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Abstract: Solar energy is the most abundant form of energy on this planet. In Europe and other countries with relatively low 

temperatures, where hot water is one of the basic needs for human beings, solar collectors are used to fulfilling their needs. In 

this paper performance of the solar collector will be analyzed using ANSYS software. Under specific conditions, different 

analyses will be performed to evaluate the performance of a solar collector containing water as heat transfer fluid. A 

Computational Fluid Dynamics, CFD analysis will be performed to check the heat transfer capability of copper (Cu) and 

aluminum (Al). The surging temperature could cause deformation, so in this paper, ANSYS structural software will be used to 

analyze the sustainability of structure under solar heat, so the performance of each material in solar energy applications can be 

estimated. After these analyses, we will be able to predict the maximum output temperature accurately we can obtain at a 

different time of the day, and each temperature we will analyze the maximum deformation within the structure because the 

pipes of solar collectors are not usually too thick, so the selection of material for the pipe is crucial. The purpose of this work is 

to simulate the performance of solar collectors under specific conditions and understand the temperature distribution along 

with the collector and also analyze the deformation we can obtain at different temperatures. 
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1. Introduction 

Researchers are finding alternate energy sources to 

overcome the energy crisis and to avoid the climatic change 

due to the burning of fossil fuels for getting energy [1]. Solar 

energy is one of the most effective renewable energy sources 

with effective intensity power of 1016W receiving on earth’s 

surface after losses, whereas globally 1013W of electric 

power is required [2]. The solar collector is a kind of heat 

exchanger wherein heat exchange takes between a distance 

source and a heat transfer fluid flowing in the collector [3]. 

Solar radiation from the sun hits the absorber plate of the 

collector, and the thermal energy is then transferred to the 

fluid. Based on their design, solar collectors can be classified 

as concentrating and non-concentrating type. No 

concentrating class can be further divided into flat plate 

collector and evacuated tube collectors. Flat plate collectors 

are the most common type of collectors and the most 

primitive too. Work of Hottel and Woertz [4] in 1942 and by 

Hottel and Whiller [5] in 1958 can be looked like the first 

work on solar flat plate collector. They had developed the 

collectors consisting of a black flat plate absorber, a 

transparent cover, heat transfer fluid and an insulating case. 

Tabor [6], in 1955, employed selective black surfaces to 

increase collector efficiency. His experiments on optical 

concentration revealed the ability of optical concentration to 

produce high-pressure steam. Many studies have been done 

after that to analyze and improve the thermal efficiency of 
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the collector. Due to growing energy problems, solar energy 

has been looked at as a source of infinite power. Solar 

collector has significantly been studied in this matter. Many 

of the new designs have been developed after 1990. Various 

research works are being carried out over the world to 

improve the thermal performance of flat plate collectors. 

Polymers are used to build novel collectors to reduce weight. 

The use of Nanofluids makes the collectors compact by 

giving the same output as that of prominent collectors but in 

a comparatively smaller size [7] because Nanofluids possess 

much better characteristics and can be used in many thermal 

management systems [8]. Studies are also focused on finding 

the optimum spacing between the glass covers in the multi-

glazed collector. Indoor and outdoor tests are carried out 

based on the operating and design parameters to obtain the 

best possible system for desired working conditions. It is 

essential to decrease the heat loss from the collector to 

increase efficiency. Many studies are oriented in this 

direction to study and reduce heat loss, with increased 

glazing, honeycomb maze-based absorber plate, considering 

wind velocity in the Analysis of collector, etc. Analyzing the 

performance of the collector is equally vital as it helps to 

develop further and improve the design. Development and 

Analysis always go hand in hand. Experimental Analysis of 

all the different collectors produced is not feasible. Hence 

analytical and numerical methods have been employed to 

analyze the behavior of collectors in other conditions 

approximately. CFD codes have helped researchers to a great 

extent. Ability to reduce lead time, to study system under 

hazardous condition and study of controlled experiments of 

systems which are difficult or impossible to perform 

practically are some of the unique advantages of CFD. 

Currently, most scientific research is focused on reducing 

the consumption of fossil fuels such as coal, oil, and natural 

gas, on reducing the impact of greenhouse gases released. In 

the atmosphere, the largest source of renewable energy 

available on Earth is solar energy. However, only a fraction of 

solar energy, in the form of daylight and photosynthesis, is 

used throughout the world. One-third of solar radiation is 

incorporated into space, and Earth, oceans, and clouds absorb 

the rest. It is very reasonable to collect solar energy to convert 

it into heating or cooling. Solar energy processes have little 

impact on the environment. In addition to environmental 

awareness, the decline of conventional energy sources has led 

to solar energy being the most appropriate energy source to 

meet the growing energy demand worldwide. Scientists have 

researched and developed technology for collecting solar 

energy for the benefit of humanity and are still considering the 

use of innovative technology to maximize the collection and 

use of solar energy. Among these technologies, solar heaters 

and collectors have attracted much attention due to the direct 

transformation of solar energy into thermal energy. The 

absorbed solar radiation is converted to heat and transferred to 

the heating process with liquid, usually water. The integration 

of solar energy into the building system and mechanical 

systems can reduce the cost of solar energy systems while 

improving the efficiency of the museum. Therefore, research 

on the design of integrated solar systems for buildings began in 

the early 1960s and continues today. In an integrated solar 

design, the building is used as part of the solar system. Solar 

Collectors usually consists of Pipes, absorber and a sheet but 

the most important is pipes and pipe’s material. Nowadays, 

selecting a material is an important task, and in this kind, this 

research is one of a variety. We will analyze different material 

and their performance (CFD+ Structural). We will study 

different heat fluxes from the sun throughout the day, how 

every material reacts, and how much deformation we can get 

under particular heat. Salma Marrakchi used parabolic type 

solar Collectors to simulate the performance by using CFD to 

analyze three-dimensional temperature distribution [9]. In 

previous paper used the simple solar collector to simulate the 

working of the solar collector by CFD [10]. A. A. Hachicha et 

al. tested the influence of the wind flow on the optical 

performance of the collector and thermal efficiency [11]. 

Yanjuan Wang et al. investigated the temperature effect on the 

deformation of HCEs under the non-uniform distribution of 

solar radiation using a three-dimensional thermo-mechanical 

coupling model [12]. Different approaches have been used to 

analyze different types of collectors [13-15]. In this paper, we 

used a unique approach to analyze the performance of 

collectors. We performed CFD and Structural Analysis to 

study the structure performance; the pipes used in collectors 

are not too thick, and the increase in temperature can cause 

deformation within pipes, which can lead to failure. 

In this paper, two materials are chosen for the Analysis, 

Copper, and Aluminum. Copper has commonly used 

materials in such applications, so we will be evaluating its 

performance based on the application. In this paper, two 

analyses will be elaborated, Computational Fluid Dynamics 

(CFD) Analysis and Structural Analysis. CFD Analysis will 

show us the heat transfer phenomenon of both materials 

according to the heat we are receiving. Structural Analysis 

will show us the structural performance of materials under 

heat applied and how much deformation we can expect under 

such conditions. 

2. Methodology 

The software predefines the method. The followed method 

is described in the flow chart below. 
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Figure 1. Geometry. 

Geometry 

ANSYS Fluent has a sub software to draw a model (3D or 

2D), but it also can import external models made by using 

any other software (Solid Works, Pro E, AutoCAD, CATIA, 

etc.). The model used for this Analysis is created by using 

Solid Works. This model consists of mainly two parts—one 

as solid, which is the absorber plate, including pipes web. 

The second is pipes themselves created with an inner 

diameter of the absorber plate, which acts as a fluid domain 

for the water. 

Model 

Fluent has the second step as the model. The model further 

has sub-steps. During modeling, we mesh the geometry and 

apply boundary conditions. 

Meshing 

 

Figure 2. Mesh. 

Geometry is first imported to ANSYS, and then we choose 

the meshing standards according to shape. If meshing is 

much finer, the results will be less arguable. 

Boundary Conditions 

Boundary conditions are defined as the operating 

parameters. Our model is 3D in shape, and some assumptions 

are also made to solve this model. 

1. The 3D model is in a state of equilibrium. 

2. The ambient temperature is considered constant. 

3. Surfaces other than the facing solar irradiance are 

assumed to be completely isolated. 

 

Figure 3. Top Surface. 

 

Figure 4. Inlet. 

Boundary conditions applied to the specific model shown 

are explained below. 

Inlet: Inlet is chosen as velocity inlet, and velocity of our 

fluid (Water liquid) is kept constant as 0.02ms
-1

. 

Top Surface: Top surface is the area where we are assumed 

to be receiving solar irradiance; with each passing hour of the 

day, we have a different value for solar irradiance. 

Walls: Walls of the plate are the source for convection heat 

transfer. Convection heat transfer is assumed to be natural. 

This performance evaluation is based on software analysis, 

so we using software we cannot assume the real 

environment; we need to perform this simulation based on 

some assumptions. So, mentioned are the assumptions used 

in this paper. These mentioned assumptions are for CFD 

analysis only. Predefined properties of copper and aluminum 

are presented in table 1. 

1. Steady state Heat transfer 

2. Model is in equilibrium 

Table 1. Material properties. 

Material Specific Heat (J/Kg-K) Thermal Conductivity (W/m-K) 

Aluminum 910 250 

Copper 390 401 

Table 2. Heat flux and ambient temperature at different hours of the day. 

Time Heat Flux (W/m^2) Ambient Temperature (K) 

9:00 621.7 301 

10:00 750.51 305.7 

11:00 879.5 308 

12:00 909 309.9 

13:00 948 312.5 

14:00 909.5 311.9 

15:00 790 309 

16:00 597.5 306 

17:00 357 304 

Solution 

Once we have applied all the boundary conditions, then 

we solve the model for all materials. Every material is 

solved at each hour of the day. Every hour of the day has a 

different value of solar irradiance, as presented in table 2. 

This is a time-consuming process and needs enormous 

patience. We are trying to solve for two materials, and 

each material is solved at almost nine (9) chosen time 

steps of the day. After we get all the results from CFD, 

then we import the output of CFD solutions as the input of 

Structural Analysis, and Structural Analysis also needs to 
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be solved for each hour of the day. 

Results 

After finishing the solution of our model, we can examine 

different results. Here we need to discuss all results obtained. 

The results are obtained from two solvers. 

1. Computational Fluid Dynamics Analysis 

2. Structural Analysis 

Table 3. CFD results. 

Time Copper (Outlet °C) Aluminum (Outlet °C) 

9:00 55.71 54.67 

10:00 63.69 62.53 

11:00 72.15 71.43 

12:00 74.4 73.65 

13:00 79.3 77.95 

14:00 76.44 75.67 

15:00 69.83 68.03 

16:00 58.53 57.15 

17:00 46.27 45.47 

Computational Fluid Dynamics (CFD) Analysis 

Computational Fluid Dynamics, usually known as CFD, is 

performed using ANSYS Fluid Software. CFD analysis is 

performed on two selected materials, and the focus is to 

evaluate the performance for each of these selected materials 

separately. In this section, we will be discussing each 

material’s performance individually. The material used as the 

materials for the collector’s plate and pipes is Copper and 

Aluminum. 

As we can see in this result in table 3, the difference 

between outlet temperatures is evident but not so huge. Still, 

as mentioned before in materials property data, we can see 

the thermal conductivity of copper is almost double the 

thermal conductivity of aluminum. Also, the specific heat of 

aluminum is nearly double the specific heat of copper. So as 

per definitions of both these terms, the question arises is 

“Why aluminum having the thermal conductivity value half 

as copper can have almost the same outlet temperature as 

copper?” Now to elaborate on this answer, we need some 

understanding of this field. There is a term called “Thermal 

diffusivity.” Which is defined as: 

� =
�

���
#�01�  

 

Figure 5. Top Surface CFD Result. 

Thermal diffusivity relates both these terms (Thermal 

Conductivity and Specific Heat) with the density of the material. 

If we have a look at this property of both the materials, we can 

see there is not much difference in the value of these properties 

and which is the reason for this almost the same outlet 

temperature. Still, the question arises, if the materials can 

perform almost the same in the heat transfer department so why 

we don’t usually see solar collectors with aluminum? 

 

Figure 6. Streamlines. 

 

Figure 7. Comparison of Copper and Aluminum outlet Temperatures. 

Structural Analysis 

Structural Analysis is done by using ANSYS Structural 

Software. First, we import the temperature and pressure from 

CFD Analysis to Structural Analysis to analyze the structural 

performance of both materials. In this case, because the velocity 

of water is not so much, so the pressure is low. If we were to use 

equations to measure the deformation, we could neglect the 

pressure, but in this paper, we used software to analyze this, so it 

is included. Temperature is an important parameter which is the 

reason for deformation. The temperature at the surface of the 

plate is varying due to the varying heat flux, and for both 

materials at any given time, the temperature is different due to 

the properties of materials. In this Analysis, no other load is 

applied other than pressure and temperature, so all these 

deformations are because of temperature. 
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Figure 8. Imported Temperature. 

 

Figure 9. Imported Pressure. 

These pictures show the imported pressure and 

temperatures from CFD Analysis. The imported temperature 

is at the top surface of the collector, which is designed to 

absorb solar energy. Structural Analysis tells about the 

deformation, and our structure can have at any given time of 

day. It can be seen Aluminum has much more deformation as 

compared to copper. During analyzing this condition, some 

parameters are neglected, like wind pressure and some other 

conditions. It is predicted that in actual cases, some can see 

much more deformation. 

In this application, metal is always in contact with water, 

so corrosion is also an essential parameter regarding the life 

of the collector. Another critical parameter in this application 

is the manufacturing of a solar collector. During the 

manufacturing of solar collectors, many manufacturing 

processes are required to join different parts together to form 

a required shape, and this reduces the usage of aluminum in 

this application. Welding is a necessary process to 

manufacture the web of pipes, and welding of aluminum is 

difficult to accomplish. If some want to use aluminum in this 

application, some unique process will be required to 

manufacture the required shape, which will be costly and 

increase the overall cost of the product. 

 

Figure 10. Deformation (Copper). 

 

Figure 11. Deformation (Aluminum). 

Table 4. CFD results (Surface Temperature). 

Heat Flux 
Maximum Temperature at 

Surface (Copper) 

Maximum Temperature 

at Surface (Aluminum) 

621.7 62.174 70.264 

750.51 71.827 78.232 

879.5 81.692 89.196 

909 85.162 92.018 

948 89.338 97.425 

909.5 86.311 94.048 

790 77.929 84.671 

597.5 64.684 69.786 

357 49.884 52.937 

In this given table 4, the maximum temperature available 

at the surface of the specific material is shown. Where it can 

be seen, Aluminum has more temperature than copper due to 

its thermal properties. 
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Figure 12. Total Deformation. 

3. Conclusion 

In this paper, the overall performance of flat plate solar 

collectors is analyzed under certain conditions and 

assumptions. At first, Computational Fluid Dynamic (CFD) 

analysis is performed to determine heat transfer capabilities of 

chosen materials, and output temperature was derived from 

this Analysis at each chunk of time. After CFD, Structure 

analysis was performed to see the sustainability of material and 

structure under certain conditions. Deformations and 

prediction of life of the structure were the possible outcomes 

of structural Analysis. After performing both analyses upon 

both chosen materials (Copper & Aluminum), it was clear that 

the heat transfer capabilities of aluminum are almost the same 

as copper. The sustainability of aluminum is much lower than 

copper. The actual difficulty is the manufacturing process. 

Copper can be welded, and the shape of pipes web can be 

manufactured much easily as compared to aluminum. Using 

aluminum is much costly. Life of aluminum as pipe material in 

the solar collector is not, which is needed. So this paper 

explains the heat transfer problem and structural analysis 

results. This paper demonstrates a unique way to estimate the 

performance of flat plate solar collectors, which is challenging 

to analyze in labs and takes much time. 

This paper laid the base for such future Analysis. In the 

future, there are many problems to be evaluated, such as 

different mass flow rates or velocities can be analyzed to see 

at which the mass flow rate and the heat transfer rate is 

maximum. Further, different designs and materials can be 

used to analyze the performance. 
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