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1. Particle method

Particle discretisation :
J[ERE

= position : X = mdv(x_)

= transported quantity: : 0, = [[|6(xp)av(x)

()_(i _x_)z)

£

1

=  "shape": G.(X. —x)= TGXP(_
— £

Function approximation :
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1. Particle method

c4 How It wWorks :

0x)=2, ¢ @t.0)=x)

wA
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1. Particle method

» Differential equation In convective form :
d6

- SUCIENG) 0=06(x,1),x €D,

Lagrangian coordinates

do . - S
——=5(0) 0=00%), Xx= X(x,.1,1)

=il

dy
dt
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1. Particle method

» spatial operator :

1. derive from an integral form (green fuction
or the previous c.)

5@, - ][ (6x.0-6(x".0)N(x.x')dv(x)

supp(6)

2. Monte Carlo (random walk)

3. convective form
$) =div(s'©®) — S©O)=-div(U8),U.,=-S(0)/6
00 00

— 4 div(U8)=S®) — = div((U+U,)8)=0
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1. Particle method

Boundary conditions
« U, =0 integral formulation

— boundary integral equation (ex:)

0x.0)= |[[ 6x"DGx.x\Ndv(x') =6,(x.1) xeaD

supp(6)

« U, #0 prescribed flux — particles generation

X, =X +U,(6t/2)

©, = ¢,01
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2. Porous media

Flow + Transport

flow : saturated — Darcy

unsaturated — Richard

—

Output : velocity field U

transport = advection + dispersion + ...

% +div(Uc) = div(l? - grﬁic) +S(¢)
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2. Porous media

Darcy. :
-Ap=3S§,

Q=—I?-grgip

+ boundary conditions

Integral solution :

p(x)=
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2. Porous media

Darey: discretisation :

Particle (sources only) :

p,(x)=
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2. Porous media

Particle method for Darcy problem :

+ easy account for complex geometry
+ direct construction procedure

- boundary integral formulation o Poisson Eqg

- computational cost

(even with fast summation algorithm)
- non uniform K — no explicit green function known

— other integral formulation; (PSE)

14/10/2008 Dubrovnik




2. Porous media

Transport

Dispersion velocity.

Advection equation
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2. Porous media

Transport Discretisation :
AEHEPNHARCED &

de(X) 0 \ dcC, _
dt dt
dx dX,
e —_— = +
dt dt

0

_|_

grad(c, (x,1)) = Y C, grad(g,(x - X,))

ECkgrﬁi(gg(E_ )_(k))
Y C.(x-X,)

— Up, =—
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2. Porous media

Particle method for transport equation
+ currently used with random walk
advection : no stability condition

n
+ easy treatment of non-uniform dispersion
+ no dissipation (locall conservation)

- computational cost ...?

- [nstabilities for discontinuous dispersion
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2. Porous media

Unsaturated (Richard) .

 Two — phase flow
» | ocalised gaz inclusions

— 0O unknown water content

— gravitation — density contrast :

» Richard's equation :

%+div(§(9)-(@9+g)) =0
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2. Porous media

Why particle method ?

+ discontinuous Initiall data
+ |ocalised information

- requires a specific discretisation of the spatial operators
— twoisolutions: :
s convective fiermulation
o particle Strengtnrexcnange

- CPU'time consuming due to particle/particle interactions
— Jast summation: algeritnm

~ Vitlugriauntegralfevaluation
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3. Unsaturated flow

Richard's equation + dispersion velocity :

90 d0

o div(K©)-(gradd+e))=0 = 57 div(U,68)=0

U, =-K(6)-(gradd + ¢, ) /6

ot

Discretisation :
0,(x,1)= D 06, (X;—x), gradf,(x,1)= ) ©gradg, (X, - x)

de, _,
dt

By :<9h0_<k>>(gfﬂ<9h0—‘k>>+€z)/[ZQJGE(X" _Xj)]
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3. Unsaturated flow

Richard's equation + PSE
Hydraulic diffusion: :

E= K(Q)grad@ S, = il

d0 6 -0

. dlv(K(Q) (gradH L gz)) W 2 ds,

ot

' (I?gz) le(E gradS)

S, : effective saturation
0, : residual moisture
K. permeability

E : hydraulic diffusivity.
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3. Unsaturated flow

Richard's equation + PSE
diffusion operator — integral operator :

div(E-grads, ) = [ (E)+ E@))-(S.(x) = S,@)m, (|x'- o) dv(x)

Rd
Discretisation :

Jj [div( £+ grads, ) v

% . )
s Z(Eo_m E(Xj))[Se()_(j) [dv-5,x)]av

/

= |s=spsry (B +E)(s7|p] -7
g
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3. Unsaturated flow

Numerical results :
Evolution of a water drop in an unsaturated medium

» Unbounded 2D domain
» Van Genuchten’s model for the soil water retention curve
 adimensionalised Richard’s equation

only function of VVan Genuchten’s parameter (n = 6)

e guassian initial condition :

Se()_(’o) ¥ Smax exp(
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3. Unsaturated flow

Physical parameters
nitial final

S, : effective saturation

K : permeability

1 Method DYM  ——
4 Method PSE —_—
1|  Model NAPL ——

: hydraulic diffusivity
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3. Unsaturated flow . o
Discretisation error

-+ Grid method —

048 -

0475 -

g
:
&

CPU TIME (=zec)
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046
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3. Unsaturated flow

infiltration and diffusion velocities vertical component

tF = 10,39655

UdS Qg +U,

o Al

=4 0 9 g
U, =—E(©)-grad(6)
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Conclusion

Particle method = unusual approach

— Darcy :
= poundary integral equations
= Grid-particle method recommanded
— transport :
= currently used in the Monte-Carlo version
= |ow numerical dispersion
— unsaturated :
= only one previous attempt (L. Rossi)
= Usefull for unbouded flow: perturbation
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