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Motivation

Improve the stability of
the scheme

Long duration wave
generation and
propagation

Costal engineering

Numerical design of wave
energy devices (WECs)

Wave-structure interaction
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Standard Weakly — Compressible Formulation

d pg
dt = Pa z(va —Vp) - VWV
b
d Vg Pb + Pa i
dt PaPb 12
b 1.08
d N 1= o
X 1o
2 _y 1 {8 o6
dt 0.48
0.36
05 0.24
Correct kinematic, but noisy pressure field! 012
Main sources of noise on the pressure field: °L

- Lagrangian character: particle position rearragement
- physical model: acoustic waves

- numerical scheme: centred + collocated + explicit in time
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Density diffusion term

dpg
dt = Pa (Va_vb)'VWabe+hCODa
b

dVa Pb+Pa

= — I1 vV, W,
dt gmb(papb + ab) a ab+g
dx,
TG

Da = Zz l/)ab . VWabe Vb = mb/pb
b

W ,p depends on the specific diffusive scheme adopted (see later)
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Molteni and Colagrossi 2009

Xp — Xqg

Yap = 61(pp = pa)l

x5 — Xq|I?
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* §isadimensionless
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t(g/H)”* =90.5
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* Effective in improving the
pressure field

0.5Fs

* Almost no additional
computational cost

0.25 F ¢

* non - consistent close to the o omoionos om0 emospeosen of
-0.4 -0.2 0 0.2 L 0.4
free surface
2-D jet impinging an orthogonal 2-D still water (Antuono et
plate (Molteni and Colagrossi 2009) al. 2010)
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Antuono et al. (2010 - 2012)

Xp — Xg

1
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* Remarkable additional Y e —— E———— o ! : : : ,
. . .2 . ] 1 L L L L L L L L 1 L L L L 1 L L L
computational cost (2 — 3 times) 0 025 05 OB 0 025 05 075 1

Molteni & Colagrossi (2009) CPC Antuono et al. (2012) CPC
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Other density diffusion terms

Ferrari et al., 2009: Based on Rusanov flux, not consistent close to the free surface

_ [(Pb - Pa)] Xp — Xq
l/)ab — _
2h ] lIxp — x4l

cheap and no parameters, but no free-surface consistency

Green et al., 2019: Parameter-free diffusion based on Riemann solvers

bao = Bab | (95 = Pa) =5 (E6a(T)} + Ean(Tp)E) - (x5 — %)

no parameters, free-surface consistency, but as expensive as Antuono et al. (2010)
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New density diffusion terms (Fourtakas et al. 2019)

Efficient + consistent for free-surface

dp H - . .
d_ta = pg Z(Vab VW, V) + 2hcy Z Doy - VW Vi e s p*' is the hydrostatic density
> Pa = Pa t Pa b

p~ is the dynamic density

Similar to Molteni & Colagrossi (2009) but with dynamic density

— D
lpab - 5(pa ) ”X

XaIIZ
Xab
— —ph |22
wab (pab pab) “Xab”z
viPH +1
If Tait’s EoS is adopted: Pglb = Po abC — Pab = PoYZab
B
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What'’s available in DualSPHYSICS?

<parameter key="DensityDT" value="2" comment="0:None, 1:Molteni, 2:Fourtakas,
3:Fourtakas (full) />

<parameter key="DensityDTvalue" value="0.1" comment="DDT value (default=0.1)" />

DensityDT description
0 No density diffusion term
1 Molteni & Colagrossi 2009, only fluid — fluid interaction
2 Fourtakas et al. 2019, only fluid — fluid interaction
3 Fourtakas et al. 2019 also for Fluid — Boundary interaction

DSPH forum

Doubts?
% email George Fourtakas!
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t=300s
Ax/H = 0.01 Hydrostatic test case

H=1m
a, =0.05 locit
velocCl
6§=0.1 Y pressure
U/sgri(gH) P/(rhogh)
U/sqritgH) 4.9e-02 05 1 1.5e+00 P/(thogh)
Titm Ot Biosa] SH0wa i 1.7e-07 0.0001 csf]mc?z-l 3.9e-04 . 5.6e-03 0.5 1.0e+00
g

Normalised velocity field at t = 300 sec for a) Molteni and Colagrossi Normalised pressure field at t = 300 sec for a) Molteni and
DDT scheme and b) Fourtakas et al. DDT scheme. Colagrossi DDT scheme and b) Fourtakas et al. DDT scheme.
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Hydrostatic test case

12— T T T T |
SPH using proposed diffusion term
SPH using Molteni and Colagrossi diffusion term #
4 * % Analytical hydrostatic pressure - - - |
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Wave propagation for 150 periods

Wave characteristics: SPH model
depth =0.66 m Ax/H =0.133
height =0.15m o =0.05
period=2s §=01
length = 4.523
U/sqrt(gD)
0.0e+00 0.05 1.2e-01
. o

T G

R ol N

Velocity field at 150 periods using the Fourtakas et al. DDT scheme (300 sec).

5th Dualsphysics Users Workshop 15th — 17th March 2021



Wave propagation for 150 periods
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Wave propagation for 150 periods
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Normalised free-surface elevation profile
using Fourtakas et al. DDT scheme atx=6 m
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Comparison of the velocity profile at location (x, y)
= (6, 0.4) m with the analytical results using
Fourtakas et al. DDT scheme



Long-duration simulation of a sloshing tank

Normalised pressure field (t = 60 sec).

Fourtakas et al. DDT scheme

P/(rhogH)
0.0e+00 04 0.6 1.0e400
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Molteni and Colagrossi DDT scheme
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Long-duration simulation of a sloshing tank

Normalised pressure field (t = 60 sec).

Fourtakas et al. DDT scheme | Molteni and Colagrossi DDT scheme
P/(rhogH)
i ; ik G 17e02 05 pmhogli) 1.7€+400
—_— - —— [ ——
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Long-duration simulation of a sloshing tank

Normalised pressure at t = 60 sec

14 T I I T I
SPH Fourtakas et al., DOT scheme =
¥ SPH Molteni et al_, DOT scheme  #
12 : Analytical hydrostatic pressure - - -
*
*

Pflpgh)
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Long-duration simulation of a sloshing tank
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Conclusions

* Long duration wave generation and propagation
e Stable and accurate free surface flows and wave-structure interaction

e Density diffusion term
* Applicable to DBC and mDBC
* Hydrostatic pressure is calculated locally
 Dependence on gravity (applicable to gravity driven flows)

* Negligible computational cost
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Proposed density diffusion term

Pressure field WCspH
* Density diffusion term — Fourtakas et al., 2019:

du _ i B0 e, o, +
dc jzlm' pp; )T E

d N
p‘ ijuu W, -+5hcizzpij-vw v
7
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Proposed density diffusion term

Pres
* Density diffusion term — Fourtakas et al., 2019:

X v|PH +1
_ T H Iy H _ J] _
Vij = 2()0 ji ~ Pij ) > Pij PO( , o, 1

Hydrostatic pressure is calculated locally
 Dependence on gravity (applicable to gravity driven flows)

E‘JH = P8z

No costly gradient correction
Applicable to BCs with severe kernel truncation
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Proposed density diffusion term
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