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Abstract 

Energy is the important role which plays for the cost-effective development of 

country. Nowadays Renewable energy is required for generation of electricity and other 

commercial applications. Solar energy is becoming an alternative for the limited fossil fuel 

resources. One of the simplest and most direct applications of this energy is the conversion of 

solar radiation into heat, which can be used in water heating systems.  

A flat plate solar collector is used to heat the water for this research work. This paper 

presents experimental setup and Computational Fluid Dynamics simulation of flat plate solar 

collector with reflector. A flat plate solar collector with reflector, which is used with a 

capacity of 50 litres per day to conduct the experimental work. Experiments were conducted 

for a month and readings were taken. The results shows there is the efficiency of collector is 

increased by 22% when using reflector. 
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1. Introduction 

1.1 Energy Conversion 

Figure 1 shows different energy sources and the ways we utilise them. Usually the 

chemical energy stored in fossil fuels is converted to usable forms of energy via heat by 

burning, with an efficiency of about 90%. Using heat engines, thermal energy can be 

converted in to mechanical energy. Heat engines have a conversion efficiency of up to 60%.  

Mechanical energy can be converted in to electricity using electric generators with an 

efficiency of up to 99%. Most of the World’s electricity is generated with an turbo generator 

that is connected to a steam turbine, where the coal is the major energy source [1]. Along all 

the process steps of making electricity out of fossil fuels, at least 50% of the initial available 
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chemical energy is lost in the various conversion steps. Chemical energy can be directly 

converted into electricity using a fuel cell. The most common fuel used in fuel cell 

technology is hydrogen. Typical conversion efficiencies of fuel cells are 60%. A regenerative 

fuel cell can operate in both directions and also convert electrical energy into chemical 

energy [3].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The different energy carriers and how we utilise them 

 

Finally, the energy contained in sunlight, called solar energy, can be converted into 

electricity as well. If this energy is converted into electricity directly using devices based on 

semiconductor materials, we call it photovoltaics (PV) [5].  Solar light can also be converted 

into heat. This application is called solar thermal energy. Examples are the heating of water 

flowing through a black absorber material that is heated in the sunlight. This heat can be used 

for water heating. If concentrated solar power systems are temperatures of several hundreds 

of degrees are achieved, which is sufficient to generate steam and hence drive a steam turbine 

and a generator to produce electricity. 

 

1.2 Solar Energy  

Solar energy is the most abundant permanent energy resource on earth and it is 

available for use in its direct (solar radiation) and indirect (wind, biomass, hydro, ocean etc.) 

forms. The sun emits energy at a rate of 3.8x1023 kW per second [6].  The world receives 170 

x1014 kW solar energy and 30% of this energy is reflected back to the space, 47% is 

transformed to low temperature heat energy, 23% is used for evaporation/rainfall cycle in the 

Biosphere and less than 0.5% is used in the kinetic energy of the wind, waves and 

photosynthesis of plants. Using solar thermal collectors is an environmentally friendly way of 

producing energy for space heating and/or domestic hot water since it causes no carbon 

dioxide.  

 

1.3 Solar Collectors  

Solar energy collectors are special kind of heat exchangers that transform solar 

radiation energy to internal energy of the transport medium. The major component of any 

solar system is the solar collector [2]. This is a device which absorbs the incoming solar 

radiation, converts it into heat, and transfers this heat to a fluid (usually air, water, or oil) 
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flowing through the collector. There are basically two types of solar collectors: Non 

Concentrating or stationary and Concentrating.  

In Concentrating collector, collect solar energy with high intensity of solar radiation on 

the energy absorbing surface [9].  

 

2. Collector Heat Losses 
2.1 Radiation heat transfer 

When surfaces are facing each other a radiation exchange takes place. The amount of 

energy that surface exchanges pair wise with the other surfaces, heat transfer depends on the 

emittance of the surfaces, exposed area of surface, total exchange factor, and temperature 

difference between the surfaces [7]. The exchange factor depends on how the surfaces emit 

radiation, if there is a specular component or if the radiation is diffuse and the view factor. If 

the reflected radiation from the surface lacks a specular component the exchange factor is 

reduced to the view factor. 

2.2 Convection heat transfer 

Heat is also transferred through natural convection in the solar collector. The air that 

is closest to the hot surface is heated and the density is lowered. This causes the hot air to rise 

and cold air to fall and a flow of air is created [1,3]. The rate of heat transfer is described with 

the Nusselt, Rayleigh and Prandtl number. These quantities are dimensionless and depend on 

material properties, temperature difference between the surfaces and spacing.  

2.3 Conduction heat transfer 

When two media are in contact heat is transported from the hot medium to the cold by 

transferring kinetic energy from one molecule/atom to an adjacent molecule [2]. The amount 

of energy that is transferred is dependent on temperature difference, contact area and heat 

conductivity in the participating materials. Conduction can occur for example through the 

insulation in the collector box. 

3. Flat Plate Collectors 

Flat plate collector is most important part of solar thermal energy system. It is 

simplest in design and both direct and diffuse radiations are absorbed by collector and 

converted into useful heat. These collectors are suitable for heating to temperature below 

100ºC.  The constructional details of flat plate collector is given in figure 2. 

 

3.1 Insulated Box:  

The rectangular box is made of thin G.I sheet and is insulated from sides and bottom 

using glass or mineral wool of thickness  8 cm to reduce losses from conduction to back and 

side wall. The box is tilted at due south and a tilt angle depends on the latitude of location. 

The face area of the collector box is 2 m2. 
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This allows solar energy to pass through and reduces the convective heat losses from 

the absorber plate through air space. The transparent tampered glass cover is placed on top of 

rectangular box to trap the solar energy and sealed by rubber gaskets to prevent the leakage of 

hot air. It is made of plastic/glass but glass is most favourable because of its transmittance 

and low surface degradation. The thickness of glass cover 3 mm is used and 2 covers with 

spacing 2 cm are used between plates.  

3.3 Absorber Plate:  

It intercepts and absorbs the solar energy. The absorber plate is made of copper and 

thickness of 0.16 mm. It is the most important part of collector along with the tubes products 

passing the liquid or air to be heated. The plate absorbs the maximum solar radiation incident 

on it through glazing (cover plate) and transfers the heat to the tubes in contact with 

minimum heat losses to atmosphere.  

3.4 Tubes:  

The plate is attached to a series of parallel tubes through which water passes. The 

tubes are made of copper. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Components of Flat Plate Collector 

 

4. Reflector 

A parabolic dish reflector, concentrate the solar energy onto a receiver located at the focal 

point of the dish. The receiver absorbs the radiant solar energy, converting it into thermal 

energy in a circulating fluid. The thermal energy can then either be converted into electricity 

using an engine-generator coupled directly to the receiver, or it can be transported through 

pipes to a central power-conversion system. Parabolic-dish systems can achieve temperatures 

in excess of 1500ºC [11]. The material of reflector should have high reflectivity. The 

reflection occurs always on the surface of the material, for the light-diffusing materials also 

in the volume of the material.  

Reflectivity of material depends on chemical composition and structure of the material, 

state of the material and its surface (temperature, surface roughness, degree of oxidation and 

contamination) wavelength direction of the incident and reflected light polarization of light. 

The reflectance of various materials are mentioned in table 1. 

 

 

 

3.2 Transparent Cover: 
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Table 1. Reflectance of various materials 

 

Sl. 

No. 
Name of the material 

Reflectance 

(%) 

1.  Aluminum, pure, highly polished 80 - 87 

2.  Aluminum, polished 65 - 75 

3.  Chrome, polished 60 - 70 

4.  Vitreous Enamel, white 65 - 75 

5.  Copper, highly polished 70 - 75 

6.  Nickel, highly polished 50 - 60 

7.  Paper, white 70 - 80 

8.  Silvered mirror, behind glass 80 - 88 

9.  Silver, highly polished 90 - 92 

10.  Oak, light polished 25 - 35 

11.  Granite 20 - 25 

12.  Limestone 35 - 55 

13.  Marble, polished 30 - 70 

14.  Plaster, dark 15 - 25 

15.  Sandstone 20 - 40 

 

5. Specification of System 
 

1. Length of the collector  : 2m 

2. Width of the collector  : 1m 

3. Length of the absorber plate : 1.95m 

4. Width of the absorber plate : 0.95m 

5. Material of the absorber plate : Copper 

6. Thermal conductivity of the   : 386 W/mK 

7. Glass cover emissivity   : 0.85 

8. Insulating material used  : Glass-wool 

9. Material of collector tray  : Mild steel 

10. Material of the Reflector   : Al Sheet 

11. Location of collector tray : Coimbatore 

 

6. Experimental Setup 
 

Experimental setup for the above said task is as shown in figure 4 and figure5. It 

contains hot water storage tank, flat plate collector. Cold water from the overhead tank enters 

the hot water storage tank. Water from the hot water storage tank enters the flat plate 

collector. [5] Water gets heated in the risers of the flat plate collector and its density will 

decrease the lighter density water move up and stored in the hot water storage tank. Higher 

density water from the bottom of the tank again enters the flat plate collector and gets heated 

and moves up and stored in the hot water storage tank and vice-versa [7]. Hot water can be 

drawn from the hot water storage tank for further application. The flat plate collector has 

been placed on the shaft with two ball bearings an either side of the shaft for tracking 

purpose. 
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Figure 3. Flat Plate Solar Collector 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Solar Reflector 

 

7. Computational Fluid Dynamics (CFD) Analysis 
 

7.1 Basics  

Applied numerical analysis includes the solution of linear algebraic equations, ordinary 

and partial differential equations. Modelling of physical processes consist of the fluid flow, 

heat and mass transfer [11]. The use of general-purpose computer codes comprises 

commercial computational fluid dynamics software. 

Computational fluid dynamics (CFD) is concerned with the efficient numerical solution of 

the partial differential equations that describe fluid dynamics.  

CFD techniques are used in many areas of engineering where fluid behaviour is the main 

element. Numerical analysis applied to fluid flow and heat transfer problems. 

All CFD codes contain three main elements: 

(1) A pre-processor which is used to input the problem geometry, generate the grid and 

define the flow parameters and the boundary conditions to the code. 
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(2) A flow solver which is used to solve the governing equations of the flow subject to the 

conditions provided. There are four different methods used as a flow solver: (i) finite 

difference method, (ii) finite element method, (iii) finite volume method, and (iv) the spectral 

method. 

(3) A post-processor which is used to display the data and show the results in graphical 

and easy to read format. 

 

7.2 Modeling of solar air collector 

The procedure adopted to simulate the solar air collector by CFD tool is as follows: 

i) The 3D model is been modeled by using ANSYS software. After creation of 3D model, the 

unstructured grid is been created by using ANSYS. 

ii). The unstructured grid created consist around 1.5 crore elements. 

iii) The unstructured grid which is created then imported in ANSYS FLUENT software and 

the experimental conditions are used while simulating the solar air collector. 

iv) The model was defined by using 3D segregated solver with steady condition, energy 

equation, 

v) The boundary conditions used in this simulation and after setting all boundary conditions 

in fluent 

software, to solve the numerical equations the initialization by inlet is to be done. 

vi) To get the final results the numbers of iterations are set around 10000. The results for 

these simulations were converged at around 4000 to 6000 iterations. 

vii) Finally after getting the proper converged results the air flow distribution and heat 

transfer inside the solar air collector is been plotted in the form of Contour plots. 

viii). The outlet temperature is been calculated from ANSYS FLUENT after getting 

converged results and been compared with the experimental results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. 3D model of solar air collector 
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Figure. 6. 3D mesh of Solar Flat Plate Collector 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Meshing by using ANSYS Fluent 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Streamlines for temperature distribution 
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8. Results and Discussion 
 

The results obtained from the CFD analysis of solar flat plate collector with parabolic 

reflector are tabulated as table 4 . The simulation is carried out for different times, then the 

results obtained by this simulation compared with the experimental results as shown in table 

2 and 3.  The curves were plotted to experimental setup with reflector and without reflector as 

shown in figure 9 and 10. Figure 11  shows the comparison between experimental and 

simulated exit temperature of water. The difference is almost 4˚C. 

 

 

Table 2. Readings of water temperature, ambient temperature and radiation  

(Without Reflector) 

 

Sl. No. Time 

Ambient 

Temperature 

(ºC) 

Exit Water 

Temperature (ºC)  

1 09:00 28 42 

2 10:00 32 76 

3 11:00 35 87 

4 12:00 37 92 

5 13:00 38 96 

6 14:00 39 93 

7 15:00 36 81 

8 16:00 32 72 

9 17:00 29 52 

10 18:00 28 42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Temperature variation with time (Without reflector) 
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Table 3. Readings of water temperature, ambient temperature and radiation  

(With Reflector) 

 

Sl. No. Time 

Ambient 

Temperature 

(ºC) 

Exit Water 

Temperature (ºC)  

1 09:00 28 46 

2 10:00 32 80 

3 11:00 35 91 

4 12:00 37 96 

5 13:00 38 99 

6 14:00 39 97 

7 15:00 36.5 85 

8 16:00 32 78 

9 17:00 29 61 

10 18:00 28 46 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Temperature variation with time (With reflector) 
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Table 4. Comparison of experimental temperature and CFD Simulation temperature 

 

Sl. No. Time 
Ambient 

Temp. (ºC) 

Experimental 

Exit Water 

Temp. (ºC) 

CFD Simulated 

Exit Water 

Temp. (ºC) 

1 09:00 28 46 51 

2 10:00 32 80 83 

3 11:00 35 91 94 

4 12:00 37 96 100 

5 13:00 38 99 104 

6 14:00 39 97 102 

7 15:00 36.5 85 90 

8 16:00 32 78 83 

9 17:00 29 61 68 

10 18:00 28 46 57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11.Comparison of experimental temperature and CFD Simulated temperature 

 

 

9. Conclusions 
 

There is a good combination between the experimental and simulated results for outlet air 

temperatures. But there are small discrepancies available there due to some experimental 

external factors.  

CFD simulation that can be used in the future for more complex solar collector problem. 

It is an effective tool which stimulate the models on various operating conditions. From CFD 

results and practical test performance, it is concluded that- 

(i) Collector outlet temperature during day varies depending on solar intensity and it is 

directly proportional with it. 

(ii) CFD result values are higher than experimental values because there are some losses 

in experimental.  
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It is found that efficiency of solar flat plate collector is minimum. In order to overcome 

this issue, introduced the solar parabolic reflector which improves the efficiency of solar flat 

plate collector. The increased efficiency is about 22% while using reflector.  
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