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OUTLINES

Coupling

Waves



Wave generation/absorption in 
DualSPHysics



Keys for successful numerical simulation for coastal structure design:

• Good wave generation

• Good wave transformation

• Reasonable computational cost

• etc, etc..

What do we want to model?
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Wave generation and wave absorption

The wave generation in DualSPHysics 

mimics the conditions of physical wave facilities. 

➢ The wave-maker (piston, flap, flap with variable draft) consists of a rigid body 

formed by boundary particles. 

➢ The motion of the wave generator is prescribed controlling its position (linear or 

angular) at each instant of time. 

➢ AUTOMATIC WAVE GENERATION:
• Regular & Irregular

• 1st and 2nd Order



Wave generation and wave absorption

PISTON-type wavemaker, IRREGULAR waves, 2nd Order BOUND LONG waves 

(Hughes, 1993)

Bound long waves (BLW) refer to the set-down of the water level that is generated by wave groups



Wave generation and wave absorption

(Shaffer and Klopman , 2000)

𝜂𝑅(𝑡) = 𝜂𝑆𝑃𝐻(𝑡) −𝜂𝐼 (𝑡)

𝑈𝑅(𝑡) = 𝜂𝑅(𝑡) Τ𝑔 𝑑

𝑈𝐼(𝑡) = 𝜔
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)𝑈𝐶 𝑡 + 𝑑𝑡 = 𝑈𝐼 𝑡 − 𝑈𝑅(𝑡

𝑒 𝑡 + 𝑑𝑡 = 𝑒 𝑡 + (𝑈𝐶 𝑡 + 𝑑𝑡 + 𝑈𝐶 𝑡 )
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Reflected wave at 𝟒 ∗ 𝒉 from the piston

Velocity correction (uniform velocity field)

Theoretical wave maker velocity

Corrected wave maker velocity

Wave maker position at 𝒕 + 𝒅𝒕

FILTER

SERVO

+

Active wave absorption



Wave generation and wave absorption

Wave generation and wave absorption (passive and active) 

AWAS system in SPH models



Generation

AWAS

Wave generation and wave absorption







Err (wave height)=-3.5%, Err (spectral period)= +4.7%

Long events: 1000 waves

23.6h runtime
(on Tesla K20c )
for 82,541 fluid
particles

Wave generation and wave absorption
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COUPLING techniques

Relaxation Zone technique 

2-ways

Verbrugghe et al. 
(under review)

Altomare et al. (2018)

Altomare et al. (2015) Multi-layered piston

1-way offline
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Altomare et al (2015)Multi-layered piston



MULTI-LAYERED PISTON for COUPLING with 
wave propagation model (i.e. SWASH)

../DualSPHysics_v4.3_BETA/DualSPHysics_v4.3/examples/wavecoupling/01_ML_CIEM
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Altomare et al. (2018)Relaxation Zone

𝒗 𝑥, 𝑧, 𝑡 𝑅𝑍 = 𝐶 𝑥 𝒗𝑐 +(1- 𝐶 𝑥 ) 𝒗𝑝



Altomare et al. (2018)Relaxation Zone

𝐶 𝑥,𝜓, 𝛽 =

𝑡𝑎𝑛ℎ
2𝑥
𝑊𝑅𝑍

+ 𝜓 𝛽 − 𝑡𝑎𝑛ℎ
2𝑥
𝑊𝑅𝑍

− 𝜓 𝛽 − 𝑡𝑎𝑛ℎ 1 + 𝜓 𝛽 − 𝑡𝑎𝑛ℎ 1 − 𝜓 𝛽

𝑡𝑎𝑛ℎ 𝜓𝛽 − 𝑡𝑎𝑛ℎ −𝜓𝛽 − 𝑡𝑎𝑛ℎ 1 + 𝜓 𝛽 − 𝑡𝑎𝑛ℎ 1 − 𝜓 𝛽

𝑤𝑖𝑡ℎ − 1 ≤
2𝑥

𝑊𝑅𝑍
≤ 1



ψ=0.1, β=5

ψ=0.3, β=5

ψ=0.5, β=5

ψ=0.9, β=5

Altomare et al. (2018)Relaxation Zone
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Altomare et al. (2018)Relaxation Zone



Altomare et al. (2018)Relaxation Zone



Altomare et al. (2018)Relaxation Zone



Altomare et al. (2018)Relaxation Zone



Altomare et al. (2018)Relaxation Zone

STAND-ALONE WAVE GENERATION

../DualSPHysics_v4.3_BETA/DualSPHysics_v4.3/examples/wavecoupling/03_RZ_IrregularWaves




Altomare et al. (2018)Relaxation Zone



Altomare et al. (2018)Relaxation Zone

UNIFORM VELOCITY FIELD IN X- DIRECTION

../DualSPHysics_v4.3_BETA/DualSPHysics_v4.3/examples/wavecoupling/04_RZ_Flow2D




Altomare et al. (2018)Relaxation Zone
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UNIFORM VELOCITY FIELD IN X- DIRECTION

../DualSPHysics_v4.3_BETA/DualSPHysics_v4.3/examples/wavecoupling/05_RZ_FlowCylinder3D


Altomare et al. (2018)Relaxation Zone

dp=0.01m



0
𝑥 [m]

𝑧 [𝑚]
SWASH model

Input=H,T,d

𝑊𝑅𝑍

damping

DualSPHysics model
Input=SWASH model

Velocity field

weakly reflective
conditions in 
SWASH

Altomare et al. (2018)Relaxation Zone for Coupling



Altomare et al. (2018)Relaxation Zone

RZ COUPLING WITH WAVE PROPAGATION MODEL

../DualSPHysics_v4.3_BETA/DualSPHysics_v4.3/examples/wavecoupling/06_RZ_Coupling




Altomare et al. (2018)Relaxation Zone
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Day 2, 14:45 - 15:00

Tim Verbrugghe: 
“Application of open boundaries within a coupled DualSPHysics-OceanWave3D 
model”

Open Boundary Conditions



Conclusions



In a nutshell…

Wave 
generation and
absorption in 
DualSPHysics

Coupling

• ML piston

• RZ

• OBCs

Stand-
alone

• Piston, flap

• RZ (also for uniform velocity profiles)

• OBCs


