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(54) HEAT TRANSFER TUBE

(57) A finned tube (100) (e.g., for use in a flooded
and falling film evaporator) is provided. The finned tube
(100) includes a tube body (110) with an interior surface
(110) and an exterior surface (111). The finned tube (100)
may include a plurality of adjacent helical fins (120) (e.g.,
continuously or intermittently) protruding circumferential-
ly around the exterior surface (111) of the tube body
(110). At least one channel (130) is disposed between
the plurality of adjacent helical fins (120). Each respective
helical fin (120) includes at least one sidewall (122) and

a fin top (121). Each channel (130) includes at least one
channel enhancement (131) impressed radially into and
transversely through at intervals around the circumfer-
ence of the exterior surface (111) of the tube body (110).
The finned tube (100) may also include at least one top
enhancement (124) and/or sidewall enhancement (123)
impressed radially into and transversely through at inter-
vals around the circumference of the exterior surface
(111) of the tube body (110).
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Description

BACKGROUND

[0001] The invention relates generally to heat transfer
tubes in flooded heat exchangers where nucleate boiling
(e.g., on the external surface of the heat transfer tubes)
is the dominant mode of heat transfer. In particular, the
invention relates to the external surface configuration of
a heat transfer tube that is used for evaporating a liquid
in which the tube in submerged (e.g., either completely
or partially).
[0002] Shell and tube type evaporators are used to
transfer heat from one fluid to other in many air condi-
tioning and refrigeration systems. A shell and tube evap-
orator is a heat exchanger in which multiple tubes are
arranged in some patterns within a single shell. In refrig-
eration systems, typically a coolant is passed through
the multiple parallel tubes arranged along the length of
the shell. Refrigerant flows into the shell of the heat ex-
changer in liquid phase and forms a refrigerant pool in
the shell. Due to heat transfer from the tubes, the refrig-
erant undergoes phase transformation and leaves the
shell as a refrigerant vapor. The fluid is cooled by heat
transfer through the walls of the tubes. The heat transfer
capability of such an evaporator is largely determined by
the efficiency of the heat transfer surface of the individual
tubes which are customized based on the thermophysical
properties of the refrigerant. The external surface en-
hancement configuration along with internal enhance-
ment of an individual tube determines the overall heat
transfer characteristics of the shell and tube heat ex-
changer.
[0003] Heat transfer performance of a heat transfer
tube can be improved by following methods including (i)
increasing the heat transfer surface area of the tube, (ii)
promoting nucleate boiling on the surface of the tube that
is in contact with the boiling fluid, and (iii) promoting ex-
ternal natural convection at the outer surface of the tube.
In the nucleate boiling process, initially, a small quantity
of entrapped vapor, embryo bubble, in the nucleation
sites grows due to the heat transferred from the heated
surface. When the bubble grows, it vaporizes more liquid
in contact with the solid surface and also vaporizes at
the liquid-vapor interface. Heat from the solid surface and
from the surrounding superheated liquid superheats the
vapor in a bubble and the bubble grows in size. When
the bubble size is large enough, surface tension is over-
come by the buoyancy force and the bubble detaches
from the surface. As the bubble leaves the surface, liquid
enters the volume vacated by the bubble. The bubble
departure results in a convection current in the liquid.
Usually, some traces of vapor remains in the volume,
and becomes a source of additional liquid to vaporize to
form another bubble. The periodic formation of bubbles
at the surface, the release of the bubbles from the sur-
face, and the rewetting of the surface together with the
convective effect of the vapor bubbles rising through the

liquid results in an improved heat transfer rate for the
heat transfer surface.
[0004] It is generally known that the nucleate boiling
process can be enhanced by configuring the heat transfer
surface so that more nucleation sites can be created and
sustained on the surface of the tube that provide locations
for the entrapment of vapor and promote the bubble nu-
cleation. For example, simply roughening a heat transfer
surface will provide more nucleation sites that can im-
prove the heat transfer performance of the surface over
a similar smooth surface.
[0005] In nucleate boiling including liquid refrigerants,
for example, in the evaporator of an air conditioning or
refrigeration system, nucleation sites of the re-entrant
type produce stable bubble columns, good surface heat
transfer characteristics and also amount to more surface
area. A re-entrant type nucleation site is a surface cavity
in which the opening of the cavity is smaller than the
subsurface volume of the cavity. An excessive influx of
the surrounding liquid can flood a re-entrant type nucle-
ation site and deactivate it. In the subsurface volumes,
which are mostly filled with vapor with liquid films in the
neighboring wall, thin film evaporation happens when the
film becomes discontinuous. This thin film evaporation
contributes to the steady nucleation process. By config-
urating the heat transfer surface so that it has relatively
large communicating subsurface channels with relatively
smaller openings to the surface, and it promotes the dis-
continuity in the thin film, the heat transfer performance
of the surface improved. There are many different con-
figurations of heat transfer tubes, each having their own
take of which features to include so as to improve heat
transfer. However, new heat transfer tube configurations
that can further improve heat transfer are always wel-
come.
[0006] Accordingly, there remains an ongoing need for
newly configured heat transfer tubes with improved heat
transfer capabilities.

BRIEF DESCRIPTION

[0007] According to a first aspect of the invention, a
finned tube including a tube body, and a plurality of ad-
jacent helical fins is provided. The tube body includes an
interior surface and an exterior surface. The plurality of
adjacent helical fins intermittently protrude circumferen-
tially around the exterior surface of the tube body, at least
one channel is disposed between the plurality of adjacent
helical fins, each respective helical fin comprising at least
one sidewall and a fin top, each channel including at least
one channel enhancement impressed radially into and
transversely through at intervals around the circumfer-
ence of the exterior surface of the tube body, each side-
wall including at least one sidewall enhancement im-
pressed radially into and transversely through at intervals
around the circumference of the exterior surface of the
tube body.
[0008] Optionally, there are between thirteen (13) and
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twenty-eight (28) helical fins per centimeter (between
thirty-three (33) and seventy (70) per inch) of tube length.
[0009] Optionally, a ratio (Hf/Do) of a fin height (Hf) to
an outer diameter (Do) of the tube body is between 0.02
and 0.05.
[0010] Optionally, each respective channel enhance-
ment includes a depth (De) between 0.05 and 0.2 of a fin
height (Hf).
[0011] Optionally, each respective sidewall enhance-
ment includes a depth (De) between 0.05 and 0.2 of a fin
height (Hf).
[0012] Optionally, each fin top includes at least one top
enhancement impressed radially into and transversely
through at intervals around the circumference of the ex-
terior surface of the tube body.
[0013] Optionally, each respective top enhancement
includes a depth (De) between 0.05 and 0.2 of a fin height
(Hf).
[0014] Optionally, each respective sidewall is devoid
of a protruding wing.
[0015] Optionally, each respective helical fin is approx-
imately cross-sectionally symmetrical.
[0016] According to another aspect of the disclosure,
a finned tube including a tube body and a plurality of
adjacent helical fins is provided. The tube body includes
an interior surface and an exterior surface. The plurality
of adjacent helical fins continuously protrude circumfer-
entially around the exterior surface of the tube body, at
least one channel is disposed between the plurality of
adjacent helical fins, each respective helical fin compris-
ing at least one sidewall and a fin top, each channel in-
cluding at least one channel enhancement impressed
radially into and transversely through at intervals around
the circumference of the exterior surface of the tube body,
each sidewall including at least one sidewall enhance-
ment impressed radially into and transversely through at
intervals around the circumference of the exterior surface
of the tube body.
[0017] Optionally, there are between thirteen (13) and
twenty-eight (28) helical fins per centimeter (between
thirty-three (33) and seventy (70) per inch) of tube length.
[0018] Optionally, a ratio (Hf/Do) of a fin height (Hf) to
an outer diameter (Do) of the tube body is between 0.02
and 0.05.
[0019] Optionally, each respective channel enhance-
ment includes a depth (De) between 0.05 and 0.2 of a fin
height (Hf).
[0020] Optionally, each respective sidewall enhance-
ment includes a depth (De) between 0.05 and 0.2 of a fin
height (Hf).
[0021] Optionally, each fin top includes at least one top
enhancement impressed radially into and transversely
through at intervals around the circumference of the ex-
terior surface of the tube body.
[0022] Optionally, each respective top enhancement
includes a depth (De) between 0.05 and 0.2 of a fin height
(Hf).
[0023] Optionally, each respective sidewall is devoid

of a protruding wing.
[0024] Optionally, each respective helical fin is approx-
imately cross-sectionally symmetrical.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Certain exemplary embodiments will now be
described in greater detail by way of example only. The
following descriptions of the drawings should not be con-
sidered limiting in any way. With reference to the accom-
panying drawings, like elements are numbered alike:

FIG. 1 is a schematic illustration of the manufacture
of a finned tube using a tool arbor containing a plu-
rality of finning disks, a channel marking disk, a flat-
tening disk, and a notching disk.

FIG. 2 is a cross-sectional side view of a finned tube.

FIG. 3 is a cross-sectional side view of a finned tube.

FIG. 4 is a cross-sectional side view of a finned tube.

FIG. 5 is a cross-sectional side view of a finned tube.

FIG. 6 is a cross-sectional side view of a finned tube.

FIG. 7 is a perspective view of a section of a finned
tube with the fins intermittently protruding circumfer-
entially around the exterior surface of the tube body.

FIG. 8 is a perspective view of a section of a finned
tube with the fins continuously protruding circumfer-
entially around the exterior surface of the tube body

DETAILED DESCRIPTION

[0026] As will be described below, a finned tube with
unique features that enhance its heat transfer capabilities
is provided. Specifically, the features of the finned tube
described herein may improve the finned tube’s heat
transfer capabilities by (i) increasing the heat transfer
area of the tube surface (e.g., by incorporating one or
more enhancements in at least one of the channels be-
tween the fins, the sidewalls of the fins, and the top sur-
face of the fins) and (ii) promoting nucleate boiling on the
surface of the tube that is in contact with the boiling fluid
(e.g., by creating nucleation sites and reentrant cavities
at or near the enhancements that provide locations for
the entrapment of vapor and promote the formation of
vapor bubbles). In addition, promoting thin film evapora-
tion of the thin film entrapped in the channel marks as
will be described. The finned tube described herein may
be particularly useful in an evaporator (e.g., flooded
and/or falling film type evaporators) of a vapor compres-
sion system (e.g., which may utilize one or more refrig-
erant to transfer heat from a working fluid, such as air,
water, glycol, etc.). For example, the finned tube de-
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scribed herein may be configured to allow the working
fluid to pass through interior of the finned tube with the
refrigerant located on the exterior of the finned tube,
where heat is transferred from the working fluid to the
refrigerant through the body of the finned tube. Although
described as an independent tube, it should be appreci-
ated that typically a plurality of finned tubes may be
mounted in parallel and connected together to form a
tube bundle within the evaporator. This tube bundle is
typically is immersed (e.g., either completely or partially)
in the refrigerant pool. It is envisioned that by utilizing the
finned tube described herein the heat transfer character-
istics of the evaporator may be improved.
[0027] With reference now to the Figures, a schematic
illustration of the manufacture of an exemplary finned
tube 100 using an exemplary tool arbor containing a plu-
rality of finning disks 63, a channel marking disk 68, a
flattening disk 67, and a notching disk 66 is shown in FIG.
1. It should be appreciated that the finning disks 63, the
channel marking disk 68, the flattening disk 67, and the
notching disk 66 may be collectively referred to as the
tool gang 62. As shown in FIG. 1, the tube 100 may be
viewed to include a tube body 110 with an exterior surface
111 and an interior surface 110. The finned tube 100
(e.g., as a results of the tool gang 62) includes a plurality
of adjacent helical fins 120 protruding (e.g., intermittently
or continuously) circumferentially around the exterior sur-
face 111 of the tube body 110. At least one channel 130
(shown in FIGs. 2-8) may be disposed between the plu-
rality of adjacent helical fins 120 (e.g., to separate the
different rows Rf (shown in FIGs. 7 and 8) of fins 120
from one another. It should be appreciated that each
channel 130 may be viewed as a void between adjacent
helical fins 120. As shown in FIGs. 2-6, each respective
helical fin 120 may be viewed to include at least one
sidewall 122 and a fin top 121. Each channel 130 may
include at least one channel enhancement 131 im-
pressed radially into and transversely through at intervals
around the circumference of the exterior surface 111 of
the tube body 110 (e.g., by the channel marking disk 68).
This placement of the channel enhancements 131 at in-
tervals may enhance the heat transfer characteristics of
the finned tube 100. These intervals may be generated
by spacing of the surface features 70 (shown in FIGs.
2-5) on the channel marking disk 68.
[0028] It is envisioned that the finned tube 100 de-
scribed herein may be readily manufactured by a rolling
process. This rolling process is illustrated in FIG. 1. As
shown, the finning machine 60 may operate on a tube
10, made of a malleable metal such as copper or alumi-
num, to produce both interior ribs and exterior fins 120
on the tube 10. For example, the finned tube 100 de-
scribed herein may, in certain instances, be viewed to be
manufactured in a rolling process where the fins 120 are
created through extrusion of the metal (e.g., copper or
aluminum), instead of using an applied process where
the fins are applied by winding an independent metal
around the tube. It should be appreciated that the finning

machine 60 may include one or more tool arbors 61, each
containing one or more tool gangs 62. As shown in FIG.
1, extending into the tube 100 is the mandrel shaft 65 to
which the mandrel 64 is attached. During manufacture,
the tube body 110 is pressed between the mandrel 64
and the finning disks 63 as the tube 100 rotates. Under
pressure, the metal, of which the tube 100 is made of,
flows into the grooves between the finning disks 63, which
forms the beginnings of the fins 120 (and the channels
130 therebetween, as shown in FIG. 2) on the exterior
surface 111 of the tube 100. As the tube 100 continues
to rotate the tube 100 advances between the mandrel 64
and the tool gang 62 (from left to right in FIG. 1) resulting
in a number of rows Rf of helical fins being formed on the
tube 100. For purposes of clarify, FIGs. 2-5 may be
viewed as cross-sectional side views of rows Rf of helical
fins (e.g., where each fin 120 represents a different row
Rf). It should be appreciated that the number of rows Rf
generated may be a function of the number of finning
disks 63 on the tool arbor 61 in use on the finning machine
60.
[0029] As shown in FIGs. 1 and 2, after the finning disks
63 form the beginnings of the fins 120 (and the channels
130 therebetween), a channel marking disk 68, which
includes one or more surface features 70 (e.g., which
may be configured as a star, rectangle, square, triangle,
star, etc.), may be used to impress radially into and trans-
versely through within the channels 130 so as to form
the channel enhancements 131. It should be appreciated
that the intervals at which the channel enhancements
131 are spaced within the channel 130 may be a function
of the spacing of the surface features 70 on the channel
marking disk 68. It is envisioned that all embodiments,
as described below, include at least one channel en-
hancement 131 in each channel 130 (defined between
adjacent helical fins 120). This channel enhancement
131, either alone or in combination with the designed
density of the helical fins 120 (e.g., which may be viewed
in terms of number of fins 120 per tube 100 length), may
contribute to the improved heat transfer characteristics
of the finned tube 100 described herein.
[0030] As shown in FIGs. 1 and 2, in the same pass
and after the finning disks 63 and channel marking disk
68 form the fins 120 and the channel enhancements 131
on the tube 100, a flatting disk 67 may be used to flatten
and spread the distal tips of the fins 120 (e.g., thereby
closing the gaps 180 (shown in FIGs. 7 and 8), at least
partially, between adjacent rows Rf of fins 120. Once the
fins 120 are flattened, a notching disk 66 may be used
to generate at least one top enhancement 124 (shown
in FIGs. 2-5) on the fins 120. It should be appreciated
that notching disk 66 may be omitted or removed from
the finning machine 60 when the finned tube 100 does
not include top enhancements 124. In addition, although
not shown, it should be appreciated that the notching disk
may be combined with the flattening disk 67 in certain
instances. As shown in FIG. 1, the mandrel 64 may be
configured in such a way that it will impress some type
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of pattern into the interior surface 112 of the tube body
110. A typical pattern is of one or more helical rib convo-
lutions, which can improve the efficiency of the heat trans-
fer between the fluid flowing through the tube 100 and
the tube body 110. It should be appreciated that any pat-
tern, or no pattern at all, may be impressed by the mandrel
64 for the finned tube 100 described herein.
[0031] As shown FIGs. 2-6, the finned tube 100 de-
scribed herein may be configured in various manners.
For example, in certain embodiments, the finned tube
100 may include top enhancements 124, which may be
absent in other embodiments. It should be appreciated
that the various enhancements may be completed by
modifying the finning machine 60. However, it is envi-
sioned that in all embodiments, the finned tube 100 in-
cludes a plurality of adjacent helical fins 120 protruding
(e.g., either intermittently or continuously) circumferen-
tially around the exterior surface 111 of the tube body
110, where each channel 130 (e.g., disposed between
adjacent fins 120) includes at least one channel enhance-
ment 131 impressed radially into and transversely
through at intervals (e.g., as compared to continuous,
uninterrupted enhancements) around the exterior sur-
face 111 of the tube body 110.
[0032] FIG. 2 illustrates a magnified cross-sectional
side view of a portion of a first embodiment of a finned
tube 100. As shown, the finned tube 100 includes a plu-
rality of adjacent helical fins 120 (e.g., separated by a
channel 130 with at least one channel enhancement 131
impressed radially into and transversely through at inter-
vals around the exterior surface 111 of the tube body
110). It should be appreciated that although the channel
enhancement 131 is depicted as a cross, any suitable
configuration (e.g., such as a rectangle, square, triangle,
star, etc.) may be utilized. In this embodiment, the finned
tube 100 may further include a top enhancement 124
impressed radially into and transversely through (e.g.,
with the notching disk 66) at intervals around the circum-
ference of the exterior surface 111 of the tube body 110.
It is envisioned that each respective enhancement 131,
124 regardless of specific configuration or where located
(e.g., in the channel 130 or in the fin top 121), may have
a certain depth De, which may be defined in terms of the
fin height Hf. The depth De of the enhancement 131, 124
is between 0.05 and 0.2 of the fin height Hf in certain
instances. To achieve the desired heat transfer, each fin
120 may be designed to have a certain fin height Hf,
which may be defined (e.g., as a ratio Hf/Do) in terms of
the outer diameter Do of the tube body 110 (shown in
FIG. 1). This ratio Hf/Do may be between 0.02 and 0.05
in certain instances. It should be appreciated that the
finned tube 100, as shown in FIG. 2, may be designed
with manufacturability in mind. For example, as shown,
each respective helical fin 120 may be approximately
cross-sectionally symmetrical (e.g., along the vertical
plane) and devoid of a protruding wing 141 (shown in
FIG. 6).
[0033] FIG. 3 illustrates a magnified cross-sectional

side view of a portion of a second embodiment of a finned
tube 100. As shown, similar to the first embodiment
(shown in
[0034] FIG. 2), this embodiment of the finned tube 100
includes a plurality of adjacent helical fins 120 (e.g., sep-
arated by a channel 130 with at least one channel en-
hancement 131 impressed radially into and transversely
through at intervals around the exterior surface 111 of
the tube body 110). It should be appreciated that although
the channel enhancement 131 is depicted as a cross,
any suitable configuration (e.g., such as a rectangle,
square, triangle, star, etc.) may be utilized. In this em-
bodiment, as with the first embodiment (shown in FIG.
2), the finned tube 100 may further include a top enhance-
ment 124 impressed radially into and transversely
through (e.g., with the notching disk 66) at intervals
around the circumference of the exterior surface 111 of
the tube body 110. In addition, this embodiment, unlike
the first embodiment (shown in FIG. 2), the finned tube
100 may further include at least one sidewall enhance-
ment 123 impressed radially into and transversely
through (e.g., with the sidewall marking disk 69, which
may be included in the finning machine 60) at intervals
around the circumference of the exterior surface 111 of
the tube body 110. These intervals may be generated by
spacing of the surface features 71 (shown in FIGs. 3-5)
on the sidewall marking disk 69. As with the channel en-
hancement 131, the sidewall enhancement 123 may be
in any suitable configuration (e.g., rectangle, square, tri-
angle, hatching, etc.). It is envisioned that each respec-
tive enhancement 131, 124, 123 regardless of specific
configuration or where located (e.g., in the channel 130,
in the fin top 121, or in the sidewall 122), may have a
certain depth De, which may be defined in terms of the
fin height Hf. The depth De of the channel enhancement
131, 124, 123 is between 0.05 and 0.2 of the fin height
Hf in certain instances. As described above, to achieve
the desired heat transfer, each fin 120 may be designed
to have a certain fin height Hf, which may be defined
(e.g., as a ratio Hf/Do) in terms of the outer diameter Do
of the tube body 110 (shown in FIG. 1). This ratio Hf/Do
may be between 0.02 and 0.05 in certain instances. It
should be appreciated that the finned tube 100, as shown
in FIG. 3, may be designed with manufacturability in mind.
For example, as shown, each respective helical fin 120
may be approximately cross-sectionally symmetrical
(e.g., along the vertical plane) and devoid of a protruding
wing 141 (shown in FIG. 6).
[0035] FIG. 4 illustrates a magnified cross-sectional
side view of a portion of a third embodiment of a finned
tube 100. As shown, similar to the first embodiment
(shown in FIG. 2) and the second embodiment (shown
in FIG. 3), this embodiment of the finned tube 100 in-
cludes a plurality of adjacent helical fins 120 (e.g., sep-
arated by a channel 130 with at least one channel en-
hancement 131 impressed radially into and transversely
through at intervals around the exterior surface 111 of
the tube body 110). It should be appreciated that although
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the channel enhancement 131 is depicted as a cross,
any suitable configuration (e.g., such as a rectangle,
square, triangle, star, etc.) may be utilized. In this em-
bodiment, as with the first embodiment (shown in FIG.
2) and the second embodiment (shown in FIG. 3), the
finned tube 100 may further include a top enhancement
124 impressed radially into and transversely through
(e.g., with the notching disk 66) at intervals around the
circumference of the exterior surface 111 of the tube body
110. In addition, this embodiment, like the second em-
bodiment (shown in FIG. 3), the finned tube 100 may
further include at least one sidewall enhancement 123
impressed radially into and transversely through (e.g.,
with the sidewall marking disk 69) at intervals around the
circumference of the exterior surface 111 of the tube body
110. As shown in this embodiment, a single sidewall 122
may include multiple sidewall enhancements 123. As
with the channel enhancement 131, each sidewall en-
hancement 123 may be in any suitable configuration
(e.g., rectangle, square, triangle, hatching, etc.). It is en-
visioned that each respective enhancement 131, 124,
123 regardless of specific configuration or where located
(e.g., in the channel 130, in the fin top 121, or in the
sidewall 122), may have a certain depth De, which may
be defined in terms of the fin height Hf. The depth De of
the channel enhancement 131, 124, 123 is between 0.05
and 0.2 of the fin height Hf in certain instances. As de-
scribed above, to achieve the desired heat transfer, each
fin 120 may be designed to have a certain fin height Hf,
which may be defined (e.g., as a ratio Hf/Do) in terms of
the outer diameter Do of the tube body 110 (shown in
FIG. 1). This ratio Hf/Do may be between 0.02 and 0.05
in certain instances. It should be appreciated that the
finned tube 100, as shown in FIG. 4, may be designed
with manufacturability in mind. For example, as shown,
each respective helical fin 120 may be approximately
cross-sectionally symmetrical (e.g., along the vertical
plane) and devoid of a protruding wing 141 (shown in
FIG. 6).
[0036] FIG. 5 illustrates a magnified cross-sectional
side view of a portion of a fourth embodiment of a finned
tube 100. As shown, similar to the first embodiment
(shown in FIG. 2), the second embodiment (shown in
FIG. 3), and the third embodiment (shown in FIG. 4), this
embodiment of the finned tube 100 includes a plurality
of adjacent helical fins 120 (e.g., separated by a channel
130 with at least one channel enhancement 131 im-
pressed radially into and transversely through at intervals
around the exterior surface 111 of the tube body 110).
Unlike the prior embodiments, in this embodiment, the
channel enhancement 131 is depicted as a triangle,
which, as shown, may be formed alongside the sidewall
enhancements 123 (which, as shown, may have the
same triangular configuration) using a plurality of unitary
enhancement disks 80 (which may be included in the
finning machine 60). As shown, the unitary enhancement
disks 80 may serve the combined functions of the finning
disks 63 (by extruding the metal away from the exterior

surface 111 of the tube body 110), the channel marking
disk 68 (by impressing the channel enhancements 131
in the channels 130), and the sidewall marking disk 69
(by impressing the sidewall enhancements 123 in the
sidewalls 122). It should be appreciated that although
the channel enhancement 131 and sidewall enhance-
ments 123 are depicted as a triangular, any suitable con-
figuration (e.g., such as a rectangle, square, star, etc.)
may be utilized. In this embodiment, as with previously
described embodiments (shown in FIGs. 2-4), the finned
tube 100 may further include a top enhancement 124
impressed radially into and transversely through (e.g.,
with the notching disk 66) at intervals around the circum-
ference of the exterior surface 111 of the tube body 110.
It is envisioned that each respective enhancement 131,
124, 123 regardless of specific configuration or where
located (e.g., in the channel 130, in the fin top 121, or in
the sidewall 122) or how formed (e.g., whether through
individual disks or a unitary enhancement disk 80, may
have a certain depth De, which may be defined in terms
of the fin height Hf. The depth De of the channel enhance-
ment 131, 124, 123 is between 0.05 and 0.2 of the fin
height Hf in certain instances. As described above, to
achieve the desired heat transfer, each fin 120 may be
designed to have a certain fin height Hf, which may be
defined (e.g., as a ratio Hf/Do) in terms of the outer di-
ameter Do of the tube body 110 (shown in FIG. 1). This
ratio Hf/Do may be between 0.02 and 0.05 in certain in-
stances. It should be appreciated that the finned tube
100, as shown in FIG. 5, may be designed with manu-
facturability in mind. For example, as shown, each re-
spective helical fin 120 may be approximately cross-sec-
tionally symmetrical (e.g., along the vertical plane) and
devoid of a protruding wing 141 (shown in FIG. 6).
[0037] FIG. 6 illustrates a magnified cross-sectional
side view of a portion of a fifth embodiment of a finned
tube 100. As shown, similar to the previous embodiments
(shown in FIGs. 2-4), this embodiment of the finned tube
100 includes a plurality of adjacent helical fins 120 (e.g.,
separated by a channel 130 with at least one channel
enhancement 131 impressed radially into and trans-
versely through at intervals around the exterior surface
111 of the tube body 110). Unlike the prior embodiments,
in this embodiment, the helical fins 120 are not symmet-
rical (e.g., along the vertical plane), the sidewalls 122
include protruding wings 140, and the fin tops 121 do not
include enhancements. In particular, the lack of symme-
try may be created by the configuration of the sidewall
enhancements 123 shown in FIG. 6, which may be
viewed as non-uniformly distributed in the cross-section
of the fin 120. This non-uniform distribution of the sidewall
enhancement 123 may be created during manufacture.
For example, as the tube 100 is rotated and advanced,
the notching disk 66 with oblique notches and the flat-
tening disk 67 may cause the top of the fin 120 to twist
slightly from the base (from the exterior surface 111) to
its tip (toward the fin top 121) such that the sidewall en-
hancement 123 has a twisted, non-uniform asymmetrical
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configuration. In addition, while creating a notch, material
will be pushed down in a perpendicular to the channel
length 130 forming the wings 140.
[0038] It is envisioned that each of the above-de-
scribed embodiments (shown in FIGs. 2-6) of the finned
tube 100 may have a certain designed density of the hel-
ical fins 120 (e.g., which, as mentioned above, may be
viewed in terms of number of fins 120 per tube 100
length). Regardless of the specific configuration of the
finned tube 100 the finned tube 100 may have between
thirteen (13) and twenty-eight (28) helical fins 120 per
centimeter (between thirty-three (33) and seventy (70)
helical fins 120 per inch) of tube length. It is envisioned
that this density in combination with the specific enhance-
ments may contribute to the improved heat transfer char-
acteristics of the finned tube 100 described herein.
[0039] In addition, it is envisioned that each of the
above-described embodiments (shown in FIGs. 2-6) of
the finned tube 100 may be configured with the plurality
of adjacent helical fins 120 being either intermittently (as
shown in FIG. 7) or continuously (as shown in FIG. 8)
protruding circumferentially around the exterior surface
111 of the tube body 110. When intermittently protruding,
as shown in FIG. 7, each fin 120 within each respective
row Rf may be separated by a void 170 (i.e., a space).
This void 170 may be generated by the finning machine
60 by intermittently pressing in between the fins 120 (e.g.,
after the fins 120 are extruded by the finning disk 63).
When continuously protruding, as shown in FIG. 8, each
fin 120 within each respective row Rf may not be sepa-
rated (i.e., there is no void 170 generated by the finning
machine 60). As shown in FIGs. 7 and 8, regardless of
whether the fins 120 are intermittently or continuously
protruding, the finned tube 100 includes openings 180
(i.e., spaces) at the upper end of the fins 120 (e.g., be-
tween each respective helical fin 120) so as to allow re-
frigerant vapor to rise through the fin 120 and liquid re-
frigerant to go to the inner wall either in one opening 180
or alternative openings. As shown, these openings 180
may be viewed to align with the respective fin 120 col-
umns Cf, which are configured in a helical fashion.
[0040] The use of the terms "a" and "and" and "the"
and similar referents, in the context of describing the in-
vention, are to be construed to cover both the singular
and the plural, unless otherwise indicated herein or
cleared contradicted by context. The use of any and all
example, or exemplary language (e.g., "such as", "e.g.",
"for example", etc.) provided herein is intended merely
to better illuminate the invention and does not pose a
limitation on the scope of the invention unless otherwise
claimed. No language in the specification should be con-
strued as indicating any non-claimed elements as essen-
tial to the practice of the invention.
[0041] While the invention has been described with ref-
erence to an exemplary embodiment or embodiments, it
will be understood by those skilled in the art that various
changes may be made and equivalents may be substi-
tuted for elements thereof without departing from the

scope of the invention as set out in the appended claims.
In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the in-
vention without departing from the essential scope there-
of. Therefore, it is intended that the invention not be lim-
ited to the particular embodiment disclosed as the best
mode contemplated for carrying out this invention, but
that the invention will include all embodiments falling
within the scope of the claims.
[0042] The following clauses set out aspects of the in-
vention which may or may not be presently claimed but
which may form basis for future amendments and/or a
divisional application.

1. A finned tube comprising:

a tube body comprising an interior surface and
an exterior surface;

a plurality of adjacent helical fins intermittently
protruding circumferentially around the exterior
surface of the tube body, at least one channel
disposed between the plurality of adjacent hel-
ical fins, each respective helical fin comprising
at least one sidewall and a fin top, each channel
comprising at least one channel enhancement
impressed radially into and transversely through
at intervals around the circumference of the ex-
terior surface of the tube body, each sidewall
comprising at least one sidewall enhancement
impressed radially into and transversely through
at intervals around the circumference of the ex-
terior surface of the tube body.

2. The finned tube of clause 1, wherein there are
between thirteen (13) and twenty-eight (28) helical
fins per centimeter (between thirty-three (33) and
seventy (70) per inch) of tube length.

3. The finned tube of clause 1, wherein a ratio (Hf/Do)
of a fin height (Hf) to an outer diameter (Do) of the
tube body is between 0.02 and 0.05.

4. The finned tube of clause 1, wherein each respec-
tive channel enhancement comprises a depth (De)
between 0.05 and 0.2 of a fin height (Hf).

5. The finned tube of clause 1, wherein each respec-
tive sidewall enhancement comprises a depth (De)
between 0.05 and 0.2 of a fin height (Hf).

6. The finned tube of clause 1, wherein each fin top
comprises at least one top enhancement impressed
radially into and transversely through at intervals
around the circumference of the exterior surface of
the tube body.

7. The finned tube of clause 6, wherein each respec-
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tive top enhancement comprises a depth (De) be-
tween 0.05 and 0.2 of a fin height (Hf).

8. The finned tube of clause 1, wherein each respec-
tive sidewall is devoid of a protruding wing.

9. The finned tube of clause 1, wherein each respec-
tive helical fin is approximately cross-sectionally
symmetrical.

10. A finned tube comprising:

a tube body comprising an interior surface and
an exterior surface;

a plurality of adjacent helical fins continuously
protruding circumferentially around the exterior
surface of the tube body, at least one channel
disposed between the plurality of adjacent hel-
ical fins, each respective helical fin comprising
at least one sidewall and a fin top, each channel
comprising at least one channel enhancement
impressed radially into and transversely through
at intervals around the circumference of the ex-
terior surface of the tube body, each sidewall
comprising at least one sidewall enhancement
impressed radially into and transversely through
at intervals around the circumference of the ex-
terior surface of the tube body.

11. The finned tube of clause 10, wherein there are
between thirteen (13) and twenty-eight (28) helical
fins per centimeter (between thirty-three (33) and
seventy (70) per inch) of tube length.

12. The finned tube of clause 10, wherein a ratio
(Hf/Do) of a fin height (Hf) to an outer diameter (Do)
of the tube body is between 0.02 and 0.05.

13. The finned tube of clause 10, wherein each re-
spective channel enhancement comprises a depth
(De) between 0.05 and 0.2 of a fin height (Hf).

14. The finned tube of clause 10, wherein each re-
spective sidewall enhancement comprises a depth
(De) between 0.05 and 0.2 of a fin height (Hf).

15. The finned tube of clause 10, wherein each fin
top comprises at least one top enhancement im-
pressed radially into and transversely through at in-
tervals around the circumference of the exterior sur-
face of the tube body.

16. The finned tube of clause 15, wherein each re-
spective top enhancement comprises a depth (De)
between 0.05 and 0.2 of a fin height (Hf).

17. The finned tube of clause 10, wherein each re-

spective sidewall is devoid of a protruding wing.

18. The finned tube of clause 10, wherein each re-
spective helical fin is approximately cross-sectional-
ly symmetrical.

Claims

1. A finned tube comprising:

a tube body comprising an interior surface and
an exterior surface;
a plurality of adjacent helical fins protruding cir-
cumferentially around the exterior surface of the
tube body, at least one channel being disposed
between the plurality of adjacent helical fins,
each respective helical fin comprising at least
one sidewall and a fin top, each channel com-
prising at least one channel enhancement im-
pressed radially into and transversely through
at intervals around the circumference of the ex-
terior surface of the tube body, each sidewall
comprising at least one sidewall enhancement
impressed radially into and transversely through
at intervals around the circumference of the ex-
terior surface of the tube body, wherein:

the plurality of adjacent helical fins intermit-
tently protrude circumferentially around the
exterior surface of the tube body; or
the plurality of adjacent helical fins contin-
uously protrude circumferentially around
the exterior surface of the tube body.

2. The finned tube of claim 1, wherein there are be-
tween thirteen (13) and twenty-eight (28) helical fins
per centimeter (between thirty-three (33) and sev-
enty (70) per inch) of tube length.

3. The finned tube of claim 1 or 2, wherein a ratio (Hf/Do)
of a fin height (Hf) to an outer diameter (Do) of the
tube body is between 0.02 and 0.05.

4. The finned tube of claim 1, 2 or 3, wherein each re-
spective channel enhancement comprises a depth
(De) between 0.05 and 0.2 of a fin height (Hf).

5. The finned tube of any preceding claim, wherein
each respective sidewall enhancement comprises a
depth (De) between 0.05 and 0.2 of a fin height (Hf).

6. The finned tube of any preceding claim, wherein
each fin top comprises at least one top enhancement
impressed radially into and transversely through at
intervals around the circumference of the exterior
surface of the tube body.
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7. The finned tube of claim 6, wherein each respective
top enhancement comprises a depth (De) between
0.05 and 0.2 of a fin height (Hf).

8. The finned tube of claim any preceding claim, where-
in each respective sidewall is devoid of a protruding
wing.

9. The finned tube of any preceding claim, wherein
each respective helical fin is approximately cross-
sectionally symmetrical.
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