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=& =F,:SPH (Smoothed particle hydrodynamics)

e SPH is the method to simulate the fluid motion discretized with
material points = particles.

Navier-Stokes equation:

p%l:  VpiV.rTif ‘ The particle based simulation method for fluid 3 SPH

Discretization with kernel function W :

A(r) = jA(T’)W(T —r',h)dr' = Z @Ab W —ry, h)

be

Where W should have compact support and integration [ w(r —r’, h)dr’ :’Lﬂl)lng(r —1,)=0(r—r,)

e.g. 5" Wendland kernel function Radius of
influence ° ®

4 Water '. o ® O '.
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- The Lagrangian nature of SPH allows non-diffusive advection,
which is useful for tracking the moving interface such as the free

surface.
SPH T 2aL—>3>vORFy 773y b

Free surface motion
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Parallel SPH simulation code.
e Efficient implementation of SPH code is still big challenge in HPC.

 \We have been developing the shared memory and distributed memory
parallelization algorithms. :
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- |terative load-balancing method
[Furuichi and Nishiura, Phys. Comm., 2017 |

O HEXAEVIAT - FHE1
- Pair list &Sorting
[Nishiura and Sakaguchi, Compt.

Aty —L NI | pays, 2011]
. Action-reaction law » Overlapping communication [Furuichi et.al., SC17 ]

[Nishiura, Furuichi and
Sakaguchi, Phys. Comm., 2015] "1 ES =R Xl
The state of the art SPH code can handle over

billion particles with over thousands nodes.
ROV E 1 — & TRALERT <5 WIS




Validation test of SPH code
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Wave height [m]

PART 1 — Wave profiles (Surges)
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PART 1 — Wave velocity profiles (d, = 0.82m)
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PART 1 — Wave hydrodynamics:
conclusions

« Good agreement in terms of velocity profiles and wave front
celerity

e Disagreement still exists in terms of velocity profiles

e Effect of bed roughness remains difficult to reproduce
numerically.

Nishiura D., Wuthrich D., Furuichi M., Nomura S., Pfister M. and De Cesare G. (2019). Numerical approach in the study of
tsunami-like waves and comparison with experimental data. The 29t International Ocean and Polar Engineering Conference

(ISOPE 2019), Honolulu, USA, 16-21 June



PART 2 — Wave Impact (Wet bed bore)
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PART 2 - Wave Impacts
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RT 2 —Wave impact; preliminary
CONCIUSIONS

e Good reproduction of water depths for both surges and bores.

e Surges: milder force gradient during the impact

e Bores: good agreement of horizontal forces during the initial
impact phase. Disagreement in horizontal forces for larger times.

CURRENT STATUS:
e Better understand disagreement in horizontal force for larger times

e Simulations of wave impact on buildings with openings

Wiithrich D., Nishiura D., Furuichi M., Nomura S., Pfister M. and De Cesare G. (2019). Experimental and numerical study on
wave-impact on buildings. 38" IAHR World Congress, Panama City, Panama, 1-6 September. (Abstract submitted)
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