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Abstract

As the demand for oil and gas is increasing, tredrfer fixed
and floating structures is gaining importance ie ttorm of
offshore facilities. The decks of these offshoreilites are
supported by structures made of circular or squasiemns.
During strong wave action, considerable water cowld up
along the columns hitting the underside of horiabrdeck.
Hence determining the minimum distance from theewatrface
to deck, also known as air gap, is vital

The paper examines the run-up on a square cylindang

experimental and numerical methods. Experiments ewer

performed in a wave tank on a 1:66 scaled moded sfjuare
column. Numerical simulations were conducted usithg

commercial software FLUENT. It was found that ttfeg results
for wave run-up from simulations and experimentsenia good
agreement, and were consistently greater thanrlidé&action

theory. Numerical comparison between circular amplase
cylinders showed that the run-up was higher foiasggeometry

for all conditions simulated An attempt has been made to
understand the various nonlinearities in the rurpiggile.

Introduction

The wave run-up phenomenon can be described a®ttieal up

rush of water that is the result of an incident véain breaking
on a partially immersed body. Estimation of maximwawve run-

up on fixed and floating offshore structures sushransion leg
Platform (TLP), spar and semi submersible platf@@mecessary
to determine whether underside structural damage anaur in

extreme design conditions. Steep waves show sigmifi non-
linear behavior and wave amplification due to iat#ion with

the platform legs that must be accounted for ingaip design.
Accurate prediction of deck clearance from the fseeface is
critical for predicting the performance of theseistures in harsh
environmental conditions. Swan et al. [1] documeénthe

potentially destructive nature of wave run-up. Thstudy

focused on the Brent Bravo concrete gravity stmggtuvhose
design was based on insufficient air gap leadingséwere
underside structural damage.

Experimental investigations in plane progressive vega
undertaken by Kriebel [2] show that wave run-upextreme
conditions was more than 1.5 times the incidentenawplitude.
Issacson & Cheung [3] proposed a sinusoidal wae®rihto
estimate wave run-up. Although the sinusoidal wine®ry was
found to underestimate the experimental data, it w@ore
accurate than the results calculated from applytimg linear
diffraction theory. The expressions proposed inf¢8]predicting
maximum wave run-up at the front of a cylinder wassidered
reasonable in a later paper of Niedzwecki & Duggdl
However the proposed theories in [3] and [4] weccurate in
predicting the wave run-up and corresponding freéase
elevations around a cylinder model.

The first study that considered the harmonic coreptsof wave
run-up was by Mercier & Niedzwecki [5]. Their expeents
were conducted in a wave basin in which monochrimveaves
were generated towards a fixed truncated cylin@kee. results of
the study noted an increasing modulus of each haimmeith
increasing scattering parameter (incident wave non linearity),
where a is the characteristic length which in this caseths
diameter of the cylinder ardis wave number defined as
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The study did not include the effect && on the measured
harmonics. The inherent scatter in the measureditsetiad
diluted the direct conclusions that were made ftiois study.

In recent times Computational Fluid Dynamics (CHias been
employed to extensively to model multiphase flowsreview of
application of CFD to model wave run-up on circudglinders is
presented in Repalle et al. [6]. In the presentkvithe dynamics
of wave run-up on a square column is analysed ladesults are
compared with the run-up on a circular cylinder ssmilar
characteristic length to estimate the variatiomun-up due to a
change in geometry.

Experimental Setup

The experiments were carried out by one of theaastfv], in a
wave flume of dimensions 5@h long, 1.5 m wide and an
operating depth of 1.&. The waves in the flume were generated
with piston type wave maker. The wave flume wasgapd with

a sloped artificial beach at the far end to reduaee reflections.
The model was located 35 from the beach to minimize the
influence of reflected waves. A schematic diagranthe side
view of the test setup is shown in figure 1.
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Figure 1. Schematic view of experimental setup [7]

The cylinder model was scaled from the Visund platf which
was previously employed by Morris—=Thomas & Thiagamd8]

in their research. A scaling ratio of 1:66 was usedetermine
the cylindrical model dimensions. A square cylindeas
constructed using poly plastic with 0./6height and 0.2n side
as shown in figure 2.
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Figure 3. Wave flume with cylinder attached tofiled carriage [7]

The wave run-up experiments were conducted on fuegtical
cylinders in a water height of 1.2m subjected emplprogressive
waves. The free surface elevation and wave runugpe
recorded with capacitance type wire probes. Thgesmotion of
the cylinder was negligible as this motion was riesd by
horizontal stiffness provided by the pin connectionthe vertical
pole shown in figure 3. The wave run-up was studadthree
different scatter parameter values of 0.208, 02&80.358. The
process was repeated for different amplitudes tantiy the
effect of wave steepneded) on wave run-up phenomenon.

Computational Model

A three dimensional numerical model of the flow ward a
circular and square cylinder was developed usirgcimmercial
CFD code FLUENT. The computational domain was medes
shown in figure 4. The dimensions of the numerivale tank
were 20m length, 2m width and 2m height. The cylinder used
here was 0.76n high and 0.2n wide. The draft of the cylinder
was 0.38m while the position of the cylinder centre was 60
away from the inlet and 11 from the side walls.
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Figure 4. Computational model of the wave run-yapegiment

The Volume of Fluid (VOF) method was adopted totaegpthe

free surface. A single momentum equation was solved

throughout the domain and the resulting velocigjdfiwas shared
among the phases.

A velocity inlet boundary condition was used to gexte waves
from left wall as shown in figure 4. Second oreeves were
generated using equation 2 and 3 (see Chakra®rtwjth the
help of user defined functions (UDF). The resultsetond order
wave elevation profile is given in equation 4.
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Here,H, k, g, , t, h, z are wave height, wave number, gravity,
frequency, wave amplitude and water depth respagtivihe
pressure velocity coupling was solved using Presbuplicit
with Splitting of Operators (PISO) scheme. A maelifi high-
resolution interface capturing (Modified HRIC) soie was
employed for accurate representation of interfa#cesample of
wave profile around the cylinder is shown in figbre
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Figure 5. Representation of the free surface arohdgr grid
during simulation

The computational model was validated using theenelgvation

profile recorded at a distance ofrBfrom the cylinder. Waves of
time period 1.2%s with amplitude of 0.05n were used for this
comparison. Wave propagation history is shown guré 6. The

results show that the wave trains are well estadtisand the
numerical results compare reasonably well with ttieoretical

results. A slight loss in amplitude is observed tluewumerical

diffusion in the computational domain.
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Figure 6. Wave elevation profile comparison of themerical
model with the analytical solution for T =1.06 glah=0.05m

Results and Discussion

Experiments were carried out by parametric vanatal the
scattering parameteka and wave steepneskA. To make
comparison with linear diffraction theory, a wawng@ut height of
0.1mwas chosen. The input frequency ranged from 0(B3éiz,
as only a limited frequency range produced accéptihusoidal
waves. The theoretical run-up is defined in thialgsis as a non
dimensional parameter R/H which corresponds tadtie of the
wave height at the cylinder measured at (WP5) ® whave
height of the incident wave measured at (WP1) fiseee 1).

The graphs in figure 7(a)-(c) shows the wave pesfibver time
for three differenka values of 0.208, 0.283 and 0.36 considered
for the present computational simulation.
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Figure 7.wave profiles of incident wave and run-up for sguar
and circular cylinder obtained from computationaldeal.

We can clearly see from figure 7 that the incideate builds up
first as this position is closer to the velocityein The run-up at
the cylinder takes 2-3 cycles more to build uptés further from
the inlet. It is evident that the run-up is highlfer a square
cylinder compared to a circular cylinder for allettcases
considered. This difference can be directly atteduto the
geometry of the respective cylinders. The resigacflow in

the case of square geometry is much higher thanciticelar

cylinder and this additional resistance is realigethe form of
higher run-up. It is also observed from the figédrthat the run-
up amplitude increases with the increaskesiralues.

Another feature noticed from figure 7 is the incieg
appearance of the secondary crest or kink in theupuprofile at
lower ka. This highly non-linear effect has also been olegby
others including Danmeier et al. [10]. A detailéew of the run-
up is shown in figure 8 foka values of 0.208. Free surface
profile and the velocity field along the free sudaare shown in
figure 9 corresponding to the locations mentiomefigure 8.
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Figure 8. Closer view at the run-up profilekat=0.208
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Figure 9. Free surface position and velocity disitibon at
locations shown in figure 8

The appearance of the secondary crest could beéodoteraction

of the incoming waves and the retreating water flawm behind

the cylinder. The sequence of free surface imagggests that a
new crest originates with relatively small ampliutom the rear
of cylinder and moves towards the cylinder frongyfe 9a).

Additionally the vertical flat surface at the froot the cylinder

obstructs the flow and builds up the water heagu(g 9b). When
the flow has a longer wavelengths (lovkarvalues)it seems that
the combined effect of crest travelling to the fréace from the

rear of the cylinder, the retreating water heatthafront face and
relative longer time between peaks of the incideaves allows
for the formation of the secondary crest (figurg. 9%t some

point the amplification of this secondary cressifiates and with
this the run-up profile returns to normal (figure) 9

Run-up Ratio
Steepness

comparison: Wave Scatter against

The experimental results and the numerical resudige been
compared with the run-up predicted from the linddfraction
theory and are shown in figure 10. The linear difon results
are obtained from a boundary element program aisdly$]. It is
observed that the experimental results and the ricaheesults
are in good agreement with one another. To caleule run-up



from the simulations, we used the wave amplitudasueed at
probe 3m before the cylinder and not the amplitude measated
6 m. This is done in order to be consistent with thpegiments
and we neglect the small attenuation of wave aogiitthat is
observed as the wave progresses.
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Figure 10. Comparison between experimental and rnoate
results with the linear diffraction theory

For ka value of 0.208 the results obtained follows linear
diffraction theory (LDT) closely at lowekA values and show
variation at the highekA values. A gradual increase is noted in
the wave run-up as the wave steepness increasds awit
maximum variation of about 8%. Fd@ value of 0.283 the
experimental results have better agreement withthbery and
the numerical results follow the experimental reswhith an
offset of about 6%. Foka value of 0.358 the run-up results
obtained are significantly greater than the runfigm linear
diffraction theory. In this region the under preiin of the run-
up by linear diffraction theory might be due to faet that there
are strong nonlinearities, and this region is weiresented by a
Stokes second order formulation.

Conclusion

An attempt has been made to understand the ruriepopenon
on a vertical square cylinder utilizing experimeatsl numerical
techniques. The wave run-up on the square cylimges found
to be significantly greater than the run-up preaticfrom the
linear diffraction theory. The results diverged nfrolinear
diffraction theory increasingly with ka and kA veki

Further comparison of the free surface profile shdhat the
CFD code is able to reproduce with reasonable acguof the
free surface profile around the cylinder. Numerigegults also

show that the run-up is higher for a square cyliretempared to
circular cylinder of same characteristic length & the cases
considered for the present study. It is also olexerithat the
numerical results are in good agreement with theeemental
results and is able to capture non linear phenomeliie

secondary kink. A thorough understanding of physicthe kink

is necessary for better realization of the run-bpnmmenon for
future study.
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