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(57) Abstract: A new heat exchange tube
fin design in which a plurality of arrow-
head shapes are pressed into or embossed
onto each fin, the arrowhead shape
defined by two intersecting wedge sec-
tions. The pressed arrowhead shapes are
grouped into nested pairs, and one of the
arrowheads in a pair is pressed as a posit-
ive relative to the fin plane and the other
of the pair is pressed as a negative relative
to the fin plane. The arrowhead pairs are
placed in rows parallel to the air flow dir-
ection and arrowhead pairs in one row are
preferably staggered relative to the arrow-
head pairs in the adjacent row along the
fin in the air flow direction.
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ARROWHEAD FIN FOR HEAT EXCHANGE TUBING

[001] FIELD OF THE INVENTION
[002] This invention relates generally to tube fins for large scale field-erected air cooled

industrial steam condensers or dry coolers/condensers.

[003] BACKGROUND OF THE INVENTION

[004] The current finned tube used in most large scale field erected air cooled industrial
steam condensers (ACC) uses a flattened tube that is approximately 11 meters long by 200
mm wide (also referred to as “air travel length™) with semi-circular leading and trailing
edges, and 18.7mm external height (perpendicular to the air travel length). Tube wall
thickness is 1.35mm. Fins are brazed to both flat sides of each tube and have a length that
extends perpendicular to the longitudinal axis of the tube. The fins are usually 18.5 mm tall,
spaced at 11 fins per inch. The fin surface has a wavy pattern to enhance heat transfer and
help fin stiffness. The standard spacing between tubes, center to center, is 57.2mm. The
tubes themselves make up approximately one third of the cross sectional face area
(perpendicular to the air flow direction); whereas the fins make up nearly two thirds of the
cross section face area. There is a small space between adjacent fin tips of 1.5mm. For
summer ambient conditions, maximum steam velocity through the tubes can typically be as

high as 28 mps, and more typically 23 to 25 mps.

[005] SUMMARY OF THE INVENTION
[006] The present invention is a new fin design to improve heat transfer between the fluid in
the tube and the fluid (air) passing over/through the fins. The fin is generally planar and is in

direct contact with a flattened ACC tube. The internal dimension of the tube in the direction
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parallel to the flat sides (also call the air travel length) is typically 200 mm. The external tube
height (perpendicular to the air travel length is typically 18.7 mm, although fins of the present
invention may be used with heat exchange tubes of any dimension. The fluid to be cooled
flows in the tube, which is perpendicular to the fin plane. Cooling air flows parallel to the
plane of the flat side of the tube and perpendicular to the longitudinal axis of the tube.

[007] According to an embodiment of the invention, a plurality of arrowhead shapes are
pressed into or embossed onto each fin. According to a preferred embodiment, the arrowhead
shape is defined by two intersecting wedge sections. The shapes of the volume described by
the embossed metal surface and the plane of the flat fin may be characterized as similar in
form to a prism. According to a preferred embodiment, the wedge sections are triangular in
cross section normal to their length. According to another preferred embodiment, the two
intersecting wedge sections form a pointed end at the leading edge of the arrowhead shape
and a forked end at the trailing edge of the arrowhead shape.

[008] According to a more preferred embodiment, the height of each wedge (in a direction
perpendicular to the plane of the fin is 50% or approximately 50% of the distance between
adjacent fins. The leading and trailing edges of each wedge are preferably oriented at 30° or
approximately 30° from the air flow direction/longitudinal axis of the fin. The top wedge
section (relative to the location of the tube) forming an arrowhead shape has leading and
trailing edges oriented 30° up, and the lower wedge section for each arrowhead shape has
leading and trailing edges oriented 30° down.

[009] According to a further preferred embodiment, the pressed arrowhead shapes

according to the invention are grouped into pairs, where a first arrowhead shape of a pair is
immediately upstream of the second arrowhead shape in the pair. According to a further
preferred embodiment, the pointed end of the second arrowhead shape is nested into the back

end (or “forked end” of the first arrowhead shape. According to a further preferred
2
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embodiment one of the arrowheads in a pair is pressed as a positive relative to the fin plane
and the other of the pair is pressed as a negative relative to the fin plane.

[0010] According to another embodiment of the invention, the arrowhead pairs are placed in
rows parallel to the air flow direction and spaced normal to the air flow direction one to two
times the fin width dimension. Arrowhead pairs in one row are preferably staggered relative
to the arrowhead pairs in the adjacent row along the fin in the air flow direction. So the first
arrowhead in the second row is spaced down the air flow direction along the fin by half of the
space between arrowhead pairs along the rows.

[0011] According to another embodiment of the invention, the arrowhead pairs in a single
row are spaced in the direction of air flow according to a multiple of the fin spacing,
preferably 6 to 12 times the fin spacing and more preferably 8 or 9 times the fin spacing.
[0012] According to another embodiment of the invention, the dimensions of the arrowheads
are a function of the fin height. The arrowhead width (normal to the flow in the plane of the
fin) is preferably nominally 2 to 3 times fin spacing (0.2097=2.3*0.091"). The arrowhead
length (parallel to the flow) is preferably 5 to 8 times the fin spacing (.091*6.5=0.591)
(0.41+0.181=) 0.591.

[0013] According to another embodiment of the invention, all arrowhead pressings on a
given fin point in the same direction with respect to the flow direction. With each subsequent
fin, the arrowhead pressings alternate between pointing in the flow direction and against the

flow direction.

[0014] BRIEF DESCRIPTION OF THE DRAWINGS
[0015] Figure 1 is perspective view of a fin according to an embodiment of the invention.
[0016] Figure 2 is a side view of a fin according to an embodiment of the invention

[0017] Figure 3 is a set of engineering drawings showing an embodiment of the invention.

3



CA 03013772 2018-08-03

WO 2017/136819 PCT/US2017/016689

[0018] Figure 4 is an excerpt from Figure 3 showing a side view of an embodiment of the
invention.

[0019] Figure 5 is an excerpt from Figure 3 showing an end view of an embodiment of the
invention.

[0020] Figure 6 is an excerpt from Figure 3 showing a cross-sectional view of an
embodiment of the invention along line A-A in Figure 3.

[0021] Figure 7 is an excerpt from Figure 3 showing a cross-sectional view of an
embodiment of the invention along line B-B in Figure 3.

[0022] Figure 8 is an excerpt from Figure 3 showing Detail E from Figure 3.

[0023] Figure 9 is an excerpt from Figure 3 showing a cross-sectional view of an
embodiment of the invention along line F-F in Figure 3.

[0024] Figure 10 is a side view according to another embodiment of the invention.

[0025] Figure 11 is a perspective view according to another embodiment of the invention.

[0026] DETAILED DESCRIPTION OF THE INVENTION

[0027] Referring to the Figures, and in particular, Figures 1, 2, 4, 10 and 11, a plurality of
arrowhead shapes 2 are pressed into or embossed onto each fin 4. Each arrowhead shape 2 is
defined by two intersecting wedge sections 6a, 6b. The shapes of the volume described by the
embossed metal surface and the plane of the flat fin may be characterized as similar in form
to a prism. The wedge sections 6a, 6b are triangular in cross section normal to their length.
The two intersecting wedge sections 6a, 6b form a pointed end 8 at the leading end of the
arrowhead shape 2 and a forked end 10 at the trailing end of the arrowhead shape 2.

[0028] The height of each wedge 6a, 6b (in a direction perpendicular to the plane of the fin is
50% or approximately 50% of the distance between adjacent fins 4 (See Figs. 5-7 and 9). The

leading edges 12 and trailing edges 14 of each wedge are preferably oriented at 30° or
4
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approximately 30° from the air flow direction/longitudinal axis of the fin 4. The top wedge
section 6a (relative to the location of the tube) forming an arrowhead shape 2 has leading and
trailing edges oriented 30° up, and the lower wedge section 6b for each arrowhead shape 2
has leading and trailing edges 12, 14 oriented 30° down.

[0029] Referring in particular to Figs. 1 and 2, the pressed arrowhead shapes 2 may be
grouped into pairs 16, where a first arrowhead shape 16a of a pair is immediately upstream of
the second arrowhead shape 16b in the pair. The pointed end of the second arrowhead shape
16b may be nested into the back end (or “forked end”) of the first arrowhead shape 16a.
Consistent with a preferred embodiment of the invention, Fig. 1 shows one of the
arrowheads in a pair pressed as a positive relative to the fin plane (out of the fin plane) and
the other of the pair pressed as a negative relative to the fin plane (into the fin plane).

[0030] Figs. 1, 4, 10 and 11 show the arrowhead pairs placed in two rows parallel to the air
flow direction. The rows are spaced from one-another normal to the air flow direction one to
two times the fin width dimension. The arrowhead pairs in one row are shown staggered
relative to the arrowhead pairs in the adjacent row along the fin in the air flow direction so
that first arrowhead in the second row is spaced down the air flow direction along the fin by
half of the space between arrowhead pairs along the rows.

[0031] Referring to Figs. 1, 2, 4, 10 and 11, the arrowhead pairs in a single row are shown
spaced in the direction of air flow according to a multiple of the fin spacing, preferably 6 to
12 times the fin spacing and more preferably 8 or 9 times the fin spacing.

[0032] The dimensions of the arrowheads are preferably a function of the fin height. The
arrowhead width (normal to the flow in the plane of the fin) is preferably nominally 2 to 3
times fin spacing (0.2097=2.3%0.0917). The arrowhead length (parallel to the flow) is

preferably 5 to 8 times the fin spacing (.091%6.5=0.591) (0.41+0.181=) 0.591.
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[0033] All arrowhead pressings on a given fin point in the same direction with respect to the
flow direction. With each subsequent fin, the arrowhead pressings alternate between pointing

in the flow direction and against the flow direction.



Claims:

1. A fin for a heat exchange tube comprising embossed or pressed arrowhead shapes arranged
along a longitudinal axis of said fin, wherein said arrowhead shapes are arranged into pairs,
characterized in that a pointed end of one arrowhead shape of a pair is nested into a forked end of
a second arrowhead shape of a pair.

2. A fin according to claim 1 wherein said arrowhead shapes each comprise two intersecting
wedge shapes embossed or pressed into said fin.

3. A fin according to claim 1, whercin said arrowhcad shapces arc arranged in two or more
rows, said rows aligned with a longitudinal axis of said fin.

4. A fin according to claim 1, wherein a first plurality of said arrowhead shapes are pressed in
a first direction perpendicular to a plane of said fin, and a second plurality of said arrowhead
shapes are pressed in a second direction perpendicular to said plane of said fin, said second
direction opposite to said first direction.

5. A fin according to claim 1, wherein a first arrowhead shape of an arrowhead pair is

pressed in a first direction perpendicular to a plane of said fin, and a second arrowhead shape of
said arrowhead pair is pressed in a second direction perpendicular to said plane of said fin, said
second direction opposite to said first direction.

6. A heat exchange tube having a fin according to claim 1 attached thereto, said fin
comprising embossed or pressed arrowhead shapes arranged along a longitudinal axis of said

fin, wherein said arrowhead shapes are arranged into pairs, where a pointed end of one

arrowhead shape of a pair is nested into a forked end of a second arrowhead shape of a pair.

WSLEGAL\05553210003 8129664808v2
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7. A field erected air cooled industrial steam condenser comprising a plurality of finned
heat exchange tubes, said heat exchanged tubes each having a plurality of fins attached to an
external surface of a flat surface of said tube aligned perpendicular to a longitudinal axis of said
tube, said fins comprising embossed or pressed arrowhead shapes arranged along a longitudinal

axis of said fin.

WSLEGAL\05553210003 8129664808v2

Date Regue/Date Received 2022-02-04



CA 03013772 2018-08-03

WO 2017/136819 1 /5 PCT/US2017/016689

4 2 6a 6b 8 10

\\\ ........ e

\\\\\\\\\\\\\ N

\ \
\\\\\N \\\\i‘\\\\\\\ﬁ\\\\\\\\\\\

___________

Figure 1



CA 03013772 2018-08-03

PCT/US2017/016689

WO 2017/136819 2/5

Figure 2

e e S

o T \i‘g;i: oAb, Ié
s mzj}i * AE ! :fm;vw ]
17 i i [ = I
E e ” “g- 4 ! .‘e | =
= SECTION A-A SECTION B-B SECTION F-F 11 FPI
STAINLESS STEEL OPTION | =
“ : TLROSSCORBUGATER FIN DESIRN &1 (BRAFT #15)
:% M 4123415 -
| e

Figure 3



CA 03013772 2018-08-03

WO 2017/136819 3/5 PCT/US2017/016689

: . 797
=08 o , TR e
k
:\ == ;1) <= e
) i %
IR -

Figure 4

o

; 1 e |

st | f 050
o _'*_—-I _S}n .Ml g “”., &z‘:“%\
3 PNl :' £ . g
&

P

iy
_%_

—R &
! f i /i
_z"j SCN ) RN | Koy =

—F Y # <
SECTION A-A SECTION B-B

Figure 5 Figure 6 Figure 7

I ) .




CA 03013772 2018-08-03

WO 2017/136819 4/5 PCT/US2017/016689

_— -

L e N ]
B Vi

h Y - ,‘f"ﬂi—*’ 3 oy
m‘» P M::‘
\\uﬂ : -

DETAIL E SECTION F-F

Figure 8 Figure 9
T et ol T e oy

Figure 10



CA 03013772 2018-08-03

5/5 PCT/US2017/016689

WO 2017/136819

Figure 11



8

6a 6b

2

16

16a

16




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - CLAIMS
	Page 11 - CLAIMS
	Page 12 - DRAWINGS
	Page 13 - DRAWINGS
	Page 14 - DRAWINGS
	Page 15 - DRAWINGS
	Page 16 - DRAWINGS
	Page 17 - REPRESENTATIVE_DRAWING

