
 

 

 

Effect of PV panel electric field on the wind speed required for dust removal from the 

PV panels 

Xingcai Li(李兴财), Juan Wang(王娟), Yinge Liu(刘滢格), and Xin Ma(马鑫) 

Citation:Chin. Phys. B, 2023, 32 (8): 084103.   DOI: 10.1088/1674-1056/acd5c1 

Journal homepage: http://cpb.iphy.ac.cn; http://iopscience.iop.org/cpb  

 

What follows is a list of articles you may be interested in  

 

A novel power-combination method using a time-reversal pulse-compression technique 

Xi-Cheng Lu(陆希成), Jin Tian(田锦), Rong-Wei Zhang(张荣威), Hai-Bo Wang(汪海波), and Yang Qiu(邱扬) 

Chin. Phys. B, 2023, 32 (8): 084101.   DOI: 10.1088/1674-1056/acaa2a 

Wideband radar cross section reduction based on absorptive coding metasurface with 

compound stealth mechanism 

Xinmi Yang(杨歆汨), Changrong Liu(刘昌荣), Bo Hou(侯波), and Xiaoyang Zhou(周小阳) 

Chin. Phys. B, 2021, 30 (10): 104102.   DOI: 10.1088/1674-1056/abf110 

Electrostatic force of dust deposition originating from contact between particles and 

photovoltaic glass 

Xing-Cai Li(李兴财), Juan Wang(王娟), and Guo-Qing Su(苏国庆) 

Chin. Phys. B, 2021, 30 (10): 104101.   DOI: 10.1088/1674-1056/abeb12 

Shared aperture metasurface antenna for electromagnetic vortices generation with 

different topological charges 

He Wang(王贺), Yong-Feng Li(李勇峰), and Shao-Bo Qu(屈绍波) 

Chin. Phys. B, 2021, 30 (8): 084101.   DOI: 10.1088/1674-1056/abe37c 

Factors influencing electromagnetic scattering from the dielectric periodic surface 

Yinyu Wei(韦尹煜), Zhensen Wu(吴振森), Haiying Li(李海英), Jiaji Wu(吴家骥), Tan Qu(屈檀) 

Chin. Phys. B, 2019, 28 (7): 074101.   DOI: 10.1088/1674-1056/28/7/074101 

 

-------------------------------------------------------------------------------------------------------------------- 

https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/acd5c1
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/acd5c1
https://doi.org/10.1088/1674-1056/acd5c1
http://cpb.iphy.ac.cn/
http://iopscience.iop.org/cpb
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/acaa2a
https://doi.org/10.1088/1674-1056/acaa2a
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/abf110
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/abf110
https://doi.org/10.1088/1674-1056/abf110
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/abeb12
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/abeb12
https://doi.org/10.1088/1674-1056/abeb12
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/abe37c
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/abe37c
https://doi.org/10.1088/1674-1056/abe37c
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/28/7/074101
https://doi.org/10.1088/1674-1056/28/7/074101


Chin. Phys. B 32, 084103 (2023)

Effect of photovoltaic panel electric field on the wind speed
required for dust removal from the panels

Xingcai Li(李兴财)1,2,†, Juan Wang(王娟)1,3, Yinge Liu(刘滢格)1, and Xin Ma(马鑫)1

1Ningxia Key Laboratory of Desert Information & Intelligent Sensing, School of Physics, Electronic and Electrical Engineering,
Ningxia University, Yinchuan 750021, China

2Key Laboratory of Mechanics on Disaster and Environment in Western China, the Ministry of Education,
Lanzhou University, Lanzhou 730000, China

3Xinhua College of Ningxia University, Yinchuan 750021, China

(Received 22 December 2022; revised manuscript received 21 March 2023; accepted manuscript online 16 May 2023)

Methods to remove dust deposits by high-speed airflow have significant potential applications, with optimal design
of flow velocity being the core technology. In this paper, we discuss the wind speed required for particle removal from
photovoltaic (PV) panels by compressed air by analyzing the force exerted on the dust deposited on inclined photovoltaic
panels, which also included different electrification mechanisms of dust while it is in contact with the PV panel. The results
show that the effect of the particle charging mechanism in the electric field generated by the PV panel is greatly smaller
than the effect of the Van der Waals force and gravity, but the effect of the particle charged by the contact electrification
mechanism in the electrostatic field is very pronounced. The wind speed required for dust removal from the PV panel
increases linearly with the PV panel electric field, so we suggest that the nighttime, when the PV electric field is relatively
small, would be more appropriate time for dust removal. The above results are of great scientific importance for accurately
grasping the dust distribution law and for achieving scientific removal of dust on PV panels.

Keywords: photovoltaic power generation, dust removal, electrostatic force, required wind speed, contact
electrification
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1. Introduction
With the establishment of the “zero carbon” goal, the con-

struction of a new power system with green and renewable en-
ergy as the main body has become an important development
direction of the energy industry. Photovoltaic power gener-
ation is one of the fastest-developing and most widely used
clean and green energy technologies at this stage.[1] The pho-
tovoltaic power generation industry has become a key strate-
gic emerging technology industry in many countries. Deser-
tification land is an advantageous area to develop the large-
scale and centralized photovoltaic power generation indus-
try, but the special meteorological environment of strong ra-
diation, windy, sandy, and harsh temperature environment
has produced many negative effects on the power generation
efficiency of photovoltaic (PV) cells.[2,3] The deposition of
aerosol particles, such as dust, on photovoltaic panels has
an important impact on the effective solar radiation intensity
and temperature of photovoltaic cells. Relevant studies have
shown that dust deposition will reduce the power generation
efficiency of PV panels by about 40%,[4] and there are obvious
regional differences.[5,6] Some experimental results show that
the surface temperature of PV cells shows a decreasing trend
with the accumulation of dust,[7] but different kinds of sedi-
ments have great differences in the temperature of photovoltaic
cells.[8] For example, ash, soil and cement will cause the tem-

perature of PV cells to rise by about 3 ◦C, while salt will not
cause the temperature of photovoltaic modules to rise signifi-
cantly. Our research shows that dust accumulation can signif-
icantly increase the temperature of PV panels.[9,10] Therefore,
dust removal must be timely carried out during PV station op-
eration to ensure efficient power generation of PV panels.

In desertification areas, dust removal for photovoltaic
(PV) panels is of great significance for the efficient opera-
tion of photovoltaic systems.[11,12] Traditional devices based
on dry-brushing, nano-coating, electric curtains, and other
methods have not been widely applied due to certain cost
problems.[13–15] In recent years, a cooling and dust removal
device for PV panels based on compressed air has attracted
the attention of researchers, and the unique advantage of this
method has been proved.[16] A scientific and comprehensive
understanding of the forces acting on dust deposition and the
scientific design of airflow velocity will be helpful for the prac-
tical design of this type of device.[17–19] As the development
of PV technology, the power of a single PV panel continues
to increase, and the intensity of the electric field generated
around it becomes stronger.[20] The electric field generated
by the photovoltaic panel itself has a strong attraction to the
deposited particles,[21,22] which is bound to significantly in-
crease the deposition of particles.[23,24] On the other hand,
the collision between the deposition particles and the photo-
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voltaic glass panel is also accompanied by the electrification
phenomenon, which result in a large amount of electrostatic
charges on both the particles and the photovoltaic panel.[20]

The electric field generated by the photovoltaic panel will en-
hance the contact electric charge between objects,[25,26] which
will inevitably increase the electrostatic force of the dust on
the photovoltaic panel, thus affecting the working efficiency
of the dust removal device with compressed air. Therefore,
it is of great scientific significance to analyze the critical air-
flow speed of the dust removal device, which is designed by
compressed air, under the action of electric field produced by
photovoltaic panels.

Therefore, in this paper, we will discuss the required
airflow velocity of a dust removal device with compressed
air under the influence of the electric field generated by the
PV panel. Compared with the works proposed by previous
literatures,[16,27] we introduced the electric field generate by
PV panel and the particle electrification mechanism for the
first time, so as to calculate the electrostatic force of deposited
dust relatively more reasonably.

2. Motion criterion of dust on the inclined pho-
tovoltaic panels
The forces acting on the dust particles on the surface of

the PV panel should include gravity, Van der Waals force, elec-
trostatic force, drag force, lift force, and friction force under
the action of wind, and the direction of force is shown in Fig. 1.

Vair

G

FL

FD

f

Fvdw
E

PV cell

PV glass

FE

Fig. 1. The force analysis of the dust on the photovoltaic panel.

Considering that the air humidity in the desert is usually
very low, the capillary force between the dust particles and the
glass plate is not considered. Supposed the particle’s radius is
R, the mass density of particle is ρ , g = 9.8 m/s2. The gravity
of particle is

G = 4/3πR3
ρg. (1)

The Van der Waals force is[28]

Fvdw = HR/(12S2), (2)

here H = 1 ∼ 15× 10−19 J, is Hamaker constant. S = 1×
10−8 m is the minimum distance between the spherical parti-
cle and the contact plan.

The electrostatic force is[24]

FE = EQ, (3)

where E is the electric field generated by the working photo-
voltaic panel, the charge Q = Q1 +QE, Q1, QE represents the
electric charge generated by the charging charge of particle in
the electric field E, and contact electrification charge between
particles and photovoltaic panel in the electric field E, respec-
tively.

The drag force is[16]

FD =
1
2

CD f ρairπR2V 2
mC−1

u , (4)

here f = 1.7009 is the correction coefficient considering the
near-wall effect, ρair is the air density, Vm =Γ RV 2

s /ν is the av-
erage wind speed at the particle center, ν = 1.525×10−5 m2/s
represents the aerodynamic viscosity coefficient, but it varies
with air temperature, Vs is the shear velocity,[29] CD is the drag
force coefficient, which can be obtained from the following
equation:

CD =


24
Re

(
1+

1
6

R2/3
e

)
, Re ≤ 1000,

0.44, 1000 < Re ≤ 2×105,

(5)

Cu is the Cunningham correction factor, which can be obtained
from the following equation:

Cu = 1+
λ

R
[1.257+0.4exp(−1.1R/λ )] , (6)

λ = 6.9× 10−8 m is the mean free path of air molecules.
Γ is the wall coefficient, which can be set as 1.84.[16,29]

Re = 2Γ (RVs/ν)2 is the Reynolds. Introduced the parameter
Vm, it can be simplified as Re = 2R/νVm.

The fluid lift force is[16]

FL = 11.904ρair
(
VmRΓ

−1)2
. (7)

When the particles on the plate begin moving under the action
of compressed air flow, the force acting on the particle should
meet following equations:

jump:
FL ≥ Fvdw +FE +Gcosα,

slide down:
FD ≥ µ(Fvdw +FE +Gcosα−FL)−Gsinα,

slide up:
FD ≥ µ(Fvdw +FE +Gcosα−FL)+Gsinα,

(8)

where Rr is the radius of contact area between the particle and
the plate, which can be regarded as the roughness of the plate.
µ is the friction coefficient between the plate and the particle.
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Thus, the wind speed required for particles moving on the
photovoltaic panel can be obtained as

jump:

Vm ≥
(

Fvdw +FE +Gcosα

11.904ρair

)0.5
Γ

R
,

slide down:

Vm ≥
[

µ (Fvdw +FE +Gcosα)−Gsinα

11.904ρair (µ +1.1765)

]0.5
Γ

R
,

slide up:

Vm ≥
[

µ (Fvdw +FE +Gcosα)+Gsinα

11.904ρair (µ +1.1765)

]0.5
Γ

R
.

(9)

Obviously, if we can calculate the electrostatic force accu-
rately, we can obtain the critical wind speed for particles mov-
ing under the action of compressed air flow and the electric
field of photovoltaic panel.

3. Friction coefficient between dust particles and
photovoltaic glass
In order to more accurately characterize the friction force

of a particle deposited on the photovoltaic glass panel, we
measured the friction coefficient of a small patch of PV glass
moving on a larger dusty PV glass panel based on the trac-
tion method. Figure 2 shows the experimental schematic di-
agram and the associated experimental equipment. The size
of the small photovoltaic glass panel used in the experiment
is 13.5 cm×13.5 cm, with a mass of M. It was placed on the
table, and an empty cup, which had been weighed, was se-
lected and attached by a string to the small PV glass plates, in
the centre of which was placed a fixed pulley. Some dust is
poured slowly and evenly into the empty cup until the small
PV glass begins to move. The electronic dynamometer was
used to weigh the dust particles in the cup, labeled as m, and
the friction coefficient µ between the particles and the plate
was calculated using the following equations:

µ =
mg
Mg

=
m
M
. (10)

(a) 

Desk

PV cell

RopeSand
PV cell

Fixed pulley

Sand

Cup

(b)

Fig. 2. Experimental principle and equipment: (a) schematic diagram
of the experiment, (b) experiment photo.

The dust on the larger PV glass was screened with dif-
ferent aperture sizes, and the particle sizes were distributed
over a limited range to reduce experimental errors caused by
the rolling of particles on the photovoltaic glass. Each exper-
iment was repeated three times and then the arithmetic mean
was taken. The experimental results are shown in Table 1. Ac-
cording to the data in the table, the friction coefficient between
the dust particles and the photovoltaic glass plate is likely to
between 0.7–0.8, except in the two sets of data where the depo-
sition particle size is between 0.125 mm and 0.18 mm. We re-
peated the experiment and found no significant improvement.
The deposition of different particle sizes on the bottom glass
plate has relatively little effect on the results, but the deposition
amount will have a certain degree of effect on the measure-
ments. In the calculation presented in the following section,
the friction coefficient was chosen to be 0.8.

Table 1. Friction coefficient of particles with different sizes (three kinds of deposition densities).

Particle size (mm) ≤ 0.1 0.1–0.125 0.125–0.154 0.154–0.18 0.18–0.28 ≥ 0.28

0.1646 (g/cm2) 0.7872 0.7279 0.6528 0.5752 0.6815 0.6865
0.2195 (g/cm2) 0.8013 0.7987 0.6655 0.6330 0.7433 0.8630
0.3124 (g/cm2) 0.8223 0.8014 0.6936 0.7122 0.8214 0.8409

4. Particle electrification mechanism
4.1. Charging mechanism in electrostatic field

Due to the existence of electric current, an electric field
will be generated around it.[30] Therefore, the PV panel cur-
rent can generate electric field E around it. Assume that there
is a spherical dust particle with radius R, resting on the plate.
Under the action of the electric field, the saturation charge of

the ball can be calculated by the following equation:[31]

Q = Kπε0ER2, (11)

here K can be determined from Eq. (12),

K =

 6.56, conductor,
6.6εr

εr +2
, dielectric,

(12)
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where ε0 is the vacuum dielectric constant, and the value is
8.85×10−12 C·V−1·m−1. εr is the relative permittivity of the
sphere.

The permittivity of dust particles can be obtained by the
fitting function established by Sharif et al.,[32]

εr = εd +0.04H0−7.78×10−4H2
0 +5.56×10−6H3

0 , (13)

where H0 represents the water content of dust particles, εd is
the relative dielectric constant of dry dust particles, and in this
paper we set it as 4.2. Considering that it takes a certain time
for particles to charging, the final charge on particles can be
expressed as follows:[31]

Q(t) = Qs {1− exp [−t/(ρsεrε0)]} , (14)

where ρs = 4/3 × n × 108−0.44n, n = 0.057 + 23.5H0 −
50.7H2

0 +62.9H3
0 . After obtaining the charge on the deposited

particle, and set the mass of particle is Ms, the charge–mass
ratio can be calculated with the equation qm = Q/Ms.

The effect of particle parameters and the strength of the
external electric field on the particle charge will be discussed
below.

8
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2

0
20 40 60 80 100

Radius (mm)

F
ra

c
ti
o
n

(b)

(a)

Fig. 3. Dust deposition on the photovoltaic panel and its size distribu-
tion: (a) natural dust deposition on photovoltaic panels, (b) size distri-
bution function of deposited dust.

Dust samples were collected from a desert photovoltaic
power station in Ningxia province in China, and the particle
size distribution function was measured, the results shown in
Fig. 3. From them we found, D10 = 9.8 µm, D50 = 20.09 µm,
D90 = 35.13 µm, and about 99% of the particle size is less than
44.66 µm. Therefore, the particle radius in this section is cho-
sen to be 20 µm, the relative dielectric constant of dry particles
is 4.2, the applied electric field is 2 kV/m,[22] and the particle
humidity is 0.2. In the following simulation calculations, the

above parameters are kept unchanged unless specified other-
wise.

In Fig. 4, we discussed the variation of charge amount
of particles with different particle sizes and applied electric
field. It can be seen from the figure that as the contact time
increase, the charge of particle with different sizes increases,
and the charge saturates after 2.5 ms. At the same time, as the
particle size increases, the charge-to-mass ratio of the particle
decreases significantly. This is because the charge of a particle
is proportional to the second power of its radius, while the par-
ticle mass is proportional to the third power of its radius, thus
the charge-to-mass ratio of a particle is inversely proportional
to its radius. When an electric field is applied, the charging
process of the deposited particles quickly saturates, and the
charge on the particles increases linearly with the increase of
the applied electric field.
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Fig. 4. Effect of the particle radius and applied electric field on the
amount of charge.

We now discuss the wind speed required for a particle
to jump from a PV panel under the influence of electric field
generated by PV panel. The results are shown in Fig. 5. It
can be seen from them that the charge–mass ratio of the par-
ticle increase linearly as the electric field generated by the PV
panel increases, but the larger the particle size, the smaller the
charge-to-mass ratio of the particle. However, as the elec-
tric field of the PV panel increases, the wind speed required
for particle take-off remains approximately constant, but from
Fig. 6 we can see that it decrease approximately exponentially
as the particle size increases. This is mainly because the elec-
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trostatic force on the particle is much smaller than the van der
Waals force and gravity, but increases with the particle size.
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Fig. 5. Effect of the electric field on the particle charge–mass ratio (a)
and its take-off wind speed (b).
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Fig. 6. Effect of particle size on critical wind speed of particle motion:
(a) required wind speed varies with particle size, (b) action force on
particle.

In Fig. 7, we compare the wind speed required for parti-
cles to taking-off or to slide. The figure shows that the required

wind speed decreases as a power function with the particle size
increases, mainly because the van der Waals force decreases
significantly as the particle size increases, while the fluid lift
force synchronized increases. However, we also can find that
the wind speed required by the particles to slide down along
the plate is much smaller than that of particles take-off, which
is mainly due to the fact that the force to be overcome by the
particles to jump is larger than that by gliding. At the same
time, for particles smaller than 3 microns, the wind speed re-
quired for upward or downward sliding is essentially the same,
while the required wind speed gradually decreases as the par-
ticle size increases, but the difference between them gradually
increases.
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Fig. 7. Comparison of the required wind speeds for particles taking off
or sliding.

4.2. Contact electrification of particles under electric field

In this section we quote the method proposed by Xie et
al.[20] Assuming that the particle radius is R1, r1, respectively,
and D1 = 2R1, D2 = 2r1, the corresponding mass is m1, m2,
the elastic modulus and Poisson’s ratio of the particle are Ei,
νi, the relative velocity during collision is vr then the contact
area between the two particles during the collision contact can
be obtained from the following equation:[33]

A1 = 0.5πD2
1(1−

√
1−4D2δ 1

max/[D1 (D1 +D2)]), (15)

A2 = 0.5πD2
2(1−

√
1−4D1δmax/[D2 (D1 +D2)]). (16)

It is assumed that the colliding process between two par-
ticles is elastic loading and elastic–plastic unloading. The pa-
rameters involved in the above equation can be obtained by the

084103-5



Chin. Phys. B 32, 084103 (2023)

method proposed by Zhou[34] and can be expressed as follows:

δmax =

(
5
4

M
K

v2
r

)0.4

, R =
r1R1

r1 +R1
, M =

m1m2

m1 +m2
,

E =

(
1−ν2

1
E1

+
1−ν2

2
E2

)−1

, K =
4
3

ER0.5.

Assume that the initial surface charge density is ρ , PD is the
exchange probability of charged ions on the particle surface,
which is related to the number of collisions.[35] In this paper,
we consider single collisions of particles, and the value of PD

is 0.5. Then, after a single collision, the particle charge can be
expressed as follows:[33]

Q1 = ρPD(1−PD)(A2−A1). (17)

Assuming that particles are uniformly charged, the charge
after the particles collide with the plate under the action of the
electric field is[20]

∆qi j = γ1Er2
i cosθ +(ω−1)Q j +ωQi, (18)

Here E is the environmental electric field, ri is the radius of the
i-th particle, θ is the angle between the line of particle center
and electric field, Qi, Q j are respectively the charge carried by
the i-th and j-th particles before the collision, which can also
be called the original charge of the particles. ω is the transfer
ratio of the particle’s original charge. γ1 is a function of the
particle size ratio. Supposed α = r/R, the values of γ1 and ω

can be obtained numerically, which is shown in Table 2. Wang
et al.[26] and Li et al.[20] have discussed in detail the variation
rule of the contact electric charge of charged particles under
the action of an external electric field, and they have shown
that the electric field of the PV panel plays an crucial role in
the charge of the deposited particle.

Table 2. Values of γ1 and ω .

α 0 0.2 0.4 0.6 0.8 1
γ1 4.93 3.9 3.1 2.55 2.06 1.64
ω 1 0.948 0.838 0.714 0.6 0.5

In the following, we will discuss the effect of the electric
field generated by the working photovoltaic panel on the vari-
ation law of the particle force and the wind speed required for
particle to slide. The results are shown in Fig. 8 and we have
set E = 1 kV/m. As can be seen in Fig. 8, the wind speeds
required for the particle to slide up or down, all decrease as a
power function of the particle size, but the difference between
them increases approximately linearly. This is mainly because
the electrostatic force on the particle gradually increases with
the particle size, and the friction force increases accordingly.
When the particle size is larger than 7 µm, the electrostatic

force may be larger than the van der Waals force. Moreover,
from Eq. (17), we know that the charge on the particle is pro-
portional to the strength of the applied electric field, so that
the electrostatic force on the particle will inevitably increase
significantly as the electric field generated by the PV panel
increases.
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Fig. 8. Variation of required wind speed versus particle size and the
force on particles (E = 1 kV/m).
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Finally we discussed the variation of the required wind
velocity for particles sliding along different directions under
different electric fields in Fig. 9. From it we can see that the
wind speed required for the particles to slide is different and
varies with the particle size, the direction of motion, and the
electric field strength when the electric field is smaller than
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3 kV/m. However, when the electric field exceeds the thresh-
old value, the wind speed required for the particle to slide up
or down is the same and keeps on increasing. The electric field
cause an increase in the detachment threshold wind for the dust
deposition, which can be confirmed by the experimental re-
sults proposed by Holstein–Rathlou et al.[36] It is easy to find
that when the electric field goes to zero, the wind speed re-
quired for a 5-micron particle to slide is less than 2 m/s, which
is similar to the experimental results presented by Ibrahim et
al.[17] Therefore, when using compressed air to remove dust
from PV panels, it is necessary to reduce the electric field of
the PV panels first.

5. Discussion
Micro-particle detachment or removal from material sur-

faces is an important subject with widely applications.[17]

Since it can also be used to cool the PV panel, the dust removal
technology using compressed air for the photovoltaic panel
has attracted the attention of numerous scholars.[37] However,
few experiments have investigated the effect of the electric
field generated by the PV panels, which would significantly
underestimate the particle adhesion force.[20] Just as shown
in Fig. 9, when the electric field is reduced to 2 kV/m from
10 kV/m, the required wind speed is reduced to 3 m/s from
16.5 kV/m, and when it close to 0 kV/m, the required wind
speed is less than 2 m/s, which is extremely small for com-
pressed air. This is extremely beneficial to removal the depo-
sition particles. Of course, the principle of dust removal by
compressed air is based on the fact that the drag force under
the action of wind is greater than the adhesion force of parti-
cles, cemented particles that adhere strongly to PV panels by
daily repeated humid/dry cycles are difficult to remove, un-
less the income wind is large enough, or the cementing layer
breaking and splashing under the impact of other particles.
Therefore it is necessary to set a special operation scheme for
compressed air dust removal to prevent the formation of ce-
menting layer. In addition, the model in this paper does not
take into account the effect of boundary layer and the surface
macro-roughness,[38] which would overestimate the effect of
fluid force. The size distribution and shape of dust also needs
to be considered, because they all affect the fluid force of the
particles. In the future, we can try to analysis it based on the
Monte Carlo simulation method.

6. Conclusion
We analyzed the force situation of the dust on the PV pan-

els, and firstly designed an experiment to measure the friction
coefficient between dust deposition and photovoltaic glass.
The friction coefficient was found to be between 0.6 and 0.9.

Based on these results, we discussed the wind speed required
for dust particles to slide along the panel in the presence of PV
panel electric field, and its variation law with particle size and
photovoltaic panel electric field. The results show that the flow
velocity decreases as a power function with increasing parti-
cle size, but increases approximately linearly with increasing
electric field strength. These results indicate that in the design
of dust removal of photovoltaic panels based on compressed
air, it is necessary to first reduce the electric field of photo-
voltaic panels (that is, dust removal can be carried out at night
when photovoltaic panels are barely not working), which will
be beneficial to improve the dust removal effect.
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