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(54) HEATING TUBE WITH INNER SURFACE GROOVES

(57) Disclosed is an inner grooved heat transfer
tube (10) having a line groove (11) in which is formed a
deformed portion (13). In order to upgrade the perform-
ance of heat transmission by securing an action of scat-
tering liquid refrigerant by the deformed portion (13)
when used in a condenser, and in order to reduce the

loss of pressure when used in an evaporator, conditions
(e.g., the ratio of a main groove (12) to the deformed
portion (13) of the line groove (11) and the angle and
length of the main groove (12) and the deformed portion
(13)) are specified so as to fall within predetermined
ranges.
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Description

TECHNICAL FIELD

[0001] The present invention relates to inner grooved
heat transfer tubes for use in heat exchangers. More
specifically, the invention relates to specific structures
of the internal groove.

BACKGROUND ART

[0002] There is a conventional heat exchanger serv-
ing as an evaporator or as a condenser in a refrigerating
apparatus such as an air conditioner. Such a heat ex-
changer employs for example an inner grooved heat
transfer tube comprising an inner surface in which are
formed a large number of helical line grooves. By virtue
of these helical line grooves, the area of heat transfer
of the inner grooved heat transfer tube is increased and,
besides, the performance of heat transfer is upgraded
by causing refrigerant to flow in the tube while forming
an even and thin film of liquid.
[0003] However, if, when an inner grooved heat trans-
fer tube of the above-described type is used in a con-
denser, the action of condensation makes progress as
refrigerant flows forward from inlet port to outlet port in
the tube, the refrigerant becomes an annular flow. This
causes a layer of liquid refrigerant flowing along the tube
inner surface to become thicker toward the downstream
side. This increases thermal resistance, therefore re-
ducing the performance of condensation.
[0004] To cope with such a problem, the Applicant
made a proposal (see Japanese Patent Kokai No.
H10-153360). The proposal discloses an inner grooved
heat transfer tube capable of suppressing the decre-
ment in condensation performance. In the inner grooved
heat transfer tube, each line groove comprises a main
groove of a first lead angle and a deformed portion of a
second lead angle different from the first lead angle
which are successively formed, and refrigerant is made
to flow along the main groove while forming a thin film
of liquid. When arriving at the deformed portion, the liq-
uid refrigerant comes into collision with a groove side
surface of the deformed portion and is scattered toward
the center of the heat transfer tube. In accordance with
such a configuration, since a thick layer of liquid refrig-
erant is less likely to be formed on the internal surface
of the heat transfer tube, this accelerates the liquefac-
tion of gas refrigerant.
[0005] However, if the ratio of the deformed portion to
the main groove is too small in the inner grooved heat
transfer tube of the above described configuration, then
the effect of causing liquid refrigerant to be scattered at
the deformed portion is hardly obtained. Consequently,
there is no improvement in heat transfer performance.
On the other hand, if the ratio of the deformed portion
to the main groove is too large, this produces the prob-
lem of increasing the loss of pressure, particularly when

used as an evaporator. As described above, in the
above-mentioned conventional inner grooved heat
transfer tube, it is intended to secure the performance
of condensation by providing deformed portions in a part
of the line groove. However, the performance of heat
transfer and the loss of pressure vary greatly, depending
on the configuration of a deformed portion, therefore
producing the problem that it is difficult to stabilize the
performance of heat exchange when used as a heat ex-
changer.
[0006] Bearing in mind the above-described prob-
lems, the present invention was made. Accordingly, an
object of the invention is to make it possible to make the
performance of heat exchange much steadier than con-
ventional by specifying concrete configurations about
the main groove and deformed portion of the line groove
in the inner grooved heat transfer tube.

DISCLOSURE OF THE INVENTION

[0007] The invention provides first to twelfth problem-
solving means. More specifically, in an inner grooved
heat transfer tube according to each problem-solving
means, a plurality of line grooves (11) are formed in an
inner peripheral surface of the heat transfer tube and
the line groove (11) comprises main grooves (12)
formed at a first lead angle (α) and deformed portions
(13) formed at a second lead angle (β) differing from the
first lead angle (α) which are successively formed,
wherein the main groove (12) and the deformed portion
(13) of the line groove (11) are set to predetermined re-
lationships specified as follows.
[0008] More specifically, the first problem-solving
means implemented by the invention is a means in
which the percentage of the length of the deformed por-
tion (13) to the length of a single round of the line groove
(11) is so set as to fall in the range of 10 to 35% in the
configuration as set forth above.
[0009] Further, the second problem-solving means is
a means in which the length of the deformed portion (13)
is so set as to fall in the range of five to fifteen times the
pitch of the line groove (11).
[0010] Furthermore, the third problem-solving means
is a means in which from five to fifteen deformed por-
tions (13) are so arranged as to intersect an extension
of a single main groove (12).
[0011] Further, the fourth problem-solving means is a
means in which a joint portion (14) of an electric welded
tube and the deformed portion (13) are arranged at re-
spective locations substantially equally dividing the di-
rection of the circumference of the electric welded tube.
By an "electric welded tube" is meant, in general, a tube
formed by connecting a long strip-shaped material by
electric resistance welding. However, in the Specifica-
tion such an electric welded tube is taken in the wide
sense. Therefore, the electric welded tube includes any
type of tube connected along the longitudinal direction
by any connecting technique.
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[0012] Furthermore, the fifth problem-solving means
is a means according to any one of the first to fourth
problem-solving means in which the deformed portion
(13) is formed at a plurality of positions in a single round
of the line groove (11).
[0013] Further, the sixth problem-solving means is a
means according to any one of the first to fourth prob-
lem-solving means in which one of the first lead angle
(α) and the second lead angle (β) is so set as to fall in
the range of 5 to 30 degrees in one torsional direction
with respect to a tube axis directional line whereas the
other of the first lead angle (α) and the second lead an-
gle (β) is so set as to fall in the range of 5 to 30 degrees
in the other torsional direction with respect to the tube
axis directional line.
[0014] Furthermore, the seventh problem-solving
means is a means according to the sixth problem-solv-
ing means in which the first lead angle (α) and the sec-
ond lead angle (β) are set in such a way that the main
groove (12) and the deformed portion (13) of the line
groove (11) are symmetrically directed with respect to
the tube axis directional line.
[0015] Further, the eighth problem-solving means is
a means according to the seventh solving means in
which the first lead angle (α) and the second lead angle
(β) are specified. More specifically, the first lead angle
(α) and the second lead angle (β) are each set at 18
degrees in opposite directions with respect to the tube
axis directional line.
[0016] Furthermore, the ninth problem-solving means
is a means according to any one of the first to fourth
problem-solving means in which a secondary groove
(16) made up of a plurality of intermittent recessed por-
tions is formed in a convexity (15) forming the main
groove (12).
[0017] Further, the tenth problem-solving means is a
means according to the ninth problem-solving means in
which the secondary groove (16) is centrally formed in
the convexity (15) of the main groove (12) so that the
secondary groove (16) is spaced a predetermined dis-
tance apart from the deformed portion (13).
[0018] Furthermore, the eleventh problem-solving
means is a mans according to the ninth problem-solving
means in which the secondary groove (16) is formed to
a depth of 0.25 to 0.75 times the depth of the line groove
(11).
[0019] Furthermore, the twelfth problem-solving
means is a means according to the ninth problem-solv-
ing means in which the secondary groove (16) is formed
substantially along the tube axis directional line.
[0020] Further, the invention provides thirteenth to fif-
teenth problem-solving means. Each problem-solving
means is an inner grooved heat transfer tube in which,
as in the previous problem-solving means, a plurality of
line grooves (11) are formed in an inner peripheral sur-
face of the heat transfer tube and the line groove (11)
comprises main grooves (12) formed at a first lead angle
(α) and deformed portions (13) formed at a second lead

angle (β) differing from the first lead angle (α) which are
successively formed.
[0021] And, the thirteenth problem-solving means is
a means in which a secondary groove (16) made up of
a plurality of intermittent recessed portions is formed in
a convexity (15) forming the main groove (12) and the
secondary groove (16) is centrally formed in the convex-
ity (15) of the main groove (12) so as to be separated a
predetermined distance apart from the deformed portion
(13).
[0022] Further, the fourteenth problem-solving means
is a means in which a secondary groove (16) made up
of a plurality of intermittent recessed portions is formed
in a convexity (15) forming the main groove (12) and the
secondary groove (16) is formed to a depth which is from
0.25 to 0.75 times the depth of the line groove (11).
[0023] Finally, the fifteenth problem-solving means is
a means in which a secondary groove (16) made up of
a plurality of intermittent recessed portions is formed in
a convexity (15) forming the main groove (12) and the
secondary groove (16) is formed substantially along the
tube axis directional line.
[0024] When an inner grooved heat transfer tube
formed in accordance with each problem-solving means
is used in a condenser, refrigerant in the heat transfer
tube condenses from a gas phase, changes to a thin
film of liquid, and flows in the line groove (11). Upon ar-
riving at the deformed portion (13), the refrigerant
comes into collision with a side surface of the deformed
portion (13) and is scattered in the direction of the center
of the heat transfer tube (10) because the first lead angle
(α) of the main groove (12) differs from the second lead
angle (β) of the deformed portion (13). Accordingly, thick
layers of liquid are less likely to be formed on the inner
surface of the heat transfer tube (10), thereby prevent-
ing the occurrence of an annular flow.
[0025] Especially in the first problem-solving means,
the percentage of the length of the deformed portion (13)
to the length of a single round of the line groove (11) is
so set as to fall in the range of 10 to 35%. If the percent-
age is less than 10%, liquid refrigerant is not scattered
readily even when the deformed portion (13) is provided.
However, the aforesaid setting provides a sufficient
scattering action. On the other hand, if the percentage
is greater than 35%, this increases the loss of pressure
when used particularly in an evaporator. However, the
aforesaid range suppresses the loss of pressure.
[0026] Further, in the second problem-solving means,
the length of each deformed portion (13) is so set as to
fall in the range of five to fifteen times the pitch of the
line groove (11). As a result of such arrangement, liquid
refrigerant flowing in the main groove (12) of the line
groove (11) moves forward while climbing over a plural-
ity of deformed portions (13), during which the liquid re-
frigerant is scattered sufficiently. If the aforesaid value
is less than five times the pitch of the line groove (11),
the liquid refrigerant is not scattered readily even when
the deformed portion (13) is provided. However, the
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aforesaid setting provides a sufficient scattering action.
On the other hand, if the value is greater than fifteen
times the pitch of the line groove (11), this increases the
loss of pressure when used particularly in an evaporator.
However, the aforesaid setting suppresses the loss of
pressure.
[0027] Further, like the second problem-solving
means, in the third problem-solving means the liquid re-
frigerant flowing in the main groove (12) is sufficiently
scattered when climbing over a plurality of deformed
portions (13) (five to fifteen deformed portions (13)). Ac-
cordingly, it is possible to secure a refrigerant scattering
action when used in a condenser and to suppress the
loss of pressure when used in an evaporator.
[0028] Furthermore, in the fourth problem-solving
means the joint portion (14) of the electric welded tube
and the deformed portion (13) are arranged at respec-
tive locations substantially equally dividing the direction
of the circumference of the electric welded tube. As a
result of such arrangement, the liquid refrigerant flowing
in the main groove (12) of the line groove (11) is evenly
scattered at the joint portion (14) and the deformed por-
tion (13) in the heat transfer tube (10). As described
above, the action of scattering liquid refrigerant is ob-
tained throughout the entire inner surface of the heat
transfer tube (10) and the arrangement that the de-
formed portion (13) and the joint portion (14) are dis-
posed in a scattering manner suppresses the loss of
pressure when used in an evaporator.
[0029] Further, if in the first to fourth problem-solving
means the deformed portion (13) is formed at multiple
positions in a single round of the line groove (11), as set
forth in the fifth problem-solving means, the action of
scattering liquid refrigerant can be obtained at each de-
formed portion (13). This further ensures that the liquid
layer is prevented from growing thicker.
[0030] Furthermore, if in the first to fourth problem-
solving means the first lead angle (α) and the second
lead angle (β) are so set as to fall in the range of 5 to 30
degrees in opposite torsional directions respectively
with respect to the tube axis directional line, as set forth
in the sixth problem-solving means (particularly if these
angles are set at 18 degrees as set forth in the eighth
problem-solving means), the refrigerant flows in a heli-
cal direction by the main groove (12) and efficiently
forms an even and thin layer of liquid and, at the same
time, the action of scattering by the deformed portion
(13) is obtained reliably.
[0031] Further, if in the first to fourth problem-solving
means the secondary groove (16) is provided in the con-
vexity (15) which forms the main groove (12), as set forth
in the ninth problem-solving means, this means that a
plurality of intermittent recessed portions are defined in
the convexity (15). As a result, the area of heat transfer
increases. Further, the provision of the secondary
groove (16) reduces the loss of pressure because while
producing a helical flow by a main groove (12) a part of
the refrigerant is caused to flow into the next main

groove (12) by the secondary groove (16).
[0032] Further, if the secondary groove (16) is formed
centrally in the convexity (15) of the main groove (12)
so that the secondary groove (16) is spaced a predeter-
mined distance apart from the deformed portion (13), as
set forth in the tenth problem-solving means, this en-
sures a helical flow action by the main groove (12). In
other words, if the secondary groove (16) is formed in
close proximity to the deformed portion (13), this causes
refrigerant to escape from the secondary groove, and
helical flows are less likely to occur. The above-men-
tioned configuration is free from such a danger.
[0033] Further, if the depth of the secondary groove
(16) is less than 0.25 times the depth of the line groove
(11), the area of heat transfer will not increase as ex-
pected. On the other hand, if the depth of the secondary
groove (16) is more than 0.75 times the depth of the line
groove (11), this will cause the refrigerant to readily es-
cape from the secondary groove (16) thereby prevent-
ing a helical flow from being produced. However, if made
to fall in the range of 0.25 to 0.75 times the depth of the
line groove (11), as set forth in the eleventh problem-
solving means, this makes it possible to produce a hel-
ical flow while increasing the area of heat transfer.
[0034] Furthermore, if the secondary groove (16) is
formed substantially along the tube axis directional line,
as set forth in the twelfth problem-solving means, this
makes it possible to suppress the loss of pressure while
increasing the area of heat transfer because the flow of
refrigerant becomes relatively less disturbed in the main
groove (12).
[0035] Further, in each of the thirteenth to fifteenth
problem-solving means, the secondary groove (16) is
formed in the convexity (15) which forms the main
groove (12). Accordingly, like the ninth problem-solving
means, it is possible to reduce the loss of pressure while
increasing the area of heat transfer. More specifically,
the thirteenth problem-solving means ensures that hel-
ical flows are produced without fail by the same action
as the tenth problem-solving means. The fourteenth
problem-solving means produces helical flows while se-
curing a heat transfer area by the same action as the
eleventh problem-solving means. The fifteenth prob-
lem-solving means suppresses the turbulence of the
flow of refrigerant by the same action as the twelfth prob-
lem-solving means, thereby reducing the loss of pres-
sure.
[0036] In accordance with the first problem-solving
means, the percentage of the length of the deformed
portion (13) to the length of a single round of the line
groove (11) is so set as to fall within the range between
10% and 35%. This provides a sufficient scattering ac-
tion by the deformed portion (13) when used in a con-
denser and reduces the loss of pressure when used in
an evaporator. In other words, if it is intended to obtain
only a refrigerant scattering action in the condenser, it
is sufficient for the inner surface of the heat transfer tube
(10) to be formed into an irregular convex-concave
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shape. In such a case, however, the loss of pressure in
the evaporator will increase. On the other hand, if the
percentage is so set as to fall within the above-men-
tioned range, this makes it possible to maintain well-bal-
anced relationships between the action of scattering re-
frigerant and the loss of pressure.
[0037] Further, with the second problem-solving
means, the length of a single deformed portion (13) is
so set as to fall within the range between five times and
fifteen times the pitch of the line groove (11), and liquid
refrigerant flowing in a main groove of the line groove
(11) moves forward while climbing over a plurality of de-
formed portions (13), during which the liquid refrigerant
is scattered sufficiently. Additionally, the relationship be-
tween the length of the deformed portion (13) and the
pitch of the line groove (11) is not set greater than nec-
essary but within the above-described range, thereby
making it possible to suppress the loss of pressure while
achieving a sufficient liquid refrigerant scattering action.
[0038] Furthermore, with the third problem-solving
means, five to fifteen deformed portions (13) are so ar-
ranged as to intersect a main groove (12). As a result of
such arrangement, liquid refrigerant flowing in the main
groove (12) is scattered sufficiently at the time of climb-
ing over a plurality of deformed portions (13) and the
loss of pressure is suppressed when used in an evapo-
rator, as in the second problem-solving means.
[0039] Further, with the fourth problem-solving
means, it is arranged in such a way that liquid refrigerant
is scattered evenly at the joint portion (14) and the de-
formed portions (13) in the electric welded tube. As a
result of such arrangement, it becomes possible to ob-
tain an action of sufficiently scattering refrigerant in the
condenser and, in addition, it is possible to suppress the
loss of pressure in the evaporator because the de-
formed portions (13) and the joint portion (14) are ar-
ranged scatteredly. In such a case, liquid refrigerant and
gas refrigerant are dispersed evenly, which has an ef-
fect, particularly on a drifted flow of refrigerant.
[0040] As described above, in accordance with the
first to fourth problem-solving means, it is possible to
provide improvement in heat transfer efficiency when
used as a condenser by sufficiently scattering liquid re-
frigerant and to suppress the increase in pressure loss
when used as an evaporator. In other words, by the use
of the inner grooved heat transfer tubes of the above-
mentioned problem-solving means, it is possible to im-
proved the performance of heat exchangers.
[0041] Further, if the first lead angle (α) and the sec-
ond lead angle (β) are so set as fall in the range of 5 to
30 degrees in opposite torsional directions respectively
with respect to the tube axis directional line, as set forth
in the sixth problem-solving means (particularly if these
angles are set at 18 degrees as set forth in the eighth
problem-solving means), this makes it possible to main-
tain well-balanced relationships between the heat trans-
fer efficiency and the loss of pressure while securing the
effect of a helical flow.

[0042] Furthermore, if the first lead angle (α) and the
second lead angle (β) are set in order that the main
groove (12) and the deformed portion (13) of the line
groove (11) may be directed symmetrically with respect
to the tube axis directional line, this makes the manu-
facture of the heat transfer tube (10) relatively easy. In
other words, if the heat transfer tube (10) is an electric
welded tube, this enables a roll for marking the line
grooves (11) in a material of which the heat transfer tube
(10) is made to have symmetrical grooves and ridge an-
gles. This facilitates the manufacture of the roll itself and
torsion of the material at the time of marking is less likely
to occur.
[0043] Further, if the secondary groove (16) is formed
in the convexity (15) which forms the main groove (12),
as set forth in the ninth problem-solving means, this
makes it possible to improve heat transfer efficiency by
expanding a heat transfer area. Besides, it is possible
to reduce the loss of pressure. Particularly, if the posi-
tion, the depth, and the angle of the secondary groove
are set to the foregoing predetermined values, as set
forth in the tenth to twelfth problem-solving means, this
further ensures the aforesaid effects.
[0044] Furthermore, also in the thirteenth to fifteenth
problem-solving means, the secondary groove (16) is
formed in the convexity (15) of the main groove (12),
thereby making it possible to provide not only improve-
ment in heat transfer efficiency by heat transfer area ex-
pansion but also reduction in pressure loss. More spe-
cifically, even when the percentage of the deformed por-
tion (13) in the line groove (11) is made relatively large,
it is possible to suppress the loss of pressure when used
as an evaporator. Further, when used as a condenser,
it is possible to obtain an effect of scattering liquid re-
frigerant without fail. Accordingly, like the first to fourth
problem-solving means, it is possible to improve the per-
formance of heat exchangers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045]

Figure 1 is a partially broken-out front view of an
inner grooved heat transfer tube according to an
embodiment of the invention;
Figure 2 is a development of a part of the heat trans-
fer tube, showing a shape of the line groove;
Figure 3 is an enlarged cross-sectional schematic
view taken along the lines III-III of Figure 1;
Figure 4 is an enlarged view showing a cross-sec-
tional shape of the line groove;
Figure 5 is a partially enlarged view of Figure 2;
Figure 6 is a perspective view roughly showing a
shape of the secondary groove;
Figure 7 is a graph showing the capability of con-
densation as the performance of a single heat ex-
changer;
Figure 8 is a graph showing the capability of evap-

7 8



EP 1 271 087 A1

6

5

10

15

20

25

30

35

40

45

50

55

oration as the performance of a single heat ex-
changer; and
Figure 9 is a graph showing the loss of evaporation
pressure with respect to the amount of refrigerant
circulation.

BEST MODE FOR CARRYING OUT THE INVENTION

[0046] Hereinafter, embodiments of the invention will
be described in detail with reference to the Figures.
[0047] Figure 1 is a partially broken-out front view of
an inner grooved heat transfer tube (10) of the present
embodiment. As shown in the Figure, the heat transfer
tube (10) has a U-bent shape, in other words the heat
transfer tube (10) is a so-called hairpin tube. Formed in
the internal surface of the heat transfer tube (10) are a
great number of line grooves (11) oblique to the tube
axis directional line. And, a plurality of such heat transfer
tubes (10) and a plate fin (not shown) are combined to-
gether, and opening ends of the heat transfer tubes (10)
are connected appropriately to form a plate-fin coil type
heat exchanger.
[0048] Figure 2 shows the inner grooved heat transfer
tube (10) with a part thereof developed. As shown in the
Figure, each of the line grooves (11) formed in the in-
ternal surface of the heat transfer tube (10) comprises
an alternative series of main grooves (12) formed at a
first lead angle (α) and deformed portions (13) formed
at a second lead angle (β) which is different from the
first lead angle (α).
[0049] The first lead angle (α) and the second lead
angle (β) are formed in opposite directions relative to a
tube axis directional line. More specifically, the first lead
angle (α) and the second lead angle (β) are formed at
18 degrees with respect to the tube axis directional line
in opposite directions. Because of such arrangement,
the main groove (12) and the deformed portion (13) of
the line grooves are symmetrically directed with respect
to the tube axis directional line.
[0050] The deformed portion (13) is formed at two po-
sitions in a single round of the line groove (11). In other
words, in the state in which the heat transfer tube (10)
is developed, there are provided two deformed portions
(13) in a line groove (11) extending from one circumfer-
ential end to the other circumferential end. Further, it is
set such that the percentage of the total length of the
two deformed portions (13) to the length of a single
round of the line groove (11) is 28%.
[0051] It is set such that the length of each deformed
portion (13) is about 8.5 times the pitch (P) of the line
groove (11). And, by virtue of these set values, about
twelve deformed portions (13) are so arranged as to in-
tersect an extension of a single main groove (12) of the
line groove (11).
[0052] The heat transfer tube (10) is an electric weld-
ed tube, wherein a joint portion (14) and each deformed
portion (13) of the heat transfer tube (10) are arranged
at respective locations substantially equally dividing the

direction of the circumference of the heat transfer tube
(10), in other words they are spaced about 120 degrees
apart from each other, as shown in Figure 3 which is an
enlarged cross-sectional schematic view taken along
the lines III-III of Figure 1.
[0053] On the other hand, Figure 4 is an enlarged view
showing a cross section of the line groove (11). The line
groove (11) is defined between adjoining convexities
(15). The convexities (15) have the same cross-section-
al shape for both the main groove (12) and the deformed
portion (13).
[0054] Referring to Figure 5 which is a partially en-
larged view of Figure 2 and to Figure 6 which is a sche-
matic perspective view of the convexity (15), a plurality
of intermittent recessed portions are formed in the con-
vexity (15) constituting the main groove (12). And, each
recessed portion forms a secondary groove (16). As
shown in Figure 2, the secondary groove (16) is formed
only at a substantially central portion of the convexity
(15) of each main groove (12) and is spaced a prede-
termined distance apart from both ends of each de-
formed portion (13). Further, the secondary groove (16)
is illustrated in Figure 2 in which only the region where
it is formed is simplified.
[0055] Further, the secondary groove (16) is formed,
having a depth of about 0. 5 times the groove depth of
the line groove (11). Furthermore, the secondary groove
(16) is formed substantially along the tube axis direc-
tional line.
[0056] Next, the flow of a refrigerant in the heat trans-
fer tube (10) will be described.
[0057] When the heat transfer tube (10) is used in a
condenser, the refrigerant changes to liquid from a gas
phase as it moves forward through the condenser and
then flows along the main groove (12) of the line groove
(11). And, since the first lead angle (α) formed between
the main groove (12) and the tube axis directional line
is set at 18 degrees, this ensures that the refrigerant
flows helically and forms a thin film of liquid. Further-
more, in such a setting of angle, the loss of pressure will
not increase excessively by the angle of helix becoming
too great.
[0058] And, when the refrigerant flows in the main
groove (12) and reaches the deformed portion (13), the
refrigerant comes into collision with a side wall of the
convexity (15) of the deformed portion (13) and is scat-
tered from the inner peripheral surface of the heat trans-
fer tube (10) toward the center because the first lead
angle (α) of the main groove (12) differs from the second
lead angle (β) of the deformed portion (13). The de-
formed portion (13) is formed at a lead angle of 18 de-
grees in an opposite direction to the main groove (12).
The percentage of the total length of the two deformed
portions (13) to the length of a single round of the line
groove (11) is 28%. Further, the length of each deformed
portion (13) is so set as to be about 8.5 times the pitch
of the line groove (11). As a result of such arrangements,
about twelve deformed portions (13) are arranged so as
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to intersect an extension of a single main groove (12) of
the line groove (11). And, the refrigerant, which is flow-
ing in the main groove (12), climbs over about twelve
deformed portions (13) (twelve ridges).
[0059] These conditions, such as the percentage of
the total length of the deformed portions (13) to the
length of a single round of the line groove (11), the lead
angle (α) of the main groove (12) and the lead angle (β)
of the deformed portion (13), the relationship between
the length of each deformed portion (13) and the pitch
(P) of the line groove (11), the number of deformed por-
tions (13) which intersect an extension of one main
groove (12), and other condition, are set as described
above. Accordingly, the refrigerant, which flows along
the main groove (12) and forms a thin film of liquid, is
scattered definitely when climbing over the convexities
(15) of the deformed portions (13) many times (twelve
times in the present embodiment), so that formation of
a thick layer of liquid is less likely to take place on the
inner surface of the heat transfer tube (10), thereby pre-
venting the occurrence of an annular flow.
[0060] As described above, the action of scattering re-
frigerant can be obtained sufficiently because the per-
centage of the total length of the deformed portions to
the length of a single round of the line groove (11) is not
set too small (28%), the ratio of the length of each de-
formed portion to the pitch of the line groove is not set
too small (8.5 times), and the number of deformed por-
tion ridges that the refrigerant climbs over is not set too
small (12 ridges).
[0061] Further, the joint portion (14) and the plural de-
formed portions (13) of the heat transfer tube (10) are
arranged at respective locations substantially equally di-
viding the direction of the circumference of the heat
transfer tube (10). As a result of such arrangement, liq-
uid refrigerant flowing in the main groove (12) of the line
groove (11) is scattered evenly at the joint portion (14)
and the deformed portions (13) in the heat transfer tube
(10). Accordingly, the action of equal scattering of liquid
refrigerant can be obtained throughout the entire inner
surface of the heat transfer tube (10).
[0062] Furthermore, when used as an evaporator the
loss of pressure can be suppressed because the per-
centage of the total length of the deformed portions (13)
to the length of a single round of the line groove (11) is
not set too large (28%), the ratio of the length of each
deformed portion (13) to the pitch of the line groove (11)
is not set too large (8.5 times), and the number of the
convexities of the deformed portions (13) that the refrig-
erant climbs over is not set too many (12 ridges) in the
aforesaid configuration.
[0063] Further, since the secondary groove (16) is
formed in the convexity (15) which forms the main
groove (12), this provides an increased heat transfer ar-
ea and reduces the loss of pressure by causing, while
creating a helical flow by a main groove (12), a part of
the refrigerant to flow to the next main groove (12) by
the secondary groove (16). Further, the location, the

depth, and the directionality of the secondary groove
(16) are specified. This ensures that the loss of pressure
is suppressed while at the same time definitely securing
the action of a helical flow.
[0064] As described above, in accordance with the
present embodiment, it is possible to sufficiently scatter
liquid refrigerant when the heat transfer tube (10) is used
as a condenser. As a result, the efficiency of heat trans-
fer can be improved. On the other hand, when used as
an evaporator, the increase in pressure loss can be sup-
pressed. In other words, it is sufficient for the heat trans-
fer tube (10) to have, as its inner surface, an irregularly
rugged surface, when it is intended just to improve the
efficiency of heat transfer by upgrading the action of
scattering refrigerant. However, in such a case, there is
an increase in pressure loss. On the other hand, by the
use of the heat transfer tube (10) of the present embod-
iment, it is possible to maintain well-balanced relation-
ships between refrigerant scattering action and pres-
sure loss by specifying the structure of the deformed
portion (13) to the aforesaid structure. Accordingly, it be-
comes possible to upgrade the performance of heat ex-
changers.
[0065] It is arranged such that liquid refrigerant is
scattered evenly at the joint portion (14) and the plural
deformed portions (13) of the heat transfer tube (10),
which effectively contributes to reducing the loss of
pressure. Further, in such a configuration, there is cre-
ated an action of evenly dispersing liquid refrigerant and
gas refrigerant, which effectively contributes to prevent-
ing the occurrence of a drift.
[0066] Further, the first lead angle (α) and the second
lead angle (β) are each set at 18 degrees in opposite
torsional directions relative to the tube axis directional
line, which makes it possible to maintain highly well-bal-
anced relationships between heat transfer efficiency
and pressure loss by scattering refrigerant while secur-
ing a helical flow effect.
[0067] Particularly, since the first lead angle (α) and
the second lead angle (β) are set in such a way that the
main groove (12) and the deformed portion (13) of the
line groove (11) are symmetrically directed with respect
to the tube axis directional line, this makes the manu-
facture of the heat transfer tube (10) relatively easy. In
other words, if the heat transfer tube (10) is an electric
welded tube, this enables a roll for marking the line
grooves (11) in a material of which the heat transfer tube
(10) is made to have symmetrical grooves and ridge an-
gles. This facilitates the manufacture of the roll itself and
torsion of the material at the time of marking is less likely
to occur.
[0068] Further, since the secondary grooves (16) are
formed in the convexity (15) forming the main groove
(12), this makes it possible to provide improvements in
heat transfer efficiency by heat transfer area expansion.
Besides, it is possible to reduce the loss of pressure.
Especially, setting the location, the depth, and the angle
of the secondary groove to the foregoing predetermined
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values further ensures the effects. The provision of the
secondary groove (16) is effective particularly for sup-
pression of the loss of pressure, even when making the
size of the deformed portion (13) relatively large.
[0069] Next, a more concrete exemplary embodiment
of the heat transfer tube (10) will be described. All the
values described in the foregoing embodiment are ap-
plicable to the heat transfer tube (10) according to the
present embodiment. Additionally, the following values
are set: the outside diameter (D) = 9.52 mm; the wall
thickness (t) = 0.30 mm; the number of line grooves (11)
= 60; the depth of the line groove (11) (i.e., the height
of the convexity (15)) = 0.24 mm; the pitch (P) = about
6 degrees, and the ridge angle (γ) of the convexity (15)
= 25 degrees.
[0070] With the above-mentioned values, the follow-
ing heat transfer tubes were prepared, namely a heat
transfer tube (a comparative example) in which the line
groove (11) comprises only a helical main groove (12)
of 18 degrees; a heat transfer tube (the first embodi-
ment) in which the line groove (11) comprises a main
groove (12) and a deformed portion (13); and a heat
transfer tube (the second embodiment) which further
comprises a secondary groove (16) in the first embodi-
ment. These different heat transfer tubes were used in
heat exchangers for comparison. The results are graph-
ically shown in Figures 7-9. In these Figures, the heat
transfer tube as a comparative example in which the line
groove (11) comprising only a helical main groove (12)
is formed is indicated by long dashed short dashed line,
the heat transfer tube of the first embodiment in which
the line groove (11) comprises a main groove (12) and
a deformed portion (13) is indicated by broken line, and
the heat transfer tube of the second embodiment in
which the line groove (11) is provided with a deformed
portion (13) and a secondary groove (16) is indicated by
solid line.
[0071] As can be seen from Figure 7, both the heat
transfer tube of the first embodiment and the heat trans-
fer tube of the second embodiment are superior in con-
densation capability to the comparative example heat
transfer tube. More specifically, when the front surface
wind velocity of the heat exchanger is relatively slow,
the heat transfer tube of the second embodiment is
slightly superior in condensation capability to the heat
transfer tube of the first embodiment. On the other hand,
when the front surface wind velocity of the heat ex-
changer is relatively fast, the heat transfer tube of the
first embodiment is slightly superior in condensation ca-
pability to the heat transfer tube of the second embodi-
ment. However, from the results, these numeric values
are in the range of error, and it is believed that the pro-
vision of the deformed portion (13) has a sufficient effect
on the improvement in condensation capability, regard-
less of whether the secondary groove (16) is formed.
[0072] Further, as can be seen from Figure 8, the heat
transfer tube of the first embodiment is superior in evap-
oration capability to the comparative example heat

transfer tube in every wind velocity range used for meas-
urement, and the heat transfer tube of the second em-
bodiment provides further improved evaporation capa-
bilities. In other words, the provision of the secondary
groove (16) has a great effect on reducing the loss of
pressure, thereby achieving improvement in evapora-
tion capability.
[0073] This is clear from Figure 9 showing variations
in evaporation pressure loss with respect to the increase
in refrigerant circulation amount. More specifically, the
heat transfer tube of the first embodiment undergoes a
greater pressure loss in comparison with the compara-
tive example heat transfer tube. However, in the heat
transfer tube of the second embodiment in which the line
groove (11) is provided with deformed portions (13) and
secondary grooves (16), the loss of pressure is reduced
to a smaller value in comparison with the comparative
example. The secondary groove (16) plays an extreme-
ly important role of reducing the loss of pressure.
[0074] Further, the invention is not limited to the fore-
going embodiments. The invention may be embodied in
various other manners.
[0075] For example, in the above-mentioned embod-
iments, it is set such that the percentage of the length
of the deformed portion (13) of the line groove (11) to
the length of a single round of the line groove (11) is
28%. However, it may be set such that the percentage
falls in the range between 10% and 35%. Such setting
provides a sufficient scattering action (if the percentage
is less than 10%, liquid refrigerant is less likely to be
scattered in the condenser even when the deformed
portion (13) is provided), and suppresses the loss of
pressure (if the percentage is more than 35%, this re-
sults in an increase in the loss of pressure when used
in the evaporator).
[0076] Further, the length of each deformed portion
(13) is not limited to 8.5 times the pitch of the line groove
(11). The length of each deformed portion (13) may be
set so as to fall within the range between five times and
fifteen times the pitch of the line groove (11). Such set-
ting provides a sufficient scattering action (if the de-
formed portion length is less than five times the line
groove pitch, liquid refrigerant is less likely to be scat-
tered in the condenser even when the deformed portion
(13) is provided), and suppresses the loss of pressure
(if the deformed portion length is more than fifteen times
the line groove pitch, this results in an increase in the
loss of pressure when used in the evaporator).
[0077] Further, the number of the convexities (15) of
the deformed portions (13) intersecting an extension of
a single main groove (12) of the line groove (11) is not
limited to twelve. If the number is set so as to fall in the
range of from five to fifteen, this not only secures an ef-
fect of scattering refrigerant when used in a condenser
but also effectively suppresses the loss of pressure
when used in an evaporator.
[0078] Furthermore, the invention is not necessarily
required to meet all the above-mentioned conditions.
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For example, if at least one of the conditions, such as
the percentage of the length of the deformed portion (13)
to the length of a single round of the line groove (11), is
satisfied, this makes it possible to achieve better heat
exchange performance than conventional heat transfer
tubes.
[0079] Particularly, the provision of the secondary
grooves (16) provides a higher effect of preventing the
increase in pressure loss. Therefore, as long as the sec-
ondary grooves (16) are provided, the conditions, such
as the percentage of the length of the deformed portion
(13) to the length of a single round of the line groove
(11), the relationship between the length of each de-
formed portion (13) and the pitch of the line groove (11),
and the number of deformed portions (13) intersecting
a single main groove (12), may fall outside the afore-
mentioned ranges.
[0080] Furthermore, in the previous embodiments, it
is arranged such that two deformed portions (13) are
provided in a single round of the line groove (11). How-
ever, the number of deformed portions (13) may be one
or not less than 3. Even in such a case, it is preferable
that the joint portion (14) and the deformed portion(s)
(13) of the heat transfer tube (10) implemented by an
electric welded tube are arranged at respective loca-
tions substantially equally dividing the direction of the
circumference thereof. However, they are not necessar-
ily arranged at equal intervals in cases including a case
in which the number of deformed portions (13) is two,
as in the previous embodiments.
[0081] Further, the first lead angle (α) and the second
lead angle (β) are each set at 18 degrees in opposite
torsional directions relative to the tube axis directional
line. However, such a set angle may fall within the range
between 5 degrees and 30 degrees. Furthermore, the
first lead angle (α) and the second lead angle (β) may
not be set in such a way that the main groove (12) and
the deformed portion (13) are symmetrically directed
with respect to the tube axis directional line. Additionally,
the first lead angle (α) and the second lead angle (β)
may not be set in opposite directions, in other words they
may be set in the same direction, having different val-
ues.
[0082] Further, the depth of the secondary groove
(16) is not necessarily 0.5 times larger than the depth of
the line groove (11). As long as the secondary groove
(16) is formed having a depth of 0.25 to 0.75 times the
depth of the line groove (11), it is possible to obtain a
helical flow effect while increasing the area of heat trans-
fer. Finally, the secondary groove (16) is not necessarily
formed along the tube axis directional line. Even if the
secondary groove (16) is formed in such a way that it is
inclined about five degrees toward both sides with re-
spect to the tube axis directional line, this still effectively
reduces the loss of pressure.

Claims

1. An inner grooved heat transfer tube comprising an
inner peripheral surface in which are formed a plu-
rality of line grooves (11), said line groove (11) be-
ing made up of main grooves (12) formed at a first
lead angle (α) and deformed portions (13) formed
at a second lead angle (β) different from the first
lead angle (α) which are successively formed,

wherein the percentage of the length of said
deformed portion (13) to the length of a single round
of said line groove (11) is so set as to fall in the range
of 10 to 35%.

2. An inner grooved heat transfer tube comprising an
inner peripheral surface in which are formed a plu-
rality of line grooves (11), said line groove (11) be-
ing made up of main grooves (12) formed at a first
lead angle (α) and deformed portions (13) formed
at a second lead angle (β) different from the first
lead angle (α) which are successively formed,

wherein the length of each said deformed por-
tion (13) is so set as to fall in the range of five to
fifteen times the pitch of said line groove (11).

3. An inner grooved heat transfer tube comprising an
inner peripheral surface in which are formed a plu-
rality of line grooves (11), said line groove (11) be-
ing made up of main grooves (12) formed at a first
lead angle (α) and deformed portions (13) formed
at a second lead angle (β) different from the first
lead angle (α) which are successively formed,

wherein from five to fifteen deformed portions
(13) are so arranged as to intersect an extension of
a single main groove (12).

4. An inner grooved heat transfer tube in which a plu-
rality of line grooves (11) are formed in an inner pe-
ripheral surface of an electric welded tube and said
line groove (11) is made up of main grooves (12)
formed at a first lead angle (α) and deformed por-
tions (13) formed at a second lead angle (β) different
from the first lead angle (α) which are successively
formed,

wherein a joint portion (14) of said electric
welded tube and said deformed portion (13) are ar-
ranged at respective locations substantially equally
dividing the direction of the circumference of said
electric welded tube.

5. The inner grooved heat transfer tube of any one of
claims 1-4, wherein said deformed portion (13) is
formed at a plurality of positions in a single round
of said line groove (11).

6. The inner grooved heat transfer tube of any one of
claims 1-4, wherein one of the first lead angle (α)
and the second lead angle (β) is so set as to fall in
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the range of 5 to 30 degrees in one torsional direc-
tion with respect to a tube axis directional line
whereas the other of the first lead angle (α) and the
second lead angle (β) is so set as to fall in the range
of 5 to 30 degrees in the other torsional direction
with respect to the tube axis directional line.

7. The inner grooved heat transfer tube of claim 6,
wherein the first lead angle (α) and the second lead
angle (β) are set in such a way that said main groove
(12) and said deformed portion (13) of said line
groove (11) are symmetrically directed with respect
to the tube axis directional line.

8. The inner grooved heat transfer tube of claim 7,
wherein the first lead angle (α) and the second lead
angle (β) are each set at 18 degrees in opposite di-
rections with respect to the tube axis directional line.

9. The inner grooved heat transfer tube of any one of
claims 1-4, wherein a secondary groove (16) made
up of a plurality of intermittent recessed portions is
formed in a convexity (15) forming said main groove
(12).

10. The inner grooved heat transfer tube of claim 9,
wherein said secondary groove (16) is formed cen-
trally in said convexity (15) of said main groove (12)
so as to be spaced a predetermined distance apart
from said deformed portion (13).

11. The inner grooved heat transfer tube of claim 9,
wherein said secondary groove (16) is formed to a
depth of 0.25 to 0.75 times the depth of said line
groove (11).

12. The inner grooved heat transfer tube of claim 9,
wherein said secondary groove (16) is formed sub-
stantially along the tube axis directional line.

13. An inner grooved heat transfer tube comprising an
inner peripheral surface in which are formed a plu-
rality of line grooves (11), said line groove (11) be-
ing made up of main grooves (12) formed at a first
lead angle (α) and deformed portions (13) formed
at a second lead angle (β) different from the first
lead angle (α) which are successively formed,

wherein:

a secondary groove (16) made up of a plurality
of intermittent recessed portions is formed in a
convexity (15) forming said main groove (12),
and
said secondary groove (16) is formed centrally
in said convexity (15) of said main groove (12)
so as to be spaced a predetermined distance
apart from said deformed portion (13).

14. An inner grooved heat transfer tube comprising an
inner peripheral surface in which are formed a plu-
rality of line grooves (11), said line groove (11) be-
ing made up of main grooves (12) formed at a first
lead angle (α) and deformed portions (13) formed
at a second lead angle (β) different from the first
lead angle (α) which are successively formed,

wherein:

a secondary groove (16) made up of a plurality
of intermittent recessed portions is formed in a
convexity (15) forming said main groove (12),
and
said secondary groove (16) is formed to a depth
of 0.25 to 0.75 times the depth of said line
groove (11).

15. An inner grooved heat transfer tube comprising an
inner peripheral surface in which are formed a plu-
rality of line grooves (11), said line groove (11) be-
ing made up of main grooves (12) formed at a first
lead angle (α) and deformed portions (13) formed
at a second lead angle (β) different from the first
lead angle (α) which are successively formed,

wherein:

a secondary groove (16) made up of a plurality
of intermittent recessed portions is formed in a
convexity (15) forming said main groove (12),
and
said secondary groove (16) is formed substan-
tially along the tube axis directional line.
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