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TWIN FIN FAIRING

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation-in-part of U.S. Ser. No.
11/463,413 filed Aug. 9, 2006, now U.S. Pat. No. 7,337,742

issued Mar. 4, 2008 which 1s herein incorporated in 1ts
entirety.

TECHNICAL FIELD

The present invention relates generally to the reduction of
vortex-induced vibration (“VIV”’) and more particularly to a
fairing used for the reduction of VIV on pipes or other
structural components immersed 1n a flud.

BACKGROUND OF THE INVENTION

Exploration for oil and natural gas reserves led drillers
oflshore many years ago and as ofishore exploration con-
tinues, oflshore producers find themselves in deeper and
deeper waters. While those waters may bring the reserves
they seek, the offshore producers are also faced with stron-
ger currents threatening the structural integrity of their
risers, pipelines, and other elongated and cylindrical com-
ponents mvolved in o1l and gas production.

Stresses on the pipes or other structural components
immersed in tluid, such as drilling risers, production risers,
pipelines, structural tendons, etc. greatly increase as the
velocity of the current increases and the stresses are mag-
nified as the depth of the water and length of the risers at the
well location increases. When operating rigs in high current
areas, the riser 1s exposed to currents that can cause at least
two kinds of stresses. The first 1s caused by wvibration
resulting from vortices shed off a component when fluid
flows by. That vibration, occurring perpendicular to the
current, 1s referred to as ‘“vortex-induced wibration,” or
“VIV.” When water flows past the riser, it may cause
vortices to be alternatively shed from each side of the riser
when Reynolds Numbers reach a certain range. If the
frequency of this harmonic load i1s near the resonant fre-
quency of the riser, large vibrations transverse to the current
can occur. The second type of stress 1s caused by the drag
torces that push the riser 1n the direction of the current due
to the riser’s resistance to fluid flow. The drag forces are
significantly amplified by the vortex-induced vibrations of
the riser, 1.e. a vibrating pipe. A riser pipe that 1s vibrating
due to vortex shedding will disrupt the flow of water around
it more than a stationary riser or a non-vibrating pipe. This
results 1n more energy transfer from the current to the riser,
and hence more drag.

The movement of o1l and gas exploration, development
and production 1nto deep and ultra-deep waters has created
unique engineering challenges requiring mnovative engi-
neering solutions. One particular challenge 1s the vortex-
induced-vibrations (VIV) of long dnlling and production
risers. As discussed above, when long elements such as
subsea pipelines, risers, tendons, umbilicals and cables are
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aflected by relatively strong currents over extended lengths
along the element, the currents may cause vortices to be shed
from the sides of the element 1n an alternating manner which
can iduce VIV. The resulting vibration increases drag,
reduces fatigue life and left unchecked may lead to the
failure of the marine element or 1ts supports.

Shrouds, strakes and fairings have traditionally been
added to risers and other submerged pipes 1 order to
minimize the current-induced stresses on these pipes.
Strakes and shrouds can be eflective regardless of the current
orientation, but they tend to increase the drag acting on the
riser. By contrast, fairings are generally more eflicient in
reducing drag and VIV. Fairings generally comprise stream-
lined shaped bodies (such as airplane wings) that weather-
vane or rotate about the riser maintaining positions substan-
tially aligned with the water current. Fairings generally
reduce vortex-induced forces and minimize drag on the riser
by reducing or breaking up the low pressure areas that exist
down-current of the riser.

One example of a fairing 1s found mm U.S. Pat. No.
4,474,129 that discloses a fairing removably mountable on
risers equipped with buoyancy modules that has a tail
tapering aift and a fin positioned after the tail. This fairing
completely surrounds the riser and 1s fastened together at the
back portion of the fairing. Another example of a fairing 1s
found 1n U.S. Pat. No. 4,398,487 which describes a stream-
lined symmetrical structure having a nose portion, a tail
portion and two opposed side portions. This fairing 1s
formed as two shell halves that completely surround the riser
and are connected at the front end of the nose by quick
release fasteners and at the end of the tail portion by hinges.
U.S. Pat. No. 5,410,979 describes a small fixed teardrop-
shaped fairing that surrounds a riser and 1s fixed to the riser
so as to not rotate. U.S. Pat. No. 6,048,136 describes a
fairing that 1s istalled on a drilling riser in combination with
a synthetic foam buoyancy module. This fairing 1s formed as
two shell halves that surround the riser and attach at the front
and back portions of the fairing. A rotating fairing 1is
described 1 U.S. Pat. No. 6,067,922 as including a copper
clement mounted in the annular region of the faking to
discourage marine growth. This fairing 1s formed as a single
piece that completely surrounds the riser and 1s attached at
the tail or flange portion with bolts. An ultrashort fairing
described 1n U.S. Pat. No. 6,223,672 1s shown 1n FIG. 2.
This fairing 2 has a pair of shaped sides 4A, 4B departing
from the circular profile of a marine riser and converging at
a trailing edge 6. It should be noted that all of the above
described fairings are constructed in predetermined lengths
and a plurality of fairings are positioned along the length of
any particular riser.

While fairings can be eflective for reducing VIV, a
number of problems still exist with the prior art fairings. As
illustrated 1n the prior art, fairings have become more and
more complex i design, they often require a large number
of parts, and as such, they have become more costly to
produce and maintain. Generally, fairings must be secured to
the elongated component by bands, bolts or other fasteners
that may fail. Further, the use of such fasteners adds to the
cost and labor associated with the fairing’s use. Additionally,
corrosion and marine growth frequently causes the rotational
clements of a fairing to seize up so that 1t can no longer
rotate and properly align with the current. Such a concern
has often resulted in fairings being used only on risers or
other components that remain on the risers only a short
period of time, leaving those 1n the industry to rely upon less
cllective VIV reduction means such as fixed-fin vortex
strakes for more permanently fixed components.
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Although strakes with certain fin heights and {in periods
can reduce the amplitude of the VIV induced motion by

more than 90% and have been proven to be eflective tools,
a lower drag solution would be desirable. While conven-
tional teardrop fairings are effective 1n reducing both drag
and VIV, users report that these devices are subject to a
“ogalloping” motion. The causes of this galloping motion
remain unclear. Theretore, there remains a need for an
improved VIV suppression device that reduces vibration,
that does not increase drag and i1s resistant to galloping
motions.

Fairings are typically applied to drilling and/or production
risers 1 one of two ways. In one manner of installation,
fairings are placed on the riser after 1t 1s 1n place, suspended
between the platform and the ocean floor, 1n which divers or
submersible vehicles (referred to as ROVs) are used to
fasten the multiple fairings around the riser. A second
method of installation 1s carried out as the riser 1s being
assembled on a vessel and installed. In this method the
fairings are fastened to the pipe as lengths of pipes are fitted
together to form the riser. This method of installation 1s
typically performed on a specially designed vessel, called an
S-Lay, J-Lay barge or Reel Lay barge. An S-Lay barge 1s one
that has a declining ramp, positioned along a side or rear of
the vessel and descending below the ocean’s surface, that 1s
equipped with rollers (referred to as a “stinger”). As the
lengths of pipe are fitted together, fairings are attached to the
connected pipe sections before the pipe 1s rolled down the
ramp and into the ocean. One of the problems of installing
fairings 1n this manner 1s that when the fins of the fairing
rotate over the rollers on the ramp, the fins frequently
become damaged by the rollers. In this method of installa-
tion, the completed riser laid on the ocean floor, then 1s
pulled up to a vertical position when 1t reaches the appro-
priate length and 1s attached to the surface platform and the
well head on the ocean floor.

It would be advantageous to provide a relatively light-
weight, resilient fairing that can be easily placed on a riser
rather than having to be fastened around the entire circum-
ference.

It would be advantageous to provide a fairing that reduces
vibration, that does not increase drag and 1s resistant to
galloping motions.

BRIEF SUMMARY OF THE INVENTION

The subject mvention 1s directed to a fairing for the
reduction of vortex-induced vibration, the minimization of
drag and the elimination of galloping about a substantially
cylindrical element immersed 1n a fluid medium. The fairing
has a U-shaped cylindrical shell with opposing edges defin-
ing a longitudinal gap and parallel fins extending outwardly
from the opposing edges of the shell, the parallel fins being
positioned so as to reduce vortex-induced vibration, mini-
mize drag and to eliminate the phenomenon of galloping on
the cylindrical element. The fairing has a length to diameter
ratio of 1.5 to 2.50 and preterably a ratio of 1.75 to 2.0 where
the length 1s measured from the leading nose of the fairing
body to the end of the fins, and the diameter 1s the diameter
of the center of the circle defining the shell.

The shell has an outer diameter D and the parallel fins
have a distance W between opposing edges of the fins. The
ratio of W to D 1s from W=D to W=75% of D. The fins of
the fairing can taper inward.

The fairing further includes a bearing pad configured to fit
in the gap 1n the shell between the shell’s opposing edges
and the parallel fins. The bearing pad has a curved inside
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4

surface and side surfaces in parallel alignment with each of
the fins. Each fairing includes a plurality of bearing pads for
securing the fairing to a cylindrical element.

The fairing further includes at least a set of opposed
connectors for securing the fairing to a cylindrical element,
cach connector being positioned on an mside surface of each
parallel fin. The fins can include three sets of opposed
connectors. Fach connector includes an opening configured
to receive a fastening means for securing the opposing
connectors together.

The fainng further includes a flange at a top and bottom
edge of the fairing, the flange extending around the circum-
terence of the shell and outwardly from the shell. The flange
can include one or more V-shaped cutouts for the creation of
opening hinges.

Each fin on the fairing does not extend beyond the outer
diameter of the shell.

The fairing 1s constructed from a non-metallic, low cor-
rosive material selected from a group consisting of polyeth-
ylene, polyurethane, vinyl ester resin, poly vinyl chlonde
and fiberglass.

The invention also includes a fairing system for the
reduction of vortex-induced vibration and the minimization
of drag about a substantially cylindrical element immersed
in a fluid medium. The fairing system has a plurality of
fairings having U-shaped cylindrical shells, each shell hav-
ing opposing edges defining a longitudinal gap. Parallel fins
extending outwardly from the opposing edges of each of the
plurality of shells, the parallel fins being positioned so as to
reduce vortex-induced vibration, minimize drag and the
climination of galloping on the cylindrical element. The
fairing includes means for securing each of the plurality of
fairings around the cylindrical element.

The collar includes a plurality of compliant annulus
spacers extending outwardly from an inside surface of the
collar, the spacers being configured to induce irictional
interaction between the collar and the cylindrical element.

The means for securing the fairings around the cylindrical
clement includes a bearing pad configured to fit 1n the gap
in each shell between the shell’s opposing edges and the
parallel fins. The bearing pad has a curved side surface and
side surfaces i parallel alignment with each of the fins.
Each fairing includes a plurality of bearing pads for securing
the fairing to a cylindrical element.

An alternate means for securing the fairings around the
cylindrical element include at least a set of opposed con-
nectors, each connector being positioned on an inside sur-
face of each parallel fin. The fins can include a plurality of
opposed connectors. Each connector includes an opening
configured to receive a fastening means for securing the
opposing connectors together.

The fairing further may include a flange at a top and
bottom edge of the fairing, the flange extending around the
circumierence of the shell and outwardly from the shell. The
flange can 1include at least one V-shaped cutouts. The flanges
on each fairing are configured such that they allow each
fairing to freely rotate on an adjoining fairing.

A circular collar can be positioned between a group of or
cach of the plurality of fairings and the collar being config-
ured such that 1t allows each fairing to freely rotate on the
collar. The collar 1s 1n two sections held together by means
for securing the collar around the cylindrical element. The
collar 1s fixed to the riser and does not rotate.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention in order that
the detailed description of the invention that follows may be
better understood. Additional features and advantages of the
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invention will be described heremnafter which form the
subject of the claims of the invention. It should be appre-
ciated by those skilled in the art that the conception and
specific embodiment disclosed may be readily utilized as a
basis for modifying or designing other structures for carry-
ing out the same purposes of the present invention. It should
also be realized by those skilled 1n the art that such equiva-
lent constructions do not depart from the spirit and scope of
the invention as set forth in the appended claims. The novel
features which are believed to be characteristic of the
invention, both as to 1ts organization and method of opera-
tion, together with further objects and advantages will be
better understood from the following description when con-
sidered 1n connection with the accompanying figures. It 1s to
be expressly understood, however, that each of the figures 1s
provided for the purpose of 1llustration and description only
and 1s not intended as a definition of the limits of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, reference 1s now made to the following descriptions

taken in conjunction with the accompanying drawing, in
which:

FIG. 1 1s a side elevational view of a dnlling vessel
illustrating the use of the iventive fairings in one of the
environments 1n which the imnvention 1s used;

FIG. 2 1s a side elevational view of a prior art fairing;

FIG. 3 1s a perspective view of one embodiment of the
fairing of the present invention;

FIG. 4 1s a cross-sectional view of the inventive fairing
taken along lines 4-4 of FIG. 3;

FIGS. 5A and B 1s a perspective view of the fairing of
FIG. 3 with bearing pads installed; 1s a cross-sectional view
of the fairing taken along lines 6-6 of FIG. 5;

FIGS. 6A and B 1illustrate a fastener for securing the
bearing pads to the fairing 1n FIG. 5A;

FIG. 7 1s a perspective view of a bearing pad of FIG. 5;

FIG. 8 1s a top plan view of the bearing pad of FIG. 7;

FIG. 9 15 a perspective view of an alternate embodiment
of the fairing of the present invention;

FIG. 10 1s a side plan view of the fairing of FIG. 9;

FIG. 11 1s a front plan view of the fairing of FIG. 9;

FI1G. 12 1s a cross-sectional view of the fairing taken along
lines 12-12 of FIG. 11;

FIG. 13 1s a top plan view of the fairing of FIG. 9;

FIG. 14 15 a cross-sectional view of the fairing of FIG. 9;

FIGS. 15A and B 1s a side plan view of a fastener for
securing the fairing of FIG. 9 to a raiser;

FIG. 16 1s a perspective view ol a series of fairing
segments of FIG. 9;

FIG. 17 1s an alternate embodiment of a series of fairing
segments of FIG. 9;

FIG. 18 1s a perspective view of one the collars separating,
the fairing segments of FIG. 17;

FIG. 19 1s a bottom plane view of the collar of FIG. 18;

FIG. 20 1s a top plan view of an annulus spacer that 1s
inserted 1n the inside surface of the collar of FIG. 18;

FIG. 21 1s a graph of drag coeflicient (Cd) for a bare pipe
and the mventive fairing by Reynolds number (Re);

FIG. 22 1s a graph of A* by nominal reduced velocity
(Vm) for a bar pipe and the inventive fairing;

FI1G. 23 1s a cross-sectional view of an alternate embodi-
ment of the fairing of FIG. 9;
FI1G. 24 1s top plan view of the fairing of FIG. 23; and
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FIG. 25 1s a graph of drag coetlicient (Cd) compared to
velocity (V) 1n which each line on the graph represents a
different W:D ratio.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The present mvention 1s directed to rotating fairings that
include specifically placed fins for the reduction of vortex-
induced vibration (“VIV”) on pipes or other structural
components immersed 1n flud. As discussed above, when a
solid object 1s exposed to fluid flows vibration results from
vortices shed ofl the object when the fluid flows by 1t. The
flow pattern around a cylinder can be characterized by the
Reynolds Number (Re) of the incident flow and the location
where flow separates from the cylinder surface which
depends on whether the boundary layer i1s turbulent or
laminar. In the subcritical range, the Reynolds number range
1s 300<Re<1.5x10°5, the laminar boundary layers separate
at about 80 degrees ait of the leading edge of the cylinder
and vortex shedding is strong and periodic. The range
1.5x10"5<Re<3.5%10°6 1s called the transition region. In
these regions the boundary layer becomes turbulent and the
separation points move ait to 140 degrees and the cylinder
drag coeflicient drops abruptly.

A Tairing 1s described in U.S. Pat. No. 6,401,646 that
includes a cylindrical shell having opposing edges defining
a longitudinal gap and a pair of corresponding fins extending
outwardly 1n a vertical direction. The fins are placed gen-
crally at a 120° angle relative to the circumierence of the
shell. U.S. Pat. No. 6,401,646 1s incorporated herein 1n 1ts
entirety. During hydrodynamic testing, it has been discov-
ered that a U-shaped fairing having parallel twin fins causes
a substantial reduction i VIV and drag forces and the
inventive faring 1s not aflected by a galloping motion.

The present invention 1s directed to a rotatable U-shaped
fairing system having parallel twin fins for the reduction of
VIV on pipes or other structural components immersed in
fluid. In one embodiment, the mventive fairing 1s installed
on drilling and production risers used 1n ofishore oil and
natural gas exploration. FIG. 1 illustrates one environment
in which the inventive fairing 1s used. A drilling vessel or
platiorm 10 provides surface facilities 12. Riser 14 descends
from beneath the deck of the surface facilities 12 and 1s fitted
with large OD buoyancy modules which are fitted with twin
fin fairings 16 below the ocean surface 18. A plurality of
fairings 16 are installed along the riser 14 to reduce VIV and
minimize drag on the long unsupported riser 14. This
illustrative embodiment shows the fairing system installed
on a drilling or production riser. However, cylindrical pipes
are employed 1n a variety of other applications such as
subsea pipelines; drilling, import and export risers; tendons
for tension leg platforms; legs for traditional fixed and for
compliant platforms; other mooring elements for deepwater
platiorms; and so forth. Those having ordinary skill 1n the art
can readily apply these teachings to such other applications.

Fairing 16 1s formed from a U-shaped shell 20 having
opposing edges 24, 26 that define a longitudinal gap G and
a pair ol corresponding fins 22 extending outwardly from
edges 24, 26 1n a vertical direction (FIGS. 3 and 4). The
spaced apart fins 22 are parallel to each other and extend
outwardly 1 a direction parallel with the fluid current 1n
order to move the boundary layer vortex eddies further away
from the riser 14 without adding significant drag (FI1G. 4).
The fins 22 can be any length, however, regardless of the
length, the fins 22 do not extend beyond the nominal outer
diameter of the shell 20. Preferably, fairing 16 has dimen-
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s1ons of length L to diameter D (shell diameter) such that the
length L to diameter D ratio (aspect ratio) 1s in the range of
1.5 to 2.50, preferably 1n the range o1 1.75 to 2.0. The shell’s
U-shape provides for a longitudinal gap G 1n shell 20 that
allows for placement of the shell 20 around a cylindrical
object such as a riser (FIG. 5A).

Fairing 16 1s secured to the riser 14 with bearing pads 32
that are configured to {it 1n the gap G 1n the shell 20 between
the fins 22 (FIGS. 5, 5A). Fach bearing pad 32 has a curved
inside surface 34, end portions 36 and side surfaces 38. The
inside surface 34 has a curve that completes the circle of the
shell’s circumierence. The end portions 36 are configured to
fit 1n the space between the opposing edges 24, 26 and the
riser 14 and the side surfaces 38 are configured to align with
the fins 22 (FIG. 5). In a preferred embodiment, the back
portion 40 of the inside surface 34 1s open (FIGS. 5, SA, 7).
The bearing pads 32 can be secured to the shell 20 by any
number of means known to one skilled in the art. An
example of one securing means 1s a threadless bolt 42 (FIG.
6A) with a washer and cotter pin 44 (FIG. 6B) in which the
bolt 1s placed through a pair of aligned openings 46 in fins
22 and 1n the side surfaces 38 of the bearing pad 32 (FIG.
5A).

The number of bearing pads 32 required to secure the
fairing 16 to a riser 14 will depend upon the length of the
fairing and the amount of external forces being placed on the
riser. For example, 1 a fairing has a length of about 44 feet,
three bearing pads 32 spaced about 23 inches apart, could be
used to secure the fairing 16 to a section of the riser 14 as
illustrated 1n FIG. 5.

In an alternate embodiment, fairing 16A 1s formed from a
cylindrical shell 20N having opposing fins 22N, extending
outwardly 1n a vertical direction, that define a longitudinal
gap G (FIGS. 9 and 13). The spaced apart fins 22N are
parallel to each other relative to the center of the circle
defining the shell and hence the circumierence of the shell
20N (FIG. 13). The gap G in shell 20N provides an opening
that allows for placement of the shell 20N around a cylin-
drical object such as a riser. Fairing 16A also includes a
flange 24 at 1ts top 26 and bottom 28 edge, creating a top
bearing surface 26N and a bottom bearing surface 28N for
the faining 16A (FIGS. 9-13).

Flange 24 extends around the circumierence of the shell
20N and extend outwardly from the shell 20N about 3 to 4
inches. Optionally, flange 24 includes at least one V-shaped
cutout 70 to act as opening hinges for the fairing 16A. In a
preferred embodiment, the V-shaped cutout can be posi-
tioned at the 12:00 o’clock, 3:00 o’clock and 9:00 o’clock
position ol shell 20N 1n relation to the gap G at the 6:00
o’clock position. Alternatively, the V-shaped cutout can be
placed anywhere on the tlange 24. The top and bottom edges
26F, 28F of fins 22N each include a tail section 72 that
extends outwardly from the flange 24 at the gap G. The
inside edge 74 of each tail section 72 1s angled from the edge
of the gap G to the outer edge 76 of each fin 22N. The angle
depends on the fin length.

Fins 22N also include a first and second connector 78a, b
that form a set of opposed connectors 78. Each fin 22N
includes at least two sets of connectors, preferably three sets,
for securing the fins 22N together 1 order to attach them
around a riser 14 (FIGS. 9-14). Each connector 78 extends
inwardly from the outside surface 80 of each fin 22N,
creating a cavity 82 that includes an opening 84 for receiving
a fastening means. The walls of each connector 78 taper
inward and the opening 84 is oflset from the center of the
connector 78 toward the outer edge 76 of fin 22N. The cavity
82 of each connector 78a, b forms a rectangular shaped box
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86 that extends from the inside surface 88 of the fin 22N and
1s 1n horizontal alignment with each tail section 72. In a
preferred embodiment, a cover plate (not shown) can be
secured over each of the cavity openings. Each connector
78a, b of the set 1s 1n parallel alignment with each other. The
fasteming means for securing the fins 22N together can
include male-female connectors 90, 92 or studs, nuts and
washers (not shown). In a preferred embodiment, the fas-
tening means are a male and female connector 90, 92 formed
from 70 Shore D polyurethane, a 90-95 Shore A polyure-
thane or glass reinforced polyethylene (FIGS. 15A, 15B).
Alternatively, fiberglass/Inconel studs, nuts and washers can
be used. The male connector 90 1s placed in one 78a of the
set of connectors 78 and the female connector 92 i1s placed
in the second 78b of the set of connectors 78 and the
fasteners 90, 92 are secured together, drawing the fins 22N
together, and thus the faring 16N, around raiser 14. The

connectors 78 include hand holes 94 for accessing the
fasteming means (FIGS. 9, 11, 16, 17).

Shell 20, 20N has an outer diameter of D and fins 22, 22N
have a distance between their ends of W. When W 1s equal
to D the fins are parallel (FIG. 4). It has been found that 11
W decreases relative to D, 1.e. the fins 22, 22N are tapered.,
the drag 1s reduced. In an alternate embodiment, fairing 16B
1s formed from a cylindrical shell 20P having opposing fins
22P, extending outwardly 1n a vertical direction, that define
a longitudinal gap G. However, rather than being parallel,
fins 22P are tapered and thus, the distance of W 1s decreased
between the opposing edges 23 of the fins 22P. (FIGS.
23-24) The placement of the fins 22P can be from W=D
(parallel) to W=75% of D (tapered). Any decrease of W 1n
relation to D, will result 1n tapering of the fins 22P. A
preferred ratio 15 W=25% of D which 1s about a 12.5%
reduction for each fin 22P, resulting 1n a 25% decrease in W
with respect to D.

The fins are placed in a direction parallel with the fluid
current 1 order to move the boundary layer vortex eddies
further away from the riser 14 without adding significant
drag (FIG. 13). Fins 22N, 22P can be any length, however,
regardless of the length, fins 22N, 22P do not extend beyond
the nominal outer diameter of the shell 20. Preferably,
fairing 16A, 16B has dimensions of length to diameter (shell
diameter) such that the length to diameter ratio or aspect
ratio 1s in the range of 1.50 to 2.50, preterably equal to or
greater than 1.75 to 2.0.

Fairings 16, 16A, 168 would typically range in height
from about 2 to 12 feet and would typically have a diameter
of about 6 to 48 inches. The shell 20, 20N, 20P 1s rotatably
mounted about a substantially cylindrical element, such as
the riser 14, and rotates around the riser 14 to match the fins
22, 22N, 22P with the direction of the current.

Shells 20, 20N and 20P are configured to fit around riser
14 such that they provide for pressure equalization; allow for
flmid to reach the bearing face of the shell 20, 20N {for
lubricating the bearing face with fluid; and to allow for the
flow of fluid to retard marine growth. The configuration of
the shell also assists in the directional rotation of the shell
20, 20N, 20P around the riser 14 in order to align the fairing
16, 16N, 16P with the current.

As shown in FIGS. 16 and 17, a fairing system 1is
contemplated 1n which a number of fairnng segments 16,
16A, 168 can be installed on the riser 14 to rotate indepen-
dently along a longer elongated element. With fairing seg-
ments 16A and 16B, the top and bottom bearing surfaces
26N, 28N of the flanges 24 allow each fairing segment 16 A,
16B to freely rotate on the adjoining tlanges 24 (FIG. 16). In
an alternate embodiment, each fairing segment 16, 16 A, 168
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may be separated by a two-section collar 48 configured such
that 1t allows each fairing 16, 16 A, 16B segment to freely
rotate on the collar 48 (FIG. 17). In one embodiment, the
circular collar 48 has an outside surface 50, a top surface 52,
an 1nside surface 54 and end sections 36a, b (FIGS. 18, 19).

The collar 48 can be any height, for example 1 one
embodiment 1t can be about 3 inches. The diameter of the
collar 48 will depend upon the diameter of the riser 14 1t will
encircle. The collar 48 also includes a plurality of annulus
spacers 62 placed around the inside surface 54 of the collar
48. The annulus spacers 62 secure the collar 48 to the riser
14 and reduce rotational and axial movement of the collar 48
by inducing hoop stress and providing a frictional surface on
the riser 14. The spacers 62 extend outwardly from the inside
surface 54 such that the ID of annulus spacers 62 1s smaller
than the ID of the collar 48. The number of spacers 62 on
cach collar will depend upon the circumierence of the collar.
In one embodiment, at least six spacers 62 would be used.

Each annulus spacer 62 has a spacer face 64, and inter-
mediate portion 66 and a spacer retainer 68 (FI1G. 20), The
spacer retainer 68 1s inserted through a spacer hole (not
shown) 1n the side surface 54 of the collar 48. The spacer
retainer 68 1s sufliciently flexible that 1t may be elastically
deformed to pass through the spacer hole 1n the inside
surface of the collar 48, while the spacer face 64 1s sized to
prevent passage through the spacer hole when a determined
force 1s asserted against the spacer face 64. Annulus spacers
62 are constructed of material suitable to induce frictional
interaction between the collar 48 and the riser 14. For
example, the spacers 62 can be formed from a polyurethane
material that provides compliance so that when the two
sections 48a, 48b of the collar are secured around the riser
14 there 1s radial compression from the mside surface 54 of
the collar 48 onto the riser 14, thus compressing the poly-
urethane and causing ifriction. The two sections 48a, 48b of
the collar are placed around the riser 14 and secured on the
collar’s underside 58 with a securing means such as a bollt,
nut and washer threaded through an opening in each of the
end sections 56a, b. In a preferred embodiment, the collar
will include a plurality of pressure relief holes 60 (FIGS.
14-15).

Fairings 16, 16 A, 16B and collar 48 can be constructed
from any non-metallic, low corrosive matenal such as high
or low density polyethylene, polyurethane, vinyl ester resin,
poly vinyl chloride (PVC), or other materials with substan-
tially similar flexibility and durability properties or multi-
layer fiberglass mat. These materials provide fairings 16,
16A, 16B and collar 48 with the strength to stay on the riser
14, but enough tlex to allow it to be placed around the riser
14 during installation. The use of such maternials eliminates
the possibility of corrosion, which can cause the fairing shell
to seize up around the elongated element 1t surrounds.

FIGS. 21 and 22 present test results demonstrating the
surprising effectiveness of the inventive fairing 16. FIG. 21
1s a graph of drag coeflicient (Cd) for a bare pipe and the
ADEFS by Reynolds number (Re) and FIG. 22 1s a graph of
A* by nominal reduced velocity (Vm), which 1s defined as
Vm=U/(In*D) where U 1s the tow velocity, D the cylinder
diameter and in 1s the natural frequency of the system. A*
1s the normalized vibration amplitude which 1s defined as
A*=A/D. For reference, the normalized vibration amplitude
ol a bare pipe would be expected to be 1n the range of 0.9
to 1.0 so this fairing decreases the amplitude of vibration by
significantly more than 90%.

These tests were conducted in a tow tank with the marine
clement towed to develop relative motion between the test
sample and the water. The test sample was allowed to freely
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vibrate in the transverse direction. FIG. 21 illustrates the
drag coetlicient (Cd) for both a bare cylinder and a cylinder
protected by the fairing 16. FI1G. 22 1llustrates the velocity
of both a bare cylinder and a cylinder protected by the
fairing 16. In both cases, the test sample was allowed to
freely vibrate in the transverse direction. Also shown are
published curves of Cd by Reynolds number for a fixed bare
pipe. The transverse vibration setofl by VIV causes a sev-
eral-fold increase 1n Cd. With the fairing 16 installed, drag
coellicients are significantly reduced relative to either fixed
or ireely oscillating pipe to 0.4 or less. Further, the instal-
lation of the fairing 16 causes vibration to be reduced by at
least 90% and by as much as 95 to 99%. FIG. 22 also
illustrates the surprising superior VIV suppression perior-
mance of the mventive fairing 16, 16 A, showing that the
elliciency of the fairing 16, 16 A 1s approximately 95%. A*
for a bare pipe 1s upwards of 0.8 while a pipe equipped with
the inventive fairing possesses an A* of approximately 0.01.
The graph illustrates that the lateral vibrations caused by
VIV are almost totally eliminated.

Tests results have shown, as illustrated 1in FI1G. 25, that as
W decreases with respect to D, the drag coeflicient 1is
reduced. The graph of FIG. 25 shows Drag Coetlicient (Cd)
compared to Wind Velocity “V”, where each line on the
graph represents a different W:D ratio. Lines Al, A2 repre-
sents a parallel fin arrangement where W=D line B repre-
sents the drag for a tapered fin where W=75% of D (W=0.75
of D); line C represents the drag for a tapered fin where
W=30% of D (W=0.50 of D); and line D represents the drag
for a tapered fin where W=>5% of D (W =0.05 of D) (nearly
touchmg) Initially as distance of W 1s decreased from D
there 1s a large change in Cd. As the distance of W 1s
decreased even further the amount of reduction in Cd 1s less
then when 1nitially started. As can be seen from the graph in
FIG. 25, a reduction 1n 25% of the distance of W 1n relation
to D at the beginming shows a large drop 1s Cd (difference
between lines Al, A2 and line B), while the reduction of
50% of the distance W 1n relation to D to the reduction of
75% of the distance of W 1n relation to D shows less of a
change 1n Cd (diflerence between lines C and D). This trend
continues till the point where the distance of W 1s reduced
to O and the fins 22P are touching.

Although the present invention and 1ts advantages have
been described in detail, 1t should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention
as defined by the appended claims. Moreover, the scope of
the present application 1s not intended to be limited to the
particular embodiments of the process, machine, manufac-
ture, composition of matter, means, methods and steps
described 1n the specification. As one of ordinary skill in the
art will readily appreciate from the disclosure of the present
invention, processes, machines, manufacture, compositions
ol matter, means, methods, or steps, presently existing or
later to be developed that perform substantially the same
function or achieve substantially the same result as the
corresponding embodiments described herein may be uti-
lized according to the present invention. Accordingly, the
appended claims are mtended to include within their scope
such processes, machines, manufacture, compositions of
matter, means, methods, or steps.

What 1s claimed 1s:

1. A fairing for the reduction of vortex-induced vibration,
the mimmization of drag and the elimination of the gallop-
ing phenomenon about a substantially cylindrical element
immersed 1 a fluid medium, comprising:
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a one-piece fairing having a U-shaped cylindrical shell
portion [at] comprising a leading edge [of the faring
with], opposing edges [extending toward], and a trail-
ing edge [of the fairing], the opposing edges extending
from the leading edge toward the trailing edge of the
shell portion, the opposing edges further defining a
longitudinal gap therebetween that extends from the
leading edge to the trailing edge of the shell portion,
wherein the longitudinal gap provides an opening that
allows for placement of the substantially cylindrical
clement through the longitudinal gap and 1nto the shell
portion of the fairing; and

[parallel] longitudinal fins extending outwardly from the
opposing edges of the shell portion 1n which the
[parallel] longitudinal fins taper inward toward the
trailing edge of the fairing, wherein the [parallel]
longitudinal fins are positioned so as to reduce vortex-
induced vibration and minimize drag on the cylindrical
clement.

2. The fairing of claim 1, further including a [bearing pad]
connector configured to fit 1n the gap 1n the shell portior
between the [shell’s] skell portiorn’s opposing edges and the
[parallel] longitudinal fins.

[3. The fairing of claim 2, wherein the bearing pad has a
curved inside surface and side surfaces 1n parallel alignment
with each of the fins.]

4. The fairing of claim 2, wherein each fairing includes at
least one [bearing pad] connector for securing the fairing to
a cylindrical element, wherein each connector has a curved
inside surface and side surfaces in alignment with each of
the fins.

5. The fairing of claim 4, wherein each fairing includes a
plurality of [bearing pads] correctors for securing the
fairing to a cylindrical element.

6. The fairing of claim 1, further including at least a set
ol opposed connectors for securing the fairing to a cylin-
drical element, each connector being positioned on an 1nside
surface of each [parallel] longitudinal fin.

7. The fairing of claim 6, wherein the fins include a
plurality of opposed connectors.

8. The fairing of claim 6, wherein each connector includes
an opening configured to receive a fastening means for
securing the opposing connectors together.

9. The fairing of claim 6, turther including a flange at a top
and bottom edge of the fairing, the flange extending around
the circumierence of the shell and outwardly from the shell.

10. The fairing of claim 9, wherein the flange 1ncludes at
least one V-shaped cutouts.

11. The fairing of claim 1, wherein each fin does not
extend beyond the outer diameter of the shell.

12. The fairing of claim 1, wherein the fairing 1s con-
structed from a non-metallic, low corrosive material selected
from a group consisting of polyethylene, polyurethane, vinyl
ester resin, poly vinyl chloride and fiberglass.

13. The fairing of claim 1, wherein the shell portior has
an outer diameter D and the longitudinal fins have a distance
W located between opposing [edges] ends of the longitudi-
nal ins at the trailing edge of the fairing.

14. The fairing of claim 13, wherein [the] a ratio of W to
D is from [W=D] W<100% of D to W =75% of D.

15. A fairing system for the reduction of vortex-induced
vibration, the minimization of drag and the elimination of
the galloping phenomenon about a substantially cylindrical
clement 1mmersed in a fluid medium, the fairing system
comprising;

a plurality of one-piece fairings having U-shaped cylin-

drical shell portions [at], each shell portion comprising
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a leading edge [of each shell portion, each shell portion
having], opposing edges [extending toward], ard a
trailing edge [of the fairing], the opposing edges
extending from the leading edge toward the trailing
edge of the shell portion, the opposing edges further
defining a longitudinal gap therebetween that extends
from the leading edge to the trailing edge of the shell
portion, wherein the longitudinal gap provides an
opening that allows for placement of the substantially
cylindrical element through the longitudinal gap and
into the shell portion;

[parallel] longitudinal fins extending outwardly from the
opposing edges of each of the plurality of shell portions
in which the [parallel] longitudinal fins taper inward
toward the trailing edge of the fairing, wheremn the
[parallel] longitudinal fins are positioned so as to
reduce vortex-induced vibration and minimize drag on
the cylindrical element; and

means for securing each of the plurality of fairings around
the cylindrical element.

16. The fairing system of claim 15, wherein the means for
securing the fairings around the cylindrical element includes
a [bearing pad] conrector configured to fit in the gap in each
shell portion between the [shell’s] skell portion’s opposing
edges and the [parallel] longitudinal fins.

[17. The fairing system of claim 16, wherein the bearing
pad has a curved inside surface and side surfaces in parallel
alignment with each of the fins.}

18. The fairing system of claim 16, wherein each fairing
includes at least one [bearing pad] cornnector for securing
the fairing to a cylindrical element, wherein each connector
has a curved inside surface and side surfaces in alignment
with each of the fins.

19. The fawring of claim 135, wheremn the means for
securing include at least a set of opposed connectors, each
connector being positioned on an inside surface of each
[parallel] longitudinal fin.

20. The fairing of claim 19, wherein the fins include a
plurality of opposed connectors.

21. The fairing of claim 19, wherein each connector
includes an opening configured to recetve a fastening means
for securing the opposing connectors together.

22. The fairing of claim 15, further including a flange at
a top and bottom edge of the fairing, the flange extending
around the circumierence of the shell and outwardly from
the shell.

23. The fairing of claim 22, wherein the flange includes at
least one V-shaped cutout.

24. The fairing system of claim 22, wherein the flanges on
cach fairing are configured such that they allows each fairing
to freely rotate on an adjoining fairing.

25. The fairing system of claim 135, wheremn a circular
collar 1s positioned between each of the plurality of fairings,
the collar configured such that 1t allows each fairing to freely
rotate on the collar.

26. The fairing system of claim 25, wherein the collar 1s
in two sections held together by securing means for securing
the collar around the cylindrical element.

27. The fairing system of claim 25, wherein the collar
includes a plurality of compliant annulus spacers extending
outwardly from an inside surface of the collar, the spacers
being configured to induce frictional interaction between the
collar and the cylindrical element.

28. The fairing system of claim 15, wherein each fin does
not extend beyond the outer diameter of the shell.

29. The fairing system of claim 15, wherein the fairing 1s
constructed from a non-metallic, low corrosive material
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selected from a group consisting of polyethylene, polyure-
thane, vinyl ester resin, poly vinyl chloride and fiberglass.

30. The fairing system of claim 15, wherein the shell
portion has an outer diameter D and the [parallel] longitu-

dinal fins have a distance W /ocated between opposing °

[edges] ends of the fins at the trailing edge of the fairing.
31. The fairing of claim 30, wherein [the] a ratio of W to
D is from [W=D] W<100% of D to W=75% of D.

32. The fairing of claim 13, wherein the [ration] ratio of
W to D is from [W=D] W<I100% of D to W=50% of D.

33. The fairing system of claim 30, wherein the [ration]
ratio of W to D is from [W=D] W<100% of D to W=50%
of D.

34. A fairing for the reduction of vortex-induced vibra-
tion, the minimization of drag and the elimination of the
galloping phenomenon about a substantially cylindrical ele-
ment immersed 1 a fluid medium, comprising:

a one-piece fairing having a U-shaped cylindrical shell
portion [at] comprising a leading edge [of the faring
with], opposing edges [extending toward], and a trail-
ing edge [of the fairing], the opposing edges extending
from the leading edge toward the trailing edge of the

[parallel] longitudinal fins extending outwardly from the

14

shell portion, the opposing edges further defining a
longitudinal gap therebetween that extends from the
leading edge to the trailing edge of the shell portion,
wherein the longitudinal gap provides an opening that
allows for placement of the substantially cylindrical
clement through the longitudinal gap and 1nto the shell
portion of the fairing;

opposing edges of the shell portion in which the
[parallel] longitudinal fins taper inward toward th
trailing edge of the fairing, wherein the [parallel]
longitudinal fins are positioned so as to reduce vortex-
induced vibration and mimimize drag on the cylindrical
element;

a flange at a top and bottom edge of the fairing, the flange

extending around the circumierence of the shell portior
and outwardly from the shell portion; and

at least a set of opposed connectors for securing the

fairing to the cylindrical element, each connector being
positioned on an inside surface of each [parallel] lon-
gitudinal fin.
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