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n Especially in structured, agricultural areas propagation 
modelling often reaches its limits. Dynamic propagation mo-
dels are used to take circulation around buildings and lands-
cape components into consideration [Lodomez]. In order to va-
lidate new models, measurements under natural conditions are 
unavoidable. Dealing with the propagation of dust the usage of 
conventional measuring systems based on tracer gases is not 
possible. The reason is that aerosol specific physical properties 
can not be validated with this technique. This is why the work 
group Energy and Environmental Physics at the Institute of 
Physics at the University of Bonn, in cooperation with the In-
stitute of Agricultural Engineering, developed both a dynamic 
propagation model called STAR3D and a technique to validate 
aerosol propagation models.    

The dynamic propagation model STAR3D
STAR3D (Simulated transmission of aerosols in 3 dimensions) 
allows for a dynamic examination of aerosol propagation cha-
racteristics. This program is based on the earlier at the Institute 
of Applied Mathematics at University of Bonn developed soft-
ware Nast3DGP [Griebel]. It solves the incompressible Navier-

Stokes-equations for a freely adjustable volume via numeric 
approximation.  

     [Eq.1]

  [Eq.2] (Navier-Stokes-equations)

( u = Wind velocity, g  = external forces, p = pressure,  
Re = Reynolds number and Fr = Froude number) 

Hereby it is possible to compute the wind field in a test vo-
lume under consideration of obstacles (buildings, trees etc.), as 
well as define the inflow unrestrictedly which allows to take the 
influx of exhaust air from chimneys into consideration.

The simulated wind velocity field can be implemented into 
STAR3D to compute the particle trajectories following the equa-
tion

     [Eq.3]

Here px  denotes the particle position, αw the coupling bet-
ween the particle and the external wind velocity field, u   the 
wind velocity at the particle‘s position, λ the diffusion con-
stant, e  a unity vector denoting the direction of diffusion and 

sedv  the particle‘s sedimentation velocity [Rosenthal]. Via the 
so computed particle distribution the total immission can be 
calculated for every time step using integration methods. 

In order to validate such a method it is therefore useful to 
measure the aerosol concentration or the amount of deposed 
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aerosol particles in regard to the spatial distance from the sour-
ce with a suitable measuring procedure and to compare it to the 
simulation results.

The validation system 
A general problem while investigating the propagation of aero-
sols under natural conditions is the relative high background 
aerosol concentration. Adding another source, e.g. another ex-
haust chimney or barn, does not increase the backgroud con-
centration significantly, respectively it is not possible to assign 
the particles to a distinct source. Therefore it is not possible to 
make reliable predictions about the transmission of aerosols. 

This is why a suitable tracer must be found, that on one 
hand has similar properties to the dust under investigation and 
on the other hand holds distinct features that allow to identify 
the tracer efficiently and without mix-up. Furthermore the tra-
cer must not be dangerous towards the health of man or animal, 
nor harm the environment. 

The here described method uses BHA Visolite® by Gene-
ral Electrics as a tracer. This is a fluorescent powder based on 
Natriumcarbonat. To induce fluorescence the sample is enligh-
tened with light of wavelength between 390nm – 400nm. The 
tracer‘s emmission spectrum lies in the range between 590nm 
and 650nm. 
A validation method may be divided into several parts:

1. First of all the tracer must be transformed into an aero-
sol and released via a suitable exhaust air system. This is why 
a mobile exhaust chimney consisting of exhaust pipes with a 
diameter of 920mm was constructed at the Institute of Agri-
cultural Engineering. A fan was installed inside the chimney 
and creates an exhaust air flow into which the tracer particles 
were dosed. The chimney was mounted onto a 1.5m high truck 
trailer, resulting in an exhaust height of 6.50m. The resulting 
exhaust air speed alternated around an average of 10m/s. This 
corresponds to a typical summer situation in a barn housing 
200 pigs [Jungbluth]. With the help of an optical particle detec-
tor number and size of the particles contained in the exhaust 
air were measured.

2. The most important point in determining the quantities 
that govern  propagation  is weather measurement technology. 
In our case an ultrasonic anemometer of type USA-1 manuf-
actured by METEK was used to measure the three component 
wind velocity, this means for every Euclidean direction in space 

a wind speed component is measured. Furthermore a statio-
nary weather station next to the simulation area was used to 
measure wind direction, wind speed, air pressure, temperature 
and relative air humidity.

In order to detect the emitted tracer particles there must be 
measuring points in the propagation area. One has to distingu-
ish if amount or concentration of aerosols is to be measured. 
In this case special deposition measuring devices were used. 
They consist of one meter high upright columns, carrying a hol-
der for two glass slides. Every column is surrounded by a wind 
shelter that prevents the deposed particles from being stirred 
up again. Polysine® slides with a size of 76mm length and a 
width of 26  mm were used. The slides are coated in a way that 
particles are bound both electrostatically and chemically to the 
surface. In order to analyse the size and shape of the particles 
one needs a technique that can on one hand analyse the dust 
and on the other hand distinguish between tracer particles and 
dust.

The Universal Particle Measurement System (UPMS)
The UPMS is a measuring system that allows to analyse parti-
cles adhering to surfaces and contains an optical system that 
can be moved mechanically over any given surface in three di-
mensions. Particles adhering on the surface are pictured and 
later analysed. To distinguish between the collected dust in ge-
neral and the tracer particles the surface is illuminated alter-
natingly with a transmitting white light source and an incident 
ultraviolet light source.  

While the first method pictures all particles, the second shoot 
takes advantage of the tracer‘s fluorescent properties. One can 
easily see the according to their fluorescence spectrum glowing 
tracer particles while other particles remain dark (Fig.  1). The 
surface is analysed step by step, taking two pictures of every 
spot. In order to stay in focus the distance between surface and 
objective must be held constant while deviations of only a few 
micrometers are already unacceptable. Therefore the position 
of the object is optimized mechatronically. 

Sample, illuminated with transmitted white light (left) respectively 
incident ultraviolet light (right)

Fig. 1

Onview on the experimental area. The red point marks the point of 
emission, while the pie charts mark the points of dust collecting

Fig. 2
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For this reason the distance is varied for every position and 
the sum of the gradients of brightness of two adjacent pixel in 
the picture taken as an indicator for the picture‘s quality. This 
results in a huge amount of data that has to be proceeded. This 
is why a basic focussing process is implemented, but this so 
called Guided-Focus can be used only on planar surfaces. On 
the basis of reference data the objective is moved on a virtual 
focus layer in a constant distance to the surface. In this way 
the complexity of the focussing process can be reduced and the 
scanning process is accelerated. The image files are analysed 
using the graphic library OpenCV [OpenCV]. The evaluation 
process  can be divided into several parts. First the sample is 
segmented. Afterwards connected pixel areas are identified as 
particles and their equivalent area is determined. Finally the 
UPMS provides an overview on number and size distribution 
of both dust in general and tracer particles. This way one can 
compare the simulation results to experimental data.

Results
In order to validate STAR3D and to test the validation system 
field tests were performed at the model and research farm Di-
kopshof. Beginning at the earlier described chimney 9  measu-
ring points were installed on 3 rays (see Fig. 2). The central 
ray headed north west, following the main wind direction. Two 
additional rays ran left and right from the central ray under an 
angle of 20°. The measuring points are aligned on the rays in a 
distance of 50m each. The emission point, located in the origin 
of the three rays, could be flown against freely. The average 
wind velocity that day was arout 3.5m/s.   

Within an hour 140mg/s of tracer dust were emitted. After-
wards the glass slides were analysed in the lab using the UPMS. 
Meanwhile the progress of propagation was simulated with the 
help of STAR3D, using the wind velocity, emission data and 
average exhaust air velocity, that were measured every second 
during the test run, and tracer particle 
properties determined earlier in the 
lab. Here a simulation area of 200m 
width, 200m length and 40m height 
was chosen. The grid length was 1m, 
resulting in 1.6 million cells that had 
to be calculated for every time step. 
This results in a simulation time of 
three months.

Figure 2 and figure 3 show mea-
sured (red) and simulated (blue) 
results compared in regard to the 
number of particles per square meter. 
One sees clearly that there is a good 
accordance between simulation and 
test run. It has to be taken into consi-
deration that in the simulation a red-
uction depending on the particle size 
fraction was chosen. The simulation 
result was rescaled with a constant 

factor to allow for a comparison between results. Taking whole 
of the simulation area into consideration, a difference of about 
14% can be found.

Conclusion
In a test run it could be shown that our system can be used 
to validate propagation simulation. The UPMS was constructed 
and could proof its functionality under natural conditions. 
STAR3D can be used to simulate propagation sceneries. In a 
first test run a deflection of only 14% compared to the measure-
ment results was found. However, one has to take into conside-
ration that in our test run the area was planar and the emission 
source could be flown against freely. STAR3D in contrast was 
developed to simulate propagation in complex, cropped areas. 
Therefore the test run can be seen as a very simple case, for 
which also less complex propagation models with less compu-
ting time give good results. In spite of everything the results 
are promising and both UPMS and STAR3D provide the possi-
bility for new methods of both simulating particle propagation 
and validating it. 

Shown is the number of tracer particles per square meter for each of the nine deposition points. 
Experimental data is shown in red, while blue shows the simulation results.

Fig. 3
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