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Abstract— Solar thermochemical processes make use of 

concentrated solar radiation as the energy source of high-

temperature, which drives endothermic reactions aimed at the 

production of chemical fuels. In this paper, the main objective 

is to study the effect of various parameters on the working of 

thermochemical reactor. The parameters which are studied 

here are porosity, velocity and length of the porous material. 

The results from these parameters concluded that high 

porosity enhances the working of thermochemical reactor and 

velocity must be kept low for the better results. 
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I. INTRODUCTION 

Thermodynamics is the science that describes the conversion 

of one form of energy into another form,  brief introduction 

towards the concepts of pv solar concentrations and thus the 

thermodynamic parameters of solar thermochemical 

conversion is provided to the reader.The two fundamental 

thermodynamic laws that give practical information with 

regard to any solar thermochemical process are the 1st and 

2nd laws. Using the 1st law, one establishes the minimum 

quantity of solar energy needs to produce a particular fuel or 

chemical species. The 2nd law indicates, among other things, 

whether or not the chosen path for producing the fuel is 

physically possible. Both types of information are required 

for a process designer (Steinfeld and Palumbo, 2003). 

 The proposed solution for using sunlight to make 

chemical fuels which consists solar energy to run one or more 

high-temperature, endothermic chemical reactions that 

further boost the chemical energy density of a responding 

stream and then to produce the chemical fuel conduct 

multiple unit operations. Figure 1 presents a generic chemical 

process flow sheet including additional steps for purification 

of the product and recycle, plus heat exchangers that 

recuperate thermal energy and/or help to control the chemical 

reactions and separations steps. 

A. Solar Collectors 

1) Technological difficulties associated to Solar Fuels 

development is the combination of solar concentrators 

with function of the endothermic units. These include: 

2) Conducting endothermic high-temperature experiments 

using thermal energy obtained at the focal point of 

central receiver concentrator or the parabolic dish ; 

3) Utilizing low temperature heat from less-expensive, 

trough concentrators for moderate- to low- temperature 

endothermic unit operations, 

4) And Execution of additional chemical unit operations to 

manufacture a final chemical fuel component. 

B. Indirect and direct solar Reactor 

An opaque surface initially absorbs the incidence solar 

energy and passes it to heat exchanger or reacts to gas on the 

other side in indirectly heated reactors, In such reactors the 

heat exchange medium may be molten salts, air or solid 

particles. 

 
Fig. 1: Indirectly heated solar reactors 

C. Parabolic dish 

Parabolic solar concentrators can supply space heating at a 

temperature of about 1000 C which is high enough for most 

important thermal processes. Dish concentrators now operate 

on this scale and are being designed for distribution for 

electric power production in the American Southwest. For 

producing electric power, Figure 4 displays focal point of the 

parabolic dish concentrator with a 25 kW equations of motion 

Stirling cycle heat motor. Present proposals call for the 

construction in the Mojave Desert of hundreds of thousands 

of identical dish systems, producing several hundred kilowatt 

hours of electrical electricity for the California electric grid. 

Investors expect economic success of mass production in 

manufacturing large numbers of these concentrators and heat 

engines. As stated by one of the founding partners of Stirling 

Power Generation, the company's goal is for capital cost 

estimates to be reduced to about $50,000 each dishes, or 

approximately $50,000 for 100kWs of input 

 
Fig. 2: Schematic diagram of the Parabolic Trough 

Concentrator system, shown in two dimensions 
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II. METHODOLOGY AND ANALYSIS  

A. Case design 

To increase the length of porous media in a chemical reactor, 

seven cases are taken which are shown in table below. In first 

three cases, the porosity will increase gradually while the 

velocity and length of porous media will remain constant. The 

best result from three cases will be taken for case 4 and 5, in 

this velocity will be changed. After that the best resulted 

porosity and best result of velocity will be taken for the next 

two cases; case 6 and 7. The results of last two cases will 

show the changes in length of porous media. 

 Porosity 
Velocity 

(m/s) 

Length of porous 

Media (mm) 

Case 1 0.6 0.005  

Case 2 0.7 0.005 60 

Case 3 0.8 0.005 60 

Case 4 
Best result 

porosity 
0.085 60 

Case 5 
Best result 

porosity 
0.003 60 

Case 6 
Best result 

porosity 

Best result 

Velocity 
70 

Case 7 
Best result 

porosity 

Best result 

Velocity 
50 

Table 1: Different cases to test of solar thermo-chemical 

reactor 

B. Analysis 

The programmed is used for the design and modelling of 

goods as well as analysis for durability, fluid flow, as well as 

temperature distribution. It make possible to analyses the 

condition of the model under various operating environment 

and also helped to simulate the effect on model of an object. 

The basic module of the ANSYS software is FEA, CFD. 

C. Mathematical model 

Figure 3 displays SiC porous media solar thermo-chemical 

reactor that is used for computational simulation. The 

absorbed solar energy is transferred through the clear quartz 

glass window mounted at the reactor's front surface through 

the reactor's inner cavity. As indicated in Figure 3, the angle 

of the front cavity wall is designed to 45° to the axis in order 

to effectively collect incident solar energy. The reactant gas 

enters the reactors inner chamber via joint declaration that are 

diametrically opposed to one another in the y direction. The 

crystal windows can be cleaned but also kept free of 

particulate buildup because of the impact of the carriage gas 

flow. At the reactor exit the water- cooled system is mounted 

to lower the exhaust gas temperature. In addition, the entire 

reactor is covered with strong thermal insulation to secure the 

reactor and reducing heat loss during the progress of 

thermochemical reactions. 

 
Fig. 3: Schematic sketches of solar thermo-chemical reactor 

in Ansysis 

D. Meshing 

Meshing is an integral a part of the CAE simulation method. 

The mesh affects the accuracy, convergence and speed of the 

solution. Furthermore, the time it takes to create and mesh a 

version is often a good sized part of the time it takes to get 

consequences from a CAE solution. Therefore, the higher and 

extra automated the meshing equipment, the better the 

solutionin below figure 4. 

 
Fig. 4: Mesh with enlarged image 

III. SIMULATION AND RESULT 

A. Result for selecting porosity 

The solar thermochemical reactor consists of a chemical 

reactor for which three case are taken to select the porosity of 

the material. Three cases with constant velocity and same 

length of porous media are taken in which the porosity is 

increased by 10% in every case is shown in table 2. 

 Porosity Velocity (m/s) 
Length of porous 

Media (mm) 

Case 1 0.6 0.005 60 

Case 2 0.7 0.005 60 

Case 3 0.8 0.005 60 

Table 2: Cases for selecting porosity 

B. Temperature 

To select the porosity of the material, temperature is one of 

the main parameter to be considered. Following are the 

results of three cases temperature conto 

1) Case 1- The temperature contour for case 1 is shown in 

figure 5. Various colours in the figure shows different 

temperature range such as orange colour indicates the 

maximum temperature and blue colour shows the 

minimum temperature. 
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Fig. 5: Temperature contour for Case 1 

2) Case 2- The temperature contour for case 2 is shown in 

figure 6. Various colours in the figure shows different 

temperature range such as orange colour indicates the 

maximum temperature and blue colour shows the 

minimum temperature. 

 
Fig. 6: Temperature contour for Case 2 

3) Case 3- The temperature contour for case 3 is shown in 

figure 7. Various colours in the figure shows different 

temperature range such as orange colour indicates the 

maximum temperature and blue colour shows the 

minimum temperature. 

 
Fig. 7: Temperature contour for Case 3 

1) Temperature comparisons 

The graph show that while increasing the porosity the 

temperature decreases. The porous medium at a length of 0.05 

to 0.1 meter remained quite stable. This change in 

temperature is produced because high porous material of 

alloy has to move gas in large quantity in porous contact zone. 

Case 3 will be ideal for the chemical reactor as its temperature 

is lowest when the length is increased. In this below figure 8. 

 
Fig. 8: Graph representing variations in temperature when 

length changed 

 Figure 4.8 shows the same results like the above 

graph. Case 3 is decreasing rapidly when length of porous 

media is increase. 

 
Fig. 9: Graph representing Temperature v/s Length 

2) Pressure comparisons 

When length of the porous media is increased, the pressure 

decreases. In the table given below, it is clear that in each case 

the pressure is decreasing as the length of porous mode is 

increasing. 

 Case 1 Case 2 Case 3 

0.01 0.0243 0.0246 0.0246 

0.05 0.0208 0.0210 0.0210 

0.1 0.0024 0.0026 0.0026 

0.12 0.0014 0.0016 0.0015 

Table 3: Pressure comparison with length 

 With the increase of length of material the pressure 

decreases, shown by a graph in figure 10. 

 
Fig. 10: Graph represents Pressure v/s Length 

3) Velocity Comparison 

The velocity graph is divided in three section A is inlet, B is 

Porous Region and C is Outlet. The graph showed porous 

zone in decrease the velocity of gas. At this region higher heat 

transfer is achieved. 

 
Fig. 11 Velocity comparison graph 
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4) Result for selecting Velocity 

The solar thermochemical reactor consists of a chemical 

reactor for which earlier three cases were taken to select the 

porosity. Now two cases will be taken to select the velocity. 

Best result porosity will be taken as porosity in case 4 and 5. 

The length of the porous media will also remain constant. To 

select the velocity, velocity will be varied as shown in table 

4. 

 Porosity 
Velocity 

(m/s) 

Length of 

porousMedia (mm) 

Case 4 0.9 0.09 60 

Case 5 0.9 0.002 60 

5) Temperature 

To select the velocity of the material, temperature is one of 

the main parameter to be considered. And while increasing 

the material the temperature should decrease maximum. 

Following are the results of two cases; Case 4 and 5 

temperature contour. 

4) Case 4- The temperature contour for case 4 is shown in 

figure 12. Various colours in the figure shows different 

temperature range such as orange colour indicates the 

maximum temperature and blue colour shows the 

minimum temperature. 

 
Fig. 12: Temperature contour of Case 4 

5) Case 5- The temperature contour for case 5 is shown in 

the figure 13. Various colours in the figure shows 

different temperature range such as orange colour 

indicates the maximum temperature and blue colour 

shows the minimum temperature. 

 
Fig. 13: Temperature Contour of Case 5 

C. Heat transfer rate 

To select the velocity, the heat transfer rate of Case 4 and 5 

are shown in figure 14.. It is clear from the figure that heat 

transfer of Case 4 is 4818.583 and heat transfer rate of Case 

5 is 4818.388. Heat transfer rate of Case 4 is higher than Case 

5 from the results shown in the graph. 

 
Fig. 14: Graph representing Heat Transfer Rate 

D. Temperature comparisons 

The graph show that when length of the material is increased, 

the temperature decreased. The temperature decrease is same 

in both the cases. 

 
Fig. 15: representing temperature comparison 

E. Result for selecting Length 

The solar thermochemical reactor consists of a chemical 

reactor for which five cases were taken earlier. Now two 

cases, Case 6 and 7 will be taken to select the length of the 

material. The cases with constant velocity and porosity are 

taken in which the length of porous material is different for 

both cases as shown in the table: 

 Porosity 
Velocity 

(m/s) 

Length of porous 

Media (mm) 

Case 6 0.9 0.002 70 

Case 7 0.9 0.002 50 

Table 4.4: Cases for selecting length 

F. Overall Heat Transfer Comparisons 

The heat transfer rate of all the cases is shown in figure 14 

given below. It is the comparison of all the parameters such 

as porosity, velocity and length of the porous media with 

respect to heat transfer comparison. Case 1 shows the least 

heat transfer rate, its value is 3721.077W. While Case 7 

shows the highest Heat Transfer Rate which is 4901.343W. 
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Fig. 16: Graph showing Overall Heat Transfer Rate 

1) Overall Temperature Comparisons 

The temperature comparison of all the cases is shown in 

figure 16 given below. It is the comparison of all the 

parameters such as porosity, velocity and length of the porous 

media with respect to temperature. Case 3 shows the least 

value of temperature when the length increased which is 

required by the chemical reactor. 

 
Fig. 17: Graph showing overall Temperature Comparison 

G. Average Temperature Comparisons 

The graph given below shows the different temperatures. 

Here the average of each case is given, from which it can be 

concluded that Case 1 and Case 4 are showing the maximum 

average temperature which is also same i.e. 1327.64K. And 

case 6 shows the least value 1205.23K of average 

temperature. 

 
Fig. 18: Average temperature comparision graph 

IV. CONCLUSION  

Thermodynamics shows us, in quite simplistic words, that at 

higher temperature we transmit solar energy to our process, 

more innovative we could be about what gets out like an end 

product. The same experiment was performed in the above 

case. To increase the length of porous media in a chemical 

reactor, seven cases were taken. The conclusions obtained 

from these cases are discussed below: 

 From the table 4.1, case 1 to 3 is considered first. 

While increasing the porosity, the temperature decreases and 

Case 3 will be ideal for the chemical reactor as its temperature 

is lowest when the length is increased. The porosity of 0.9 

shows the best results and other parameters remained 

constant. 

 From the table 4.2, case 4 and 5 are considered then. 

While varying the velocity in two cases, it can be concluded 

that less velocity gives better results. 
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