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Abstract: The use of photovoltaic solar energy systems grows considerably throughout the world. Accompanying this development, 

many researches have been developed in order to increase the performance of the modules or create subterfuges to alleviate the losses 

of their income due to environmental factors. Researches show that photovoltaic (PV) modules are considerably affected by the 

existence of dust and its deposition on the surfaces of the modules, leading to the reduction of system efficiency. This work aims to 

develop a study, using Computational Fluid Dynamics (CFD), on the use of air jets to promote the drag of dust particles, removing them 

from the surface. The model was developed using an Eulerian analysis, based on physical parameters, in order to discover the velocity 

of the air to promote the drag of the dust. Through the use of the ANSYS CFX 17.1 software, it was possible to carry out the assembly 

and simulation of the model and acquire important data for the continuation of the study. The results obtained showed the flow profile 

of airborne dust particles as well as the percentage of dust present on the surface of the modules in the stipulated time interval. 

 

Key words: photovoltaic, dust, CFD, air 

 

1. Introduction  

The use of renewable energy sources grows 

significantly throughout the world. Photovoltaic solar 

energy systems have been significantly involved since 

the increase, due to the high availability of energy 

resources to be used to generate electricity, as well as 

the ease of installation, low maintenance costs 

compared to other types of generators and not to 

significant damage to the planet. Much research has 

been done on photovoltaic modules to increase their 

efficiency and reduce operating losses due to 

environmental effects.  

According to the review developed by Said, A.M.S. 

et al. [1], the main environmental factors that 

negatively and positively interfere with the 

performance of photovoltaic modules are: ambient 
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temperature, wind, humidity, pollution and dust 

deposition. These factors influence the system both 

separately and acting together. As for the presence of 

the dust, Said A. M. S. et al. [1] exposes that it can 

interfere in the performance of the photovoltaic 

modules both by the dust present in the atmospheric air, 

whose dimension is greater than the wavelength of the 

solar rays and there is the occurrence of diffraction of a 

portion of the rays, but also by the presence of particles 

accumulated on the surfaces of the modules that 

prevent parts of the solar rays from entering the 

interior. 

Several researches have been carried out to study 

how environmental effects interfere with the variation 

of the amount of dust deposition in PVs and to develop 

functions to quantify the deposition related to other 

variables. Researches such as those from Saidan M. et 

al. [2] and Gholami A. et al. [3] have developed 

experiments to relate the decay of PV yields with the 

time of exposure to the environment and the deposited 



Study of Dust Particles Draging in Photovoltaic Modules Using Continuous Air Jets: A CFD Analysis 

 

1134 

dust density. In a similar study Beattie N. S. et al. [4] 

also developed a research whose result enabled the 

mathematical modeling of dust deposition and the 

comparison with experimental data. 

In the studies of Lin Lu H. J. et al. [5] and Nahar N. 

M. et al. [6], it was possible to conclude that the 

efficiency decrease of the modules by dust particles is 

also related to the type of material used in them. It was 

observed that in modules with different materials and 

the same density of particles had different yield losses. 

Taking into account the finding by Said A. M. S. et 

al. [1] that many researches were developed to 

understand and measure the environmental factors that 

affect the PVs, however, there is still little research that 

is directed at providing solutions to minimize the 

environmental factors that result in negative effects. 

From this point the present research has the objective to 

develop a study to solve the loss of income generated 

by the accumulation of dust particles on the surface of 

PVs, using air jets to promote the drag of the same 

ones. 

The study of the case will be developed using CFD 

analysis, where it is expected to develop a simulation 

model in which the air velocity data necessary to 

remove particles from the surface in different situations 

and environments can be acquired, changing in each 

case their parameters and getting the results for them. 

Other analyzes in CFD for studies in photovoltaic 

modules have already been developed by Dórea T. L. L. 

et al. [7], in which simulations were developed to 

verify the effects of the use of fairings in acceleration 

of air masses with the intention to promote the increase 

of the cooling of the PVs and thus reducing your yield 

loss by increasing the temperature. 

In order to carry out the desired simulation, it is 

necessary to characterize the local dust in the city of 

Salvador, so that the data are imputed in the analysis 

and the model can be validated from experiments. The 

characterization of local dust is still under development. 

Therefore, while there is no such data, the simulation 

was developed from the dust characterized in the works 

of Said S. A. M. et al. [8], Fukushima S. et al. [9] and 

Adinoyi J. M. et al. [10] from the particle size and 

number exposed in the samples. 

The final objective of the study is to develop a 

fairing or device that enables the cleaning of 

photovoltaic modules using air jets. In this way, it was 

hoped that it would be possible to replace the use of 

water that is widely used for the cleaning of hundreds 

or even thousands of modules in solar plants.  

2. Material and Methods 

2.1 Mathematical Modeling  

To describe the behavior of the fluid a mathematical 

modeling becomes necessary. The dynamic fluid 

equations describing fluid behavior are the mass 

conservation and momentum equations (Navier-Stokes 

equations) shown below: 

0)( =+


 →

udiv
t




                           (1) 

SMx
ugraddiv

x

p
uudiv

t

u
++




−=+



 →

)()(
)(




     (2) 

SMy
vgraddiv

y

p
uvdiv

t

v
++




−=+



 →

)()(
)(




     (3) 

SMz
wgraddiv

z

p
uwdiv

t

w
++




−=+



 →

)()(
)(




      (4) 

In these equations, p is pressure; t is time; x, y and z 

represent the three Cartesian directions; u, v and w are 

the velocities in the directions x, y and z; is the 

three-dimensional velocity vector; μ is the viscosity of 

the fluid;  is the specific mass; SMx, SMy e SMz are the 

momentary terms in the directions described. 

The flow of the fluid carrying particles has a 

turbulent behavior, therefore a turbulence model is 

necessary to correctly describe the behavior of the flow. 

For the choice of the model, it was considered that the 

region of interest to be analyzed, the region superior to 

a surface of a PV, is a boundary layer region and 

therefore needs a model that describes well the 

behavior of the fluid in this region. Therefore, the 

model of turbulence adopted was the model SST k-ꙍ, 

which in turn requires the resolution of the equations of 
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transport of turbulent kinetic energy “k” and a turbulent 

frequency “ꙍ”. Both equations are shown below: 
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In these equations, Sk and Sꙍ are the source terms of 

k and ω respectively and may have their equations 

found in the literature. 

To solve the equations described above, the Finite 

Volumes method was adopted using the ANSYS CFX 

17.1 software. 

2.2 Geometry and Mesh 

The geometry for the simulation was constructed by 

imagining a fluid domain around a surface of a 

photovoltaic module where a mass of air can flow at a 

certain speed. To reduce the simulation time a 

geometry with much smaller thickness than the other 

dimensions was used to approximate the model of a 2D 

condition. The dimensions of the modules were based 

on the photovoltaic solar module model HP30P, with 

dimensions (LWH) of 610  350  25 mm. The Fig. 

1 shows all relevant dimensions of the geometry used. 

The mesh was constructed using elements with a 

dimension of 1 mm, with 680318 nodes and 337039 

elements. Fig. 2 shows the mesh developed for the 

geometry. 
 

 
Fig. 1  Geometry used in the simulations and its dimensions 

 

 
Fig. 2  Mesh. 
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2.3 Boundary Conditions  

To enable the visualization of the behavior of the 

set of particles, the analysis performed will be the 

Eulerian and transient with steps of 0.2 s, totaling 6s. A 

layer of 1mm of dust particles was placed in the region 

above the surface of the modules, with a percentage of 

70% (the remaining 30% are occupied by air present 

between the particles), the remainder of the domain 

consists of stagnant air at pressure environment, 101.3 

kPa. 

The surface of the right side was called the entrance, 

where there was an air inlet of 1 m/s, the two lateral 

surfaces were determined as a condition of symmetry, 

the upper and lower surfaces were placed as walls 

without sliding and the left lateral end was called 

output, the opening condition was set. The Fig. 3 shows 

the boundary conditions in the model. 

3. Results and Discussion 

After the simulation was carried out, it was possible 

to verify the loading of the dust particles due to the 

action of the air flow and this model could serve as a 

basis for the next simulations with the higher level of 

detail. The Fig. 4 shows the results of simulation. 

 

 
Fig. 3  Boundary conditions. 

 

 
Fig. 4  Fraction of dust volume as a time function. 

 



Study of Dust Particles Draging in Photovoltaic Modules Using Continuous Air Jets: A CFD Analysis 

 

1137 

 

4. Conclusion 

It has not yet been possible to reach significant 

conclusions regarding the use of air jets for the 

cleaning of modules since the final model is still under 

development. However, production has shown to be 

significant and the simulations are showing consistent 

results. For the complete conclusion of the work, the 

lack of an adhesion force ratio of the dust particles 

between them and in relation to the surface of the 

modules, besides the characterization of the local dust, 

is lacking. Both stages are in development and it is 

expected that the final modeling can be validated 

through experiments. 
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