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Regular Grid vs. Dynamic Adaptivity

'

&

$

%

� ��� ���� ���� ���� ���� ���� ���� ���� ���� ����

�����	���

�����	���

�����	���

�����	���

�����	���

�����	���

A����	���
BCDEFEC���������������

BCDEFEC���������� !�

� ��� ���� ���� ���� ���� ���� ���� ���� ���� ����

�����	���

�����A���

�����A���

B����A���

C����A���

�����A���

�����A���

�����A���

��B��A���
DEF�����������������

DEF��������E��F !�

Figure 5: Location and velocity magnitude of

a sphere transported by a 2D channel flow over

time.

The red lines correspond to the fine grid solu-

tion, the blue lines represent the solution ob-

tained by the dynamic adaptivity approach.
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Application: Particle Transport in Nanopore

Figure 4: Spherical particle moving in an oscillating flow

through a nanopore. The grid is dynamically coarsened and

refined according to the position of the particle. Brownian fluc-

tuations are imposed via the stochastic multiple relaxation time

model[1].
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Dynamic Refinement and Coarsening
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Figure 3: Dynamic refinement and coarsening algorithm applied near the overlap region from Fig. 2.

Dynamic refinement (left): All distribution functions (blue and yellow arrows) in the original overlap layer

are prolongated to the fine level. Besides, the neighboured layer of cells (red cells) is refined and the

distribution functions pointing into the fine grid (black arrow) are prolongated as well. The red cells

become the new overlap region, the black cells are turned into fine grid cells.

Dynamic coarsening (right): The distribution functions of the fine grid (grey and blue arrows) and the

distributions that enter the overlap region from the fine grid (green arrows) are restricted to the coarse

grid. The original overlap region is coarsed, and the neighbouring fine grid region becomes the new

overlap region.
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Adaptive Refinement

• Based on volumetric adaptivity concept, see amongst others [2]

• Implementation within Peano framework [3] → dxcoarse

dxfine = dtcoarse

dtfine = 3
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Figure 2: Adaptive sub-timestepping algorithm [2]. The centered overlap region is used to transfer the

distributions between the coarse and the fine grid. Instead of refining single cells, the presented scheme

is applied to blocks of cells within Peano.
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Motivation

One of the most challenging research fields of computational fluid dynamics is the field

of fluid-structure interaction problems. A bridge pillar exposed to the exerted forces

of waves, a heart pumping blood through a human body or a DNA protein folding in

a Brownian suspension - each of these scenarios demonstrates the strong impact of

fluid-structure interaction processes on our daily life.

Considering the underlying characteristic spatial and temporal dimensions, the variety

of the scales on which the fluid-structure interactions can occur immediately becomes

apparent. Besides, with the structural bodies changing their positions and even their ini-

tial forms, a dynamically changing, fine-resolution description of the geometrical setup is

required. On the other hand, a coarser discretisation of the flow field might be sufficient

in subdomains which are located farther away from the moving structure.

Our poster describes a partitioned coupling method for the simulation of fluid-structure

problems based on adaptive Cartesian grids. In order to comprise a wide range of

scales, the Lattice Boltzmann method - a mesoscopic approach to fluid dynamics ca-

pable of capturing macroscopic and a variety of microscopic small-scale effects - is

used to simulate the flow. The problem of geometrical body movement is addressed via

a new algorithm steering the dynamical adaption of the fluid solver and its discretised

domain to the structure; it is implemented within the Peano framework, a well-suited

environment for simulations on dynamically changing grids.
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The Lattice Boltzmann Method
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Figure 1: Lattice Boltzmann algorithm on a 1D grid. The arrows represent the different distribution

functions and their respective lattice velocities ci. The grey-coloured distributions enter the simulation

domain from the outside.

• Compute probability fi(x, t), i = 1, ..., Q, for finding fluid molecules with velocity ci in

small surrounding of x at time t according to

f∗i (x, t) = f
eq
i (x, t) + ∆i(f (x, t) − feq(x, t)) Collide Step

fi(x + ci · dt, t + dt) = f∗i (x, t) Streaming Step

• Incorporation of fluctuating hydrodynamics via stochastic multiple relaxation time

model[1]:

∆(f − feq) := M−1ΛM (f − feq) + M−1ΦR,

M ∈ R
Q×Q moment matrix, Λ, Φ ∈ R

Q×Q diagonal matrices with Λ2
ii+Φ2

ii = 1, R ∈ R
Q

Gaussian noise with zero mean and unit variance
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