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Abstract. Solar energy is one of the widely used non-conventional form of energy. photo voltaic
panels generate electricity and heat by absorbing solar irradiation. The performance of solar panels
depends on several factors like dust accumulation on the surface, solar cell temperature, angle of
inclination etc., To perform the cleaning action efficiently a semi-automatic cleaning mechanism
has been designed and fabricated. The designed experimental setup consists of several nozzles
attached on top of the solar panels and water is supplied to each nozzle using a Poly Vinyl Chloride
(PVC) pipe frame connected to an AC motor operated with a time switch. Water flows on the
surface of photo voltaic module, thus heat exchange takes place. One dimensional heat transfer
analysis is performed and the results are compared to the experimental results for validation. The
experiments were conducted at Bennett University, Greater Noida dated 9 October to 16 October.
An increase in efficiency by 1.28 % to 2.65 % was reported in this experimental study.

Keywords: photo voltaic module, computational fluid dynamics analysis, solar panel cleaning
mechanism.

Nomenclature

Py Maximum power of the solar panels
E Incident radiation flux

Ve Open circuit voltage

Iye Open circuit current

FF Fill factor

T, Photo Voltic cell temperature (°C)
T, Ambient temperature (°C)

T.nocr Nominal operating cell temperature (°C)
Tonocr Ambient temperature at which the nominal operating cell. Temperature is defined

(20 °C)

Gr The solar radiation striking the photo voltaic module (KW/m?)

Grnocr The solar radiation at which the normal operating cell. Temperature is defined
(KW/m?)

Hpp st Maximum power point efficiency under standard test conditions

a, The temperature coefficient of power (% /°C)

T, src Solar cell temperature under standard test conditions (25 °C)

T Solar transmittance of any cover over the photo voltaic array (%)
a Solar absorptance of the photo voltaic module (%)
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1. Introduction

Efficiency of the commercial solar panels is severely limited. This efficiency is further reduced
by the external factors such as the accumulation of dust on surface of the solar panel, ambient
temperature, orientation of solar panels, temperature of solar cells. This results in the decrease of
power output from the solar panels. Solar panels are developed to obtain the maximum possible
energy, either through electricity or heat. The power output from the photo voltaic module depends
on the incident solar irradiance and spectral content. To obtain the maximum possible current
output from the solar panels they need to be cleaned regularly and should be maintained at an
optimum temperature. Several methods are developed to deal with these affects.

Hussain et al. [1] studied the effect of dust particles on photo voltaic panels for different dust
samples under different radiations and observed that more sunlight is blocked by small particles.
Deepak et al. [2] concluded that the solar photo voltaic panels have the ability to generate
electricity and heat by absorbing solar energy. The photo voltaic panels are designed in such a
way to obtain maximum energy either in form of electricity or heat or any other purpose. Saiden
et al. [3] recommended that the solar panel cleaning in a scheduled manner is high importance,
otherwise the impact of dust particles is higher. Wet cleaning method is more effective method to
clean the accumulation of dust particles from the surface of a solar panel than the dry cleaning
method [4]. Zuber et al. [5] came to a conclusion that the performance of the photo voltaic cell
enhances remarkably using the water spray cooling system. They also concluded that the water
cooling has most impact on the photo voltaic cell operating temperature reduction and improves
the electrical performance of the photo voltaic panel. Nizetic et al. [S] experimentally investigated
water spray cooling effect on the performance of photo voltaic panel in highest solar irradiation
level environment. The experiment concluded that the water spray cooling has considerable effect
and the simultaneously cooling both front and back sides of photo voltaic panel was the best case.

Chander et al. [7] experimentally investigated the cell temperature impact on the performance
of a mono-crystalline silicon photo voltaic module. They noticed that the temperature coefficient
for the fill factor, open circuit voltage and maximum power output was negative, whereas for the
short circuit current the temperature coefficient is positive.

The objective of this research paper is to develop a system to clean the surface of solar panel
and decrease the temperature of the solar cell and perform thermal analysis on the designed
cleaning mechanism.

2. Description of experimental setup

A set of four photo voltaic modules (196 cmx99 cmx3.5 cm), each consisting of 72 solar cells,
were mounted on top of a cast-iron frame inclined at an 28° angle. The photo voltaic modules are
connected in series. A branched network of poly vinyl chloride pipes and brass nozzle, which are
fixed on top end of the solar panels, are used to supply water. The water is drawn out form a
storage tank using a A.C. motor. The A.C. motor is operated using a time switch at specific two
hour interval between 6 AM and 6 PM. The time switch is connected to a solar inverter, which
converts the Direct Current from solar panels to Alternating Current. A.C. motor power from the
solar panels. The experimental setup is shown below in Fig. 1(a) and Fig. 1(b). The incident solar
radiation on the surface of the photo voltaic module is measured using a solarimeter.

3. Analysis of photo voltaic module system
The surface area of photo voltaic module is given by:
A, =w X1l m? (1)

The maximum efficiency (1) of the solar panel module at STC (25 °C) is given by the
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expression:
n _ m
E XA,

X 100
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here B,, =310 W and E = 1000 W/ m?, hence 1 = 16.00 %.

Time switch

Solar Panel

s
AC motor

Solar Inverter

b)

Fig. 1. a) Actual photograph of the experimental setup,
b) image showing the different equipment used in experiment

Table 1. Table showin,

g the specifications of different equipment used in the experiment

S. No. Equipment | No. of items Specifications
1. Solar panels 4 Panel consist of 72 solar cells
2. Water tank 1 Concrete tank
3 Pipe 4 . Material: Pply Vinyl Chloride;
) Diameter: 3/4 inch; Length:12 meters
4. AC motor 1 V-Guard Nova, 0.5 Horse Power
S. Elbow joints 4 Material: Poly Vinyl Chloride; Diameter: 3/4 inch
6. T-joints 14 Material: Poly Vinyl Chloride; Diameter: 3/4 inch
7. Nozzle 12 Material: Brass; Diameter: 6 mm
8. Time switch 1 Model: frontier TM619H2
9. Solar inverter 1 Solex inverter, Capacity: 3 KW
10. Support stand 2 Material: Cast Iron; Length: 153 cm
. Digital solar power meter
11. Solarimeter 1 Model: KM-SPM-11

The Fill factor (FF) of the solar cell is calculated using the following equation:

P
FF=—2"=

—l
Vnc X Ioc

here V,, =45.5 Vand I,. = 8.85 A, hence FF = 0.769.
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The expression for electrical efficiency of the photo voltaic module:

_ Voe X I, X FF
™~ Solar irradiance X A,

(4)

The expression for instantanecous efficiency 7;,; of the module at any temperature Tj,g; 1S
given by:

Ninst = 1M — [(Tinse — 25) * Temperature coefficient of B,,], %)

here, temperature coefficient of P,, = —0.39 %/°C.
The expression to calculate the solar cell temperature is as follows:

T, + (T - (
a (C,NOCT a,NOCT) Groct Ta

Gr ) [1 _ Ump,src(l - Oprc,STc)]

T, = (©)

Gr ) (apnmp,STC)

1+ (TC,NOCT - a,NOCT) (GT ocT Ta

4. Results and discussions

The experimental study has been conducted at Bennett University, Greater Noida and the
experimental readings are noted in Table 2. The Eq. (4) and Eq. (5) are used to calculate the
electrical efficiency and instantaneous efficiency of the system respectively. The solar cell
temperature can be mathematically calculated using Eq. (6).

Table 2. Table showing the experimental readings obtained for ambient and solar cell temperature

Time Ambient temperature Solar cell temperature Solar cell temperature
(Hrs) (°O) before cleaning (°C) after cleaning (°C)
6:00 20 23 22.73

8:00 23 33.9 31.6

10:00 28 44 40.81

12:00 33 51 473

14:00 34 49 46.5

16:00 32 38 37.59

18:00 29 32 31.6

A photo voltaic panel was designed and analyzed in ANSYS Fluids R19.1 (mechanical). The
symmetric section of photo voltaic panel has dimensions of 49 cmx99 cmx3.5 cm as shown in
Fig. 2. The silicon layer in photo voltaic module is sandwiched between two glass layers. The
geometry is then meshed (volume mesh) as shown in Fig. 3. The results obtained in the thermal
analysis are noted in Table 3.

Silicon

Glass

Fig. 2. Geometry of single photo voltaic module Fig. 3. Meshing of single phdto voltaic module

22 8 'VIBROENGINEERING PROCEDIA. NOVEMBER 2019, VOLUME 29



COMPUTATIONAL FLUID DYNAMICS ANALYSIS AND EXPERIMENTAL VALIDATION OF SOLAR PANEL CLEANING MECHANISM.
SUSHEEL REDDY, DEEPALI ATHEAYA, SAT MANOJ KATAKAM, YASH GUPTAA, ABHISHEK MISHRA

Table 3. Table showing the reading obtained in thermal analysis

Ambient temperature Solar cell temperature before Solar cell temperature obtained in

(°C) cleaning (°C) analysis (°C)

20 23 22.187

23 33.9 30.945

28 44 39.662

33 51 46.12

34 49 44.933

32 38 36.373

29 32 31.187

Temperature( °c)
b
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——Solar cell temperature before cleaning — —Ambient Temperature

Fig. 4. Variation of ambient temperature and Solar cell temperature with respect to time
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Fig. 5. Variation of experimental and analytical solar cell temperature with respect to time
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Fig. 6. Variation of solar cell temperature with respect to time

The plot for the variation of ambient temperature and the solar cell temperature before cleaning
with respect to the time is shown in the Fig. 4, The plot in Fig. 6, shows the variation of solar cell
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temperature before and after cleaning with respect to time. Variation of solar cell temperature
obtained after cleaning the photo voltaic module and the temperatures obtained in the thermal
analysis are shown in Fig. 5. The solar cell temperature initially increases and then decreases
during a day.

5. Conclusions

The following conclusions are derived from the experimental study and the thermal analysis
performed on the designed experimental system.

1) The solar cell temperature increases as the ambient temperature increases

2) The Solar cell temperature was found to be maximum between 12 PM and 2 PM during the
day.

3) Increase in the efficiency of the solar panel after implementing the cleaning mechanism was
observed to be maximum during 12 PM and 3 PM.

4) The heat exchange on the surface of solar panel was observed to be higher between 10 AM
and 2 PM.

5) This mechanism increases the efficiency of the solar panels economically and requires less
effort. The efficiency of solar panels was found to increase by 1.28 % to 2.65 %.
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