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Description

TECHNICAL FIELD

[0001] The present invention relates to a structure
of a heat-transfer pipe with internal grooves having
grooves in an inner surface of a pipe body.

BACKGROUND ART

[0002] A heat-transfer pipe in a heat exchanger
such as an evaporator, a condenser or the like for an air
conditioner is conventionally provided with spiral
grooves in an inner surface of the pipe from a viewpoint
of improvement in its heat transfer efficiency as shown
in Japanese Patent Laid-Open Publication No. Hei 9-
42881 so that a heat-transfer area is enlarged and an
agitation effect is improved by allowing a refrigerant
flowing in the pipe to annularly flow.

[0003] In the case of a heat-transfer pipe in this
constitution, however, liquid film portions are uniformly
distributed generally in the pipe when a condensation
action proceeds to some extent and the thickness grad-
ually increases. Consequently, heat resistance and dif-
fusion resistance increase and thereby a heat-transfer
performance is deteriorated.

[0004] In order to address this problem, there is a
proposal that the inner surface of the pipe is divided into
a plurality of areas in the circumferential direction, each
having a plurality of rows of grooves arranged in V-
shaped patterns, for example, which are symmetric with
respect to the direction of a pipe axis and have equal
widths in the circumferential direction, for example, as
shown in Japanese Patent Laid-Open Publication No.
Hei 9-42880.

[0005] In the case of this constitution, the distribu-
tion of the refrigerant flowing in the pipe in the pipe cir-
cumferential direction can be made ununiform because
of flow merging and dividing actions by the plurality of
the grooves arranged in V-shaped patterns provided in
the inner surface of the pipe which are symmetric with
respect to the pipe axis direction and have equal widths
in the circumferential direction as compared with the
aforementioned heat-transfer pipe having the spiral
grooves. Since high heat transfer efficiency is achieved
in areas where the liquid refrigerant becomes a thin film
as a result, the heat transfer efficiency at the time of
condensation is improved.

[0006] However, in the case of the above-described
heat-transfer pipe having grooves arranged in V-shaped
patterns in the inner surface of the pipe which are sym-
metric with respect to the pipe axis direction and have
equal widths in the circumferential direction,

1. Since refrigerant flows are collided and merged
due to the grooves arranged in V-shaped patterns,
flow resistance is high. For example, in the case
where this heat-transfer pipe is used as an evapo-
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rator or the like, sufficient improvement of the heat
transfer performance, which is affected by a great
pressure loss, can not necessarily be obtained.

2. In areas where a refrigerant flow rate is low
(areas having little refrigerant circulation), there is
little effect even though the refrigerant distribution is
made ununiform by the grooves arranged in V-
shaped patterns. In the case where the heat-trans-
fer pipe is used as an evaporator, in particular, a
heat transfer performance enhancing effect cannot
be obtained since a sufficient liquid refrigerant can-
not be supplied in the pipe circumferential direction
due to the groove structure. That is, improvement of
the performance cannot be expected in some use
areas.

DISCLOSURE OF THE INVENTION

[0007] An object of the present invention is to pro-
vide a heat-transfer pipe with internal grooves having a
heat transfer performance improved as much as possi-
ble by reducing a pressure loss and appropriately con-
trolling refrigerant flows in the pipe to be even when a
refrigerant flow rate is low, and a manufacturing method
thereof as well as a manufacturing device, by which the
above-described problems can be solved.

[0008] In order to achieve the above object, each
aspect of the present invention has the following means
for solving the problems.

(1) First aspect of the invention

[0009] In a heat-transfer pipe with internal grooves
according to the first aspect of the present invention, a
plurality of rows of grooves arranged in V-shaped pat-
terns 3 symmetric with respect to a pipe axis direction
are provided on an inner surface 2 of a pipe body 1a;
and widths of the plurality of rows of the grooves 3
arranged in the V-shaped patterns are made unequal in
a circumferential direction.

[0010] Thus, when the plurality of rows of the
grooves 3 arranged in V-shaped patterns are provided
side by side with unequal widths in the circumferential
direction, a component of force in the swirling direction
are generated in a refrigerant liquid so that the refriger-
ant liquid flows in an ununiform manner in the pipe axis
direction while repeatedly merging and dividing at
edges of respective grooves 3 arranged in the V-shaped
patterns. Consequently, an annular flow close to the one
obtained by combination of spiral grooves can be
obtained. Further, an agitation effect is achieved and
thereby a heat transfer performance is improved.

(1) Second aspect of the invention
[0011] In the heat-transfer pipe with internal

grooves according to the second aspect of the present
invention, secondary grooves 6 having a prescribed
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depth are formed from a top 5a side towards a base 5b
side at least in part of projected portions 5 formed
between respective grooves 3 of the plurality of rows of
the grooves 3 arranged in the V-shaped patterns.
[0012] Thus, when the secondary grooves 6 having
a prescribed depth are formed from the top part 5a side
towards the bottom part 5b side at least in part of the
projected portions 5 formed between the respective
grooves 3 of the plurality of rows of the grooves 3
arranged in V-shaped patterns, the flow resistance of
the refrigerant flowing in the pipe is further reduced by
the secondary grooves 6 and thereby a heat transfer
performance is effectively improved even when a refrig-
erant flow rate is low.

(1) Third aspect of the invention

[0013] In the heat-transfer pipe with internal
grooves according to the third aspect of the present
invention, the secondary grooves 6 are notched grooves
in a spiral direction.

[0014] In this case, the flow resistance of the refrig-
erant flowing in the pipe is effectively reduced by the
secondary grooves 6 composed of the notched grooves
in the spiral direction. Further, a swirling force is
increased in the spiral direction and thereby the heat
transfer performance is improved.

(IV) Fourth aspect of the invention

[0015] In the heat-transfer pipe with internal
grooves according to the fourth aspect of the present
invention, secondary grooves 7 having a prescribed
depth are formed in an outer surface of at least part of
projected portions 5 formed between respective
grooves 3 of the rows of grooves 3 arranged in the V-
shaped patterns.

[0016] Thus, when the secondary grooves 7 having
a prescribed depth are formed in outer surfaces at least
in part of the projected portions 5 formed between the
respective grooves 3 of the rows of grooves arranged in
the V-shaped patterns, a pressure loss is reduced since
the flow resistance of the refrigerant flowing in the pipe
is reduced by the secondary grooves 7 and thereby a
heat transfer performance is effectively improved even
when a refrigerant flow rate is low.

(V) Fifth aspect of the invention

[0017] In the heat-transfer pipe with internal
grooves according to the fifth aspect of the present
invention, the secondary grooves 7 are fine grooves
extending from one side surface of the projected por-
tions 5 to the other side surface thereof.

[0018] The flow resistance of the refrigerant flowing
in the pipe is effectively reduced by the secondary
grooves 7 composed of fine grooves extending from one
side surface to the other side surface of the projected
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portions 5 in this case, and therefore the heat transfer
performance is improved. Also, even when the pipe is
expanded, both sides of the fine grooves are not
crushed and thereby the heat-transfer performance is
not deteriorated.

(VI) Sixth aspect of the invention

[0019] In a method for manufacturing a heat-trans-
fer pipe with internal grooves according to the sixth
aspect of the present invention, a first marking roll 11 for
marking a plurality of rows of grooves 3 arranged in V-
shaped patterns in a flat plate-like heat-transfer pipe
material 13, a second marking roll 12 for marking sec-
ondary grooves 7 at least in part of projected portions 5
formed between respective grooves 3 of the plurality of
rows of the grooves 3 arranged in the V-shaped patterns
and a roll forming device 17 for forming the flat plate-like
heat-transfer pipe material 13 into a cylindrical pipe are
used to continuously mark the plurality of rows of the
grooves 3 arranged in the V-shaped patterns and the
secondary grooves 7 in the flat plate-like heat-transfer
pipe material 13 successively by the first and second
marking rolls 11, 12 and then form a cylindrical pipe by
roll forming by the roll forming device 17.

[0020] In this method of manufacturing a heat-
transfer pipe with internal grooves, the heat-transfer
pipe with internal grooves having the constitutions of the
first, fourth and fifth aspects can be easily manufactured
only by combining the above-described first and second
marking rolls 11, 12 in the direction of the movement of
the flat plate-like heat-transfer pipe material 13 to per-
form continuous markings successively in two stages.

(VIl) Seventh aspect of the invention

[0021] In a device for manufacturing a heat-transfer
pipe with internal grooves according to the seventh
aspect of the present invention, a first marking roll 11 for
marking a plurality of rows of grooves 3 arranged in V-
shaped patterns in a flat plate-like heat-transfer pipe
material 13, a second marking roll 12 for marking sec-
ondary grooves 7 at least in part of projected portions 5
formed between respective grooves 3 of the plurality of
rows of the grooves 3 arranged in V-shaped patterns
and a roll forming device 17 for forming the flat plate-like
heat-transfer pipe material 13 into a cylindrical pipe are
provided successively side by side in a direction of
movement of the flat plate-like heat-transfer pipe mate-
rial 13 to continuously mark the grooves 3 arranged in
the V-shaped patterns and the secondary grooves 7
successively by the first and second marking rolls 11,
12 and then form a cylindrical pipe by roll forming by the
roll forming device 17.

[0022] By this device for manufacturing the heat-
transfer pipe with internal grooves, the heat-transfer
pipe with internal grooves having the constitutions of the
first, fourth and fifth aspects can be easily manufactured
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only by combining the above-described first and second
marking rolls 11, 12 in the direction of the movement of
the flat plate-like heat-transfer pipe material 13 to per-
form markings successively in two stages.

[0023] As a result of the above, according to the
heat-transfer pipe with internal grooves and the manu-
facturing method thereof and the manufacturing device
according to each aspect of the present invention, a
pressure loss, heat resistance in the heat-transfer pipe
and diffusion resistance are reduced even in the case of
being constituted as a condenser or an evaporator or
even in the case where a refrigerant flow rate is low
when the pipe is constituted as an evaporator. Conse-
quently, a heat exchanger with sufficiently high heat
transfer performance can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

Fig. 1 is an enlarged view showing part of a struc-
ture in an opened state of a pipe body of a heat-
transfer pipe with internal grooves according to a
first embodiment of the present invention;

Fig. 2 is an enlarged view of an essential part of the
inner surface of the pipe body;

Fig. 3 is a perspective view of a cut-off section of
the essential part of the inner surface of the pipe
body;

Fig. 4 is an enlarged view showing a structure of an
essential part of the inner surface of a pipe body of
a heat-transfer pipe with internal grooves according
to a second embodiment of the present invention;
Fig. 5 is an enlarged perspective view of the essen-
tial part;

Fig. 6 is a perspective view of a cut-off section of
the essential part of the inner surface of the pipe
body;

Fig. 7 is an enlarged view showing a structure of an
essential part of the inner surface of a pipe body of
a heat-transfer pipe with internal grooves according
to a third embodiment of the present invention;

Fig. 8 is an enlarged perspective view of a cut-off
section of the essential part; and

Fig. 9 is a perspective view showing manufacture of
a heat-transfer pipe with internal grooves according
to the third embodiment of the present invention
and a constitution of a manufacturing device.

BEST MODE FOR CARRYING OUT THE INVENTION
First Embodiment

[0025] Figs. 1 to 3 show a structure of a heat-trans-
fer pipe with internal grooves according to a first embod-
iment of the present invention.

[0026] First, as shown in Figs. 1 to 3 for example, in
the heat-transfer pipe 1 with internal grooves according
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to this embodiment, first to fifth groups A - E of a plural-
ity of rows of grooves is provided on an inner surface 2
of a pipe body 1a having an electric welded pipe struc-
ture. Those groups of grooves are comprised of grooves
3 which are arranged to be symmetric, with respect to a
pipe axis direction and to form relatively sharp V-shape
patterns, and which are arranged with width of the
grooves unequal to each other in the circumferential
direction and with a lead angle 6 of the grooves different
from each other, so as to promote a turbulent flow of a
refrigerant liquid flowing in the pipe body 1a and to pro-
mote the refrigerant liquid to become a thin film because
coarse and minute refrigerant liquid portions are formed
by dividing and merging the refrigerant liquid flow.
[0027] In Fig. 3, reference numeral 5 denotes a pro-
jected portion formed between the respective grooves 3
arranged in V-shaped patterns. Reference numerals 5a
and 5b denote a top and a base of the projected portion,
respectively.

[0028] Thus, since the first to fifth groups A - E com-
posed of rows of grooves, which are arranged in V-
shaped patterns and have a lead angle 6 different in
next groups, are provided side by side with unequal
widths in the circumferential direction, the refrigerant lig-
uid flows ununiformly in the circumferential direction to
swirl while repeatedly dividing and merging at edge por-
tions of V-shape patterns of the respective grooves 3.
Consequently, the grooves of the present invention can
obtain an annular flow close to the one conventionally
obtained by combination of spiral grooves even though
the grooves arranged in V-shaped patterns are used.
Thus, an effective agitation effect is achieved and
thereby a heat transfer performance is improved.
[0029] Respective grooves 3 in the first to fifth
groups A - E are formed with a prescribed lead angle 6,
a prescribed depth H and a prescribed number of
grooves N so that the flow resistance of each groove
portion is made as small as possible to reduce the pres-
sure loss. Therefore, even when the heat-transfer pipe
of the present invention is used for an evaporator at a
low refrigerant flow rate, the pressure loss is reduced
and thereby the heat transfer performance is improved.
[0030] According to the results of experiments con-
ducted by the present inventors, the flow resistance was
the smallest and the pressure loss was effectively
reduced when the aforementioned lead angle 6, groove
depth H, and number of grooves N are in the range of 5
-15°,0.2 - 0.3 mm and 45 - 55, respectively, in the case
of a heat-transfer pipe having an outer dimension of ¢ =
7 mm.

[0031] As described above, according to the consti-
tution of the heat-transfer pipe with internal grooves of
this embodiment, widths of groups A - E composed of
rows of grooves 3, which are arranged in V-shaped pat-
terns and have a lead angle 6 different from each other,
are set unequal in the circumferential direction rather
than equal. Therefore, the refrigerant in the pipe has
swirling flow as in the case of the conventional pipe with



7 EP 1 087 198 A1 8

spiral grooves. Consequently, the heat transfer promo-
tion effect is not deteriorated even when a refrigerant
flow rate is low because the refrigerant is effectively
supplied in the circumferential direction of the pipe.
[0032] The lead angle 6, the groove depth H and
the groove number N of the grooves 3 formed in the V-
shaped patterns, the first to fifth groups A - E of which
are arranged in the inner surface of the pile, are set to
the values by which the smallest flow resistance is
obtained corresponding to the aforementioned experi-
ment results. Therefore, since the flow resistance can
be made as small as possible to reduce the pressure
loss as a result, a heat-transfer pipe for a heat
exchanger having a sufficiently high performance can
be obtained.

Second Embodiment

[0033] Figs. 4 to 6 show a structure of a heat-trans-
fer pipe with internal grooves according to a second
embodiment of the present invention.

[0034] First, in the heat-transfer pipe 1 with internal
grooves according to this embodiment, first to fifth
groups A - E of a plurality of rows of grooves is provided
on an inner surface 2 of a pipe body 1a having the same
electric welded pipe structure as described above.
Those groups of grooves are comprised of grooves 3
which are arranged to be symmetric with respect to a
pipe axis direction and to form relatively sharp V-shape
patterns, and which are arranged with width of the
grooves unequal to each other in the circumferential
direction and with a lead angle 6 of the grooves different
from each other, so as to promote a turbulent flow of a
refrigerant liquid flowing in the pipe body 1a and to pro-
mote the refrigerant liquid to become a thin film because
coarse and minute refrigerant liquid portions are formed
by dividing and merging the refrigerant liquid flow.
[0035] In Figs. 5 and 6, reference numeral 5
denotes a projected portion formed between the
respective grooves 3 arranged in V-shaped patterns.
Reference numerals 5a and 5b denote a top and a base
of the projected portion 5, respectively. In this embodi-
ment, secondary grooves 6 are provided and the sec-
ondary grooves 6 are composed of notched grooves
(chipped grooves) in the spiral direction with a pre-
scribed depth d from the top 5a towards the base 5b.
Consequently, the flow resistance of the refrigerant is
reduced and the refrigerant is further urged in the swirl-
ing direction.

[0036] Thus, since the first to fifth groups A - E com-
posed of rows of grooves, which are arranged in V-
shaped patterns and have a lead angle 6 different in
next groups, are provided side by side with unequal
widths in the circumferential direction, the refrigerant lig-
uid flows ununiformly in the circumferential direction to
swirl while repeatedly dividing and merging at edge por-
tions of V-shape patterns of the respective grooves 3.
Consequently, the grooves of the present invention can
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obtain an annular flow close to the one conventionally
obtained by combination of spiral grooves even though
the grooves arranged in V-shaped patterns are used.
Thus, an effective agitation effect is achieved and
thereby a heat transfer performance is improved.
[0037] Respective grooves 3 in the first to fifth
groups A - E are formed with the secondary grooves 6
composed of notched grooves (chipped grooves) in the
spiral direction as described above as well as a pre-
scribed lead angle 0, a prescribed depth H and a pre-
scribed number of grooves as in the first embodiment,
so that the flow resistance of each groove portion is
made as small as possible to reduce the pressure loss.
Therefore, even when the heat-transfer pipe of the
present invention is used for an evaporator at a low
refrigerant flow rate, the pressure loss is reduced and
thereby the heat transfer performance is improved.
[0038] According to the results of experiments con-
ducted by the present inventors as described above, the
flow resistance was the smallest and the pressure loss
was effectively reduced when the aforementioned lead
angle 0, groove depth H, and number of grooves N are
in the range of 5 - 15°, 0.2 - 0.3 mm and 45 - 55, respec-
tively, in the case of a heat-transfer pipe having an outer
dimension of ¢ =7 mm.

[0039] As described above, according to the consti-
tution of the heat-transfer pipe with internal grooves of
this embodiment, widths of groups A - E composed of
rows of grooves 3, which are arranged in V-shaped pat-
terns and have a lead angle 6 different from each other,
are set unequal in the circumferential direction. There-
fore, the refrigerant in the pipe has swirling flow as in the
case of the conventional pipe with spiral grooves. Con-
sequently, the heat transfer promotion effect is not dete-
riorated even when a refrigerant flow rate is low
because the refrigerant is effectively supplied in the cir-
cumferential direction of the pipe.

[0040] The lead angle 6, the groove depth H and
the groove number N of the grooves 3 formed in the V-
shaped patterns, the first to fifth groups A - E of which
are arranged in the inner surface of the pile, are set to
the values by which the smallest flow resistance is
obtained. In addition, the secondary grooves 6 are
formed in the projected portions 5 provided between the
respective grooves 3 as main grooves in V-shaped pat-
terns and the secondary grooves 6 are notched grooves
from the top 5a towards the base 5b of the projected
portions 5 and are directed in the spiral direction. There-
fore, since the flow resistance can be made as small as
possible to reduce the pressure loss and swirling force
in the spiral direction can be further increased, a heat-
transfer pipe for a heat exchanger having a still higher
performance can be obtained.

Third Embodiment

[0041] Figs. 7 to 9 show a structure of a heat-trans-
fer pipe with internal grooves according to a third
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embodiment of the present invention and a constitution
of a manufacturing device employing a method for man-
ufacturing the heat-transfer pipe, respectively.

[0042] First, in the heat-transfer pipe 1 with internal
grooves according to this embodiment, first to fifth
groups A - E of a plurality of rows of grooves is provided
on an inner surface 2 of a pipe body 1a having the same
electric welded pipe structure as described above.
Those groups of grooves are comprised of grooves 3
which are arranged to be symmetric with respect to a
pipe axis direction and to form relatively sharp V-shape
patterns, and which are arranged with width of the
grooves unequal to each other in the circumferential
direction and with a lead angle 6 of the grooves different
from each other, so as to promote a turbulent flow of a
refrigerant liquid flowing in the pipe body 1a and to pro-
mote the refrigerant liquid to become a thin film because
coarse and minute refrigerant liquid portions are formed
by dividing and merging the refrigerant liquid flow.
[0043] In Figs. 7 and 8, reference numeral 5
denotes a projected portion formed between the
respective grooves 3 arranged in V-shaped patterns.
Reference numerals 5a and 5b denote a top and a base
of the projected portion 5, respectively. In this embodi-
ment, secondary grooves 7 composed of fine grooves
having a prescribed depth are formed from one side of
an outer surface of the projected portion 5 to the other
side thereof to direct toward, for example, the spiral
direction. Consequently, the flow resistance of the
refrigerant is reduced and the refrigerant is further
urged in the swirling direction.

[0044] Thus, since the first to fifth groups A - E com-
posed of rows of grooves, which are arranged in V-
shaped patterns and have a lead angle 6 different in
next groups, are provided side by side with unequal
widths in the circumferential direction, the refrigerant lig-
uid flows ununiformly in the circumferential direction to
swirl while repeatedly dividing and merging at edge por-
tions of V-shape patterns of the respective grooves 3.
Consequently, the grooves of the present invention can
obtain an annular flow close to the one conventionally
obtained by combination of spiral grooves even though
the grooves arranged in V-shaped patterns are used.
Thus, an effective agitation effect is achieved and
thereby a heat transfer performance is improved.
[0045] Respective grooves 3 in the first to fifth
groups A - E are formed with the secondary fine
grooves 7 formed from one side of an outer surface of
the projected portion 5 to the other side thereof in a pre-
scribed depth to direct toward the spiral direction as well
as with a prescribed lead angle 6, a prescribed depth H
and a prescribed number of grooves as in the first
embodiment. Consequently, the flow resistance of each
groove portion is made as small as possible to reduce
the pressure loss. Therefore, even when the heat-trans-
fer pipe of the present invention is used for an evapora-
tor at a low refrigerant flow rate, the pressure loss is
reduced and thereby the heat transfer performance is
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improved. Also, even when the pipe is expanded, the
fine grooves on the side portions are not crushed and
thereby the heat transfer performance is not deterio-
rated.

[0046] According to the results of experiments con-
ducted by the present inventors as described above, the
flow resistance was the smallest and the pressure loss
was effectively reduced when the aforementioned lead
angle 6, groove depth H, and number of grooves N are
in the range of 5 - 15°, 0.2 - 0.3 mm and 45 - 55, respec-
tively, in the case of a heat-transfer pipe having an outer
dimension of ¢ = 7 mm.

[0047] As described above, according to the consti-
tution of the heat-transfer pipe with internal grooves of
this embodiment, widths of groups A - E composed of
rows of grooves 3, which are arranged in V-shaped pat-
terns and have a lead angle 6 different from each other,
are set unequal. Therefore, the refrigerant in the pipe
has swirling flow as in the case of the conventional pipe
with spiral grooves. Consequently, the heat transfer pro-
motion effect is not deteriorated even when a refrigerant
flow rate is low because the refrigerant is effectively
supplied in the circumferential direction of the pipe.
[0048] The lead angle 6, the groove depth H and
the groove number N of the grooves 3 formed in the V-
shaped patterns, the first to fifth groups A - E of which
are arranged in the inner surface of the pile, are set to
the values by which the smallest flow resistance is
obtained. In addition, the secondary grooves 7 com-
posed of fine grooves are formed from one side of an
outer surface of the projected portion 5 to the other side
thereof to direct toward, for example, the spiral direction.
Therefore, since the flow resistance can be made as
small as possible to reduce the pressure loss and swirl-
ing force in the spiral direction can be further increased,
a heat-transfer pipe for a heat exchanger having a still
higher performance can be obtained. Also, even when
the pipe is expanded, the fine grooves on the side por-
tions are not crushed and thereby the heat transfer per-
formance is not deteriorated.

[0049] The heat-transfer pipe with internal grooves
having the groups A - E of rows of the grooves arranged
in V-shaped patterns and secondary grooves 7
described above are easily manufactured by the follow-
ing method by using, for example, a manufacturing
device shown in Fig. 9.

[0050] In Fig. 9, reference numeral 11 denotes a
first marking roll which has a marking processing sur-
face 11a corresponding to the first to fifth groups A - E
of rows of grooves arranged as main grooves in V-
shaped patterns. Reference numeral 12 denotes a sec-
ond marking roll which has a marking processing sur-
face 12a for marking the fine grooves 7 provided to
extend, for example, in the spiral direction from one side
to the other side of an outer surface of the projected por-
tion 5 formed between the grooves 3 arranged in V-
shaped patterns in the first to fifth groups A - E. Refer-
ence numeral 13 denotes a flat plate-like heat-transfer
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pipe material. Reference numeral 16 denotes a heating
device for heating and softening the heat-transfer pipe
material at the time of roll forming. Reference numeral
14 denotes a first pressure roller for sandwiching and
pressing the flat plate-like heat-transfer pipe material 13
with the aforementioned first marking roll 11. Reference
numeral 15 denotes a second pressure roller for sand-
wiching and pressing the flat plate-like heat-transfer
pipe material 13 with the aforementioned second mark-
ing roll 12. Reference numeral 17 denotes a roll forming
device having a roll forming hole 17a for roll-forming into
a cylindrical shape the heat-transfer pipe material 13
which has the first to fifth groups A - E of rows of
grooves arranged in V-shaped patterns and the second-
ary grooves 7 formed thereon via the first and second
marking rollers 11, 12 and is heated and softened by the
heating device 16. The first marking roll 11 and the first
pressure roller 14, the second marking roll 12 and the
second pressure roller 15, the heating device 16 and
the roll forming device 17 are successively provided
side by side at predetermined intervals in the movement
direction (see the arrow) of the heat-transfer pipe mate-
rial 13.

[0051] Therefore, in the device for manufacturing
the heat-transfer pipe with internal grooves, the first
marking roll 11 and the first pressure roller 14 are used
for marking the first to fifth groups A - E of rows of
grooves arranged in V-shaped patterns, the second
marking roll 12 and the second pressure roller 15 are
used for marking the secondary grooves 7 in part of the
projected portions formed between the respective
grooves 3 of the first to fifth groups A - E of rows of
grooves arranged in V-shaped patterns, and the heating
device 16 and the roll forming device 17 are used for
forming the flat plate-like heat-transfer pipe material 13
into a cylindrical pipe. The first and second marking rolls
11, 12 are rotatably operated so that the respective
grooves 3 of the first to fifth groups A - E and the sec-
ondary grooves 7 are successively marked in two
stages on the flat plate-like heat-transfer pipe material
13, and then the heat-transfer pipe material 13 can be
heated and softened by the heating device 16 and then
roll-formed by the roll forming device 17 to form a cylin-
drical pipe.

[0052] That is, in the method and device for manu-
facturing the heat-transfer pipe with internal grooves,
the heat-transfer pipe with internal grooves having a
constitution shown in Figs. 7 and 8 can be easily manu-
factured only by two stage successive marking of the
grooves with the above-described first and second
marking rolls 11, 12 combined in the direction of the
movement of the flat plate-like heat-transfer pipe mate-
rial 13. Other Embodiments

[0053] Although a heat-transfer pipe of a electric
welded pipe type is described as an example in the
above embodiments, it is needless to say that the inter-
nal groove structures of the above embodiments can be
also applied to a seam welded type of heat-transfer
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pipe.
INDUSTRIAL APPLICABILITY

[0054] As described above, the heat-transfer pipe
with internal grooves and the manufacturing method
thereof and the manufacturing device according to the
present invention are useful for a heat-transfer pipe of a
heat exchanger and particularly suitable for a heat-
transfer pipe used for an evaporator or a condenser in
an air-conditioner.

Claims
1. A heat-transfer pipe with internal grooves, wherein

a plurality of rows of grooves arranged in V-
shaped patterns (3) symmetric with respect to
a pipe axis direction are provided on an inner
surface (2) of a pipe body (1a); and

widths of the plurality of rows of the grooves (3)
arranged in the V-shaped patterns are made
unequal in a circumferential direction.

2. The heat-transfer pipe with internal grooves accord-
ing to claim 1, wherein

secondary grooves (6) having a prescribed
depth are formed from a top (5a) side towards
a base (5b) side at least in part of projected
portions (5) formed between respective
grooves (3) of the plurality of rows of the
grooves (3) arranged in the V-shaped patterns.

3. The heat-transfer pipe with internal grooves accord-
ing to claim 2, wherein

the secondary grooves (6) are notched grooves
in a spiral direction.

4. The heat-transfer pipe with internal grooves accord-
ing to claim 1, wherein

secondary grooves (7) having a prescribed
depth are formed in an outer surface of at least
part of projected portions (5) formed between
respective grooves (3) of the rows of grooves
(3) arranged in the V-shaped patterns.

5. The heat-transfer pipe with internal grooves accord-
ing to claim 4, wherein

the secondary grooves (7) are fine grooves
extending from one side surface of the pro-
jected portions (5) to the other side surface
thereof.

6. A method for manufacturing a heat-transfer pipe
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with internal grooves, wherein

a first marking roll (11) for marking a plurality of
rows of grooves (3) arranged in V-shaped pat-
terns in a flat plate-like heat-transfer pipe mate- 5
rial (13), a second marking roll (12) for marking
secondary grooves (7) at least in part of pro-
jected portions (5) formed between respective
grooves (3) of the plurality of rows of the
grooves (3) arranged in the V-shaped patterns 70
and a roll forming device (17) for forming the
flat plate-like heat-transfer pipe material (13)
into a cylindrical pipe are used to continuously
mark the plurality of rows of the grooves (3)
arranged in the V-shaped patterns and the sec- 15
ondary grooves (7) in the flat plate-like heat-
transfer pipe material (13) successively by the
first and second marking rolls (11), (12) and
then form a cylindrical pipe by roll forming by
the roll forming device (17). 20

7. A device for manufacturing a heat-transfer pipe with
internal grooves, wherein

a first marking roll (11) for marking a plurality of 25
rows of grooves (3) arranged in V-shaped pat-
terns in a flat plate-like heat-transfer pipe mate-

rial (13), a second marking roll (12) for marking
secondary grooves (7) at least in part of pro-
jected portions (5) formed between respective 30
grooves (3) of the plurality of rows of the
grooves (3) arranged in V-shaped patterns and

a roll forming device (17) for forming the flat
plate-like heat-transfer pipe material (13) into a
cylindrical pipe are provided successively side 35
by side in a direction of movement of the flat
plate-like heat-transfer pipe material (13) to
continuously mark the grooves (3) arranged in

the V-shaped patterns and the secondary
grooves (7) successively by the first and sec- 40
ond marking rolls (11), (12) and then form a
cylindrical pipe by roll forming by the roll form-

ing device (17).
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Fig.6
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