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Abstract
This contribution presents some of the first results obtained for numerical simulation of the air
flow over a scaled-down model of opencast coal mine. The aim is to imitate the setup used in
the wind-tunnel experiments performed in the Institute of Thermomechanics of the Academy
of Sciences of the Czech republic. The numerical solution of incompressible Navier-Stokes
equations is provided by a finite-difference semi-implicit scheme.
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Introduction

Pollution dispersion is one of the critical aspects of economy development. Therefore the accurate
prediction of pollutants propagation in the environment is crucial for future industrialization as well
as for natural resources exploitation. Within this context the airborne dust dispersion in complex
terrain is of major interest. In order to be able to predict the dust pollution it is necessary to
explore the air-flow in detail first. The terrain (in-situ) measurements are naturally the best source
of information. They are however quite expensive and thus their availability is very limited while
solving real-life problems. Thus it is necessary to employ various ways of physical and mathematical
modeling as a complement and extension of available meteorological data.
Physical modeling is usually represented by aerodynamic measurements performed on scaleddown models in a wind-tunnel. These measurements, although typically much cheaper and more
detailed than real scale data collection, still have some important limitations and drawbacks. From
many of these negative factors lets mention the limited spatio-temporal resolution, inability to reach
realistic similarity conditions (e.g. Reynolds or Rosby numbers) and last but not least the price of
these laboratory experiments is still rather high.
As a consequence of the above mentioned problems with physical modeling of atmospheric
boundary layer flows the mathematical models are often used to get the desired information about
the wind flow in complex terrain. Mathematical modeling and numerical simulation of atmospheric
boundary layer flows is still one of the most challenging problems of contemporary fluid mechanics.
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Problem description

The wind-tunnel model is based on real orography of an opencast coal mine. The model scale is
1 : 9000. The whole wind tunnel model has horizontal dimensions of 1500 × 1500 mm. The detailed
experimental data were collected just in a small portion of this area. The data points distribution
is shown in the figure 1.
Based on this setup, the computational domain was chosen to have horizontal coordinates
x ∈ h300; 1185i and y ∈ h794.5; 1094.5i. The inlet boundary of the computational domain (placed
at x = 300 mm) coincides with one of the measuremet cuts. The inlet velocity profile was thus
adopted directly from the (interpolated) experimental data. The velocity profile together with the
placement of the experimental data points is shown in the figure 2.
The nominal velocity is about 0.25 m/s which means that the coresponding Reynolds number
is of the order 103 . More details about the experimental setup and methodology can be found e.g.
in [4].

Figure 1: The experimental data points distribution.
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Figure 2: Inlet velocity profile and distribution of data points.
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Mathematical model and numerical methods

The mathematical model chosen for this case is the system of incompressible Navier-Stokes equations.
divv
∂v
+ div(v ⊗ v)
∂t

= 0

(1)

= −∇P + div(2νD)

(2)

Here v is the velocity vector, P is the pressure rescaled by (constant) density, ν is kinematic
viscosity and D stands for the symmetric part of the velocity gradient tensor.
Because of the rather low Reynolds number for the wind tunnel scale experiment, the case is
considered as laminar and thus no turbulence model is used.
The numerical scheme used to solve this model is a modification of the semi-implicit finite
difference method described in [2]. It uses artificial compressibility formulation to resolve pressure.
The governing equations are discretized in a semi-implicit way using a combination of forward and
backward differences at time levels n and n + 1 which leads to a central scheme with second order
of accuracy in space. Numerical stabilization is carried out using a fourth order artificial viscosity.
The whole problem is solved by a time-marching technique, where the steady state solution is
searched as a limit of unsteady problem solution for time t −→ ∞.

The computational grid has 60 × 176 × 40 cells which coresponds to horizontal resolution of
5 mm. The minimum cell size in the vertical direction is 0.1 mm.
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Numerical results

The numerical results shown in the figure 3 represent the contours of the dominant longitudinal
component (in the x direction) of the velocity vector in the vertical cuts where also the experimental
measurements were performed.
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Figure 3: Longitudinal velocity contours in selected y − z planes.

The near-wall flow is significantly perturbed by the terrain profile as it follows from the figure
4 showing the streamtraces in the proximity of the wall.
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Figure 4: Near-wall streamlines.
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Conclusions & Remarks

The initial numerical simulations presented in this work have shown that our numerical model can
be a valuable tool in getting more detailed information about the flow field in the considered area.
The numerical simulations use the measured inlet velocity profile from which the data in the whole
block are obtained at required resolution. This is especially important in the near-wall layer where
the experimental data can not be obtained.
The first numerical results seems to be in qualitative agreement with measurements. A more
detailed data comparison will be necessary to validate the numerical code. This is our plan for the
near future. This will be followed by the pollution dispersion simulations for the same orography
and meteorological conditions.
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