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ABSTRACT
Removing the heat under the solar cells is important to reduce the thermal noise introduced by the solar. Today,
there are many cooler designs. Each design has its own advantages and disadvantages in term of removing the
heat under the solar cells. There are several methods currently available to reduce the heat, such as by using heat
sink, a tunnel to direct the heat flows, a fan to blow the heat out and so on. As the heat is removed under the
solar cells, the temperature of the solar cells drops accordingly. Hence, this cause the solar cells operate in stable
mode and less noise is introduced in the DC output. In this research, a new approach to study the heat removal
is proposed. The proposed idea is using fins with copper pipes run across the fins. This copper pipe carries water
in and out to absorb the heat from the fins. The fins are used to conduct the heat and direct the heat to the copper
pipe. It is believed that this method can reduce 85% of heat under the solar cells and it has a great advantage of
not introducing the noisy sound when operate in a long time. In order to understand this design and operation, a
simulation is carried out using SolidWork to show the thermal flows and how much the temperature can be
reduced. SolidWork is chosen because this software has a thermal analysis. SolidWork allows the designer
design a 3D object and run the simulation to study the effects. At the end of the research, a temperature reduction
with and without using this proposed method will be shown and discussed. The difficulties of the design and
detail of the heat flows under this propose method will be discussed and illustrated using appropriate
mathematical tools.
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INTRODUCTION
The solar cells are used to receive solar energy and convert the solar energy into electrical energy. There are
millions of solar cells in a piece of solar panel. Each cell consists of P and N semiconductor layers. These P and
N layers are very sensitive to the light. When these P and N semiconductor layers receive the light energy, the
electrons in the layers jump into the conduction layer. The external resistance connected across the P and N
layers will cause the current conducts. The P and N layers holding the electrons also will form a potential
different across the terminal of the cell. The analysis of heat reductions for a piece of solar cells requires a
thermal knowledge and understanding of materials that help to reduce or conduct the heats. Currently, many
heat removal systems designs are using heat sink, fan cooling system and structure design to direct the heat flows
out under the solar cells. All these methods, although is very good in terms of efficiency of heat reduction and
improve the stability, but they tend to introduce, high cost of installation, high cost of production, bulky, requires
a big space to implement, and complexity in design. Since the materials used in current cooling design systems
are expensive, so this will cause the system becomes expensive and difficult to install. Besides that, by
introducing the fan into the cooling system, the system requires additional electricity to power up the fan. The
fan usually installed under the solar cells and supported by a structure. The structure seals the air blow by the
fan, hence noise is created. Therefore, the current design of solar cells cooling system still needs to be improved
in terms of, cost, size, complexity, portable.
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At 2016, Norazlina, [1], investigated cooling system for solar panel by using electric fan. There, the investigation
included use experimental technique to calculate the cooling for system by using for the electric fan. Then, at
same year, Johnathan and Lee, [2], derivate the thermal noise for solar cells in 10 W. After this, at 2017, Chong
and Lau, [3], presented design and simulation for solar cell system. This, the investigation included presented a
design for solar cell by using mathematical simulation for cell. Also, at same year, Lau et. al, [4], presented
design for solar panel system with low cost cooling. Finally, at 2018, Kao and Sandra, [5], studied for the
performance of solar cell under high temperature. There, the investigation included simulation for PV cell under
high temperature. Also, at 2018, Abu and Lu, [6], studied the thermal noise for solar cells. In addition, the study
included analysis for the thermal noise for solar cell.
The first objective of this research is to design and simulate the new approaches of cooling system for solar cells.
Then, the temperature reduction is analyzed based on this new approach. The last objective is to compare the
performance of new approaches with other approaches. The scope of the research covers the heat flows and heat
absorbed methods using fins, the learning of Solid Work, the design parameters for the fins and copper pipe.
Understanding the heat generated from the solar cells is the key to know how the heat affects the solar cells
performance. This study must take place at the beginning of the research. After the study, next scope will focus
on the Solid Work CAD software. Solid Work CAD software is a 3D CAD software. This software is designed
mainly for designer to design any products and analyses the product performance through simulation. Solid
Work, is chosen because it has thermal analysis or thermal simulation.
PATH PROCESS PRINCIPLES
A path principle is a process that changes a system from one state to another state. Figure 1 shows a comparison
between the process. It is seen that, the starting point and the ending point in the diagram are the same, but each
process takes a different path from start to finish. Analysis in thermodynamics is easiest when a path follows a
property of the system that remains constant. In thermodynamic, the fluid goes through several different process
and returns to its initial state at the end of the cycle. Thermodynamic cycles use processes that either involve
work or move heat, Fig. 2 shows a cycle with four typical processes, work input, heat input, work output, and
heat output. Processes in Fig. 2 are connected to each other at the initial and final states of each process; that is,
the final state of one process is the initial state of the following process. In a typical thermodynamic analysis of
a cycle, it is needed to find the state of the system at the end of each process in the cycle.

Figure 1. Comparison between processes

Figure 2. A thermodynamic cycle.
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COOLING SYSTEMS
After understand the heat properties and some of the important laws in the thermodynamics, this section will
present the cooling system when there is a heat apply to the system. Every heat engine or refrigeration cycles
must reject heat. This is known as cooling system. For power plant and refrigeration cycles, a condenser is a
heat exchanger that removes heat from the fluid and sends it to the environment. In a power plant, steam is
condensed into liquid water after it leaves the turbine. In a refrigeration cycle, refrigerant vapour is condensed
into a liquid after it leaves the compressor. Many varieties of heat exchangers condense vapours into liquids.
Figure 3 shows a steam condenser where steam enter from the top and flows over cool tubes that are filled with
relatively cold water. The water inside the tubes may only be in room temperature, but the tubes are still colder
than the steam. The steam condenses on the tubes and drips to a collecting pan at the bottom of the heat
exchanger. A pump removes the water from the collecting pan and sends it back to the boiler. For large
commercial refrigeration system, the condenser may be very similar to the one just shown in Figure 2.3. Small
refrigeration system like residential air conditioners and refrigerators use ambient air to condense the vapour
into the liquid. The temperature of the refrigerant vapour entering the condenser is much warmer than the
ambient air temperature.
The heat transfer rate in the condenser using the same equation,
Q = m(hout − hin )

(1)

Q out = mair (h1 − h3 ) − mw hw

(2)

mω = mair (ω3 − ω2 )

(3)

The only different is that it is negative because heat is removed from that fluid. The enthalpy of the fluid at the
condenser latent is hin and the enthalpy at the condenser exit is hout . Sometimes, in the situation where there is
a fan used in cooling system. The fan not only blows air but also the air content the humidity to help in cooling
down the heat. If draws a cooling system on psychrometric diagram, we see that the relative humidity increases
until the air becomes saturated as it cools from state 1 to state 2. Additional cooling of air follows the saturation
line until the air leaves the heat exchanger at state 3. Moisture is removed from the air from state 2 to 3. The
moisture condenses into liquid water and leaves the evaporator through a drain. We can see that the specific
humidity decreases in the process. In a simple cooling and dehumidification process, the amount of energy
removed from the air Q out can be calculated using the mass flow rate of the dry air mair , the change in enthalpy
of the moist air (h3 − h1 ) and the energy is removed by the water condensation mw hw with equation,
In the dehumidification process, from state 2 to 3 the amount of water removed from the air is calculated using
the mass flow rate of the dry air and the change in specific humidity (ω3 - ω2) of the air with this equation,

Figure 3. A condenser.
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PRINCIPLE OF HEAT IN SOLAR CELLS
The performance of the solar cells can be degraded if the surface temperature of the solar cells increased. Figure
4 shows the research results depicted. As seen in Figure 4, the voltage drops when the temperature reaches 75
°C. The voltages still high when the temperature is 0 °C. As temperatures increased, the voltage continues drop
while the current remains unchanged. The output voltage of the solar cells will affect the power output because
power is equal to the current multiply with voltage. When voltage is dropped, the power also dropped. This
suggested that the solar panel or PV cells should operate under lower temperature as possible. The lower the
temperatures the more stables the PV cells. It is also shown that the sun light comprises of 2% of ultraviolet light
and 49% of infrared light and other visible light. Each of this light has its own spectrum and not all of them are
useful to the solar PV cells. For generating electricity, we don’t need the ultraviolet light and infrared light. What
we need is the visible light that can help in generating electricity. The visible light not only carries the light that
can be seen by eyes, but also carries the heat. The heat can increase the temperature of the solar cells and hence
causes thermal noise happens in the cells. Whenever there is a thermal noise, the current flows in the circuit will
have random amplitudes. It is practically very hard to determine the fixed values of amplitudes of the noise. The
amplitudes fluctuated as long as there is a thermal injected into the circuit.

Figure 4. The performance of solar cells under hot sun.
SOLUTIONS TO REMOVE HEAT FROM SOLAR PV
As mentioned in the beginning of the chapter, there are quite a number of solutions proposed by researchers to
cool down the temperature of the solar cells. This section will illustrate some of the design and implementation.
Figures 5, 6, 7 and 8 show cooling system current used by many researchers or engineers to reduce the
temperature on the solar PV cells. Figure 5 illustrates a method of cooling down the temperature of the solar
panel. This method apply for 100 W solar panel. The cooling down system consists of tunnel where the fan
installed at the back of the tunnel. The fan could be AC or DC running in low or high current. The function of
the tunnel is to guide the air flows inside and blows away the hot air produced by the solar panel. It is understood
that the fan must run in high speed, typically more than 500 rpm in order to blow away the hot air. There are
advantages and disadvantages of using this method to reduce the temperature of the solar cells. The advantages
of using fan to cool down the temperatures are, fast in reducing the temperature, hot air under the solar panels
can be removed in more directly way, fan can be controlled by microcontroller to turn ON and OFF under a
specific temperature, so no need to turn on all the time. The disadvantages of using fan like the one shown in
Figure 6 are, bulky, occupy many spaces, complex in installation, increase the cost of cooling, additional power
supply needed for the fan to operate, noise created by the fan.
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Figure 5. Method 1, electric fan to cool down.

Figure 6. Method 2, water system to cool down.

Figure 7. Method 3, water spray on top and down to cool down.

213

Numerical Study of the Shape Obstacle Effect on Improving the Efficiency of Photovoltaic Cell

Figure 8. Method 4, direct using electric fan to cool down but no direction.
Figure 6 using the water method to absorb the heat and move the heat away from the solar cells. This method
although is very good provide a cooling system, but it seems like there is no circulation of water (meaning that
the water cannot reused after absorb the heat). This cause huge amount of fresh water needed to remove the heat.
Situation like this is not practical because sometimes water is hardly to find in certain place and require water
pump to pump the water. Notice, as seen in Figure 6, the pail is used to collect the water. After the pail full of
water, it will be taken away for pouring and re-collect the water again. This activity is done manually and an
observer must be there to observe the water level in the pail. The advantages of second method as seen in Figure
6 are, water quietly flows through the pipe, easy to install, simple design, cost less. The disadvantages of the
method shown in Figure 6 are, manual control of water level and control the water flows into the pipe, operator
must standby to monitor the operation, inconvenient to control the heat flows.
Figure 7 concepts are very similar to the one shown in Figure 6 where water is used as an element to cool down
the temperature. The different between Figure 6 and Figure 7 are, Figure 6, use a big pipe to run the water under
the solar panel, Figure 7, use a small pipe but the water is split through on the surface of the solar panel. Figure
7 requires water pump and water pipe that have many holes. Once the water run through the pipe, the water can
splits all around the surface of the solar panel. The amount of water splits depends on the number of holes, size
of the holes, pressure of the water and water pump power. The advantages of the third method are, water splits
under control and on the top of the solar panel, cooling is working, water pump can be controlled by
microcontroller, directional control of splitting the water means more manageable. The disadvantages of the
third method are, more works to build up the pipe around the solar panel, require additional electricity to power
up the water pump, occupied many spaces, additional cost added and expensive, spray more water could affect
the solar intensity hit on the solar cells surface. The last method, which is the method 4 is using electrical fan to
blow away the heat. This method is similar to the one in Figure 5. The only different is no tunnel to guide the
heat blows away from the solar cells. Method is 4 is more simple to use but again it needs additional electricity
to power up the fan. Also, it requires space to put the fan around the solar panel. If raining comes, the fan must
move away.
COMPLETE MODELLING AND DESIGN OF THE SOLAR CELLS COOLING SYSTEM
Engineering project design requires technical knowledge, skills and resources. These three things are very
important for a designer to start up the design and complete the project on time. Technical knowledge is the most
important one. This is because the knowledge helps the designer to choose the best materials and choose the best
method to accomplish the design. Not only the technical design is important, the skill to test and analyse the
results also important. With the skills, they help to analyse the results fast and accurate. The skills can link to
the experiences. A person with experiences can perform the analysis fast and know what software suitable to
analyse and design the project. The last important thing in helping to design and develop the project is the
resources. The resources here are referred to the study materials that help to get the knowledge. The resources
could be internet, journal papers, conference papers, text books, lecture notes and so on.
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Internet is a huge resource where it contents many information. With today technology, the internet is
everywhere. User can access into internet not only can use computer or mobile laptop, but also a cell phone. A
person can search information from the internet by key in any keywords. There any many search engines
available in the internet. Once the keywords are entered, a list of information related to the keywords is showed
up by the search engines. There are two famous search engines commonly used by researchers to find
information online. One is Google and second is Yahoo. Google is the most famous website and used by more
than a billion of people to find the information. Google can helps to access many information and websites. A
smart searching method employed by the Google allows users to quick and save time to find out the information.
The information stored in the internet are in the form of video, text, graphics, animation, power point slides, and
articles.
All the information related to the research will be collected and performs an analysis. The analysis is important
because it helps to ensure the information collected are, more than 80% related to the project, doable, using low
cost material, using the material that is available in the market, content simulation steps, technique to cool down
the temperature, and, new technology employed. The information related to the project or have little related or
have those materials or components obsolete will be faced out. Once the information collection is completed,
the next progress is design. The design can use either hand sketched or using CAD software. As mentioned,
SolidWork will be used to sketch the complete design of the cooling system for solar cells. Simulation is then
carried out to show the outputs. Typical outputs intended to show are, heat flows on the cooling system, heat
reduction in terms of temperatures, efficiency of heat reduction with and without cooling system. All the results
collected from the simulations will be studied and explained in the form of graphs and texts.
Design Considerations
The following equations are important when designing the proposed cooling system using radiator method and
heat sink,
I. The coolant surface area,
Ac = Number of tubes × (2 × Tube height × length + 2× Tube width radiator length)

(1)

Aa = Total number of air passed× (2× Fins distance× Fins length + 2×Fins height× Fins width)

(2)

II. Surface area of the air,

Where,

Total number of air passed = Number of rows of fins×(

radiator length
Fins distance

)

(3)

Figure 9 illustrates the fins drawing and dimensions of the areas. It is important to control the heat transfer also
in the radiator type of cooling system for solar panel. The control is based on the length of the radiation. Table
1 shows the adjustment of heat transfer and some of the important parameters. Another parameter concerned in
the system design is the area. Since the fins are the major components that make up the whole area, so number
of fins per follow is set to 436.05. This value is obtained from the well know fins equation to compute the heat
sink for cooling. There are numerous debates on the results for the heat transfer performance versus the number
of fins. Many people have argued that it is not impossible for the fins to release the heat. As the scientists and
engineers had underwent the experiments, they found that the number of fins in the radiator or any types of
materials do performed well in transfer the heat and hence reduce the temperature. There is another debate on
the length of the radiators with number of fins that affects the performance of the heat transfer. Once again, the
entire size and length of the radiator do affects the heat reduction and heat transfer.
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Figure 9. The cooling system fins design and its surface areas.
Table 1. Theoretical analysis on the radiator length that affects the heat transfer
Radiator length
0.5 ft 0.152400 m

Heat transfer performance

1.5 ft

3450.50

1.0 ft

0.304800 m

2.0 ft

0.609600 m

0.457200 m

Introduction to SolidWorks

1560.09
2661.09
4025.01

Btu

min
Btu
min
Btu
min
Btu
min

27414.7
46762.1
60633.9
70729.5

J

s
J
s
J
s
J
s

Today, many CAD software available in the market to perform product design and simulation. Some of these
software allow user enter a program and compute the results. Typical examples of CAD software are SolidWork,
COMSOL physic, AutoDesk Inventor, ANSYS, Fluid simulation, CST and so on. All of these have their own
strength and weakness. Most of the simulation software allows user to compute the parameters distributed along
the object. For example, when a designer design a cube object and study the force, the force will exerted in the
simulation at a point will distribute along the surface or entire areas of the object. Generally, the simulation is
using finite element method to study the distribution of parameters on the surface of an object. The same thing
happens for the heat simulation, the heat source is defines at a point and through the finite element method, the
heat can flows from one point to another point. All the simulation software will use the colours method to identify
the density of the parameter concentrate. Generally, the points nearest the source will have high parameter
concentration than the points that are far from the source.
This section presents the SolidWorks and shows how to use the SolidWork to design a simple object. The main
objective is to show the important functions such as sketching, dimensions assignment, convert 2D into 3D and
simulation setting. SolidWork is a powerful CAD software that allows designer to design any prototype. The
design of the prototype can be a mono type or complex type. The mono type is a single material prototype and
there are not many connection points in the prototype. Mono type is a very basic type of prototype design because
it only use one type of material. The complex type of prototype consists of multiple materials. The materials
used not only one, but can be multiple or mixed. Some of the prototypes consists of metal and plastic materials.
When a complex prototype defined in the SolidWork, care must be taken because later on it will affect the
simulation if the materials not defined or assigned properly in the design. A complex type prototype often comes
into reality, it is very difficult to design and taking much time and much memory space to run the simulation. It
is also complex to analyse the parameters when the complex prototype is subject to simulation. For example,
heat parameter transfer from one point to another point is easily to analyse when single material involve in the
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prototype. On the other hand, if there are more than single materials, then the heat flows on the materials may
encounter loss, block or becomes faster and so on. All these could be possible if the structure of the prototype
and the shape of the prototype making the heat flow complex. Heat could also radiate when it moves along a
material.
This is another property that a designer needs to think of. Of course in cooling system, radiation of heat out from
the radiator is a good thing to cool down the temperature. But if there is a heat source keeps on adding the heat,
then it will be difficult for the material to completely loss the heat under the heat radiation condition. In Solid
Work, the software allows the designer to specify the types of materials used. The material added into a piece of
prototype by default is single. To design a complex prototype with different materials, separate design is
considered, then using the part assembly function to join them together. The materials presented at here are
useful to be set up in simulation. Overall, the materials used are, Copper-for the pipe, Aluminium alloy-for the
fins, Structure of alternator-to hold the fins, and, Aluminium plate-to conduct the heat under the solar cells. The
final picture is the final modelling of the cooling system for a piece of 100 W solar cells, as show in Figures 10
to 12. Final prototype consists of cover with aluminium heat sink. The metal at the side of the prototype used to
hold the fins (black colour portions) is the heat sink. It is a piece of metal used to conduct the heat from the solar
cells when it is placed under the solar cells.

Figure 10. Design and modelling of solar cells.

Figure 11. Final prototype of cooling system.
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Figure 12. The cooling system with dimensions.
RESULTS AND DISCUSSION
The parameters to be observed are temperature and heat distributions with colour along the surface of the cooling
system. Theoretically, the temperature is set from 50 °C to 100 °C. The main point is to see how much the
temperature can be reduced with and without the cooling device. Table 2 refers to the use of those equations
presented in section 3 to come out the solution on the temperature reduction. Overall in theoretical calculation,
total of 20 °C of heat can be reduced from the set values of temperature. To verify the calculation is correct,
simulation must be performed and collect the data to cross check with the answers shown in Table 2. The next
section will present the simulation results from the radiator till the final prototyping.
Table 2. Calculation on the heat reduction based on the design
Set temperature in °C
50
60
70
80
90
100

Without cooling °C
50
60
70
80
90
100

With cooling °C
30
40
50
60
70
80

Figure 13 shows the simulation results for one section of the cooling system and enlarge for the heat flows
results. On the left shows the heat to be absorbed and on the right show the cooling in progress until low
temperature is achieved. At the beginning of simulation, temperature of 50 °C to 100 °C was injected to the
object. The red, orange and yellow colours are showed up. These colours represent the heat to be absorbed along
the surface of the cooling system. After simulation reaching 3 seconds, the final colours turned into blue-greenyellow as seen in Figure 13 right picture. This shows that heat had been absorbed and temperatures around the
fins have been reduced. From the simulation results, temperature reductions are 5 °C under this much of section
in the cooling simulation. Figure 14 shows the simulation results for heat to be flows along the heat sink with
and without cooling system. As seen in Figure 14, the first three rows of simulation results show the heat sink
carries the heat continuously without applied the cooling device. The last row of the pictures indicates the cooling
device is adds on to the heat sink. Obviously, it is seen that the yellow orange colours disappeared and reduced
to the colours of blue green. This shows that the cooling system with fins and copper pipes are able to absorb
the heat and remove the heat from the heat sink. The total time for this simulation is 10 minutes.
As seen in Figure 15. a, the red colour represents the system carries the heat. This red colour occupied many
spaced from the given temperatures. This indicates that the heats have not been removed from the object. Figure
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15. b shows the red colour on top whereas the blue colour at the bottom. This indicates that the heat is removed
at the bottom. This is because of the cooling device has been added into the object. The red colour on top
indicates that the solar cells continuously received the heat from the sunlight. Figures 16 and 17 illustrate the
simulation results for both cooling system with fluid applied and without fluid applied. When no fluid applied,
the condition is seen in Figure 16. When fluid applied, the condition is seen in Figure 17. Compared the two and
collect the temperature results with comparison with theoretical calculation in Table 3, the following results are
obtained. From Table 3 and Figure 18, the simulation showed that the final prototype perform the temperature
reduction almost the same like the theoretical results. For example, in theory for the 50 °C set temperature, the
heat reduction is 30 °C, but in simulation the answer is 31 °C this gives an error of 1 °C. Similarly, the second
temperature give error 2 °C, the third one is 2 °C, the fourth one is 2 °C and the last one is 3 °C. The simulation
in SolidWork is using finite elements method, which is approximate method. This causes some errors happen in
the simulation, but these errors are very small and still can be accepted. The errors basically already optimized
when simulation takes about 100 iterations. The more iterations, the more accurate the result but this leads to
slow down the computation processing time and take more space.

Figure 13. Simulation results with cooling and none cooling.

Figure 14. Comparison of heat flows with and without cooling system.
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a. colour represents the system carries the heat

b. colour on top whereas the blue colour
Figure 15. Detail analysis for heat removal from the side views of the prototype.

Figure 16. Simulation results for final prototype on heat flows without cooling.
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Figure 17. Fluid flows simulation to see the cooling system.
Table 3. Simulation results compare with theoretical values.
Set temperature in °C
50
60
70
80
90
100

Without cooling °C
50
60
70
80
90
100

With cooling °C
30
40
50
60
70
80

Without cooling °C (simulation)
31
42
48
62
68
77

Figure 18. Comparison between simulation results and theoretical values.
CONCLUSION
This study has showed effective heat reductions by using the cooling system look like a radiator. The design
consists of copper pipes that makes a 4 turns and comprises of 465 numbers of fins. Around it. Metal aluminium
as a heat sink cover the entire cooling system that form a cover or chassis. This chassis will then place under the
solar PV cells to receive the heat or performs the cooling system. From the simulation results, it can be seen that
before and after apply the cooling system, there will be a bid different in colour changes in the simulation. In the
heat simulation, the red colour is a hot temperature where it is defined high temperature. The second high is
orange, the third high is yellow and the lowest temperature represents in blue colour. When the cooling system
not subjected to the water flows in the pipe, it stills performs cooling but not as good as with the water. By using
the fluid flows simulation, it can be see very clearly that the temperature is very much reduced from red colour
into green blue colour. This proved that water is much better in absorbing the heat and remove the heat.
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