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Experimental Study and Numerical Simulation of Influence of Ash
Deposition on Performance of Photovoltaic Modules

LU Yukun, ZHOU Qingwen, WEI Zi’an, ZHAO Weiping, WANG Yuechi
(School of Energy Power and Mechanical Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: The influence of ash deposition on the output characteristics of photovoltaic (PV) modules and the deposi-
tion rule of pollution particles on the modules’ surface are studied, which are helpful for formulating an ash removal
scheme and improving the efficiency of photoelectric conversion. The PV array on the roof of a fan hall in North China
Electric Power University is taken as the research object, and an artificial ash distribution experiment was carried out to
explore the influence of different ash deposition amounts on the output power, current and voltage of modules. To deter-
mine the influence of one single factor on the deposition of pollution particles, a numerical model of particle deposition is
established using COMSOL under the same conditions as those in the natural deposition test of PV modules, and the in-
fluences of wind speed, humidity, particle size and pollution concentration on the deposition of pollution particles on the
surface of PV modules are simulated and analyzed. Test results show that ash deposition has little influence on the work-
ing voltage, but a great influence on the output power and working current. When the ash deposition density is 5.07 g/m?,
the changing rates of output power, current and voltage are 8.71%, 6.48% and 0.40%, respectively. Simulation results
show that when other conditions are the same, the deposition amount of particles decreases first and then increases with
the growing wind speed and particle size, and the minimum value is reached at the wind speed of 3 m/s and particle size
of 15 wm. Under the same conditions, the particle deposition amount increases with the growing humidity and pollution
concentration.
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Fig. 1 Connection of test devices
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Fig. 3 Irradiance at different test time
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Fig. 4 Output power of PV modules under different

ash densities
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Fig. 5 Working current of PV modules under different

ash densities

100
o0 | W
Z
= 80}
P
= op — 127 g
253 g/m’
60 | 380 g/n’
507 g’

50
12:01 12:10 12:20 12:30 12:40 12:50 13:00
i 8]

6 AEMREREZEETHRARAGNITIERE
Fig. 6 Working voltage of PV modules under different

ash densities
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Tab. 2 Operating voltage and current of PV modules

under different ash densities
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Tab. 3 Density and dynamic viscosity of air under

different humidities
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Fig. 7 Numerical model of PV array and setting of
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