigen Wärmeübertra-
gungsrohr (13) und dem zugehörigen, benachbar-
ten stromabwärtigen Wärmeübertragungsrohr (14)
angeordnet ist, und so verläuft, dass sie eine ge-
dachte Linie (20) schneidet, welche Zentren des
stromaufwärtigen und jeweils benachbarten strom-
abwärtigen Wärmeübertragungsrohrs (13) (14)
schneidet, die annähernd den gleichen Durchmes-
ser aufweisen, der mit W1 bezeichnet ist,
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dadurch gekennzeichnet, dass
jede Schnittlinie (15) in einem Bereich verläuft, der
auf der gedachten Linie (20) zentriert ist, und eine
mit W2 bezeichnete Breite aufweist, wobei die Be-
dingung 0,4 ≤ W2/W1 ≤ 1,3 erfüllt ist.

2. Wärmetauscher mit sich kreuzenden Rippen und
Rohren, bei welchem mehrere Rippen (10, 100)
Seite an Seite angeordnet sind, mehrere stromauf-
wärtige Wärmeübertragungsrohre (13) eine strom-
aufwärtige Hälfte (10a, 100a) jeder Rippe durch-
dringen, und in einer vorgegebenen Richtung in der
stromaufwärtigen Hälfte ausgerichtet sind, mehrere
stromabwärtige Wärmeübertragungsrohre (14) ei-
ne stromabwärtige Hälfte (10b, 100b) jeder Rippe
durchdringen, und in der stromabwärtigen Hälfte in
einer Richtung angeordnet sind, die im wesentli-
chen gleich jener Richtung ist, in welcher die strom-
aufwärtigen Wärmeübertragungsrohre (13) ausge-
richtet sind, wobei die stromaufwärtige Hälfte (10a,
100a) thermisch von der stromabwärtigen Hälfte
(10b, 100b) durch mehrere Schnittlinien (15) ge-
trennt ist, die voneinander beabstandet in einer vor-
gegebenen Richtung angeordnet sind, und von de-
nen zumindest eine in einer Richtung verläuft, wel-
che die Richtung (X) der Anordnung der Schnittlinie
(15) schneidet, wobei die stromaufwärtigen Wär-
meübertragungsrohre (13) und die stromabwärti-
gen Wärmeübertragungsrohre (14) insgesamt ver-
setzt angeordnet sind, und jede Schnittlinie (15)
zwischen einem stromaufwärtigen Wärmeübertra-
gungsrohr (13) und dem zugehörigen, benachbar-
ten stromabwärtigen Wärmeübertragungsrohr (14)
angeordnet ist, und so verläuft, dass sie eine ge-
dachte Linie (20) schneidet, welche Zentren des
stromaufwärtigen und des diesem benachbarten
stromabwärtigen Wärmeübertragungsrohrs (13)
(14) schneidet,
dadurch gekennzeichnet, dass
wenn die Entfernung zwischen einander gegen-
überliegenden Außenumfangsabschnitten des
stromaufwärtigen. Wärmeübertragungsrohrs (13)
und des stromabwärtigen Wärmeübertragungs-
rohrs (14) auf der gedachten Linie (20) mit L1 be-
zeichnet ist, und die Entfernung zwischen einem
Punkt, an welchem die Schnittlinie (15) die gedach-
te Linie (20) schneidet, und dem Außenumfangsab-
schnitt des stromabwärtigen Wärmeübertragungs-
rohrs (14) auf der gedachten Linie (20) mit L2 be-
zeichnet ist, die Bedingung 0,2 ≤ L2/L1 ≤ 0,8 erfüllt
ist.

3. Wärmetauscher mit sich kreuzenden Rippen und
Rohren, bei welchem mehrere Rippen (10, 100)
Seite an Seite angeordnet sind, mehrere stromauf-
wärtige Wärmeübertragungsrohre (13) eine strom-
aufwärtige Hälfte (10a, 100a) jeder Rippe durch-
dringen, und in einer vorgegebenen Richtung in der

stromaufwärtigen Hälfte ausgerichtet sind, mehrere
stromabwärtige Wärmeübertragungsrohre (14) ei-
ne stromabwärtige Hälfte (10b, 100b) jeder Rippe
durchdringen, und in der stromabwärtigen Hälfte in
einer Richtung ausgerichtet sind, die im wesentli-
chen mit der Richtung übereinstimmt, in welcher die
stromaufwärtigen Wärmeübertragungsrohre (13)
ausgerichtet sind, wobei die stromaufwärtige Hälfte
(10a, 100a) thermisch von der stromabwärtigen
Hälfte (10b, 100b) durch mehrere Schnittlinien (15)
getrennt ist, die voneinander beabstandet in einer
vorgegebenen Richtung angeordnet sind, und von
denen zumindest eine in einer Richtung verläuft,
welche die Richtung (X) der Anordnung der Schnitt-
linie (15) schneidet, wobei die stromaufwärtige
Hälfte (100a) und die stromabwärtige Hälfte (100b)
jeder Rippe (100) mit erhöhten Abschnitten (16, 17,
18) versehen sind, welche Schnittränder (16a, 17a,
18a) aufweisen, die in einen Luftflußweg vorstehen,
und in einer Richtung verlaufen, welche die Rich-
tung des Luftflusses schneidet, wobei die Schnittli-
nien (15) in einem mittleren Abschnitt angeordnet
sind, der zwischen den stromaufwärtigen, erhöhten
Abschnitten (16, 17) und den stromabwärtigen, er-
höhten Abschnitten (18) vorgesehen sind,
dadurch gekennzeichnet, dass
wenn der mittlere Abschnitt eine Breite W in einer
Richtung aufweist, in welcher die stromaufwärtigen
Wärmeübertragungsrohre (13) in Querrichtung von
den stromabwärtigen Wärmeübertragungsrohren
(14) beabstandet sind, und ein Abschnitt, in wel-
chem die Schnittlinien (15) verlaufen, eine Breite
W4 in jener Richtung aufweist, in welcher die strom-
aufwärtigen Wärmeübertragungsrohre in Querrich-
tung von den stromabwärtigen Wärmeübertra-
gungsrohren beabstandet sind, die Bedingung 0,4
≤ W4/W3 ≤ 0,9 erfüllt ist.

4. Wärmetauscher mit sich kreuzenden Rippen und
Rohren, bei welchem mehrere Rippen (10, 100)
Seite an Seite angeordnet sind, mehrere stromauf-
wärtige Wärmeübertragungsrohre (13) eine strom-
aufwärtige Hälfte (10a, 100a) jeder Rippe durch-
dringen, und in einer vorgegebenen Richtung in der
stromaufwärtigen Hälfte ausgerichtet sind, mehrere
stromabwärtige Wärmeübertragungsrohre (14) ei-
ne stromabwärtige Hälfte (10b, 100b) jeder Rippe
durchdringen, und in der stromabwärtigen Hälfte in
einer Richtung ausgerichtet sind, die im wesentli-
chen mit der Richtung übereinstimmt, in welcher die
stromaufwärtigen Wärmeübertragungsrohre (13)
ausgerichtet sind, wobei die stromaufwärtige Hälfte
(10a, 100a) thermisch von der stromabwärtigen
Hälfte (10b, 100b) durch mehrere Schnittlinien (15)
getrennt ist, die voneinander beabstandet in einer
vorgegebenen Richtung angeordnet sind, und von
denen zumindest eine in einer Richtung verläuft,
welche die Richtung (X) der Anordnung der Schnitt-
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linie (15) schneidet, wobei die stromaufwärtige
Hälfte (100a) und die stromabwärtige Hälfte (100b)
jeder Rippe (100) mit erhöhten Abschnitten (16, 17,
18) versehen ist, welche Schnittränder (16a, 17a,
18a) aufweist, die in einen Luftflußweg vorstehen,
und in einer Richtung verlaufen, welche die Rich-
tung des Luftflusses schneidet, wobei die Schnittli-
nien (15) in einem mittleren Abschnitt angeordnet
sind, der zwischen den stromaufwärtigen, erhöhten
Abschnitten (16, 17) und den stromabwärtigen, er-
höhten Abschnitten (18) vorgesehen ist,
dadurch gekennzeichnet, dass
wenn die Entfernung zwischen den Zentren der ein-
ander benachbarten stromaufwärtigen und strom-
abwärtigen Wärmeübertragungsrohre (13, 14) in je-
ner Richtung, in welcher die stromaufwärtigen Wär-
meübertragungsrohre (13) oder die stromabwärti-
gen Wärmeübertragungsrohre (14) angeordnet
sind, mit L3 bezeichnet ist, und die Entfernung zwi-
schen den Zentren des stromaufwärtigen Wärme-
übertragungsrohrs (13) und der Schnittlinie (15) in
der Richtung der Ausrichtung der stromaufwärtigen
Wärmeübertragungsrohre oder der stromabwärti-
gen Wärmeübertragungsrohre mit L4 bezeichnet
ist, die Bedingung 0,3 ≤ L4/L3 ≤ 0,7 erfüllt ist.

5. Wärmetauscher nach Anspruch 3 oder 4, bei wel-
chem ein Kühlmittel auf höherer Temperatur durch
die stromabwärtigen Wärmeübertragungsrohre
(14) fließt, und ein Kühlmittel auf niedrigerer Tem-
peratur durch die stromaufwärtigen Wärmeübertra-
gungsrohre (13) fließt, und die stromaufwärtige
Hälfte (100a) jeder Rippe (100) mit einem Rippen-
verbindungsabschnitt (19) versehen ist, der zwi-
schen zwei stromaufwärtigen, erhöhten Abschnit-
ten (16, 17) angeordnet ist, und auf einer stromauf-
wärtigen Seite der stromabwärtigen Wärmeübertra-
gungsrohre (14) angeordnet ist.

6. Wärmetauscher nach Anspruch 1 oder 2, bei wel-
chem, wenn der Winkel, der zwischen jener Rich-
tung, in welcher die stromaufwärtigen Wärmeüber-
tragungsrohre (13) oder die stromabwärtigen Wär-
meübertragungsrohre (14) verlaufen, und der Rich-
tung, in welcher die zumindest eine Schnittlinie (15)
verläuft, mit θ bezeichnet ist, die Bedingung 5 °≤ θ
≤ 175 ° erfüllt ist.

7. Wärmetauscher nach Anspruch 6, bei welchem ein-
ander benachbarte Schnittlinien (15) so verlaufen,
dass sie die Richtung der Anordnung der stromauf-
wärtigen Wärmeübertragungsrohres (13) der
stromabwärtigen Wärmeübertragungsrohre (14) in
entgegengesetzten Richtungen schneiden.

Revendications

1. Echangeur de chaleur du type à tubes et ailettes
croisés, dans lequel plusieurs ailettes (10, 100) sont
placées côte à côte, plusieurs tubes (13) de trans-
fert de chaleur amont traversent une moitié amont
(10a, 100a) de chaque ailette et sont alignés dans
une direction spécifiée dans la moitié amont, plu-
sieurs tubes (14) de transfert de chaleur aval tra-
versent une moitié aval (10b, 100b) de chaque ailet-
te et sont alignés dans la moitié aval en direction
pratiquement identique à la direction dans laquelle
les tubes de transfert de chaleur amont (13) sont
alignés, et la moitié amont (10a, 100a) est séparés
thermiquement de la moitié aval (10b, 100b) par
plusieurs lignes de coupe (15) qui sont disposées
sous forme espacée en direction spécifiée et dont
l'une au moins s'étend en direction qui recoupe la
direction (X) de l'arrangement des lignes de coupe
(15), dans lequel les tubes de transfert de chaleur
amont (13) et les tubes de transfert de chaleur aval
(14) sont disposés sous forme décalée dans l'en-
semble, et chaque ligne de coupe (15) est placée
entre le tube de transfert de chaleur amont (13) et
le tube de transfert de chaleur aval (14) adjacents
mutuellement, et s'étend en recoupant une droite
imaginaire (20) qui relie les centres des tubes de
transfert de chaleur amont et aval mutuellement ad-
jacents (13, 14) qui ont un diamètre approximative-
ment identique dont la valeur est représentée par
W1,

caractérisé en ce que
chaque ligne de coupe (15) s'étend dans une

région centrée sur la droite imaginaire (20) et ayant
une largeur représentée par W2, et en ce que la
relation 0,4 ≤ W2/W1 ≤ 1,3 est respectée.

2. Echangeur de chaleur du type à tubes et ailettes
croisée, dans lequel plusieurs ailettes (10, 100)
sont placées côte à côte, plusieurs tubes (13) de
transfert de chaleur amont traversent une moitié
amont (10a, 100a) de chaque ailette et sont alignés
dans une direction spécifiée dans la moitié amont,
plusieurs tubes (14) de transfert de chaleur aval tra-
versent une moitié aval (10b, 100b) de chaque ailet-
te et sont alignés dans la moitié aval en direction
pratiquement identique à la direction dans laquelle
les tubes de transfert de chaleur amont (13) sont
alignée, et la moitié amont (10a, 100a) est séparée
thermiquement de la moitié aval (10b, 100b) par
plusieurs lignes de coupe (15) qui sont disposées
sous forme espacée en direction spécifiée et dont
l'une au moins s'étend en direction qui recoupe la
direction (X) de l'arrangement des lignes de coupe
(15), dans lequel les tubes de transfert de chaleur
amont (13) et les tubes de transfert de chaleur aval
(14) sont disposés sous forme décalée dans l'en-
semble, et chaque ligne de coupe (15) est placée
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entre le tube de transfert de chaleur amont (13) et
le tube de transfert de chaleur aval (14) adjacents
mutuellement, et s'étend en recoupant une droite
imaginaire (20) qui relie les centres des tubes de
transfert de chaleur amont et aval mutuellement ad-
jacents (13, 14),

caractérisé en ce que
si l'on suppose que la distance comprise entre

les parties périphériques externes en regard mu-
tuellement du tube de transfert de chaleur amont
(13) et du tube de transfert de chaleur aval (14) sur
la droite imaginaire (20) est L1 et que la distance
comprise entre un point auquel la ligne de coupe
(15) recoupe la droite imaginaire (20) et la partie
périphérique externe du tube de transfert de cha-
leur aval (14) sur la droite imaginaire (20) est L2, la
relation suivante 0,2 ≤ L2/L1 ≤ 0,8 est respectée.

3. Echangeur de chaleur du type à tubes et ailettes
croisés, dans lequel plusieurs ailettes (10, 100) sont
placées côte à côte, plusieurs tubes (13) de trans-
fert de chaleur amont traversent une moitié amont
(10a, 100a) de chaque ailette et sont alignés dans
une direction spécifiée dans la moitié amont, plu-
sieurs tubes (14) de transfert de chaleur aval tra-
versent une moitié aval (10b, 100b) de chaque ailet-
te et sont alignés dans la moitié aval en direction
pratiquement identique à la direction dans laquelle
les tubes de transfert de chaleur amont (13) sont
alignés, et la moitié amont (10a, 100a) est séparée
thermiquement de la moitié aval (10b, 100b) par
plusieurs lignes de coupe (15) qui sont disposées
sous forme espacée en direction spécifiée et dont
l'une au moins s'étend en direction qui recoupe la
direction (X) de l'arrangement des lignes de coupe
(15), dans lequel la moitié amont (100a) et la moitié
aval (100b) de chaque ailette (100) sont formées
avec des parties en saillie (16, 17, 18) ayant des
bords coupés (16a, 17a, 18a) qui dépassent dans
un trajet de circulation d'air et s'étendent en direc-
tion qui recoupe une direction d'écoulement d'air, et
les lignes de coupe (15) sont disposées dans une
partie médiane formée entre les parties en saillie
amont (16, 17) et les parties en saillie aval (18),

caractérisé en ce que
si l'on suppose que la partie médiane a une

largeur W3 dans la direction dans laquelle les tubes
de transfert de chaleur amont (13) sont espacés la-
téralement par rapport aux tubes de transfert de
chaleur aval (14), et que la région dans laquelle les
lignes de coupe (15) s'étendent a une largeur W4
en direction dans laquelle les tubes de transfert de
chaleur amont sont séparés latéralement des tubes
de transfert de chaleur aval, la relation 0,4 ≤ W4/W3
≤ 0,9 est respectée.

4. Echangeur de chaleur du type à tubes et ailettes
croisés, dans lequel plusieurs ailettes (10, 100) sont

placées côte à côte, plusieurs tubes (13) de trans-
fert de chaleur amont traversent une moitié amont
(10a, 100a) de chaque ailette et sont alignés dans
une direction spécifiée dans la moitié amont, plu-
sieurs tubes (14) de transfert de chaleur aval tra-
versent une moitié aval (10b, 100b) de chaque ailet-
te et sont alignés dans la moitié aval en direction
pratiquement identique à la direction dans laquelle
les tubes de transfert de chaleur amont (13) sont
alignés, et la moitié amont (10a, 100a) est séparée
thermiquement de la moitié aval (10b, 100b) par
plusieurs lignes de coupe (15) qui sont disposées
sous forme espacée en direction spécifiée et dont
l'une au moins s'étend en direction qui recoupe la
direction (X) de l'arrangement des lignes de coupe
(15), dans lequel la moitié amont (100a) et la moitié
aval (100b) de chaque ailette (100) sont formées
avec des parties en saillie (16, 17, 18) ayant des
bords coupés (16a, 17a, 18a) qui dépassent dans
un trajet de circulation d'air et s'étendent en direc-
tion qui recoupe une direction d'écoulement d'air, et
les lignes de coupe (15) sont disposées dans une
partie médiane formée entre les parties en saillie
amont (16, 17) et les parties en saillie aval (18),

caractérisé en ce que
si l'on suppose que la distance comprise entre

les centres des tubes de transfert de chaleur amont
et aval mutuellement adjacents (13, 14) dans la di-
rection dans laquelle les tubes de transfert de cha-
leur amont (13) ou les tubes de transfert de chaleur
aval (14) sont alignés est L3 et que la distance com-
prise entre les centres du tube de transfert de cha-
leur amont (13) et de la ligne de coupe (15) dans la
direction d'alignement des tubes de transfert de
chaleur amont ou des tubes de transfert de chaleur
aval est L4, la relation 0,3 ≤ L4/L3 ≤ 0,7 est respec-
tée.

5. Echangeur de chaleur selon la revendication 3 ou
4, dans lequel un fluide réfrigérant à température
relativement élevée circule dans les tubes de trans-
fert de chaleur aval (14) et un fluide réfrigérant à
température relativement basse circule dans les tu-
bes de transfert de chaleur amont (13), et la moitié
amont (100a) de chaque ailette (100) est formée
avec une partie de raccordement d'ailette (19) qui
est disposée entre deux parties en saillie amont (16,
17) et placée d'un côté amont des tubes de transfert
de chaleur aval (14).

6. Echangeur de chaleur selon la revendication 1 ou
2, dans lequel, si l'on suppose que l'angle formé par
la direction d'alignement des tubes de transfert de
chaleur amont (13) ou des tubes de transfert de
chaleur aval (14) avec la direction dans laquelle
s'étend la ligne de coupe au moins (15) est égal à
θ, la relation 5° ≤ θ ≤ 175° est respectée.
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7. Echangeur de chaleur selon la revendication 6,
dans lequel les lignes de coupe adjacentes mutuel-
lement (15) s'étendent afin qu'elles recoupent la di-
rection d'arrangement des tubes de transfert de
chaleur amont (13) ou des tubes de transfert de
chaleur aval (14) dans des directions opposées.
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