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Particle Mesh Simulations II

Topics:
- Review of Remeshing
- Remeshing in last weeks homework
- Review of Remeshing Kernels
- Particle Mesh Simulations and Finite  
  Difference Methods
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Figure 11: Remeshing of Particles on a Regular Grid. The particles are superimposed
on the grid and their values are interpolated onto the grid nodes. After eliminating grid
nodes with value below a threshold the grid nodes become particles ready to be con-
vected by the flow field

The Mesh-Particle interpolation (P ← M ) is denoted as IP
M . Given the vorticity

on the mesh one can recover the vorticity of each particle by defining the mesh-particle
operation IP

M :

(IM
P {(ωm,xmesh

m )}, {xp)}→ ωp =
�

m

ωmesh
i · W (

1
h

(xp − xmesh
m )). (35)

The interpolation kernel can be expressed as tensorial product W (x, y) = W (x)W (y).
For example the M �

4 kernel conserves the total value, the linear and angular impulse
between quantities on particles and the mesh and it is expressed as :

W (x) M �
4(x) =






0 if |x| > 2
1
2(2− |x|)2(1− |x|) if 1 ≤ |x| ≤ 2
1− 5

2x2 + 3
2 |x|3 if 1 ≥ |x|

(36)

Note that using M �
4 as interpolation kernel is equivalent to the Catmull-Rom spline in-

terpolation used in computer graphics.

To formally express the remeshing operation, we can suppose that we have a particle
set S = {(ωp,xp)} and W (.). Then, the result of a remeshing operation is the following
particle set:

Remeshing( {(ωp,xp)} ) = (IM
P {(ωp,xp)}, {xmesh

m }). (37)

3.2.1 EFFICIENT IMPLEMENTATION OF PARTICLE-MESH INTERPOLATION The
efficiency gain of hybrid particle methods over non-hybrid particle methods hinges on
the efficient implementation of Particle-Mesh and Mesh-Particle interpolations. As we

Particle Mesh Methods

Reference: P. Koumoutsakos, G.-H. Cottet, and D. Rossinelli, Flow Simulations Using 
Particles, Bridging Computer Graphics and CFD, 2009
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A Finite 
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Relationship with Finite Difference Methods

Timestepping Scheme
(Ex: Forward Euler)

Particle Mesh Method
Remeshing Kernel

(Ex:     )Λ1

If remeshing is done every timestep: 
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Relationship with Finite Difference Methods

Use Forward Euler to solve dx
dt = a

Use central remeshing (Λ2 kernel):

Linear Advection: ut + aux = 0

Lagrangian form: 

Particle Mesh Method:

dx

dt
= a,

du

dt
= 0

xp

It can be shown that this method (when remeshing every 
timestep) is just the Lax-Wendroff scheme in finite differences. 

xq+1
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