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Summary

Airborne drift of dust from pesticide-treated seed to non-target organisms has become a 
major environmental concern in recent years. Predicting the dispersion of this type of dust is 
challenging because dust particles are very irregular in size, shape, density, internal porosity 
and chemical composition. In this work, a CFD Lagrangian particle tracking model that 
accounts for the irregular properties of these particles was developed. Dust properties were 
measured experimentally and implemented in the CFD model. Simulated dust deposition 
patterns agreed well with wind tunnel data. Simulations also demonstrated the importance 
of micro-CT to account for particle shape and porosity. The model can be used to simulate 
realistic seeding scenarios, indicating the influence of dust properties, seeder design and 
wind conditions. The modeling approach presented in this work can also be applied to the 
simulation of other types of dilute particle flows.
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Introduction

Particle-laden air flows occur in a wide variety of industrial, medical and environmental 
applications, such as fluidised bed reactors, pneumatic conveying systems, drug transport in the 
human respiratory system, pesticide spraying in orchards, air pollutant dispersion, etc. In some 
of these applications, the particles may be nonspherical. Nonspherical particles have a different 
aerodynamic behaviour than spherical particles (Chabra et al., 1999). An accurate description 
of nonspherical particle transport is of great importance in predictive modeling. The particles 
considered in this work are dust particles abraded from seeds treated with plant protection products. 
During sowing of treated seeds, dust particles can be abraded from the treatment layer and emitted 
into the environment, causing damage to non-target organisms. This environmental problem has 
been widely investigated in recent years (Nuyttens et al., 2013). Previous research (Devarrewaere 
et al., 2015; Foqué et al., 2014) pointed out that dust from treated seeds is irregular in size, shape, 
density, internal porosity and chemical composition. 
Because of the ever-increasing power of computer hardware, simulations of complex flows using 

computational fluid dynamics (CFD) tools are becoming competitive alternatives to experiments. 
For example, CFD has been used extensively in recent years to simulate orchard spraying systems 
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(Endalew et al., 2010; Delele et al., 2007; Baetens et al., 2007).There are two main families of 
methods to treat particle transport in fluid flows: Eulerian and Lagrangian. In the Eulerian or “two-
fluid” approach, the particles are considered a continuous phase for which the averaged conservation 
equations (continuity, momentum and energy) are solved similar to the carrier gas flow field. The 
Eulerian approach is particularly suitable for denser suspensions when particle-particle interactions 
are significant and the effect of the particles on the flow is not negligible. In the second approach, 
called Lagrangian, the particles are considered as a discrete phase dispersed in the continuous 
phase. The flow field is calculated and a representatively large number of particles are injected in 
the flow field. Their trajectories are determined by tracking individual particles until they leave the 
computational domain or some termination criterion has been met. Particle motion is extracted from 
the time integration of Newton’s second law, in which all the relevant forces can be incorporated 
(drag, gravity, lift, thermophoretic force, etc.) The Lagrangian approach is computationally intensive, 
because it entails tracking a large number of particles until particle statistics have stabilised. On the 
other hand, the results of Lagrangian particle tracking are physically easier to interpret. Therefore, 
the Lagrangian approach is used in this investigation.
In the following study, a Lagrangian particle tracking model is presented to simulate the dispersion 

of seed treatment dust in an air flow (Devarrewaere et al., 2014). Various user-programmable features 
were implemented because the default capabilities of the modeling software were insufficient 
to describe the irregular nature of this type of particles. Furthermore, it is more relevant in most 
practical applications to predict dispersion patterns of active ingredient only instead of the total dust 
mass. An approach is presented in which dust particle trajectories are calculated based on their total 
mass, but mass deposition patterns are calculated based on a particle size-dependent mass fraction 
of a.i. only. The CFD model was validated with data from a wind tunnel experiment. Ultimately, 
the potential of applying this model to other types of dust is discussed.

Materials & Methods

Wind tunnel experiment
Dust from maize seeds treated with a plant protection product containing methiocarb was collected 

in post-treatment filtering installations in Germany. The dust was mechanically sieved using Retsch 
sieves in three size fractions: < 160 µm, 250‒450 µm and > 500 µm. The methiocarb content of 
the three dust size fractions was measured experimentally (Table 1). 
The wind tunnel experiment was conducted at JKI in Braunschweig, Germany. The measuring 

section of the wind tunnel was 2.5 m wide, 1.6 m high and 11.48 m long. A wind turbine at the inlet 
generated the air flow. The pressure difference measured at the inlet and the outlet of the funnel 
was used to calculate the mean wind velocity. The experimental set-up is illustrated in Fig. 1.

Fig. 1. Experimental set-up of the dust drift trials. The dust source and dust collectors are indicated on this 
top view of the wind tunnel. Three dust size fractions were released at three wind velocities.
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Deposition of active ingredient was measured on six dust collector strips
Dust was released at a height of 0.7 m at the centre of the wind tunnel inlet. Samples of the three 

size fractions of dust were released separately at three wind velocities: 1.5 m s-1, 3 m s-1 and 5 m 
s-1. Three replicates of each combination of dust size fraction and wind velocity were performed. 
The wind tunnel contained dust collectors at six distances from the dust source: 0.1 m, 0.5 m, 1 m, 
3 m, 5 m and 10 m. The dust collectors were moistened filter paper strips on wooden laths of 5 mm 
high and 3 cm wide across the whole width of the wind tunnel. The rest of the wind tunnel floor was 
covered with wet fleece, to avoid secondary dust movement. The mass of deposited active ingredient 
on the filter strips was measured by means of high-performance liquid chromatography (HPLC). 

Dust properties
Particle size distribution
Particle size distribution (PSD) was measured by means of wet laser diffraction (Foqué et al., 2014). 

A Malvern Mastersizer S device was used with sunflower oil as the dispersion medium. This precise 
technique generates sample volume fractions of 44 particle size ranges from roughly 5 µm to 3.5 
mm. The results were approximated with Rosin-Rammler distribution functions (Vesilind, 1980). 

Density
The density of the dust samples was determined using a gas displacement pycnometer. The density 

value produced by this technique is assumed to be the true material density. However, a study of 
the microstructure of dust from treated seeds by Devarrewaere et al. (2015) demonstrated that 
this type of dust is significantly porous internally. In order not to overestimate dust particle mass, 
internal porosity measurements were used to correct the true density of the dust samples to the 
envelope density.

Shape
Dust particle sphericity was analysed by means of 3D X-ray microtomography (Devarrewaere et 

al., 2015). Sphericity values were plotted as a function of particle size and a logarithmic function 
was fitted to describe particle shape of the three dust samples as a continuous function. The micro-
CT data of the three dust samples were combined to fit a single function. 

Active ingredient content
The mean mass fraction of active ingredient of the three dust samples was measured experimentally 

by means of gas chromatography-mass spectrometry (GC-MS). Based on prior knowledge of other 
dust samples, a sigmoid correlation of active ingredient with particle size was assumed. A sigmoid 
function was fitted through the measurement points.

CFD model
ANSYS CFX software (ANSYS® Academic Research, Release 16.0) was used to develop a 

Lagrangian particle tracking model. The computational domain of the wind tunnel was discretised 
with a uniform, Cartesian mesh consisting of 2,973,440 cubical elements. It was assumed that the 
dispersed phase is dilute enough not to affect the continuous flow field (one-way coupling). The 
dust drift trials were simulated in CFD as steady-state processes.
Each dust sample was modeled by 250,000 representative parcels. The PSD’s were implemented 

using Rosin-Rammler distributions. Only the characteristic size (location parameter) and the 
uniformity constant (spread parameter) are needed to describe the whole PSD. User-defined materials 
were created for the small, intermediate and large dust size fractions. Each material was assigned the 
envelope density calculated from the true density and the weighted mean internal porosity values. 
The forces that determined particle movement in this model were gravity and drag only. Other forces, 

including turbulent dispersion, lift, and electrostatic forces were neglected. The default drag model 
for solid particles in an air flow in ANSYS CFX is the Schiller-Naumann model, assuming particle 



230

sphericity. This assumption is not valid in the case of seed treatment dust, so the drag correlation 
of Chien (1994), that uses particle sphericity as a shape factor, was implemented as a particle user 
routine instead. The code was written in Fortran and compiled using Intel® Composer XE 2011. 
A logarithmic correlation between particle sphericity and particle size was found (Section 3.2). 
This relationship was also implemented in the script. This way, it was acknowledged that particles 
are not spherical and also that small and large particles have different degrees of nonsphericity. 
Similarly, the correlations of a.i. content with particle size were also implemented as a particle 

user routine. The estimated sigmoid functions were written in a Fortran script and compiled for 
the CFD software. A.i. deposition patterns were computed based on these estimated functions. 
Drift curves were generated by plotting the dust mass flow rate (µg m-2 s-1) on the floor of the wind 
tunnel as a function of horizontal distance (m) from the dust source.

Results

Dust properties
The physical and chemical properties of the three dust samples used in the wind tunnel experiment 

are summarised in Table 1. 

Table 1. Physical and chemical properties of the dust samples used in the wind tunnel 
experiment

Dust sample < 160 µm 250‒450 µm > 500 µm
Rosin-Rammler size (µm) 187.9 673.4 1339.7
Rosin-Rammler power 3.27 2.87 2.86
Weighted mean porosity (%) 21 39 36
True density (g cm-3) 1.56 1.38 1.42
Envelope density (g cm-3) 1.25 0.82 0.91
Weighted mean sphericity 0.52 0.55 0.32
a.i. content (%) 59.90 45.30 11.35

Particle size distribution
The particle size distributions from the laser diffraction of the three dust samples fit very well to 

Rosin-Rammler particle size distributions, with coefficients of variation (R²) of 0.9997, 0.9982 
and 0.9987 for the small, intermediate and large size fractions respectively. The Rosin-Rammer 
size and power of the three dust samples are presented in Table 1.

Density
The true density of the small, intermediate and large dust size fractions were 1.56 g cm-3, 1.38 

g cm-3 and 1.42 g cm-3 respectively. These dust samples had a weighted mean internal porosity 
of 21 %, 39 % and 36 % respectively. These values were used to correct the true density to the 
envelope density. The calculated envelope density values were 1.25 g cm-3, 0.82 g cm-3 and 0.91 
g cm-3 respectively.

Shape
The following logarithmic relationship of particle sphericity as a function of particle size was 

found, with x being the particle size in µm.  

0.0578ln( ) 0.8233y x    
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Active ingredient content
Measurements of chemical content showed that smaller dust particles have a higher concentration 

of a.i. These results confirm previous findings4, showing that the composition of seed treatment dust 
is particle size-dependent. The differences are significant, with the small dust size fraction containing 
59.9 % a.i., the intermediate size fraction 45.3 % and the large size fraction only 11.35%. These 
results are mean values of partly overlapping size ranges and they suggest a continuous decline of 
a.i. content with increasing particle size. A sigmoid relationship between the a.i. content of the dust 
as a function of particle size was fitted to the experimental data. The sigmoid equation, in which 
x is the particle size in µm, is stated as follows.

Average a.i. contents of the three dust samples were calculated based on this function and the 
PSD’s from the laser diffraction analysis. The calculated values of the small, intermediate and 
large dust size fraction were 59.8%, 42.1% and 16.1% respectively. These values agree well with 
the measurements, demonstrating that the function provides a good estimate of a.i. content for the 
whole size range of the dust.

Wind tunnel experiment and CFD
The dust deposition results of the wind tunnel trials are shown in Fig. 2, expressed as the average 

mass of a.i. (in µg) settled on each of the deposition strips. The error bars represent the standard 
deviation resulting from the three replicates. The CFD drift curves are also shown in Fig. 2 as 
normalised solid lines. If shape properties of the dust particles are ignored in the computations the 
dotted lines are obtained.

Fig. 2. Experimental results and simulated dust deposition curves (solid lines) of the wind tunnel experiment. 
The simulated dust drift curves are normalised to the overall maximum simulated deposition value. 
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Discussion

The experimental deposition patterns of the small and intermediate dust size fractions are as 
expected. First of all, the highest mass deposition measurement moves further away from the dust 
source as the wind velocity increases. Secondly, for any wind velocity, the highest mass deposition 
of the intermediate dust size fraction is closer to the dust source than that of the small dust size 
fraction. Thirdly, as wind velocity increases, maximum a.i. deposition values of all dust samples 
tend to decrease. Dust deposition patterns are more spread out at higher wind velocities, causing 
lower deposition values on the dust collectors. The deposition results of the large dust size fraction 
at intermediate and high wind velocity seem unreliable. 
The simulated dust drift curves generally agree well with the experimental dust deposition 

patterns. Firstly, the peaks of the simulated drift curves of all trials were located in the distance 
range expected based on the experimental results. Secondly, the simulated deposition patterns of 
all dust samples are more spread out at higher wind velocities. The lower experimental values at 
higher wind velocities indicate that this was also the case in the wind tunnel experiment.
The adequate agreement between experimental and simulated results demonstrates that the dust 

properties were accurately measured and correctly implemented in the CFD model. Fig. 2 also 
shows simulated dust deposition patterns that occur when nonspherical particle shape, internal 
porosity and the particle size-dependent dust composition are neglected in the CFD model (dotted 
lines). In these simulations, particles were assumed spherical and they were assigned their true 
density instead of the porosity-corrected envelope density. Furthermore, the deposition pattern of 
the total dust mass was scaled down with a constant factor (the average a.i. fraction of the dust 
sample) to obtain the a.i. deposition pattern, instead of using the sigmoid a.i. function developed 
in this work. Because of these simplifications, particle drag was underestimated and the gravity 
force was overestimated. Also, the a.i. content of smaller particles was underestimated, whereas 
that of larger particles was overestimated. It is clear that the implementation of particle shape, 
porosity and size-dependent a.i. content in the CFD model greatly improves the validation results. 
This underlines the relevance of size, shape and microstructure of the solid particles in dust drift. 
The particle analysis methods and the modeling approach presented in this work can also be applied 

to other types of dilute suspensions, provided that drag and gravity are the main forces influencing 
particle motion. This is mostly the case in drift of relatively coarse particles, for example wind-
driven erosion of silt and sand from soils. The presented work is less suitable for finer particles 
such as aerosols and atmospheric pollutants because in these systems turbulent dispersion effects 
tend to dominate.
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