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SPH background
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Sph-flow scopes

HydrOeean
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SPH background

Conservation law Finite differences
U + 0, f(U)=0 Finite volumes
O f(U) — Discontinuous Galerkin
SPH
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e How to calculate the term 0, f(U) in SPH?
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SPH background

Conservation law Finite differences
U + 0, f(U)=0 Finite volumes
O f(U) — Discontinuous Galerkin
SPH

e How to calculate the term 0, f(U) in SPH?

Convolution product properties

fxo= o fW)o(x—y)dy = f Vfxg=fxVyg

f \ : 0 is approached by a kernel function W/
: \/*H A ViR VExW = fx VIV = Y w, f; VWi
LN 7
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SPH background

Benefits

Kernel Win e Meshless (particles)

particle of

interest ° Lagrangian method

. Weacknesses
. e Low spatial order

neihoots * g . e No convergence theorem

"Convergence" conditions

® ;- — 00 and h—0
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Particle Refinement theory
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Particle refinement theory

Some parameters

e Spacing parameter € € [0, 1]
e Radius ratio « €]0, 1]
e Switch parameter y € [0, 1]
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Particle refinement theory

Switch parameter properties

e v =1 — particle is turned on (active particle)

e v = 0 — particle is turned off (passive particle)

Y
1 Ym Vf

Refined area

i Modified SPH operator
O Buffer zone Biffer zohe o (V)i =2 fiw; VWi
J

Laurent Chiron Adaptive Particle Refinement (APR) 1€ juillet 2015 9/25



Particle refinement improvements
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Particle refinement improvements
m Arbitrary Lagrangian Eulerian (ALE) process
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Arbitrary Lagrangian Eulerian (ALE) process

az; |
i = Voi, (1)
dwl
= ij toj — oi) VWij, (2)
dw;p; T — (T
dzt S = —wi Yy wi2pp(TE — () VWi, (3)

J

dwzpm

=—w; ng (,OEUE ® (Ug — Uo(Z5)) + PEI:) VWi; +wipig, (4)

U; (Lagrangian)
3 possibilities : 7p; = { 0 (Eulerian)
7_);' + 5’01‘ (ALE)
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ALE process : benefits on a dambreak test case

Fully Lagrangian
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Why using such an approach?

Pressure instabilities at the fine/coarse interface

e Particles move in a Lagrangian way (Streamlines)
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Particle refinement improvements

m The APR concept
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The APR concept

Prolongation
¢d = ¢m + RDh(d))m'(md - mm)

Quantity Before refinement | After refinement
D
Mass Mm E m;
J
D
Kinetic energy %mmﬂm.u?n % E mju; .
J
D
Linear momentum Mo Um E m;u;
J
° ° 5
) Angular momentum T X Mm Upn E 5 X mjuj
° ° J
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The APR concept

Prolongation

Without prolongation With prolongation
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Particle refinement improvements

m Parallelization
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The utility of well distributed tasks between processors

LA i gy

/Fluic#0/NB_Vo /Fluid#0/DeltaX

R 1 L
24 2.6 28 3 3.2 3.4 2.8 3 32

e Neighbors number e Particle radius

Poor distribution of particles between processors

e Particles inside/near the buffer zone have 2 to 4 more neighbors than
other particles
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New algorithm efficiency

Load balancing

= % where A(k) is the number of interactions of processor k

12
11
10

®o
B AN R )

B Ny ]

S s s TR MY i | i r IR
2 22 24 26 28 3 32 34

2 22 24 26 28 8 352 34
e New algorithm (cutting into an
equal number of interactions)

e Former algorithm (cutting into an
equal number of particles)

At least of 30% CPU gain
On this test case, 7 = 0.8 with the new algorithm (against 7 = 0.54 before)
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B Some results
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B Some results
m Kleefsman dambreak
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Kleefsman dambreak : pressure field analysis

0.45m

|
o]

Refined area

_ " #0.16 m
1.22m T 1.17m  0.6Tm

e Coarse e APR e Fine
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Kleefsman dambreak : Comparison of pressure sensors
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Kleefsman dambreak : Comparison of pressure sensors
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Thank you for your attention !
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