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Introduction

CFD modeling of breaking waves

 Waves in shallow water
— Shoaling and breaking waves
— Wave height evolution up to the breaking point

—  Wave height attenuation after breaking

Breaker types

— Wave shape at breaking

— Surf similarity parameter ¢, = (m=slope)
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Large scale flow features
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Numerical model: REEF3D

 Developed at the Marine Civil Engineering Group, Department of Civil and

Environmental Engineering, NTNU Trondheim
 Two-phase model on finite difference frame work

* Reynolds-averaged Navier-Stokes Equations
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* Discretization methods
— 5th order WENO (Weighted Essentially Non-Oscillatory) scheme
— 3rd order TVD (Total Variance Diminishing ) Runge-Kutta scheme



Numerical model: REEF3D

e C(Cartesian grid with immersed boundary method
e Staggered grid arrangement
* Adaptive time-stepping method

* k-w turbulence model (Wilcox, 1994)

Level set method
- The level set function is reinitialized after each time step to ensure mass conservation:
- a PDE based reinitialization scheme (Sussman et al., 1994)

Parallelization :
- Domain decomposition approach and Message Passing Interface (MPI)



Numerical setup
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Spilling breaker

velocity Magnitude
1.068e-10 0.592 1.184 1.776 2.368e+00
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Plunging breaker
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velocity Magnitude
1.068e-10 0.592 1.184 1.776 2.368e+00
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Wave surface elevation: Spilling breaker

----- Numerical results
o Experimental data
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Wave surface elevation: Plunging breaker

----- Numerical results
o Experimental data




Horizontal velocity component: Spilling breaker
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(c) x=7.275m (after breaking)
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Horizontal velocity component: Plunging breaker
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Vertical velocity component: Spilling breaker

----- Numerical results
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Vertical velocity component: Plunging breaker
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Wave envelope: Spilling breaker
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Wave envelope: Plunging breaker
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Deep water Wave period, Experimental results Numerical results

wave height T (s)
Hy (m)

0.127 2.0 7.795 0.191 1.24 7.84
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Geometric properties

Kjeldsen and Myrhaug (1978)
Crest front steepness €= % "oH
VA
Crest rear steepness 6 = % A
X § Mean water level
Horizontal asymmetry factor u = % L -1~

. L" -
Vertical asymmetry factor A = T
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Geometric properties
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X - Normalized distance up to the breaking point



Geometric properties




Wave characteristics during breaking
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Spilling breakers versus plunging breakers

0.2 (a) 0.3 (2)
0.0 0.0

-0.2

K

5.5 6.0 6.5 7.0 7.5 0 7.5 8.0 8.5
x (m) x(m)
1 1
0 Velocity Magnitude 2 0 Velocity Magnitude 2

9.0

19



Summary

 Comparison between experimental and numerical results shows good agreement for
both spilling and plunging breaker

e Characteristics and geometric properties:
- Plunging breaker: Larger breaker height and rapid wave attenuation
- Degree of asymmetry is high for plunging breakers

* Flow features: Forward overturning water jet, air pocket, splash-up, and the secondary
wave during the breaking process

« REEF3D can provide a good representation for the complete wave transformation
process from wave generation, shoaling and onset of wave breaking to post-breaking
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