












• Flow around a box: Result of a 3D time-dependent simulation
of an incompressible turbulent flow around a square cylin-
der at Re = 22.000. The simulation was performed using
a spectro-consistent discretization of the Navier-Stokes equa-
tions [29]. The simulation was carried out on a rectilinear grid
of size 256×448×64.

• Flow around a cylinder: Large eddy simulation of an incom-
pressible unsteady turbulent flow around a wall-mounted fi-
nite cylinder at Re = 200.000 [5]. 22 time steps were simu-
lated. The size of the data grid is 256×128×128.

• Kármán vortex street: Result of a 3D simulation of an incom-
pressible unsteady flow over an immersed thin cuboid obsta-
cle at Re = 100. The simulation was performed via numer-
ical solution of the Navier-Stokes equations according to [7].
The data set contains 30 time steps, each of which is of size
256×64×64.

• Double-vortex flow: A steady axisymmetric flow with two
counter rotating vortices, which was computed using the fol-
lowing analytical expression for velocity F = (Fx,Fy,Fz):

Fx = (−y + 0.5) + (0.5 − 2.0 · x)/10.0

Fy = (2.0 · x − 0.5) + (0.5 − y)/10.0

Fz = −z/10.0.

The computed velocity field corresponds to a spiral-like flow
along the z-axis with the velocity magnitude decreasing to-
wards the main axis of the spiral. The velocity field was mir-
rored to obtain the two symmetric vortices.

To validate the effectiveness of the proposed techniques, in Fig-
ures 9 and 10 we show additional visualizations of the described
data sets using different importance-based visualization methods.
With respect to the generated images we should note here, that the
benefits of particle-based flow visualization can best be perceived
in an animation. In a still image, oriented particles can show the di-
rection of the flow quite clearly, but in contrast to LIC, for example,
coherent particle trajectories can hardly be observed.

All of our tests were run on a dual core Core2 Duo 6600
equipped with a NVIDIA Geforce 8800 GTX graphics card with
786 MB local video memory. In terms of performance it can be
observed that on recent GPUs the particle advection step only con-
sumes a negligible fraction of the overall time. For instance, in a
steady field about 100 millions of particles can be integrated per
second using an embedded RK3(2) scheme on our target architec-
ture. Although this rate drops significantly in the unsteady case,
where streaming the time steps consumes most of the time, we can
still trace about 20 millions of particles per second in a time-varying
flow field of size 256×256×256. For more detailed timings the
reader is referred to [2].

The performance of the technique thus strongly depends on the
number and the size of the rendered particles. In particular, as soon
as many large particles are rendered the application quickly be-
comes raster bound and the overall performance can decrease con-
siderably. On the other hand, as the proposed importance-driven
approaches can effectively reduce the amount of rendered particles,
in none of our experiments the performance dropped below 100 fps.

7 CONCLUSION

In this paper, we have presented particle-based visualization tech-
niques for 3D flow fields. These techniques incorporate a number
of importance measures to enable an improved visual analysis of
the flow. The user controls the appearance of the visualization by
a few parameters such as the size and location of a focus region,
weights for the context region, and the size, shape and transparency

Figure 9: The top image depicts an iso-surface of the FTLE in the
Kármán vortex street. The visualization of this data set using anchor
lines is shown in the bottom image. Two anchor lines have been
placed in the region of high FTLE. From the particle distribution one
can see where particles start to separate from their anchor, and the
transparency coding shows how fast they separate.

of particles traced through the flow. In addition, feature measures
that are directly derived from the flow are considered to adaptively
modify the particles visual attributes. In this way, better and faster
understanding of complex flow structures is supported. As the pro-
posed techniques run at interactive rates they can provide rapid vi-
sual feedback and thus allow for an effective visual exploration of
the flow. As the current implementation is restricted to flow fields
on uniform sampling grids we will investigate its extension to un-
structured grids in the near future. As none of our proposed algo-
rithms inherently depends on the uniform grid structure, we expect
this extension to be straightforward, at least from an algorithmic
point of view. However, the realization of real-time approaches for
GPU-based particle tracing in unstructured grids will leave suffi-
cient room for further research. Another important issue that will be
addressed is the integration of topological features into importance-
based visualizations. We believe that especially the combination of
such features with anchor lines to highlight coherent structures in
the flow is an interesting visualization option. Finally let us mention
that the proposed techniques can effectively be used for uncertainty
visualization. By simply replacing focus by certainty and context
by uncertainty the proposed techniques can be used to distinguish
between regions containing reliable and non-reliable information.
In the future we will investigate in more detail the application of
the techniques proposed in this paper for uncertainty visualization.
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