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ABSTRACT

As the search for oil in the Gulf of Mexico (GoM) moves into deeper waters, floating platforms such
as semisubmersibles are in increasing demand. As seibimersibles increase in size, the effect of
vortexinduced motions (VIMs) becomes a significant peob in their design. VIMs stem from
transverse forces caused by the current affecting the platform, with vortexes moving downstream on
either side of the structure. The loop/eddy current phenomenon in the GoM leads to a constant current
being present in tharea, with speeds of up to 1.8 m/s. The accurate prediction of the vertical and
transverse motions of semsiibmersibles is crucial fdhe design of the riser systenisis therefore
beneficial to investigate the hydrodynamic forces acting ogebenety, and means of reducing these
forces. A common method of reducing transverse forces is the addition of column appendages, such as
helical strakes. In this paper, fidtale coputational fluid dynamicanalyses are carried out to
examine the transverserées caused by this vortex shedding using realistic current velocities in the
GoM. Helical strakes are attached to the geometry to break up the coherence of the vortex shedding
and the performance of these straikgavestigatechumerically
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1. Introduction

When olil drilling moved into the offshore waters in the early 1986ating drilling rigswhich were
able to movearound the wateraererequired Until the 1950smonohull ships wer used to conduct
these drilling activities, but they were found to have significaotionsin waves.Following this, he
industry sought more stable drilling platforms fadfshore drilling and in the 1960s the first semi

submersibles we introduced.

A semisubmersible offers a large flexible work platform for various offshore activities like drilling
rigs, production platforms and accommodation units. Theseitegi benefit from small motion

responses as they all have strict safety regulations atmmrestrictions potentially adversely
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affecting uptime. Drilling rig downtime is often caused by a combination of excessive vessel motions
in the transvess direction as well as heave motions in the vertical direcik@n production semi
submersiblesthe heave and transverse moti¢away) arethe key parameters for the design of the
riser and mooringsystems, driving both cost and complexity of the reed mooringsystem. It is
thereforecritical to investigate the hydrodynamic forces affecting streictures ando investigate

means for reducinguch forces

The Gulf of Mexico(GoM) is an ocean basin located between the United States in the north and west,
Mexico in the sath and Cuba in the east. TheNkaits on huge deposits of oil and gas, andnis of

the largst petroleum producing areas in the United States. Masitiral resourcediscoveed are

located in deep waters, requiring floating drilliagd production platforms. The Gloexperiences a
phenomenon ofo-called loop/eddy currents, whiabccurs when Caribbean water enters from the
sout h, does a Al oopodo within the GuGulfStreamThis exi t s
leads to constant currents beimgsent in the Qd, with speeds reaching up to 1.8 m/s, affectitig

platforms locatedvithin the gulf.

All structures submerged ia fluid flow are affected by vortex induced motioitsationsdepending

on the Reynolds numbé@Re). These motions are the result of oscillating surface pressures induced by
vortex shedding omither side of the structure. The motionadrnransverse direction to the flow is
dominant compared to the inline direction. The vessel responses caugeddxinduced motions

(VIM s) can therefore be narrowed down to two dominant directions; surgenayd Bhe magnitude

of the forces created by the vortexes are very dependent on the diameter of the dinuzinteast to

the conventional sersubmersibles having slender columiddeep draft semsubmersibled have

large diameter columns, and are #fere more affected by the VIM phenomenacompared to the
conventional onesAs mentioned by Kim et al. (2015) the prediction of VIM is a difficult task due to
the complex behaviour of vortex structure sheddingthed interactions with a structure inghier

Reynolds numbers.

Through the years many different methods have hemuto determine the motions of a semi
submersiblefloating in a geographical are&engupta and Chatterjee (198&pposed a simple
analytical method to predict the motisasponses of a sersilbmersible to regular waveshey
reported that their numerical results were in good agreement with the experimental Aesitier
way of determining vessel motions is model testingiamsed ouin Lundgren and Berg (198ZJhey
performed experimental studies with a faelumn semisubmersible drilling rig in regular and
irregular seas measuring motions and resistance in currents and waves. The model dc&eands
the model was moored with catenary mooring liridgeir studyexplicitly showed the effect ahe
metacentric height of the rig on the motion responses of the platform. As clearly edjaiijken

and Leverette (2008}he crucial parameters deterimg the VIM responses in tank tests are the
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reduced velocity, Froude and Reynolds numbers. Of the three parameters, the reduced velocity is the
most critical one which is used to assess the experiments. Rijken and Leverette (2008) highlight the
biggest issue associated with model experiments iscdleng such that the lower Reynolds number of

the model compared tbe prototypemay undergo a different viscous flow regime which could lead to

a different response between the model and protofypey also state thabrtex shedding location is
indepandent of heading and almost independent of current speed. Their study showed that there is no
significant change in vortex generation in model tests due to location of appurteridnses due to

fact that the Reynolds number is not expected to altelotiadion of vortex generation in the model.
Conversely, as explained in Rijken and Leverette (2008) Reynolds numbsgill igrucial in
determining theotherviscous effects.e. dragload. In order to avoid any scaling effects, a {sidlale

model is usedor all simulations reported in this papéround the same timdRoddier et al. (2009)
experimentally investigated the effect of Reynolds number and hull appurtenances (such as chains,
pipes and anodes) on VIMs using a vertically moored truss spar mibedtrakes. They performed

three sets of experimentt varying headings and reduced velocities to addressdale issue

inherited in any experiments.

Recentlya number ofexperimental studiebave been carried owd determine the vortexduced
motions of asemisubmersibleTo give an example from the published literatitteng et al. (2008)
conductedseakeeping model teskperimentavith a deepdraft semisubmersiblgDDS) to predict its

motion characteristics in varyingave, wind ad currentconditions Their findings revealed that a

DDS may undergo significant VIM in the direction normal to the current. Their experimental results
also showed that the amplitude of the VIM is significantly affected by the current speed and the wave
excited paiitle velocity. Later, Gongalveset al. (2012)preseted an experimentaktudy outlining the
effects of current heading and hull appendages on the VIMsefrasubmersibleby measuring its

surge, sway and yaw amplitud@hey presented their findings inteé in their paper with an aim to

show which maximum motions aeperiencedn each mode of motion.

Armin and Srinil (2013) presented a mathematical fBirdicture interaction modelling and analysis of

two flexibly-mounted circular cylinders arrangedtandem and subject to fluid cross flows in their
paper. They used two different seempirical wake oscillator models based on the van der Pol and
Rayleigh equations to determine the hydrodynamic lift and buffeting forces and their time variations.
They pedicted the response amplitude behaviours using a direct numerical time integration approach
and they also carried out a parametric study to determine the vanidxwakeinduced vibration
transverse response of the two interfering upstream and downstgdiaders. Their study led to the
development of anothéhoroughstudy on thevortexinduced vibration{1V') modelling of cylinders

as reported in Armin (2016yvho carried out a series of experimental and numerical studies to assess
the effect of spaog between two cylinders on the VIV response of each cylivtenin used two

experimentalconfigurations using identical and naentical cylinders at various speeds which
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indicates the effect oRe on the cylinder@ response Armin also predictedthe efect of natural
frequency on the behaviour of nafentical cylinders using two sets of similar structures. Finally,
Armin madesome suggestions for future research in this area. We believe that in this paper we are
addressing one oA r mi fotéresrecommeadationsby carrying out a detailedomputational fluid
dynamics CFD) work focusing on the effect of strakes on the flow characteristics and VIM responses

of a multicolumn cylinder.

As an alternative to experimental metho@dsD-based methodsave beemsed toaccderate research

devoted tosemisubmersible. Recent developments in computer technoldgywe enabled CFD

methods to be utilisetb thoroughly analyseVIM problems pertairing to semisubmersible. The

research in this ardacludes the interdions of the vortexes caused by one column which afféwots

flow characteristic®f the columns behind it. These are very comgiexulations thoughfortunately

it is possible to rursuch simulationsn a reasonable amounft i me wi th todahyds ¢
resourcesTan et al. (2014) attribute themain reason behind the popularity of CFD methods to the

fact that CFD methods are capable of simulating specific conditions such -asalellReynolds

number effe@which cannot beleterminedxperimentally.

Tan et al. (2014) numerically investigated the effect of hull appurtenances on the VIMbof & nsi o n

| eg p | auP)fdesigmed for(the Southeast Asian region. In order to check the accuracy of the
CFD calculations, experiments were afsrformed using a 1:70 scale model of their TLP which is
composed of circular columns. Their results showed that the measured sway responses have a small
peak for5<Ur<8 in the case oé hull with appurtenances at 22 .&urrent heading where VIM usually

occur. This indicates that VIM behaviour of a hull depends on current heading. Both CFD calculations
and experiments showed that the response amplitudes are lower in the case of appurtenances than the
hull without appurtenances for the same reduced vedgscifTheir results showed that the VIM
responses are not significant for their TLP model. It is worth noting that the results obtained in their
study are constrained within the specific TLP design which has a shallow draft and short wetted

column length abee the spokes so the results cannot be generalised.

It is critical to be able to predict the effect of appurtenances on the VIM performaadéoafing

offshore structure using the real current environment which it will experience. Tan et ala)(2014
caried out numerous CFD simulations to determine the effect of appurtenances on the VIM
performance of a TLP which was designed for Borneo in South China. They aimed to investigate the
effects of reduced velocity, current heading and appurtenances on Fh&IWL performance. The
correlation with CFD calculations and experimental results was presented and the effectiveness of the
appurtenances was discussed. Their results demonstrated that the mean drag coefficients of the hull
with and without appurtenancese very close and different current headings give different VIM

motions.
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Kim et al. (2015)performed experimental and numerical studies usin@airedcolumn semk
submersiblemodel for different current speeds and headings. Téggrted that the biggeshallenge
in CFD simulation of VIMss the validation of the employed numetiozethods due to the scarcity of
the experimental data. They also highleghthat he Reynolds number in the modslale is two
orders of magnitude less than the Reynolds nunnb#re fullscale. As theistudyreports a detadd
validation and verification studgf a typical VIM simulation their paper idieavily consulted fotthis

s t u dme&tep and mesh generation resolutions as explained in Section 3.

Ma et al. (2013)eported that the actual severity of VIM in a rbfd measurement is much less than
predicted using fulkcale CFD analysis. This proves that the requkisented in this papshould be

consideed as avorstcasescenario whereo restoring forcearepresent

The attachment of strakes or other appendages to reduce VIM has been lgstudiad for spar

platforms by many researchers such as Irani and Finn (2004, Bagdllier et al. (2009) and Wang et

al. (2009) For examplejrani and Finn(2005)carried out a wide range of tests at a 1/40 model scale

in order to investigate the effectivenessdifferent strake designs to redudke Truss Spar VIV
responseTwo configurations were carried out to investigate the impact of strake pitch on VIV
motions Experimentswere performedat theFor ce Technol ogyés tow tank
Denmark in 2005 The tank dimensions are reported 20 m x 12 m X 5.4 m. These studies
mentioned above explicitlstatethat helical strakes attached to the curves of the geometry can be very

efficient in reducing VIM if designed correctly.

Lefevre et al(2013)presented extensive VIM CFD calculations using-8@@M+ for a spar system in

their paper. They compared th&#FD predictions to those obtained from the experimental results.
They performed turbulence model, mesh and time step sensitivity studies and showed the best
resolutions for theiCFD simulation It is finally reported that their study can be taken as dimee

for VIM CFD calculations fora spar system.

As newer semsubmersiblesire getting larger in sizéhey are moreexposedo VIM. It is therefore
becoming more necessdxy investigate the magnitude thfe transversdorcesacting on thenandto
investigate the method® decrease the magnitude of excited forddss study therefore aims to
numericallyassess the performancehafical strakesttached to the columns of a semisubmersibkle
a means of reducinghe forces acting il normal directionto the current. A Detached Eddy
Simulation (DE$-based CFD method waused to perform the numerical simulations reported in this
paper. In order to avw scale effects, the analysesrerearried out in the fulbcale. As seen in the
literature review, most of the numericalstudiesin this field were carried out with a modstale
geometry,hence our numerical results obtained for a-folile semsubmersible model may be of
interest to academics and practitioners waghim this field when designing suclp@endages aiming
to reduce VIMs and VIVs.
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The semisubmersible geometry wanitially modelled using théassault Systees 8D-modelling
software SolidWorkwsising their educational licenc&his programallowed usan accurate generation
of the semisubnersible geometry. The geometry svéhen imported into StatCM+, version 1.
StarCCM+ is a CFDbasedfinite volume code developed by &xapco(2016) Following this, the
CFD simulations were run for Maus combinations of geometry andrrent speesiutilising the high
performance computer facilities at the University of Strathclyde, GlasDewils of the simulations

completed in this work are given in the endsab-Section 2.1.

This paper has been organised as follows. Section 2 gives background tth&iM and vortex
shedding problems. Afterwards, the numerical setup of the CFD model is explained, with details
provided in the contained si#ections in Section 3. Following this, in Sectigna#t of the results
obtained from this work, including a nfication study, are presented and discussed. Finally, the main
results drawn from this study are briefly summarised, and suggestions are made for future research in

Section 5.

2. Background theory

2.1Gulf of Mexico loop/eddy currents
As warmCaribbearwater eters the Gulf of Mexico from the south pierformsa loop within the Gulf
before exiting just south of Florida to join up with t@alf Stream This loop varies in size and
strength, but may reach up to Louisiana, located at the northernmost part afftiEnG loop current

will occasionally shedhir ot at i ng ring of hot wadreri Lcizad Sedndly &l o0 @

in Figurel.
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Figure 1 Map of the Gulf Mexico and Caribbean waters showing the Loop Currents, Loop Edd@€urrents and Gulf
Stream (Oeyet al., 2002)

The loop current is the domant feature of the water circulation in the Gulf of Mexico with peak
speeds of 1.8 m/s. The loop/eddy currents are vital in the fuelling and generation of hurricanes that
frequently wreak havoc in the area. As this is an area of deep waters andpasitsiof oil and gas,

there are many floating production and drilling platforms like ssubimersibles in the area, all
affected by the loop/eddy currents.

The currents that affect the sesuitmersiblewill mostly be loop/eddy currentdn the numerical
calculationsthreevelocities(0.5 m/s, 1.0 m/s and 1.5 misgre selectetb model the most prominent

and casistent velocities in the ardais necessary to note that all the current conditions were applied
for a zero degree of heading angle.

2.2Flow regime

To understandhe flow behind a structure submerged in water affected by a current it is important to
have an understanding of the rdimensional Reynolds number:

o WO
YQ — (1)

whereV is the flow velocity,D the structure/cylinder diametéor characteristic lengthand 3 the

kinematic viscosity of the fluidhen the Reynolds number increggbe flow characteristiceround
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and behind the structure change, going through different stiegesnding oithe type of forcesicing

on the structre. The different regimes behind a tube depending on theRaamteshown inFigure2.

No separation

@ Creeping flow Re<5
% A fixed pair of. 5 < Re <40
symmetric vortices
Laminar vortex street 40 < Re < 200

Transition to
turbulence
in the wake

200 = Re < 300

Wake completely
turbulent.

A Laminar boundary
layer separation

300 < Re < 3x10°
Subcritical

A. Laminar boundary

layer separation .

B. Turbulent boundary

layer separation, but
boundary layer
laminar

3xl¥<Re<3.5x 10°

Critical (Lower
transition)

B

B. Turbulent boundary

layer separation:the
boundary layer
partly laminar partly
turbulent

35x10°<Re<15x
10°

Supercritical

C. Boundary layer

completely turbulent
at one side

1.5x 10" <Re <4 x10°
Upper transition

C. Boundary layer
completely turbulent
at two sides

4 x10®<Re

Transcritical

Figure 2 Regimes of fluid flow behind a smooth tubéSumer and Fredsge, 1997)

As shownin Figure2, separation of the flofrom the cylindebegins atRe=5 In the regionrb<Re<40

two fixed vortices will appear in the immediate flow of the cylinder. When increasing the flow speed
to the region 0f40<Re<l50, transverse forces start affectingetcylinder. This is caused by the
phenomenorof vortex sheddingvhere vortices are shed alternately from each side of the cylinder,
generatingcyclical transverse forceacting to the cylinder. When increasing Re the vortex street
changes from laminar to turbulemidiin the regiorB00<Re<3x1.0° the vortex street is fly turbulent.

In this region the flow regime is called the subcritical flow regime.

In the flow regime oBx10°<Re<3.5xL(P the boundary layer becomes turbulent at the separation point.

This happens at only one side of the cylinder but it does alternateyolically. This leads to one side
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being turbulent at the separation point, and the other laminar. This is called itted fiotv regime

and results in a narrower and disorganized wake. The turbulent vortex streestaliighed in the

regionRe>3.51.(°. This vortex street is very similar to the ones found for lower Reynolds numiter

Wi

t h

a

t ur bul e i.tThisfislthe regiof dhee maost ldrgeactu@s (large diameters)

that are placed in open water are found. Tdssregime is called the transcritical flow regime.

2.3Vortex shedding

The most important and relevant effect mentioned in the previou®rsastithe vortexshedding

phenomenon. The vortex sheddings

caused

by

t he

i ncomi n drigufel ow

3) that has been formeawnstream of the cylinder. This shear layer is created by the separation of the

boundary layer over the geometry surface due to the adverse pressure gradient. This pressure gradient

is in turn created by the divergent flow at the back of the cylinder.

Boundary

layer

Shear layer

Vorticity

Figure 3 Detailed picture of flow near separation (Sumer andrredsge, 1997)

The point of separation is definedwhere the shear stress reduces to zero. This is shdvigure4,

where a positive pressure gradiepidx>0. This pressure gradient makes the velocity profile close to

the geometry more and moresBaped, eventually causing separation.

gu
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Figure 4 Point of separation (White, 2006)

The mechanism of vortex shedding is a continuous occurrence in the wake of the cylinder, alternately

shedding vortexes from each side of therwdir. It is describeth Figure5.
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Figure 5 Mechanism of vortex sheddingSumer and Fredsge, 1997)

Sumerand Fredsoe (1997) explaime mechanism of vortex sheddingoamtedbelow:

i the larger vortex (Vortex A iRigure 5a) is likely to become strong enough to draw the opposing
vortex (Vortex B) across the wakighe vorticity in Vortex A is in the clockwise directidtiglire 5b),

while that in Vortex B is in the antiockwise directionThe approach of voutity of the opposite sign

will then cut off further supply of vorticity to Vortex A from its boundary layer. This is the instant
where VortexA is shed. Being a free vortex, Vortex A is then convected downstream by the flow.
Following the shedding of VortéA, a new vortex will occur at the same side of the cylindezaked
Vortex C Figure 5b). Vortex B will now play the same role as Vortex A, naritelyil grow in size

and strength so that it will draw Vortex C across the waligufe 5b). This will lead to the shedding

of Vortex B. This processill continue each time a new vortex is shed at one side of the cylinder
where the shedding will continue to occur in an alternate manner between the sides of the@ylinder.
This alternating motion will lead to transverse forces attempting to move thawst in the transverse
direction. If the structure is allowleto movesuch asin the case of sersubmersibles or spar
platforms, this can lead to damage to equipment like the riser systdmniah havestrict movement

limitations.

2.4Boundary layer

As exdainedin Section2.3, vortex shedding is caused by timeomingcurrent being affected by the
boundary layer of the geometry. As the thickness of the boundary layer is verthévmmberof
cells needed in a computer model in order to simulate thieryshigh. As a accurateneasurementf
thesimulatedboundary layethe dimensionless wall distance was developed and is defined as

,_ud 2
e
whereu’ is the friction velocitycalculated from the wall shear strgtsat the nearest wall] is the

wall distanceand g is the kirematic viscosity of the fluidBy definition, the wall shear stress

magnitude is calculated ty=} u” in whichy is the fluid density.

2.5Drag and sway forces
In response to the periodic change in the vortex shedding, the pressure distribution around the wetted
geometry will changeperiodically. This will lead toperiodic aterations in the force components
acting on the structure. In this paper two differemtéocomponents will be measuradd presented
for varying current speed3hese forces involvénhe force in the direction of the current flow (drag

force) and the force in the normal direction of the current {lemay force). The latter one adtsthe
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transverse direction causing VIMs as discussed eaflieese forces are commonly represented by
their nonrdimensional formsby the secalled force coefficientsA force coefficientis calculatedoy

dividing the force magnitudi® the product o{0.5rAU?), whereA is the crosssectional area of the

structure.

2.6Helical strakes

To reduce the motions caused by the vortex shedding that can damage equipment and induce a fatigue
failure, modes of altering the geometry that thedf pases over is onepproachlt is possible to

mitigate VIV by streamlining the structure. Passive control optionsuppressind/IV are given in

Figure 6 as taken from Blevins (1990) and Kwarak (2002).

L]

(e) (N (2) (h)

Figure 6 Passive control options for supressing (Blevins, 1990 and Kwon et al. 2002)
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Onemethodof altering the geometry is introducing Helical Strakes that are welded on the curvatures
of the geometry. Historically it has been used to reduce transverse forces on high chimney stacks and
process towess, and when used offsharethe design of spaslatforms and is shown to be extremely

efficient, reducing the transverse movements by up to @0%tar et al. 2008)
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Figure 7 Vortex shedding without and with helical strakes(Dirac Delta Consultants Ltd, nd.)

As shown inFigure7, helical strakesvork by breaking up the coherence of vortex shedding along the
column, thereby reducing the cyclic transverse forces affgcttie structure. However the change in
geometry of the structure might increase the overall.dMagerical studies mimicking experiments
are also conducted using CFD in order to allow for correlation between the experimental and
numerical resultsAs reported in Atluri et al. (2006) ctassesshe performance dielical strakesCFD
analyses were performed opasplatformswith helical strakes appendebhey carried out two series

of tests for thredifferent nodels. Hexahedral mesh was used in Modelndahe geometry was
selected similarttda | ky ar d e previmb work(TBeOsedhd Moslel includes holes dhe
strakes andts appendagevhereasModel Ill includesa truss sectionThe frst set of tests aimed to
determine the reduced velocignge from 4m/s to 10m/sfor aheadingof 150° The ®cond series of
tests were performed using different current headioga constant current velocity @fm/s in order

to determine the impact of current heading on respdrsgir numerical resulterealed the effect of
including the appurtenancésr different cases. For more detailed resuktderence may be made to

Atluri et al. (2006)6s paper.

3. Numerical setup

Up to this point, this paper has provided a background to the study and has ginteodaiction to the
research reported in this paper. This section will present details afutnerical modellingand

techniques used in this work.
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3.1Geometry

The semisubmersible model was created anpiece of 3D CAD softwaravith the dimensions
presented ifablel. It has four square columns with four pontoons connecting them, all with rounded

edgeslt is worth noting that oly the underwater part of the geometry was modelled in this.study

Table 1 The dimensions of the semisubmersible in the fuicale given in metres

Part ltem Value (m)
Draft 21.00

Semisubmersible | Column C/C longitudinal 67.50
Column C/C transverse 67.50
Column length 17.80
Column width 17.80

Columns Column bilge radius 3.00

Column transition height 6.60
Pontoon transition length | 3.325
Pontoon width 17.80
Pontoon bilge radius botton 1.125
Pontoon bilge radius top 1.125
Pontoon height 8.75

Pontoons

A threedimensional model of the semmilbmersible geometry used in this study is showkidnre8.
The geometry illustrated in the figure iscammon semsubmersible model used in the Gulf of
Mexico.

Figure 8 Three-dimensionalmodel of the semisubmersible

The helical strakes attached to the columns for the second batch of simulations use dimensions taken
from sparplatforms that operate in the same area, under the same loop/eddy currents. These strakes
havebeenshown to be very effective, reducing the tegrse forcesf the spaiplatformsby up to

80%, as mentioned iBection2.6. The dimensions used in the sesabmersible model we taken

from Atluri et al. (2006) The width of the strakesvas calculated to be 13% of the column width
(0.13x17.80=2.3 i as proposed bwtluri et al. (2006) Figure 9 shows one of the four identical

columns with a helical strake covering each curve.
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It is worth noting that in this study the helical strakes were placed at the rounded column corners as
this is the site wheresignificant vortex shedding occurs independent of the angle of attack of the
current. The vortexes are generated as they follow the curvature of the rounded corner and are shed.
The idea is therefore to disrupt this shredding using Hedtcakes and allow for the flow to separate
differently through the height of the column.

Figure 9 One of the four columns with helichstrakes showing the width of the helical strakes

3.2Physics modelling
The physical models define variables like fluid and flow data, turbulence modethendmerical
methods adopted in this study to solve tieverningequations To realistically simulate vortex
shedding on a fulscale geometrin a reasonable simulatidzime it is of great importanceo select the
correctphysicalmodels.

Due to the high demand of computational pothata typicalLarge Eddy Simulation (LESkquires

a hybrid modetalled Detached Eddy Simulati¢PES) has been developed and initigfigesented in
Spalart et al. (1997)This model treats neavall regions with the Reynolds Averaged Nav&tokes
(RANS) model while using the LES for the rest of the flow. This model was originally developed by
replacing the distance functich in the Spéart-Allmaras (SA) function with a modified distance
functionQ & Q&N Y whered s a constant whil¥ is the largest dimension of the grid cell
being solved. This simple modification altered the model completely, causing the modeive asfa
RANS model in regions of small cells (close to walls) and in a Smagorinsky (LES) manner for the rest
of the modelSimilar to a previous CHbased study published by Tan et al. (2)14h this study the
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DES approach was applied in all CFD simigias. An illustration of the theory behind the DES
method is given ifFigure10. As also stated in Tan et al. (2@)4his method employs the alf yall
treatment on the boundary layefie all y wall treatment is a hybrid model, which provides a more
realistic approeh than the lowRe or the higiRe treatments. To calculate shear stress, vilail
treatment uses blended wall laws, which present a buffer region that suitably blends the laminar and
turbulent regions togethefhe result is similar to the loRe y treament as $¥ 0 and similar to the
high-Re y treatment for § values greater than 30 (Tezdogan, 2015 andAG@&pco, 2016). Since a

full-scale model was used in this study, thealues on the geometry were relatively high.
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Figure 10 Sketch of RANS and LES regions in a DES approach (Sagaut et al., 2013)

In addition to the aboveni t hi s st u dtiyedimpliciC BnBteady anodel is used with the
segregated flow to control the update at each physical time for the calculationvélotige timestep
size.In this model, each physical tirstep is controlled by some number of inner iterations to achieve
the convergence of the solution in that given tstep. The number of inner iteratioset in this study

was 10 which wasleemedda be sufficient to reduce the residuals by three to four orders of magnitude
at each timestep. The same resolution was astmpted byTan et al. (201H). It should also be noted
that the secondrder temporal scheme was adopted to solve the transit dérthe governing
equations. In addition, Bquid model was activated in theFD softwareto represent a single pure

liquid substance.

3.3Computational domains and boundary conditions
The walls of the computational domain must be given physical properties to define the boundary
conditions of the simulatiorkigure 11 delineates that a velocity inlet boundary condition was set in
the negative x-direction to model the current fluid flow in the computational domamn the
downstream direction (th@ositivex-direction) a pressure outlet boundary condition agdiedto fix
the static pressure at the outléts can be seen fromigure 11, the other boundaries were set as a
symmetry plane. It should be reqeglthat tre first derivative of the velocity and shear stress are zero
at the symmetry plandhe boundary condition on tlsemisubmersible model was desigresh no-
slip wall to ensure thaherelativefluid velocity tangential to the wall wazero which is anmportant
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factor in order to achieve any vortex shedding caused by shear stress in the boundarly sbgiokal.

also benotedthat when a nalip wall is set, normal stress on the wall remains zero, as mentioned in
Fergizer and Peric (2002).

Taking precednce from similar previous studies (Kim et al., 2011, Tan ef24113, 2014a2014)
and Xu et al., 2012)he locations of the boundaries relative to the semib mer si bl ed s

gravity (CoG)were determined based on the overall length obthecture C) asillustrated inFigure
12

Pressure outlet

Velocity inlet

Symmetry plane (x4)

Figure 11 Notations of boundary conditionsapplied to the walls of the computatimal domain
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Figure 12 The dimensions of the computational domaimsing top (the above figure) and side view&: overall length
of the model)

3.4 Timestep selection

The Courant numbgCFL), which is the ratio of the physiciine step @} to the mesh convection
time scale, relates the mesh cell dimensjoito the mesh flow spedd as given below:

CFL=——
Dx 3

The Courant number is typically calculated for each cell and shouldsbethan or equal to 1 for
numerical stability.

Often, in implicit unsteady simulations, the time step is determined by the flow properties, rather than
the Courant number. In order to gain a suitable level of accuracy within a reasonable runnitihgtime,
time step size is determined gyt = 0 . 0 Qwhe&xdl is the length of equal sides of the column) as
proposed by Nishino et al. (2008), who performed numerical studies of fluid around a circular
cylinder.
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3.5Mesh generation

As mentioned in Section lhegeometryis imported from Soliorks into StatCCM+. The mesh
was generated using SBCM+ 6 s aut omat i cwhitrersshitedn an agp@xématéotat vy ,

of 6.4and 6.8 million cells for a simulation without and with strakes appended, respectively.

3.5.1 Meshgeneratiorwithout helical strakes
To capture the complex flow around the seuimersible a number of volumetric controls were used
in StarCCM+ to refine the mesh irsuch specific areas. A crossectional viewinside the
computational domaishaving the refine mesh areas can be seerFigure13. The mesh consists of

hexahedral cells withvarious sizes with a prismatic layelose to the surface to capture the boundary
layer effet causing the vortex shedding
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Figure 13 A cross-sectional view of the meslgeneratedinside the computational domain
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Figure 14 A cross-sectionof the computational meshshowingrefined areas around the geometry

As Figure 14 shows, refined meshes warsedto capture various aspects of the flow. To capture the
flow in the wake of the sersubmersible a refined meh was also applied. A finer mesh was
constructed around the geometry to capture the flow between the columns and in the immediate wake
of the second colunsnThis is where the most prominent vortexes are expected to occur. To achieve a
smaller courant nuberaround the geometra refined meskwasconstructed around eacblumn and
pontoon, as well as an even more refined mesh around each column Toisgrcreasethe stability

and convergnce of the model when the simulations were runnifigure 15 shows thethree
dimensionakomputational mesfgrid with one of the columns in focus. The blue mesh illustrates the

mesh on the water surfaadile the grey cells illustrate the mesh on the geometry surface.
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Figure 15 A view of the @mputational meshwithout helical strake

To recreate the boundary layer anduhe geometry a prism layer was applied. The prism lagga
total thickness of 0.In andconsistedof 24 layers within this thickness. This enslithat the hear
forces causing the vortex sheddimgre captured and that the ksize closest to the geometry sva
sufficiently thin to achieva y* value ofarond 1 The prism layer representing theubdary layer is

shown inFigure16.
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Figure 16 Prism layer close to geometry curves (crossection at=13m)

3.5.2 Mesh generation for the geometry with helical strakes
The surface and volumetric mesh was geeeliatthe same fashion as explained in Secti@il3The
only differencein terms of meshings the increased wetted surface due to the extra georidiey.
threedimensionalcomputational mesh grigé shown inFigure 17. As mentionedearlier, the blue
mesh represents the mesh at the water level while the grey cells represent the mesh on the geometry.

The prism layer generatiomaund the strakes ghown inFigure18.
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