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Abstract 

The dust deposition zones on the reflector panels of a Parabolic Trough Power Plant (PTPP) were 
studied. In the regions, where the PTPP is situated, a considerable amount of aeolian dust and sand 
transport can be expected during daily local wind and strong wind events. The deposition of dust and 
sand material on the reflector panels can reduce the efficiency of the solar energy collection. A 
physical wind tunnel study in combination with a numerical CFD-analysis for a single parabolic 
trough indicates for the deposition zones a high dependency on the orientation angle of the troughs.  

1 Introduction 

Parabolic Trough Power Plants (PTPP) are situated and planned in zones of the earth, where a high 
solar radiation is available to ensure an economical and effective energy production. Usually this area 
is highly arid, semi-arid or sub-humid and belongs to desert regions. Therefore a considerable amount 
of aeolian dust and sand transport can be expected during daily local wind and strong wind events. The 
deposition of dust and sand material on the reflector panels of the PTPP can reduce the efficiency of 
solar energy collection. Although several subjects, like for example, the effect of wind loads, washing 
methods etc. have been already studied (Hosoya et. al, 2008, Cohen et. al, 1999) the behaviour of the 
dust around and on the PTPP is not clear. To solve the above-mentioned problem, it must be known 
how the dust will be transported and accumulated on the reflector panels. In this study, the dust 
deposition zone on the reflector of a single parabolic trough was investigated by use of wind tunnel 
tests and numerical CFD-analysis. 

2 Method 

To analyse the dust transport on and around the trough physical wind tunnel tests and numerical CFD 
calculations were used. At first, both methods were done by use of a single parabolic trough model 
without dust particles. The mean wind velocity and surface pressure were compared to confirm the 
applicability of the numerical model to the simulation of the dust transport. Then the dust transport 
was simulated by CFD and the deposition zones of the dust on the reflector were investigated. The 
orientation angles of the trough are 45˚, 90˚, 135˚, yaw angle is always 0˚.  

2.1 Wind tunnel test 

The wind tunnel tests were done in the boundary layer wind tunnel at the Ruhr University Bochum. 
The model scale is 1:50, the height and width of the reflector is 100 mm, 160 mm, the thickness is 3 
mm and sharp-edged at the upper and down part. The axis of rotation is supported by two poles at the 
55mm-height. Two-dimensional wind velocity u(x,z) at the center of the model was measured in 
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different points by a X-probe hot wire suspended from the upper side. In addition, the pressure on the 
surface of the model was measured by pressure tubes fixed inside the model. Figure.1 shows the wind 
velocity profile of the approaching flow and the corresponding turbulence intensity. Typical 
surroundings of the PTPP are open countries with single trees and buildings, the corresponding value 
of the exponent in the power law for the velocity profile is n = 0.15. Therefore, the approaching flow 
of wind tunnel test was produced to obtain the corresponding profile. The turbulent intensity is 
between 15% and 20 % around the model. 
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Figure 1: left: Wind profile and turbulent intensity in the wind tunnel test; right: Wind tunnel model of 
the trough for surface pressure measurements. 

2.2 Numerical CFD-analysis 

The numerical flow simulation is based on a RANS approach (Reynolds-Averaged-Navier-Stokes 
Simulation) and the Standard k-ε turbulence model is used. The wind profile is adapted to the inlet 
model proposed in Richards, 2011, and includes the boundary conditions compared to the physical 
model. For all model variations block structured hexahedral meshes were generated regarding the 
wind tunnel model and the actual best practice. 

2.3 Simulation of dust deposition 

After the comparison of the values between the wind tunnel test and CFD analysis, the dust deposition 
was simulated with a Lagrangian approach on the condition that the diameter dP of the particle is 
between 0.0001 m and 0.00001 m, mean diameter is 0.00005 m and the standard deviation is 
0.00015 m. The density of each particle is 2300 kg/m3 and the particles were injected at the domain 
inlet. With Euler-forward integration of the particle velocity in discrete points the particles are moved 
along paths through the domain. The particle velocity itself is calculated from an analytical solution of 
the particle momentum equation, which sums all forces acting on a spherical particle due to the RANS 
flow field and the gravity.  

3 Results and discussion 

3.1 Wind velocity field 

Figure 2 shows the normalized mean wind velocity distribution around the trough. The wind 
approaches from left hand side. The inner circulatory flow appears along the mirror side in the case of 
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90˚ and 135˚. For comparison between the wind tunnel test and the CFD analysis, the validation metric 
“hit rate” q from the VDI Guideline 2783, 2005 is used. The results for the three different orientation 
angles (see Figure 2) are listed in Table 1. The requirement for a successful validation is q ≥ 0.66. The 
highest hit rate is observed in the case of 45˚ and for case 90° the validation for the velocity u failed.  

     

(a)45° (b) 90° (c) 135° 
Figure 2: Normalised mean wind velocity distribution (blue: wind tunnel test, red: CFD). 

 

Table 1: Hit rate q of the velocities for different orientation angles of the trough. 

 

 

 

 

3.2 Pressure distribution 

The normalised mean pressure distribution on the mirror side is presented exemplary for two cases in 
Figure 3. The quantitative values calculated by the CFD simulation are totally higher than the one of 
the wind tunnel test, which is caused by the behavior of the used turbulence model. The distribution in 
general is comparable. E.g. in the case of 45˚, a lower pressure zone is predicted at the lateral edge and 
in case of 90˚ the lower pressure zone is along the forward edge, for the numerical approach as well as 
in the wind tunnel model. In the case of 135˚, the lower pressure zone is at the backward and lateral 
side. 

3.3 Deposition zones of dust particles 

The deposition zones of dust particles at the mirror side of the reflector are defined by analysis of the 
flow and turbulence fields around the trough as well as by the surface inclination and the areas were 
particles in the numerical model hid the surface. Proposed deposition zones are shown in Figure 4 for 
two selected cases. In the case of 45˚, a high amount of deposition can be expected in Zone 1 within 
the center of lower mirror area and Zone 5, less deposition are proposed in Zones 3, 4 and 6 at the 
lateral sides and the upper area. In the case of 90˚, the most depositions are in Zone 1 and 6 at the 
center and lateral side, lower deposition in Zone 5 at the corner. It is obvious that the deposition zone 
depends on the orientation angles of the troughs, the wind direction and most likely on the position of 
the trough in the plant. 

angle qu qw 

45° 0.881 0.955 
90° 0.646 0.791 
135° 0.68 0.84 
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 (a) 45° (b) 90° 
Figure 3: Normalised pressure distribution, black numbers = wind tunnel test, colored contour = CFD 

(red = high value, blue = low value). 

     
 (a) 45° (b) 90° 

Figure 4: Proposed particle deposition zones, red = high deposition, blue = low deposition. 

4 Conclusions 

A physical wind tunnel study in combination with a numerical CFD-analysis for a single parabolic 
trough indicates for the deposition zones a high dependency on the orientation angle of the troughs. In 
the near future the dust transport and deposition at the PTPP will be investigated by use of the arrayed 
trough models and various angles.  
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