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ABSTRACT - The new capital® area of andhrapradesh® having huge power demand. We can meet up to
certain requirement throughout the year by using renewable energy* resources like solar® energy.
Because this is the place where the sun intensity® available much more. Our paper gives better utilization®
methods of sun energy through these methods. Even though we are having plenty amount of solar energy
availability but we are unable to utilize solar energy effectively due to temperature variation from time to
time. We can maintain constant power generation by the help of cooling .Our paper suggests the best
cooling method for solar PVC panels among two cooling methods that is water and air. In water cooling
cross flow and parallel flow used. Thermal sensor automatically switches on the motor after reaching
panel over heat. The efficiency of the panel and Fill Factor measured in all the conditions.
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I. INTRODUCTION

A solar cell* is a device that straightly converts the energy from sunlight in to electrical energy through the
process of photovoltaics. A typical PV module has an excellent conversion efficiency in the range of 31%. The
remaining energy is converted into heat and this heat increases the operating temperature of PV system which
affects the electrical power production of PV modules and this can also cause the structural damage of PV
modules guide to shorting its life span and lowering conversion efficiency. The output power of PV module
drops due to rise in temperature, if heat is not removed . One of the main obstacles that face the operation of
photovoltaic*? panels (PV) is overheating due to excessive solar radiation and high ambient temperatures.
Overheating decreases the efficiency of the panels dramatically.The ideal P-V characteristics of a solar cell for a
temperature variation between 0° C and 75° C , which is adopted from Rodrigues et al. The P-V characteristic is
the relation between the electrical power output P of the solar cell and the output voltage, V, Relay is the
electromagnetic switch and when temperature moves above 49°C,relay operates and activate supply of cooling
water continuously up to panel reach temperature 45°C.

Il. EXPERIMENT SETUP
The cooling system consist of
1. Motor

(a solar water pump enveloped has lifted the 2.4 m®h water to 10 meters height with the help of 12 V 17 AV
battery)

Table: 1. Motor/Pump specifications

MOTOR SPECIFICATIONS
Rated voltage DC12V
Current 7A
Speed 40 rpm
Noise 60 db

PUMP SPECIFICATIONS

Type Single acting recepocating
Diameter 80 mm
Stroke (L) 160 mm
Head 11 Meters
Mechanical efficiency 54%
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2. Solar panel

3. Multi-Meter

4. Battery

5. Cooling panels-2 types
6. Thermal sensor

7. Distributor

8. Collecting tank.

O ISTRIBUTOR

SOLAR

-~ PANEL

THERMAL SENSOR

Figure: 1.Layout of Project (Experiment)

Figure: 2.Front view and top view of parallel flow cooling panel

Figure: 3.cross flow type panel
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River water taken with the help of motor and outlet of motor connected to distributor. Which is used to send the
water to panel maintain equal flow. Then the water stored®’ in the bottom case and once more submitted to river.
The power generation connected to battery and multimeter.

We took readings for few days on 50W panel.12V and 4.1ampheres.those reading are tabulated below and also for
three modes separately. The best readings in each case out of nine readings are tabulated in table no.3.

I1.I. Technical specifications of 50 W 12 V solar module panel:

Table:2 .panel specifications

Multi crystalline 50 w
lelt?)ll:\;um power 93 %

Voltage pmax 17V
Maximum power 45 W

Current at Ppax 29A

Short circuit current 315 A

Open circuit voltage 209V
tifr']'p‘;f’:trj‘féng 47+2 0r 47-2°C
Dimensions 770 L X510 W X 52 mm
Weight 6.5 Kg

Solar cells 72 cells in 4 X 18 matrix form connected in 2

parallel strings of 36 in series.

Using air as a coolant was found to reduce the solar cells temperature by 5.2 °C and increases the solar panel
efficiency by 3.3%, while using water as a coolant in parallel flow* was found to decrease the solar cells
temperature by 10 °C and the panel efficiency by 4.2%.Where as water as a coolant in counter flow was found
to decrease the solar cells temperature by 12 °C and the panel efficiency by 4.8% when compare to standard
efficiency. Therefore, cross flow cooling by water was found to be more effective than air cooling.

Table: 3 output results for 50W panel.

CIRCUIT VOLTAGE (V)
TIME | WITHOUT | PARALLEL | CROSS
COOLING(V) | COOLING(V) | FLOW(V)
8:00 AM 157 15.9 16
9:00 AM 15.9 16.0 16,3
10:00 AM 16.1 16.1 16,4
11:00 AM 16.4 16.3 16,6
12:00 PM 16.5 16.5 17
1:00 PM 16.7 16.8 17
2:00 PM 16.6 17 16.8
3:00 PM 16.2 16.9 16.7
4:00 PM 16.0 16.4 16.5
5:00 PM 15.9 16.1 16.3

A commercial polycrystalline solar panel with an area of 770 X 510 mm? was tested. PV panel specifications are
shown in Table 2. The experimental setup is consists of 12W power rating solar panel, 12V battery 20 AH
battery, volt meter, ammeter, solar lamp and cooling system. The photographic view of experimental set up is
shown in Figure 1. the water. The solar panel is located on 3 feet mild steel stand with a tilt angle of 18°(Based
on Vijayawada altitude and latitude). The solar panel is connected to the positive terminal and negative
terminals of the battery through the voltmeter and ammeter. Battery is discharged with bulb load. Schematic
diagram of output characteristics test system of solar panels is shown in Figure 2 Voltmeter and ammeter were
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used in range of 0-50 V and 1-10A respectively. 4W DC bulb was used as the load. A solarimeter'? was used to
measure the real-time solar radiation intensity (800 W/m?). Temperatures of the solar panel, ambience and the
water in the tank was monitored with digital thermometer. The water is supplied with the motor to the
distributor. The flow rate of water is controlled by knob in the hose pipe line. The setup is placed towards south
in the direct sunlight and the readings of ammeter and voltmeter are noted in hour by hour and the panel
temperature was also noted using digital thermometer. Readings were recorded for every one hour on 4th June
2015 from 8.00 am to 17.00 pm without water cooling. The same procedure was repeated from 6-10th May
2015 with water cooling by varying the flow rate from 10 litre/hr up to 30 litre/hr in step of 1 litre/hr. Weather
conditions on those days the air temperature was 35° C and the water temperature was between 23° C to
28°C.Wind speed 1.3 m/s.

Following Fig4. shows the temperature distribution over the panel surface the heat transfer analysis of panel
with cooling of solar pannel. Thermal Specification as Environment. Having atmospheric temperature of 39°C.
It is found that the temperature[9,10] attained by panel is 50°C by considering solar load on top glass of the
panel. Then the water flow will start due to activation of thermal sensor.
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Figure: 4.Graph for three modes of cooling
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Figure:5.Time Vs voltage for three modes

I1l. RESULTS
The efficiency of the panel caluculated by following relation.
Yo = (Vi In/lLA)
Where
V, =Maximum voltage (Vax)
I = Maximum current (Iax)
| = Solar intensity on earth surface (W/M?)
A — Effective area of the cell [m?.
Fill factor of current — voltage characteristic of solar cells can be calculated by using the following relation:
FF =Vm-Im/Voc-IsC
Where:
Voc = pen circuit voltage [V],
Isc = short circuit current [A].
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Table:4. characteristic of the solar panel with cross flow cooling

Vm I'm |
Time V) | (A | Pmax | w/m? FF

8:00 AM 16 1,01 | 16,16 730 0,517
9:00AM | 16,3 | 1,05 | 17,115 | 780 0,547
10:00AM | 164 | 2,1 34,44 810 0,698
11:00AM | 16,6 | 2,2 36,52 835 0,741
12:00 PM 17 2,6 44,2 840 0,896
1:00 PM 17 2,5 42,5 850 0,862
2.00PM | 16,8 | 25 42 835 0,851
3:00PM | 16,7 | 2,4 40,08 820 0,812
4:00PM | 16,5 | 23 37,95 790 0,769
5:00PM | 16,2 | 23 37,26 740 0,755

From the above table it is observed that, the efficiency of the panel is reaches 21% in cross flow cooling from
16%. Average Fill Factor for cross flow 0.744, parallel flow 0.72 and without cooling condition 0.691.

Efficiency/FillFactor
M =ffaency B All factor
20,4 21
16,2
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Figure:6. Results of the project

IV. CONCLUSION

We can improve the efficiency of the panel by cross flow. From the graphs it is clearly observed that due to
cross flow cooling in particular time we can get 1.6 times output when compare to without cooling. Among
tested three types cooling methods cross flow gives better power output and efficiency level reaches 21% from
16.2%. We can also improve some more by using optical filters. With less maintenance we improved much
efficiency of the panel and also Fill Factor.
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