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Summary 

 

  When sowing pesticide-treated seeds using pneumatic seed drills, contaminated 

dust particles may be abraded from the seed treatment and expelled into the 

environment. In this study, a computational fluid dynamics (CFD) model was 

developed to calculate the airflow and the dust particle trajectories around 

stationary pneumatic seed drills, as a first step towards assessing dust drift in the 

field. Three machine configurations were studied: a pressurized seed drill and a 

pneumatic precision drill with and without air deflectors. Model results were 

compared to experimental data.  
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Introduction 

 

  The emission of abraded seed treatment particles by pneumatic seed drills into the 

environment has been linked with honey bee poisoning incidents in several countries in recent 

years (Nuyttens et al., 2013). The problem of dust drift has since received significant 

scientific interest (Herbst et al., 2010; Nikolakis et al., 2009). In an effort to better understand 

this problem and to propose dust drift mitigation measures, a modelling approach was 

adopted. 

  The ultimate goal of the modelling approach was to develop a simulation model capable of 

predicting the effect of environmental parameters and of the seed drill design and settings on 

dust drift in field conditions. The successful validation of an airflow and particle flow model 

in controlled conditions was an important prerequisite to reach this goal. The airflow around 

the stationary seed drills in an indoor setting is caused by the exhaust of the pneumatic 

mechanism of the seed drills. In this paper we describe a validation experiment in which the 

airflow was modelled and experimentally measured. The experimental measurements were 

performed indoors in a hangar of the ILVO institute. The three-dimensional airflow pattern 

around the machines was measured using 3D ultrasonic anemometers. The CFD model used 

simplified geometric models of the seed drills and tractors. The fan or deflector air flow was 

modelled using averaged 1D hotwire experimental data. In this paper we give an overview of 

the methodology and of the validation results. 

 

 

 



Materials and Methods 

 

CFD model 

 

The model solves the Reynolds Averaged Navier-Stokes (RANS) momentum and k-ε 

turbulence equations using the finite volume method. CFD simulations were performed using 

the software package ANSYS® Academic Research, Release 14.5. (ANSYS Inc, Canonsburg, 

USA). 

 

CFD geometry and computational domain 

 

  The geometric models of the seed drills and the tractors were simplified to reduce the 

computational cost of the meshing and the solution stages of the CFD simulations. A 

geometric detail sensitivity study was performed to establish an optimum level of geometry 

simplification. The geometries showed in Fig. 1 compromise computational cost and accuracy 

of the flow simulation. 

 

 

  
  
Fig. 1 Geometric models of the Gaspardo precision seed drill with (A) and without (B) air deflectors, 

the Kuhn pressurized seed drill (C) and the Fendt tractor (D). 

 

  The hangar in which experimental measurements were performed, was not explicitly 

modelled. Instead, virtual model boundaries were created far from the region of interest 

(bounding box of 40 m x 120 m x 30 m), with default ‘opening’ boundary conditions. These 
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consisted of a zero opening pressure across the boundary planes with low turbulence intensity. 

Possible influence of the hangar walls on the airflow pattern around the machines was thus 

ignored. The model boundary conditions and locations (Fig. 2) were chosen in such a way not 

to interfere with the airflow around the machines. The floor and machine surfaces were 

modelled as smooth solid walls. At the air inlets and outlets of the seed drills mean values of 

the 1D hotwire measurements were applied as boundary conditions. 

 
Fig. 2 Lay-out of the computational domain of the CFD model which has boundaries that are 

sufficiently far from the seed drill and tractor. Two subdomains were made, respectively around and 

behind the machine, to allow computational mesh refinement in the boundary layers on the machine 

and the airflow wake behind the machine. 

 

  The mesh consisted of three separate domains, joined together with domain interfaces. The 

main domain consisted of a coarse, structured mesh, because little airflow occurs here. Two 

sub-domains were made, respectively around and behind the machine, to allow computational 

mesh refinement in the boundary layers on the machine and the airflow wake behind the 

machine. The bounding box around the machines (Fig. 3) was meshed with a very fine 

unstructured mesh because the largest flow gradients can be expected in this region. The 

subdomain behind the machine was meshed with a structured mesh of intermediate resolution. 

The total number of mesh elements was around 16 million, depending on the machine 

configuration.  

 

 
Fig. 3 Surface mesh of the Gaspardo precision seed drill and Fendt tractor. The unstructured, 

triangular mesh is refined at edges and curvature to capture geometry details. 



 

CFD model parameters and boundary conditions 

 

  Foqué et al. (2013) characterized different pneumatic sowing machines experimentally and 

the results served as input for the CFD model (Table 1). The air velocity at the inlets and 

outlets of a pressurized seed drill (Kuhn Venta nc 3000) and of a vacuum-pneumatic precision 

seed drill (Gaspardo ST Stella 300) (Fig. 1) was measured using a one-dimensional hotwire 

(TSI, Air Velocity Transducer, Model 8455). The tractor that was used for the Gaspardo was 

a Fendt Favorit 600 LS Turbomatic. The pressurized seed drill of Kuhn required a more 

powerful tractor, a Case MX155. The Kuhn air inlet is cylindrical (air enters the curved 

surface of the cylinder) and the inlet air velocity was measured at eight measurement points of 

which a mean value was calculated. The Kuhn air outlets are the small (0.02 m diameter), 

circular openings where the seeds exit the machine. Here single point measurements were 

taken at all 24 sowing units. The Gaspardo air inlets are grids (0.10 m x 0.10 m) located at the 

back of each individual sowing unit. The five Gaspardo air deflector openings are small (0.03 

m diameter). Point measurements were taken at each sowing unit. If no air deflectors are 

installed, the surface area of the Gaspardo fan opening is large (0.31 m x 0.06 m) so a mean 

value of six measurement points across the length of the fan opening was calculated. 

 

Table 1. Air velocity at seed drill air outlets and inlets at fan settings used in the CFD model 

 

Drill fan settings 
Outlet air 

velocity (m s
-1

) 

Inlet air 

velocity (m s
-1

) 

Gaspardo Stella ST 

300 with air deflectors 
-42 mbar 

22.0 ± 0.09 

3.33 ± 0.66 

27.5 ± 0.25 

25.4 ± 0.44 

29.5 ± 0.59 

26.6 ± 0.79 

Gaspardo Stella ST 

300 without air 

deflectors 

-42 mbar 13.4 ± 6.05 1.13 ± 0.26 

Venta Kuhn nc 3000 2700 RPM 0.09 ± 0.05 2.38 ± 0.52 

 

 

Model validation 

 

  The three-dimensional airflow pattern around the machines was measured using 3D 

ultrasonic anemometers (model 81000, R.M. Young Company, Traverse City, Michigan, 

USA). Air velocity measurements were executed at various heights in a grid that extended up 

to 3 m on all sides of the seed drill air exhausts. Focqué et al. (2013) elaborately describe the 

experimental set-up and results in their paper ‘Characterisation of different pneumatic sowing 

machines’. 

 

 

 



 

Results and discussion 

 

Experimental air velocity measurements 

 

  Three dimensional air velocity measurements were taken at 750 points around the Gaspardo 

drill and at 870 points around the Kuhn drill. Mean values of the 60 repetitions were 

calculated at each measurement point. Using the Sigmaplot 12.0 software, vector plots were 

created and the discrete measurements were interpolated to produce continuous velocity 

contour plots. A general observation can be made for all three machine configurations. Air 

velocity values are very low compared to the applied air outlet and inlet boundary conditions. 

For example, the configuration with the highest outlet air velocity (26.1 m s
-1

) is the Gaspardo 

precision seed drill with air deflectors, but the maximum air velocity values in the X, Y and Z 

directions of all 750 measurement points were 0.66 m s
-1

, 0.40 m s
-1

 and 0.51 m s
-1

, 

respectively. Similar observations can be made for the Gaspardo precision drill without air 

deflectors and for the Kuhn pressurized drill. This means that there is little airflow action in 

most of the 750 or 870 measurement points. The airflow region of interest is smaller than the 

experimental measurement grid and seems to be limited to the immediate surroundings of the 

air inlets and outlets. Because the order of magnitude of the air velocity values is so low (0.01 

m s
-1

), the experimental measurements are susceptible to random variations and to air currents 

that are not caused by the seed drill air inlets and outlets. 

 

 

CFD model 

 

   CFD simulations of the three machine configurations were carried out according to the 

specifications mentioned in the Materials and Methods section. Air velocity contour plots in a 

horizontal plane (height 0.30 m) of the interpolated experimental data and of the simulated 

data are compared in Fig. 4, Fig. 5 and Fig. 6. The plotted air velocity is the value of the three-

dimensional velocity as a result of the components in the three directions. 

 

 



 
Fig. 4 Air velocity contour plots of the Gaspardo precision seed drill without air deflectors at a height 

of 0.30 m: experimental data (left) and simulated data (right) 

 

 
Fig. 5 Air velocity contour plots of the Gaspardo precision seed drill with air deflectors at a height of 

0.30 m: experimental data (left) and simulated data (right) 

 



 
Fig. 6 Air velocity contour plots of the Kuhn pressurized seed drill at a height of 0.30 m: experimental 

data (left) and simulated data (right) 

 

  Comparison of air velocity contour plots based on experimental data and on simulated data 

shows little agreement. There are a number of possible explanations for this observation. First 

of all, the contour plots based on the experimental data are a result of interpolation of 

measurements at discrete points in space. These points are all located next to the machines 

and not between them or underneath. This makes interpolation unreliable for positions 

between and underneath the machines. Secondly, the experimental measuring error is 

unknown. A third explanation is the low order of magnitude of the air velocity values (0.01 m 

s
-1

), making them susceptible to random variations and air currents that are not caused by the 

seed drill air inlets and outlets. A fourth explanation is the problem simplification that is 

inherent to any CFD simulation. The machine geometry needed to be simplified and the 

boundary conditions that were applied on the air inlets and outlets were mean values of 

experimental measurements. Furthermore, the hangar geometry was not explicitly modelled 

but replaced with open boundaries further away from the machines. These four hypotheses 

combined can explain the discrepancy between experimental data and simulated data.  

  Rather than visually comparing air velocity contour plots, a more meaningful way to 

compare experimental and simulation data might be to study patterns in air velocity change on 

a point line in the region of interest. Fig. 7 shows such a pattern on a line perpendicular to the 

machines’ symmetry plane, right behind the Gaspardo precision drill without air deflectors, at 

a height of 0.30 m. Though the absolute value of the air velocities differs significantly, the 

same pattern can be observed. The differing absolute value can have various reasons. The 

experimental values may be higher because of measuring uncertainty or because the air 

exhaust boundary conditions were underestimated in the CFD simulation. 

 



 
Fig. 7 Comparison of simulated and experimental air velocities on a line behind the Gaspardo 

precision drill without air deflectors at a height of 0.30 m, perpendicular to the machines’ symmetry 

plane 

 

  On a general note, it appears difficult to validate airflow around stationary seed drills when 

the only source of airflow is a relatively small air flux concealed in a highly complex 

geometry. The slightest uncontrollable air current can severely distort experimental 

measurements, making point-by-point validation troublesome. Furthermore, simplifications in 

the CFD simulation inevitably entail a certain modelling error. Future experiments in this 

project will involve not only airflow but particle flow too. Validating particle deposition 

around the stationary machines will implicitly also validate airflow. If the validation of 

particle deposition is successful, this will prove the airflow model is sufficiently accurate as it 

is. If not, the CFD model needs to be revised, particularly the model geometries and the 

airflow input.  
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