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ABSTRACT 

The solar simulator already present in SMME has been redesigned to study the electrical performance of 

photovoltaic cells with variations in light intensity and temperature, and effect of different thermal 

management methodologies on efficiency and power output of solar cells. A parabolic reflector has been 

used with light source along the focal line of parabola to achieve maximum uniformity of light intensity 

on the targeted plane. Light intensity was measured and it has been found that light intensity can be varied 

in a range of 800 W/m2 to 2500 W/m2 with non-uniformity less than 10%. Hence it lies in the class C of 

solar simulators. The performance parameters of a solar cell can be determined using a current-voltage 

curve tracing equipment. The cell temperature at the irradiated surface is measured using an AMG 8833 

sensor which is an infrared temperature measuring sensor. The temperature at the dissipative surface of the 

cell is measured using thermocouples. The effect of temperature variation on the efficiency and maximum 

power of various kinds of PV cells is studied and to mitigate the depreciative effect of increase in 

temperature on the electrical performance of cell, different thermal management methodologies such as 

fins and phase change material are used. 

With application of fins and phase change material, significant improvement in the performance of solar 

cells was recorded. Poly crystalline cells show the maximum efficiency and power output per unit area and 

at light intensity of 1000 W/m^2 the recorded improvement in efficiency was from 10.02 % to 21.81 % in 

case of poly-crystalline A type cells using phase change material as a passive cooling methodology.  
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NOMENCLATURE 

 

A Area (m2) 

h Heat transfer coefficient (W/(m2K)) 

Isc Short circuit current (A) 

k Thermal conductivity (W/(m.K)) 

mw Mass of water (kg) 
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Q̇conv Rate of heat convection (W) 

Q̇diss Rate of heat dissipation by PCM (W) 
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Qres Residual heat (J) 
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Tcell Cell temperature (oC) 

Voc Open circuit voltage (V) 

η Efficiency (%) 



 

1 

 

CHAPTER 1: INTRODUCTION 

Photovoltaic cells are being used as an alternative power source in both power plants and 

in microgeneration of electricity. But it has been reported that during operation their 

temperature rises above the optimal temperature which results in gradual decrease in the 

output power and their conversion efficiencies. This creates need for comparison of 

different type of photovoltaic cells according to their response to variations in temperature. 

Also the need for different cooling methodologies to improve their efficiencies also arises.  

The performance of photovoltaic modules shows a strong dependency on their temperature 

and this project aims to characterize different types of commercially available PV cells 

according to thermal behavior of their various performance parameters. A comparative 

study of application of different thermal management methodologies on performance of 

PV cells is also performed. 

The objectives of this project include the testing of the simulator available in SMME for 

uniformity in irradiance distribution using pyranometry. If the solar simulator does not 

provide standard testing conditions for PV cells it will be modified and benchmarked for 

standardized study. The instrumentation of solar simulator for irradiance, temperature, 

current and voltage measurement will be done. The last objective of the project is to 

perform a comparative study of effect of different techniques to limit the increase in 

temperature of PV cells and thereby improving their efficiencies. 



 

2 

 

CHAPTER 2: LITERATURE REVIEW 

 

Increase in global requirement for energy and the gradual decrease in the usage of  

hydrocarbons based fuels due to environmental pollution, have led to a rapid progression 

in installations of solar photovoltaics (PV) systems worldwide to as an alternative power 

source[1]. In 2015, less than 2% of global electricity was produced by PV with share of 

more than 7% from Italy, Germany and Greece[2], indicating that solar PV is still an 

emerging source of electrical power in global arena. Major drawbacks of solar PV include 

the inherent lower device level efficiency (typically < 25%) at 25°C[3, 4] as well as 

degradation of power output and performance  with rise in temperature of PV panels [5, 6] 

in outdoor operating conditions. 

Commercially available mono-crystalline silicon photovoltaic cells have a reported 

efficiency of about 13-25% at an average surface temperature of 250C [7]. The remaining 

power is utilized in heating the cell. The power output of PV and their conversion 

efficiency decrease with increasing temperature. Akhassi et al. studied effect of 

environmental factors including ambient temperature, solar irradiance and wind speed on 

the temperature of the solar cells and developed new models to determine temperature of 

PV module under different environmental conditions [8].  

Solar simulators provide convenient way to study PV cells, solar thermal collectors, and 

thermochemical processes [10, 11] as they can offer light with similar spectral composition 

to sunlight [10] and intensities in range of less than 1 sun (1000W/m2) [12] to more than 

2000 suns [11], without interruptions caused by environmental factors as in case of testing 

under natural sunlight [13, 14]. Solar simulators are also being used for development and 

testing of various thermal management methodologies to improve performance of solar 

cells.  
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Table 1:  Review of Solar Simulators 

Light 

Source 

Power 

Rating/ 

Lamp (kW) 

Focusing Mechanism Results References 

Xenon Arc 7  Fresnel Lens Peak flux of 6.73 MW/m2 on a 

20 cm diameter target 

Wang, et al. 

[15] 

5  Ellipsoidal Mirror 

And Fresnel Lens 

Average Flux of 24.3 kW/m2  Okuhara, et 

al. [16] 

15  Array of Ellipsoidal 

Reflectors with 

common focus 

Average Flux of 6800 kW/m2 on 

60 mm diameter area 

Petrasch, et 

al. [17] 

LED Nil Nil Average Flux of 590 W/m2 on a 

38 x 38 cm2 area 

Bliss, et al. 

[18] 

Nil Nil 10 W/m2 with 3% uniformity on 

21 x 21 cm2 area 

Kohraku and 

Kurokawa 

[19] 

Metal 

Halide 

Lamp 

6  Ellipsoidal Reflector Peak Flux of 927 kW/m2 on a 

17.5 cm area 

Ekman, et al. 

[20] 

1.5  Conical Concentrator Peak flux of 60 kW/m2 Average 

flux of 45 kW/m2 

Codd, et al. 

[21] 

1.5, 2.5, 4 Ellipsoidal Reflector Adjustable Flux of 429-858 

kW/m2 

Roba and 

Siegel [22] 

The temperature of PV cells has been reported to go as high as 800C during operating 

conditions and this increase in temperature has been shown to have an insignificant 

dependence on surrounding temperature, but a strong dependence upon solar irradiance, 

wind speed and material properties of PV module [23]. Klugmann et. al has shown that for 

mono crystalline cells, the output power decreases and conversion efficiency of device 

drops by 0.65% and 0.08% for every 10C increase in the temperature of the solar cell [7]. 

Several thermal management methodologies were employed by researchers to limit the 

increase in temperature and improve device performance. Cuce et. al used aluminum fins 

to increase rate of heat transfer to the environment and an increase in output power of about 
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20% was achieved [24]. Thermodynamic performance of silicon PV cells was enhanced 

with help of air cooling [25]. Back surface water cooling was used by Bahaidarah et. al and 

an increase in efficiency of 9% was achieved by decreasing temperature by 20% [26]. 

Phase change materials have also been used to improve cell efficiency where PCM absorbs 

heat from cell as heat of fusion and increase in temperature is avoided. Mousavi et al. 

achieved a temperature drop of 15oC by using polyethylene glycol as a PCM [27]. RT27 

PCM with internal aluminum fins for enhanced heat transfer from PV module to PCM was 

used by Huang et. al [28]. A decrease in the temperature of 20oC was achieved for a 

building integrated PV module resulting in an increase of 10% in electrical efficiency of 

the module.  
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CHAPTER 3: METHODOLOGY 

This section the performance parameters of PV cells along with the testing and 

improvement of solar simulator, and design of data acquisition systems and thermal 

management techniques. Solar simulator must provide some necessary and standard testing 

conditions. 

These conditions include: 

1. An average irradiance of 800-1000 W/m2 on testing plane with non-uniformity of 

2% in class A simulators, 5% in class B simulators and 10% in class C simulators.  

2. Spectral distribution of simulator should match the spectrum of sun. 

The components of solar simulator include a light source with spectral distribution similar 

to that of sun, a light focusing mechanism which provides a uniform distribution of 

irradiance on the PV cell. 

3.1 Light Source 

The irradiance of sun on earth varies greatly depending upon positioning with respect to 

sun and weather conditions. This makes it difficult to test PV cells under sunlight. For 

laboratory testing a uniform light source with a spectrum that matches the spectral 

distribution of sun is required. Dong et. al have shown that spectrum of metal halide lamp 

matches the spectrum of sun most closely [29].  Metal halide lamp was used selected as a 

light source. The solar simulator available in SMME also used a metal halide lamp. After 

market survey it was found that the lamps available in market were tube shaped and cannot 

be used with the truncated ellipsoidal simulator available. 

3.2 Light Focusing Mechanism 

The simulator already available in SMME used a truncated ellipsoidal reflector as a light 

focusing mechanism. It worked on the principle that when a point source of light is 
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placed at one focus of ellipsoid, rays of light after reflecting from the surface of reflector 

are focused on the secondary focus of truncated ellipsoidal reflector. When a spherical 

light source is used an axial symmetric distribution is obtained. The metal halide lamp 

used in the simulator was tube shaped and hence the irradiance distribution was highly 

non-uniform.  

 

Figure 1: Irradiance distribution for ellipsoidal reflector 

After testing of simulator with help of a CM4 pyranometer by Kipp & Zonen, it was found 

that the intensity distribution did not lie in any of the prescribed classes of solar simulators. 

Figure 1 shows the irradiance measured in an area of 6*6 cm2 at two planes one at 45 cm 

distance from light source and other at 43 cm. Due to large non-uniformities in irradiance 

distribution of truncated ellipsoidal reflector it is not suitable for testing of PV cells. Hence 

a new light focusing mechanism has to be designed.  

A parabolic dish reflector was designed to achieve uniformity in irradiance distribution. 

This type of concentrator is based on the geometric properties of a parabola. The rays of 

light emitting at the focus of a parabola after being reflected from its surface, become 

parallel. The parabolic reflector designed using APEX-Solidworks and its predicted 
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irradiance distribution is shown in figure 2. It can be seen that the intensity is less uniform 

directly under the metal halide lamp, but as we move away from arc it becomes more 

uniform. 

 

Figure 2: Parabolic reflector and its light intensity distribution using APEX 

3.3 Performance Parameters of PVs 

3.3.1 Short Circuit Current  

Without any incident light a solar cell shows the same characteristics as that of a diode. 

Short circuit current is the maximum current which can flow through the solar cell when 

the potential difference is zero, and is produced due to generation and collection of charge 

carriers in PV cell. It depends upon, optical properties of solar cell, light spectrum and the 

area of solar cell and that is why instead of current, current density is used.  

3.3.2 Open Circuit Voltage  

It is the maximum value of potential difference available for a photovoltaic cell and 

occurs when the circuit is open or the current flow through circuit is zero. It depends 

upon saturation current of PV and also on the light generated current.  
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3.3.3 Maximum Power  

It is the maximum power that can be extracted from the cell under particular conditions 

(temperature and light intensity). 

𝑃𝑚 = (𝐹𝐹)𝐼𝑠𝑐𝑉𝑜𝑐 

3.3.5 Efficiency 

It is the ratio of maximum electrical power from the cell to the total irradiance power on 

the cell. 

𝜂 =
𝑃𝑚𝑎𝑥

𝐼𝑟𝑟𝑎𝑑𝑖𝑎𝑛𝑐𝑒 𝑃𝑜𝑤𝑒𝑟
 

Where 

𝐼𝑟𝑟𝑎𝑑𝑖𝑎𝑛𝑐𝑒 𝑃𝑜𝑤𝑒𝑟 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑟𝑟𝑎𝑑𝑖𝑎𝑛𝑐𝑒 ∗ 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑐𝑒𝑙𝑙 

3.4 Data Acquisition System 

The data acquisition system consists of a temperature measurement system, a current-

voltage and power-voltage curve tracing mechanism and an irradiance measurement 

system. 

3.4.1 Irradiance Measurement 

For measurement of the light intensity the CM4 pyranometer by Kipp & Zonen is used. 

This pyranometer provides a high operational temperature range of -40 to +150 oC, and a 

response time of less than 8 seconds. The irradiance from lamp was measured in an area of 

6*6 cm2 at 36 points.  
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Table 2: Least count and uncertainty in instruments used 

Instrument Least Count Uncertainty 

Pyranometer 66.61 W/m2 ±2.58 % 

Voltmeter 0.01 mV ±0.5% 

 

3.4.2 I-V and P-V curve tracer 

Current-voltage curve for PV cells is used to obtain their different performance parameters 

such as maximum power point, fill factor and conversion efficiency of the cell. It can be 

obtained by sweeping load across the PV cell from open circuit condition (infinite 

resistance) to short circuit condition (zero resistance). This was done by manual variation 

in resistance across the cell with help of a potentiometer and measurement of current and 

voltage using in parallel and ammeter in series to the solar cell, respectively. 

 

3.4.3 Temperature Measurement 

The temperature of the cell has to be measured at both the irradiated and dark surfaces. At 

the dark surface thermocouples can be used. But at irradiated surfaces, the temperature 

measurements cannot be taken using thermocouples as they will block the light. Hence an 

AMG88XX sensor along with raspberry pi is used for temperature measurements. The 

sensor needs to be calibrated and its calibration was performed using a Fluke tis45 infrared 

temperature gun. A hot plate was used, and its temperature was varied and measured with 

both Fluke temperature gun and AMG88XX sensor. The AMG88XX sensor measures 
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temperature in a 64 pixels square grid. Its height has to be adjusted such as to achieve a 

high resolution on the cell surface.  

The temperature measurement system consists of thermocouples at the dark surface of cell 

and an infrared temperature sensor at the irradiated surface of the cell. Figure 6 shows the 

comparison of temperature measurements using AMG88XX sensor. It can be seen that the 

temperature measured using the sensor is sufficiently close to the actual temperature of the 

heat plate, and the temperature measured using Fluke IR temperature gun. The resolution 

of the sensor can be varied by changing the distance between the cell and sensor and also 

by coupling two sensors thus increasing the grid for 64 pixels to 128 pixels.  
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Figure 3: Temperature measurement with AMG 88XX Sensor 

Thermal Characterization 

Different types of commercially available PV cells were characterized with respect to their 

performance and the impact of temperature on it. Mono-crystalline, two types of poly-

crystalline and thin film cells were selected. The cells were selected on the basis of 

maximum power output per unit area available in the particular class. Characterization was 

performed at two intensities, i.e 1000 W/m^2 and 1200 W/m^2, to study the impact of 

increase in light intensity on solar cell. The solar cell was placed in the simulator and when 

steady state was achieved with respect to both light intensity and temperature the current, 

voltage and power output of the cell were measured. The temperature of the cell was 

measured on the irradiated surface with help of an infrared temperature sensor and on the 

dissipative side of cell with two thermocouples. 
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3.5 Thermal Management 

Thermal management of photovoltaic cells is required due to the fact that their efficiency 

and power output decrease with increase in temperature. Different types of thermal 

management methodologies are employed by researchers to improve cell performance. 

These methods include usage of fins, phase change materials, water and air cooling, heat 

pipes, micro-channel heat sinks and cooling using Nano-fluids. In this study a comparison 

of four methods of controlling temperature of PV cells are used including fins, water jacket, 

thermo-electric generator and phase change materials. 

The steady state thermal analysis was performed for a Silicon based solar cell under a solar 

irradiance of 1000W/2 and ambient temperature of 25oC. The modes of heat transfer 

considered were radioactive and natural convective heat transfer from the irradiated and 

dark surfaces of PV cell. It was found using analytical solution of heat transfer problem 

that the temperature of PV cell goes as high as 91.26oC and the numerical simulation was 

also performed using steady state analysis in ANSYS as shown in figure 7. The results 

show that the temperature of cell reaches 93.78oC at steady state. 
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Figure 4: Steady state thermal numerical simulation of a Si-PV cell 

3.5.1 PCM 

One of the techniques used for passive thermal management of photovoltaic cells is the 

use of phase change materials for maintaining the temperature of the solar panel to a 

desirable value. A phase change material is characterized by high latent heat of fusion i.e. 

it absorbs a large amount of heat at a constant temperature during phase change process. 
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Table 3: Potential Materials to be used as PCM’s [30-33] 

Material Type Melting 

Temperature 

(◦C) 

Heat of 

Fusion 

(kJ/kg) 

Thermal 

Conductivity(W/mK) 

Paraffin C16-C18 Organic 20-22 152 - 

Paraffin C13-C24 Organic 22-24 189 0.21 

Paraffin C18 Organic 28 244 0.15 

CaCl2.6H2O(Hy

drated Salt) 

Inorganic 29.7 171 - 

RT-25  25 147 1.02 

 

For application on solar panel, the most desirable phase change temperature is around 22-

25◦C and thermal conductivity should be as high as possible since PCM is in contact at 

the back surface of the solar panel and it must be capable of absorbing heat from the front 

surface and thermal contact resistance should be as much minimized as possible. Paraffins 

are usually used with PV cells due to their melting temperature closer to the optimum 

working temperature of PV cells. Another potential category of PCM’s are hydrated salts 

because they have very low prices and they are light weight making it easy to handle them. 

Rubitherms too prove themselves to be a valuable class of materials for phase change 

processes as they can be designed to have the desired melting point while having required 

latent heat and thermal conductivity properties. Rubitherm PCM’s are innovative phase 

change materials based on paraffin and waxes for the effective storage of sensible and 

latent heat. Some of the potential materials in this respect are as given in table 3. 
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The phase change materials absorb a large amount of heat equal to their heat of fusion to 

change phase from solid to liquid while maintaining a constant temperature. Hence they 

help in limiting the increase in temperature of PV cell. 

Qgen is the component of total light energy available to solar cell which is converted into 

heat.   

𝑄𝑔𝑒𝑛 = 𝐼𝑟𝑟𝑎𝑑𝑖𝑎𝑛𝑐𝑒 ∗ 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑐𝑒𝑙𝑙 ∗ 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑦 𝑜𝑓 𝑐𝑒𝑙𝑙 

Qres is the residual heat which remains in solar cell after some of its heat energy has been 

removed by PCM. 

𝑄𝑟𝑒𝑠 = ℎ ∗ 𝐴 ∗ ∆𝑡 ∗ (𝑇𝑐𝑒𝑙𝑙 − 𝑇𝑎𝑡𝑚) 

Table 4: Comparison of effect of different PCMs on temperature of PV cell 

 Steady state 

Temperature  

Temperature With PCM (oC) 

PCM Without PCM after 1 hour after 2 hours after 3 hours 

Paraffin C13-C24 91.26 

 

25 45.7438 61.4938 

Paraffin C18 25 31.9938 52.3271 

CaCl2.6H2O 

(Hydrated Salt) 

25 50.2438 64.4938 

RT-25 25 41.6604 58.7716 

 

A comparison of different PCMs for cooling of PV cell is shown in table 4. It can be seen 

that without using a PCM the temperature of the cell goes as high as 93oC. Also the 

temperature remains at the ambient temperature for first hour, but it starts increasing after 

that. The result show that the Paraffin (C18) causes the maximum drop in temperature and 

will improve the efficiency of PV cell most significantly. It can be seen at start this rate 
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is low as most of the heat absorbed by cell is being utillized by Paraffin to change its phase. 

Once the phase change is complete the rate of increase in temperature of cell increases.  

 

Figure 5: Numerical simulation for Si-PV cell with Paraffin (C13-C24) 
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COST ANALYSIS: 

The Phase change material used for evaluation was Modified Paraffin Wax and 

calculations for paraffin wax are as follows: 

PCM Type Density Price $ per kg 

Modified Paraffin Wax 900 1.89  

The results of the calculations are as follows and the detail is provided in Appendix. 

Volume Req. (m3) 0.906553846 

mass of pcm req. (kg) 815.8984615 

Price of Req. PCM 1542.048092 

Price of PCM per watt 0.514016031 

Price per watt (without including the price of pcm) 0.449655461 

Total price per watt 0.963671492 

To conclude Paraffin Wax is only financially feasible if area is a constraint. Otherwise, 

added cost of Paraffin wax is greater than the added benefit of greater efficiency. Likewise, 

fins could only be beneficial if area is a constraint. Otherwise added cost with outweigh 

the increase in efficiency.    
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CHAPTER 4: RESULTS AND DISCUSSIONS 

This chapter presents and discusses results for irradiance distribution of improved solar 

simulator, testing of I-V and P-V curve tracing systems. The comparison of temperature 

measurement from Fluke temperature gun and infrared temperature sensor is also provided. 

Effect of applying different cooling techniques on the temperature of PV cell is also 

determined. 

4.1 Irradiance Distribution 

The irradiance distribution of the parabolic reflector based simulator, in an area of 6*6 cm2, 

at two levels is shown in figure 7. This was plotted using a 14 degree interpolation 

polynomial. The results show that the uniformity in irradiance has highly enhanced. At a 

distance of 45 cm from the light source the average irradiance is 1180.70 W/m2 with a 

standard deviation of 30.51 which is a large improvement in the uniformity over the 

ellipsoidal reflector. This can be attributed to the fact that the rays of light from the tube 

shaped light source placed along the focal line of parabolic reflector become parallel after 

reflecting from the reflector. The non-uniformity of the solar simulator is about 7% and 

hence it falls under the class C of the solar simulators as mentioned above. For irradiance 

data see appendix I. 
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 Thermal Characterization 

Thermal characterization of performance of different types of commercially available 

photovoltaic cells was performed at two different intensity levels. Figure 8 a and b show 

the power density of different types of cells at 1000 and 1200 W/m^2 respectively. It can 

be seen that the maximum output power density was obtained for poly-crystalline cells of 

type B. The thin film cells as shown have the minimum output power density among the 

four cells tested.   

Figure 6: Irradiance distribution of parabolic reflector 
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Figure 7: Thermal characterization at a) 1000 W/m^2 b) 1200 W/m^2 

Summary of the data for characterization of PV cells is provided in table XYZ. Tamb 

represents the ambient temperature during test. Trad-cell is the average temperature at the 

irradiated surface of the solar cell. It is measured at sixteen random points on the cell 

surface with the help of AMG8833 infrared temperature measurement sensor. The Tdiss-cell 

represents the average temperature at the dissipative surface of the cell measured using two 

k-type thermocouples. Cells are characterized with respect to the power density to 

eliminate the effect of variation in total available PV area of cell due to their different sizes. 

It may be noted that the maximum power output of the cell increases with increase in 

temperature but the conversion efficiency of cell decreases. Also, it may be noted that the 

poly-crystalline cells give the maximum efficiency among the group even at relatively 

higher temperatures. 
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 1000 W/m^2 1200 W/m^2 

Class Mono-
crystallin

e 

Poly-
crystallin

e A 

Poly-
crystalli

ne B 

Thin 
film 

Mono-
crystalline 

Poly-
crystalline 

A 

Poly-
crystalline 

B 

Thin 
film 

Area cm2 4.5 3.42 3.42 27.54 4.5 3.42 3.42 27.54 

Tamb C 39.95 40.43 39.5 39.08 41.72 42.08 42.19 40 

Trad-cell C 75.9 90.84 86.89 82.87 82.77 83.77 82.80 83 

Tdiss-cell C 69.94 66.91 73.47 59.36 62.37 57.38 65.87 61.67 

Max power 
density 

kW/m^2 

43.87 101.57 129.07 23.18 53.61 101.02 145.09 24.86 

Efficiency 
% 

4.43 10.2 12.88 1.922 4.04 7.47 12.10 1.81 

 

4.4 Thermal Management 

Thermal management of PV cells was performed using two different passive cooling 

techniques i.e., fins and phase change material. The results show that a larger drop in 

temperature of cell was observed with application of phase change materials as compared 

with fins that results in relatively larger enhancement in power output and efficiency of 

cells.  

Figure 9 a and b represent the effect of application of fins and Paraffin Wax PCM on 

different types of cells. It can be seen than with application of thermal management systems 

the light to electrical conversion efficiency of solar cells increases. The poly crystalline 

cells of type 1 show maximum increase in efficiency due to decrease in temperature. An 

increase in conversion efficiency from 10.20 to 21.82 is observed for these cells due to 

decrease in temperature with application of phase change material. 
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Figure 8: Efficiencies of Solar Cells at a) 1000 W/m^2 b) 1200 W/m^2 

Figure 10 (a) and (b) represent the effect of application of different types of passive cooling 

techniques on the power output of solar cells. It can be seen that the polycrystalline cells 

of type 2 show maximum output power density without application of any cooling 

methodology. However, the maximum relative increase in output power density exists for 

the polycrystalline cells of type 1 when phase change material is employed as a cooling 

method. It can also be seen that with increase in light intensity the maximum output power 

of cell increases but its solar power to electrical power conversion efficiency decreases. 

Also that the effect of thermal management methodologies on the electrical performance 

parameters of thin films PV cells is negligible.  
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Figure 9: Output Power Density at a) 1000 W/m^2 b) 1200 W/m^2 

The polycrystalline cells of type 2 are recommended to be used when no heat sinks or 

cooling methods are to be applied. On the other hand, when heat sinks are used the 

polycrystalline cells of type 1 must be used to gain maximum output power per unit area 

of cell.  
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CHAPTER 5: CONCLUSION AND RECOMMENDATION 

The solar simulator design is improved for standardized testing of photovoltaic cell. It 

consists of a 1000 W tube shaped metal halide lamp coupled with a parabolic reflector for 

uniform distribution of irradiance. It can provide a wide irradiance range of 800 to 2500 

W/m2 with less than 7% uncertainty and lies in the class C of solar simulators, as defined 

by ASTM. The data acquisition system consisting of irradiance measurement, current and 

voltage measurements and temperature measurements has been made. Different types of 

commercially available PV cells were characterized on basis of their performance with 

change in temperature. It was found that the polycrystalline cells give maximum power 

output per unit area among all the cell types considered. Thermal management of cells was 

performed using both fins and phase change materials and at 1000 W/m^2 an increase in 

efficiency of 1.13% occurred for monocrystalline cells, 11.61% for polycrystalline type 1, 

10.43% for polycrystalline 2, and 0.4152% for thin film cells. At light intensity of 1200 

W/m^2 the efficiency of monocrystalline cells increases by 0.77%, of polycrystalline cells 

of type 1 by 11.07%, of polycrystalline type 2 by 5% and of thin film cells by 0.36%. 

Polycrystalline cells show the maximum power output per unit area and hence are 

recommended to be used for commercial purposes. Also in case of limited space thermal 

management methods can be utilized to further improve the power output per unit area.  
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APPENDIX I: IRRADIANCE DATA FOR PARABOLIC 

REFLECTOR 

 X-axis 

   -3 -2 -1 0 1 2 3 

Y-axis -3 1155.116 1148.515 1161.716 1168.317 1188.119 1201.32 1207.921 

-2 1161.716 1161.716 1168.317 1174.917 1181.518 1181.518 1194.719 

-1 1148.515 1155.116 1155.116 1148.515 1148.515 1141.914 1135.314 

0 1161.716 1161.716 1161.716 1161.716 1168.317 1148.515 1141.914 

1 1168.317 1181.518 1188.119 1188.119 1194.719 1201.32 1207.921 

2 1207.921 1214.521 1221.122 1234.323 1247.525 1254.125 1247.525 

3 1161.716 1155.116 1161.716 1174.917 1201.32 1221.122 1227.723 

Figure 10: Irradiance data of parabolic reflector at 45 cm from light source 

 X-axis 

   -3 -2 -1 0 1 2 3 

Y-axis -3 2198.02 2244.224 2244.224 2231.023 2211.221 2165.017 2125.413 

-2 2363.036 2402.64 2409.241 2435.644 2429.043 2389.439 2310.231 

-1 2534.653 2554.455 2561.056 2547.855 2528.053 2488.449 2429.043 

0 2468.647 2488.449 2514.851 2521.452 2521.452 2508.251 2495.05 

1 2409.241 2382.838 2415.842 2409.241 2409.241 2389.439 2376.238 

2 2270.627 2290.429 2330.033 2343.234 2336.634 2336.634 2330.033 

3 2125.413 2118.812 2178.218 2184.818 2191.419 2184.818 2178.218 

Figure 11: Irradiance data of parabolic reflector at 43 cm from light source 
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Table 5: Thermal management of different types of cells at 1000 W/m^2 

Cell Type  T amb T rad T dis-cell T dis_HS Pmax Efficiency 

Mono No HS 39.95 75.90 69.94 - 266.19 4.43 

Fins 40.50 65.00 49.96 42.81 302.41 5.03 

PCM 40.10 63.50 52.50 44.00 333.66 5.57 

Poly 1 No HS 40.43 90.85 66.92 - 380.33 10.20 

Fins 40.17 66.65 58.83 37.29 694.14 19.36 

PCM 40.50 63.90 52.83 62.45 781.12 21.81 

Poly2 No HS 39.50 86.89 73.47 - 462.81 12.89 

Fins 40.10 63.50 55.00 41.29 694.00 18.63 

PCM 40.58 61.30 52.54 48.88 852.00 23.32 

Thin Film No HS 39.08 82.88 59.36 - 173.85 1.92 

Fins 39.42 60.00 54.88 48.71 210.10 2.33 

PCM 39.75 57.43 52.25 48.33 211.08 2.34 

 

 

Table 6: Thermal management of different types of cells at 1200 W/m^2 

Cell Type  T amb T rad T dis-cell T dis_HS Pmax Efficiency 

Mono No HS 41.72 82.77 62.38 - 291.17 4.04 

Fins 38.92 66.57 53.00 42.79 322.57 4.47 

PCM 38.90 66.57 51.00 42.00 347.90 4.82 

Poly 1 No HS 42.08 83.77 57.39 0.00 318.00 7.48 

Fins 40.08 69.19 61.42 49.58 610.76 14.20 

PCM 40.42 62.45 54.92 0.00 789.26 18.55 

Poly2 No HS 42.19 82.80 65.88 0.00 521.67 12.11 

Fins 40.08 66.31 63.38 48.54 717.00 16.68 

PCM 40.58 57.76 53.04 43.21 749.32 17.11 

Thin Film No HS 40.00 83.00 61.67 0.00 194.33 1.81 

Fins 40.92 64.45 55.67 43.67 226.40 2.11 

PCM 40.92 58.92 52.92 49.00 233.45 2.18 

 


