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ABSTRACT

Instability of deepwater riser with fairings is emstigated
in this study. Despite the advantages over otheicds for
suppressing vortex-induced-vibration (VIV), fairlgnay be
susceptible to flutter type instability. A two-bodyathematical
model is established for the coupled transversseiormotion
of a top tensioned riser with fairings. The innartriser) can
only move transversely while the outer part (fajjinhas
transverse-torsion motion. The effect of the transg velocity
on the angle of attack is taken into account anupitag is
considered for both degrees of freedom. An eigervahalysis
is employed to examine the issue of stability. Engphasis is
on identifying the critical current speed for a egivriser and
fairing configuration. The effects of key paramsteare
investigated and the results indicate that the i@ect
hydrodynamic characteristics of the fairings havagmificant
impact on the instability.

INTRODUCTION

Marine risers are subjected to drag and vortex dadu
vibration (VIV). The drag is important, particubarlfor
deepwater drilling risers, as it can lead to susjzen of
operations or even riser disconnection. VIV on oltleer hand
can significantly shorten the riser fatigue lifenAmber of VIV
suppression devices have been proposed and/or imsed
practice. Among these, helical strake is probalblg tnost
prevalent option. The main shortcoming of the latlgtrake is
that it increases the drag force. In contrastsipossible to
reduce the drag and suppress VIV simultaneousihéyse of
fairings.

Fairings are typically of teardrop geometry, asvahan
Figure 1, varying in terms of chord length, nodelhess, span
length, tip and tail details. They reduce the \ibra by

streamlining the flow and weakening the vorticesdslaft of
the fairing. Compared with the helical strakesrifigis have
better performance in VIV suppression (Allen, 200@)ey are
also more effective than others when located dawast in the
wake of upstream risers. Moreover, they reducedizg as
well. But the downside is that fairings may be ssible to
flutter-type instability, as observed in some stgd{Lee and
Allen, 2005, Meyer et al., 1995, Slocum et al., £0Bricsson
and Reding, 1980, lkeda et al., 2003). A key feanbserved
in the model tests, which is characteristicallyfetiént from
VIV, is that the vibration amplitude increases mimmically
with the current velocity.

Figurel A Typical Installed Riser Fairing.

Slocum et al. (2004) demonstrated that a simpleemnofi
aircraft wing flutter can explain the mechanisnrigér fairing
instability and help to better understand the cadsescillation.
Although connected, riser and fairing are two inslegent
bodies. A single body modelling may be overly siistid, for
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example, it can not handle the friction betweenttixe bodies
which may play an important part to the onset efitistability.

NOMENCLATURE

Area of riser and fairing

c Fairing chord length (tip to tail)

Co Drag coefficient measured at centre of rotation

C. Lift coefficient measured at centre of rotation
Cwen  Moment coefficient measured at centre of rotation

C,, G Transverse and torsional damping coefficients
ky Transverse stiffness

T, T,  Kinetic energy

U Current velocity

Urel Relative current velocity
Uy Reduced velocity

\% Potential energy

y Transverse motion

o Angle of attack (AoA)

0 Torsional motion

&M Local coordinates

p Fluid density

Ps Structural density

MATHEMATICAL MODELLING

Consider a simplified 2D model of a riser and #gifg.
The local coordinate systerft, 7), is fixed on the fairing at its
centre of rotation (cr), as shown in Figure 2. Orhe
transverse motion of the risey, is considered. The fairing
follows the riser’s transverse motion, as well@tstes about its
centre of rotation with the rotation angle defirzexd. In a fixed
global coordinate systertX, Y), the horizontal and vertical
velocities of any point on the fairing can be venittas,

X=n6 andY =y-£6 1)

The kinetic energy of the system is made up of pads,
the energy of solid bodies ()T i.e. riser and fairing, and the
energy of fluid motion (3) induced by moving bodies,

T=T+T,=
1 2 1 (2 /2
=3, Ve + 4], (4 Vo

+%J.ﬂuid |:(yu¥ +eu2)2 -i-(yu§ +9L€)2:|p dA
SEmy+3BS-S Py mY g 0% §9

where
m= J- . ps dA

3=[ 07 +E)p, dA
Az

:IA £ dA
=Lm( )jpw
3= ol () ()] oa

S =" ﬂuid(uyxl'ﬁ+ L};@)p dA

whereps andp are structural and fluid densities, respectively.
u{ denotes the fluid particle’s velocity idirection, induced
by unit velocity of fairing iny direction.

Figure2 Local and Global Coordinate Systems.

The potential energy (V) is given as,

— 2
V =Zk,y &)

Lagrange’s equation for dynamics states,

Q_gﬁiﬁ_

0
e V)J_E(T_V) 3)

where @ shows the " degree of freedom and; Qs the
corresponding external force. The external foragduies the
hydrodynamic forces and linear damping,add G, i.e.,

=[HydrodynamicForde - 4)

=[Hydrodynamic Forde - 5)
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When the current moves with velocity Ofin x direction,
if the quasi-steady state is considered, both dmesterse and
torsional velocities have an effect on the relaflegv velocity,
U, and change the real angle of attack (Blevins, 12045
shown in Figure 3,

B= arctan(y_u—Re )

a=6-f

R shows the position of a reference point for thkeity
induced by the angular velocity (Blevins, 2001).Rf> 0, it
means this point is aft of the centre of rotation.

Hydrodynamic force for each degree of freedom issi
of,

[Hydro. force] = (Lift) xcosp — (Drag)x sirf3 =
%pureIZCCLL}( x COEB_%p LJel2 CCE)LX x sif

[Hydro. force]y =1pU o°¢? Cyer)

a

where c is the chord length of the fairing, | , C|,, and

a’

Cuen |, are the lift, drag and moment coefficients at decit

angle ofa, measured at the centre of rotation (cr).

Chord

Figure 3 Effective Angle of Attack a.

The equations of motion can now be written as
(m+m,)y+Cyy— (S+ S P+ k y=
1pU’c(C,|, coBi- G|, sif) ®)

~(S+S)+ (3 18+ 60=1p U & Gy, ©)

For a small angle of attack, the paramefers, | , Cp|,

and CM(cr)| can be linearised as
a

CL|0( :Cl.|o+aaa%o+o(a2)
CD|0( :CD|0+G%O+O(GZ)

_ 6CM(cr)
CM(cr)|a - CM(cr)|0 +a 20

B =arctan{ 'URB "Ry, C{ J—FO 5}

ol

U U

where O¢®) means terms proportional & and higher powers
of o have been neglected.

By keeping only the linear terms, the governingatipuns
are in the form of,

(m+ ma)'y+(Cy+%pUC(%o + Q:"ojj YKy
+ @b Jo-(1p 0 & Jo

=3pU%C |, (®)

~(5+8)8-3pRUE S

(8- 8) v (20U Ty (3 2)8

ot o e
(o]

)

:EpUZCZ CM(cr)|0 (9)

By defining the following,
Y=y and®=6
Eqgs (8) and (9) can be re-written in a matrix form,

AX =B X (10)

X<
I

(11)

O o <<

The eigen-value equation is
det[é)\ - EJ =0 (12)

and the condition for stability is Re&)(< 0.
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The last term on the left hand side of Equationo@) be
interpreted as hydrodynamic torsional stiffness.usihthe
natural frequencies of both motions are defined as,

k
=2mf, = Y 13
.l Y \m+m, (13)
- - -1 2.2 aCM(cr)
we—Zthe—\/ TpuZe =g /(J+ 1) (14)
[0}
To non-dimensionalise the eigen-value equation,
following dimensionless parameters are defined,
s _ A
A=—— 15
Ul/c (19)
2_ It
(m+m,).&
+
= S*S
(m+m,).c
_ pc
2(m+m,)
Cy
Ey = J @
20{m+ m, )ldo,
Co
o=F——
2[(J+ J, Yoy
Uy = y (16)
w,.C
_ U _ y
[ -
0y.C ~0Ch(er
A
[0}
R
RI’ :E

where A is the ratio of the time that takes a flow paetith
pass the chord to the period of oscillatiop; is the
dimensionless form of the radius of gyration algivbt point

& =V -5

+A(y2—RrS,)[a&

Ja

+co|o]

+2y? (S_V+E_9)}

ry U o

the
2 aC
&, =| Y -A|1+2R, & | %Cmen
Uy Uy, | 0a

D|o

+2Ay? o [9C,
Ug | da

&
U

[0}
E_e -AS 0&
Uy da

+4y?

ry

This equation is solved fok to see if the condition
Real) < 0 is satisfied.

VERIFICATION AND PARAMETRIC STUDY

A series of rigid cylinder tests was carried out by
ExxonMobil at the David Taylor Model Basin (Slocwhal.,
2004). One of the tests was on a rigid cylinderhwihe
diameter of 22cm and the length of 3.96m. It wtediwith six

with respect to chord length; 8 the dimensionless distance of independent and identical fairing segments withirtpeofile

centre of gravity from pivot point; A is the inver®of mass

given in Figure 4. Each fairing segment has a gfeil.2cm,

ratio; &, and&, are the damping ratio of transverse and torsional chord length of 52.6cm, and thickness of 23.2cm.
motions respectively; IJand U, are reduced velocities; and R

is the dimensionless distance of reference point.

The non-dimensional eigen-value equation is therrgi
by,
4 ~
D gh =0 17)
i=1

where

Figure4 ExxonMobil Fairing on a Rigid Cylinder.
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Based on the data provided in the paper, some ®f th
dimensionless parameters were calculated and gieknw:

A =0.8435
v?=0.0792
S =0.2016

R, is a reference length for average effect of amgula
velocity on real angle of attack (AoA). For fluttef a thin
airfoil which rotates about its elastic axis, iR chosen to give
the AoA at a point three-quarters of the chord tergack from
the leading edge (Fung, 2002). The elastic axisafdypical
airfoil is aft of midpoint and close to it. But thieick section of
fairing swings about the centre of riser, furthertoward the
leading edge. Thus, Rvas selected as 0.40.

The other group of required data in the model eslab
hydrodynamic behaviour of fairing. A CFD analysisasv
performed on a few typical fairings including ttsisction. The
analysis was done at Reynolds number of 5xdt0different
angles of attack. The velocity contour in the \iginof the
fairing at zero AoA is illustrated in Figure 5.

Figure5 CFD Results- Velocity Distribution at Re 5x10%.

Based upon the above study, the following parameter
values are obtained.

Cp|,=0.176
0C, /9a| = 1.146 (1/rad)
0Cuy(er) /00| =-0.0344 (/rad)
With respect to damping, some experimental tegterte

high level of in-water damping for riser fitted Wwifairing, e.g.
0.10 to 0.18 (Lee et al., 2004). Very little data trsional

friction damping is available. For the preliminasiudy here,
the following damping ratios are selected.

&
So

5%
1%

The critical reduced velocity, 4J at which the real part of
solution to equation (17) becomes positive, is ioleth
numerically by increasing the reduced velocity antiing this
eqguation at each increment. For this case studyattalytical
model shows the system becomes unstable,at Wyumer) =
0.51, which is in the range of experimental res((tg2-0.56)
(Slocum et al., 2004). Through the analysis oépiglues, the
model also reveals that the transverse mode becdirsts
unstable in this case. The trajectories of thereigkies in the
complex plane as the current velocity increasesshmvn in
Figure 6. The four eigenvalues were calculatedafsange of
reduced velocities, starting from zero with a sniadlrement.
The red circles correspond to the highest reduceldcity
investigated, where one pair of the eigenvaluessa® the
imaginary axis with its real part becoming positive

The imaginary part of the solution\, relates to the
frequency of vibration. According to equations (Es)d (16),
the imaginary and real parts are multiplied hytd remove the
effect of velocity in the non-dimensionlisatiore.i.

ry
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Figure6 Trajectory of Eigenvalueswith Increasing
Velocity.

It is seen in Figure 6 that as the current speegtases, the
imaginary part of eigenvalues associated with thesianal
mode (left branch), increases too. This is in canfty with the
fact that higher current velocity generates lafggirodynamic
torsional stiffness and consequently higher fregyerof
vibration. It should be reminded that the last témthe left-
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hand side of equation (9) can be interpreted as dhly

0.7

hydrodynamic torsional stiffness which is propantib to the } } } } } } }
current speed squared. 06 — = Ao b L
The variation of the critical reduced velocityg,Uagainst T s e NSO S
the fairing section hydrodynamic coefficients isvamstrated ! ! ! ! ! ! !
in Figure 7 to Figure 9. It is seen from these fgguthat the e o A S
slopes of the lift and moment curvesoat O play a significant o P A S R S
role in the stability of system. On the other hathe, drag force ! ! ! ! ! ! !
does not present any significant influence on th&taibility R E i i B
onset condition in this case. I O S I S A S A
| I T R SR S
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
cd
0.7
u‘._. 1 1 1 1 1 1 Figure 9 Critical Reduced Velocity versus Drag Coefficient.
05F 4 Lo
e CONCLUSION
> 037”j77737”L”L”L”L”L” The study investigated the dynamic instability sfer fairing
' : : : : : : : and developed a more general analytical model ¢dligr the
e e e onset condition of instability. The critical condit, at which
| | | | | | | the combined system of riser and fairing losestbility, was
e e e S R formulated as a function of the structural progertf the riser
I S T T S S and the hydrodynamic characteristics of the fairihg the
M e 2 model, the real angle of attack is influenced bythbthe
Figure7 Critical Reduced Velocity versus Lift-Curve Slope transverse and angular motions. It also accourtethé effect
ata=0. of damping. Preliminary results of the mathematicaddel
showed a good agreement with test data. It wasasoluded
that the section hydrodynamic properties of theirfgi are
critical to the instability onset condition.
0.7 \ \ \ \
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