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Abstract: The high consumption of fossil fuels for power generation has resulted in increased carbon emission and faster depletion. 

The solar energy is available in abundance which can be tapped using solar chimney. The current research investigates roughened 

design of solar chimney using numerical method. The CFD analysis of roughened surface (staggered type) solar collector is 

conducted using ANSYS CFX and output parameters are determined. The pressure plot, velocity plot and kinetic energy plots are 

generated. The pressure and velocity profile obtained from analysis has shown encouraging results and roughened solar chimney 

design could yield better performance.     
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1. INTRODUCTION 

The power generation using fossil fuels like coal, petroleum 

is causing environmental hazards. The carbon emission from 

thermal power plants is causing rise in environmental 

temperature. The viable solution to this problem is the use of 

solar chimney for power generation. The solar energy is 

available in abundance and solar power can be tapped using 

solar chimney. The lack of energy in various regions is 

causing poverty and underdevelopment. The power shortage 

is making industrialist reluctant to open any kind of 

manufacturing plants or other set up. Figure 1 below shows 

one of the solar power plant located in Arizona USA.   

Figure 

1: Solar Power Plant  

The solar chimney power plant (SCPP) consists of three 

essential parts: a solar collector, a chimney, and a power 

conversion unit. Theoretical, experimental, and case studies 

of the SCPPs all around the world have concluded that the 

SCPP is with low power efficiency [1–3], huge solar collector 

area [4–6], and high chimney [6–9]. 
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2. LITERATURE REVIEW 

 

Hirunlabh et al. [10] has conducted experimental 

investigation of solar wall with six experimental points 

placed 1m above ground. The experimental findings have 

shown an increase in solar wall temperature with increase in 

wall height and vice versa.  

 

Afonso and Oliveira [11] has conducted experimental 

investigation of solar chimney placed at Lisbon in Portugal. 

The experimental results have shown that volume flow rate is 

higher in chimneys with higher width.  

 

Khedari et al. [12] conducted experimental investigation of 

solar chimney mounted on Trombe wall with solar wall. The 

air flow rate and volume is significantly affected by 

geometric dimensions of solar chimney.  

 

 

3. OBJECTIVES 

The performance of solar chimney depends upon stacking 

effect generated. The stacking effect depends upon solar 

radiation intensity incident on collector surface. The stacking 

effect of chimney can be improved by changing design of 

solar chimney from smooth to rough (staggered type design). 

The objective of current research is to investigate the 

effectiveness of rough shaped collector design in improving 

the performance of solar collector.  

 

4. METHODOLOGY 

The analysis of solar chimney is conducted using techniques 

of Computational Fluid Dynamics. The Naviers Stokes 

equation governs CFD which involves conservation of mass, 

conservation of energy and conservation of momentum. The 

energy equation used given by equation 1 below. 

                

                                                                                 (1) 

The dimensions of chimney are taken from literature [14]. 

The height of chimney is 200m, diameter of chimney is 10m, 

diameter of collector is 500m.  

 
Figure 2: Imported CAD model of chimney in ANSYS 

design modeler 

 
The model of chimney is converted in .iges file format which 

is imported in ANSYS design modeler for checking hard 

edges, sleeves and other errors on vertical face. The chimney 

design is meshed using tetrahedral elements as shown in 

figure 3 below.  

 

 
Figure 3: Meshed model of chimney 

 

The meshed model has 5 layers, growth rate 1.2 and inflation 

set to normal. The number of nodes generated is 21081 and 

number of elements generated is 88756. The tetrahedral 

elements is suitable for complex geometries involving hard 

edges.  

 

 

Figure 4: Fluid model definition of chimney 

 

The domain definition is set to fluid and turbulence model set 

to k omega. The reference pressure is set to 1atm and fluid is 

set to air. The heat transfer model is set to total energy and 

thermal radiation model set to discrete transfer and 

participating media. The spectral model is set to grey. The 

equation for the change of radiant intensity, dI, along a path, 

ds can be written as 

                                            (2)         

 

where 
 

= gas absorption coefficient 

  
 

= intensity 

  
 

= gas local temperature 

  
 

= Stefan-Boltzmann constant (5.669 *10-8 W/m2 

-K-4 ) 
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The inlet boundary condition is defined on outer face of solar 

chimney. The outlet boundary condition is defined at the top 

face with relative pressure difference set to zero. The thermal 

flux is applied on exposed surface with magnitude of 

1000W/m2. The bottom surface is applied with adiabatic 

boundary conditions. The convergence criteria of 100 

iterations and RMS residuals are set to .0001.  

 

5. RESULTS AND DISCUSSION 

The CFD analysis is conducted on solar chimney with 

roughened surface (staggered type design) is conducted using 

k-omega turbulence model. Pressure plot, radiation plot and 

other output parameters are determined.  

 

 
Figure 5: Roughened surface pressure plot 

 

 
Figure 6: Roughened surface Radiation Intensity  

 
The pressure plot and radiation intensity plot for roughened 

surface solar chimney is shown in figure 5 and figure 6 

above. The pressure is almost uniform from air inlet section 

to vertical section and magnitude of pressure at this zone is 

3.2Pa to 3.7Pa. The pressure profile changes at the vertical 

section and profile shows higher pressure at the centre of 

vertical section and lower pressure on corner regions. The 

radiation intensity plot shows lower magnitude at the air inlet 

as represented by light blue and dark blue colour. The 

radiation intensity at the region is nearly 1195 W/m2 sr-1 and 

radiation intensity increases on moving towards the center 

and radiation intensity at this region is nearly 6870 W/m2 sr-1.  

 

 

 
Figure 7: Roughened surface total pressure plot  

 

The total pressure plot obtained in figure 7 above shows 

higher magnitude at the centre with peak zone of magnitude 

4.39Pa. This pressure profile would facilitate the turbine to 

generated higher power. The total pressure is almost uniform 

along the width of solar chimney with magnitude of nearly 

3.2Pa.  

 

 
Figure 8: Roughened surface Turbulence eddy dissipation 

plot  

 

Turbulent eddy dissipation rate represents the rate at which 

energy cascades from large to small eddies within the inertial 

subrange. The turbulence eddy dissipation is observed to be 

maximum at the corners of vertical member with magnitude 

of nearly .0049 m2s-3.  

 

 
Figure 9: Roughened surface Turbulence kinetic energy plot  

 

The kinetic energy associated with turbulence is shown in 

figure 9 above. The plot shows wavy structure of solar 

collector has significant effect on augmentation of turbulence 

kinetic energy. This kinetic energy increases air flow and an 

increased power generation is observed.  
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Figure 10: Roughened surface Velocity plot  

 
The velocity plot of roughened surface solar chimney is 

shown in figure 10 above. The plot shows maximum air 

velocity at the centre of vertical member. The velocity at the 

centre is observed to be early 2.65m/s and reduces vertically 

upwards and reaches to 2.06m/s. The velocity at the 

horizontal zone has magnitude of .714m/s as represented by 

light blue colour.  

 

6. CONCLUSION 

The CFD simulation packages aides in conducting numerical 

investigation of solar chimney under varied boundary 

conditions which saves time. The CFD analysis of roughened 

surface solar collector design is conducted and provided 

necessary pressure and velocity data. The CFD results have 

shown that maximum air velocity is observed at the centre of 

vertical member. The velocity at the centre is observed to be 

early 2.65m/s and reduces vertically upwards and reaches to 

2.06m/s. The use of staggered design type collectors can 

significantly enhance power generation.  

 

REFERENCES 

[1] F. Cao, L. Zhao, and L. Guo, “Simulation of a sloped solar chimney 

power plant in Lanzhou,” Energy Conversion and Management, vol. 52, no. 

6, pp. 2360–2366, 2011.  

[2] T. Z. Ming, Y. Zheng, C. Liu, W. Liu, and Y. Pan, “Simple analysis on 

thermal performance of solar chimney power generation systems,” Journal of 
the Energy Institute, vol. 83, no. 1, pp. 6–11, 2010.  

[3] X. Zhou, F. Wang, and R. M. Ochieng, “A review of solar chimney 
power technology,” Renewable and Sustainable Energy Reviews, vol. 14, 

no. 8, pp. 2315–2338, 2010. 

 [4] S. Larbi, A. Bouhdjar, and T. Chergui, “Performance analysis of a solar 

chimney power plant in the southwestern region of Algeria,” Renewable and 

Sustainable Energy Reviews, vol. 14, no. 1, pp. 470–477, 2010.  

[5] R. Sangi, “Performance evaluation of solar chimney power plants in 

Iran,” Renewable and Sustainable Energy Reviews, vol. 16, no. 1, pp. 704–
710, 2012.  

[6] C. D. Papageorgiou and P. P. Katopodis, “A modular solar collector for 
desert floating solar chimney technology,” in Energy, Environment, 

Ecosystems, Development and Landscape Architecture, pp. 126–132, 

WSEAS Press, Athens, Greece, 2009.  

[7] X. Zhou, J. Yang, B. Xiao, G. Hou, and Y. Wu, “Numerical investigation 

of a compressible flow through a solar chimney,” Heat Transfer Engineering, 
vol. 30, no. 8, pp. 670–676, 2009.  

[8] X. Zhou, M.A.D.S. Bernardes, and R.M. Ochieng, “Influence of 
atmospheric cross flow on solar updraft tower inflow,” Energy, vol. 42, no. 

1, pp. 393–400, 2012.  

[9] S. Nizetic, N. Ninic, and B. Klarin, “Analysis and feasibility of 
implementing solar chimney power plants in the Mediterranean region,” 

Energy, vol. 33, no. 11, pp. 1680– 1690, 2008. 

[10] Hirunlabh, J.; Kongduang, W.; Namprakai, P.; Khedari, J. Study of 

natural ventilation of houses by a metallic solar wall under tropical climate. 

Renew. Energy 1999, 18, 109–119.  

[11] Afonso, C.; Oliveira, A. Solar chimneys: Simulation and experiment. 

Energy Build. 2000, 32, 71–79.  

[12] Khedari, J.; Boonsri, B.; Hirunlabh. J. Ventilation impact of a solar 

chimney on indoor temperature fluctuation and air change in a school 
building. Energy Build. 2000, 32, 89–93. 

 [13] Spencer, S.; Chen, Z.D.; Li, Y.; Haghighat, F. Experimental 
investigation of a solar chimney natural ventilation system. In Air 

Distribution in Rooms, Proceedings of the 7th International Roomvent 

Conference, Reading, UK, 9–12 July 2000; pp. 813–818. 

[14] Ganguli AA and Deshpande S (2020) Three Dimensional CFD 

Studies of a Solar Chimney: Effect of Geometrical Parameters and 
Diurnal Variations on Power Generated. Front. Chem. Eng. 2:2. doi: 

10.3389/fceng.2020.00002 

 

http://www.jetir.org/

