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INTRODUCTION

User: I'd like to generate (water) waves!
Corrado: We've got a RZ!
User: How can | use that?

Corrado: Well...
Simplicio: That won’t work...
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Design the Relaxation zone means fixing:

Wy, width of RZ
a,[ C-function parameters




INTRODUCTION

0. Wave generation using Relaxation Zone tool in DualSPHysics

mass drift!
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INTRODUCTION

0. Wave generation using Relaxation Zone tool in DualSPHysics

According to the Stokes’ equations,

A(z+ d)
_ §(%,2,T)— &% 20) mH _ COSM|™
U(z) = - = (73 IT
Sinh2 (T)

Now we subtract this term from the theoretical velocity field




INTRODUCTION

0. Wave generation using Relaxation Zone tool in DualSPHysics
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1) VALIDATION OF WAVE GENERATION




VALIDATION OF WAVE GENERATION

1. Model setting
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VALIDATION OF WAVE GENERATION
2. Definition of Effective Width - W, ¢

Werr = (X2—Xx1) " Wgz [m]
where
x1 I C(x,a, B) = threshold U y 3 [—1, 0]
x2 Il C(x,a, ) = threshold U y 3 [0,1]




VALIDATION OF WAVE GENERATION
2. Definition of Effective Width - W, ¢¢

DAMPING
D threshold
_____ _<_ — — = o

|
I




VALIDATION OF WAVE GENERATION

3. Definition of benchmark tests — Wave conditions

Case Height [m] Period[s] Depth[m] Length[m] Steepness [%]

1 0.100 1.60 0.80 3.55 2.82
2 0.125 1.60 0.80 3.55 3.52
3 0.075 1.60 0.80 3.52 2.11
4 0.100 1.80 0.80 4.22 2.38
5 0.100 1.40 0.80 2.88 3.47
6 0.100 1.60 1.00 3.73 2.68
7 0.100 1.60 0.60 3.27 3.06
8 0.040 2.00 0.40 3.69 1.08
9 0.100 3.00 1.00 8.69 1.15
10 0.030 1.70 0.30 2.71 1.11




VALIDATION OF WAVE GENERATION

3. Definition of benchmark tests — Wave conditions
(defined according Le Mehaute 1968)
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VALIDATION OF WAVE GENERATION

3. Definition of benchmark tests — Numerical setting

For each case, the simulations have been repeated using

a =1[0.1,0.2,0.3,0.4,0.5,0.7]
B =15709]

Total=900 simulations




VALIDATION OF WAVE GENERATION

4. Analysis — Error estimation

Error in wave height

H — H
€ = (mean‘ms Hspi Thl) - 100 [%]
Hrp

Error in wave height in term of initial interparticle distance

€p = (mean405 lHS’;Z;:Thl) +100 [%]

where:

Hepy IS the numerical wave height

Hy,  is the target theoretical wave height
hepy, is the smoothing length




VALIDATION OF WAVE GENERATION

5. Results — Error in wave height

threshold = 0.15
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VALIDATION OF WAVE GENERATION

6. Design of Relaxation Zone
In principle, we have two unknowns (a and ) varying with y.
Fixed the value of the threshold = 0.15, we can calculate the

z = f(a, B), surface in R3, in which

z=y||C(x,a ) = threshold
Va € |02, €[0,18]Uuy >0

We can visualize the solution plotting the y isolines in the a-f grid



VALIDATION OF WAVE GENERATION

6. Design of Relaxation Zone
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VALIDATION OF WAVE GENERATION

6. Design of Relaxation Zone - how to use the proposed abacus

* From our analyses, it has been fixed W,rr (e.g. 6% of L)
* Choose a y isoline ( k.rr = 0.80 could be appropriate)

* According to the choice of k¢, the value of a, § to be use for regular
wave generation are taken.




Simplicio: It seems to be working... Ummm
User: And for higly reflective condition?
Corrado: Well you...

Simplicio: It can’t work!




2) VALIDATION OF WAVE REFLECTION




VALIDATION OF WAVE REFLECTION

0. About reflection — General behaviour

CASE 1 — Wave profile at antinode (x = L)

n [m]




VALIDATION OF WAVE REFLECTION

0. About reflection — General behaviour

CASE 1 — Accuracy of wave reflection
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VALIDATION OF WAVE REFLECTION

1. Model setting

1
DAMPING :
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VALIDATION OF WAVE REFLECTION

2. Definition of Effective Width in reflection - W,rr g

Werrr = X1 - Wrz
Where
x1 1 C(x,a, B) = threshold U y 3 [0,1]




VALIDATION OF WAVE REFLECTION
2. Definition of Effective Width - W, ¢r g
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VALIDATION OF WAVE REFLECTION

3. Definition of benchmark tests — Numerical setting

For each case, the simulations have been repeated using

1
Wgz = [15] L

a = |0.05,0.08,0.10,0.15,0.20,0.25, 0.30,0.35, 0.40, 0.50 ]
f=12345,7,9]

Total=1200 simulations




VALIDATION OF WAVE REFLECTION

4. Analysis — Error estimation
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VALIDATION OF WAVE REFLECTION

4. Analysis — Error estimation

Error in reflected wave height

foO(ER,tﬁAt)

end — 10

€r =

Where

t, is the initial time of each i-th reflection time window

At  reflection time window
HSPH(ti+At)_VHTh) 100 [%]
YHTh
14 scalar for reflection conditions

ER,ti+At — (

Implicitly, we’ve assumed that the correct reflection starts from
the 10t cycle (empirical assumption).



VALIDATION OF WAVE REFLECTION

5. Results — Error in reflected wave height

CASE 1 working hypothesis: y = 2
threshold = 0.005
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VALIDATION OF WAVE REFLECTION

5. Results — Specific wave energy flux

Specific wave energy flux

_ E 1E ]
*T4TdL mom
m-m
where:
2

E = pggl L total wave energy

L is the wave length

d is the depth

H is the wave height of incident wave




VALIDATION OF WAVE REFLECTION

5. Results — Error in reflected wave height
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VALIDATION OF WAVE REFLECTION

6. Different structural slope angles

We define
2
u
CRtneoretical = 5.5 + 112
and
CR _ Ha T Hn
cal =
numerica Ha + Hn
where:

U= beaChslope/\/ H/L
H, mean wave height at antinode
H,, mean wave height at node




VALIDATION OF WAVE REFLECTION

6. Different structural slope angles

slope = oo

O

+ slope=1/1
* slope=1/2
x slope =1/3
o slope=1/4
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Concluding remarks

- The relaxation criterion proposed by the authors is tested among
different C function shape coefficients o and 3

- We propose an abaqus for the design of the relaxation zone for wave
generation

- A test case for the reflecting analysis is presented, showing a satisfactory
agreement with the theoretical reflection coefficient.




Thank you for your attention




