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Introduction

CFD Challenges: Time Consuming
Time consuming to Model wave-structure interactions over long simulation durations using
conventional CFD tools due to Large computational zones.

« Large domain at upstream: fine mesh to assure wave propagation

« Large domain at downstream: to minimize wave reflection.

« Large domain at two sides: Avoid wave reflection from the side boundaries

Methodologies: depth-integrated YL20 wave—current model (YL20) +
CFD coupling (Star-CCM+)

Using the coupling strategy where the YL20 model is used to compute the far-field wave
solution and the CFD solver is used to solve the near-field fluid domain, where the
structure to be studied is located
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Numerical Methodology

Domain Configuration
e The simulation domain: three zones S

o far-field zone: potential zone
o Near field zone: CFD zone

o QOverlay zone: forcing zone (potential solver -> CFD)
® Forcing zone (potential solver -> CFD):

T, JpvdV+3gpv®vda——3gpl da+3§T da+ffde+fS¢dV

O  Governing Equation: 2 y v
Sp = —yp(@ @*): User deﬁned source term (Potentlal solver results)
O The source term: gy = —yp(u—u*) u a, arethe solutions in CFD regions.

qow = —V(a,, —a;,) u* «a, are the solutions from the HOS.

Y = Yo cos? (7'[ X / 2) )/0 is the forcing constant
o Blending function x* is distance to the forcing zone BC

O  Derivative of the source terms: aq“/ax = —]/p aqaw/ax — _y
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Numerical Validation

1. Nonlinear regular wave @ 1

propagation in deep water AR RAARAAARA
e A monochromatic wave train: o \/\/V\/\/V\/\]V\/\]\/U\/\/\/V\/\/\/\/V :

n/a

——— Y120 ——— YL20- _

o Amplitude a = 0.02m

x/L

O PerIOd T - O . 7 S (b) 15 | I I | | — YL20 — Stoke; theory —‘YL20-CFD -

o The CFD subdomain extends from x = ]

5.1L to x = 17.4L within the YL20 flume, R S
resulting in an effective length of 12.3L.

o Constant depth h=1m.

n/a

Comparison in the CFD domain (6 < x/L < 16) among
the YL20 model, the YL20-CFD model, and third-
order Stokes theory



2. Multi-directional random wave

propagation over a submerged shoa

The shoal had a major radius of 3.96 m and a
minor radius of 3.05 m, with a still-water depth of
0.4572 m and a crest depth of 0.1524 m.

a peak wave period of 1.3 s and a target
significant wave height of 2.54 cm, with a low
spectral peakedness parameter y = 2.
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3.Focusing wave interacts with a circular cylinder

A focusing wave group with JONSWAP-type amplitude ¢ v
distribution with a peak frequency of f = 0.61 Hz, and '_.
amplitude A=0.14m is generated in the wave flume with | """  owe

7=0.505m DIWC

water depth h=0.505m. |

LL ; : 1 .
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Snapshot of wave at maximum cylinder force (a) and

£ (5) maximum surface heiht (b)
Comparisons of surface elevation at wave

gauges
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Conclusions

*The YL20—CFD model was developed to enhance the efficiency of a
Navier-Stokes solver by coupling it with the depth-integrated YL20 model
**The YL20—CFD model provides an efficient mechanism for wave— current
generation and absorption through relaxation zones.

*» The YL20—-CFD model significantly reduces the computational domain by
confining the Navier—Stokes solver to the vicinity of the target structure,
where high resolution is most critical.

*The YL20-CFD approach significantly reduces simulation time by
initializing the CFD domain with flow fields computed from the YL20 model.
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