EXPLORING ALTERNATIVE DESIGNS FOR SOLAR CHIMNEYS
USING COMPUTATIONAL FLUID DYNAMICS

Elizabeth Marie Heisler

Thesis submitted to the faculty of the Virginia Polytechnic Institute and State University in
partial fulfillment of the requirements for the degree of

Master of Science
In
Mechanical Engineering

Francine Battaglia, Chair
Scott Huxtable
Mark Paul

22 September 2014
Blacksburg, VA

Keywords: Computational Fluid Dynamics, Solar Chimney, Buoyancy-Driven Flow, Natural
Convection

Copyright 2014



Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia
Tech's University Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist
you in making a sound decision.

Name: Elizabeth Heisler

Description of item under review for fair use: Figure 3. Source: T. Tahar and D. Mahfoud, "Numerical
Analysis of Flows in a Solar Chimney Power Plant with a Curved Junction," International Journal of Energy
Science, vol. 3, no. 4, pp. 280-286, 2013.

Report generated on: 09-10-2014 at : 10:05:32

Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the
copyright work weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used
weighs: in favor of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the
copyrighted work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after
your use of the copyrighted work weighs: in favor of fair use

2



Based on the information you provided, your use of the copyrighted work weighs:
In favor of fair use

~ XHTML
- 1.0



Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia
Tech's University Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist
you in making a sound decision.

Name: Elizabeth Heisler

Description of item under review for fair use: Figure 5. Source: T. Tahar and D. Mahfoud, "Numerical
Analysis of Flows in a Solar Chimney Power Plant with a Curved Junction," International Journal of Energy
Science, vol. 3, no. 4, pp. 280-286, 2013.

Report generated on: 09-10-2014 at : 10:08:38

Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the
copyright work weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used
weighs: in favor of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the
copyrighted work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after
your use of the copyrighted work weighs: in favor of fair use

4



Based on the information you provided, your use of the copyrighted work weighs:
In favor of fair use

~ XHTML
- 1.0



Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia
Tech's University Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist
you in making a sound decision.

Name: Elizabeth Heisler

Description of item under review for fair use: Figure 6. Source: T. Tahar and D. Mahfoud, "Numerical
Analysis of Flows in a Solar Chimney Power Plant with a Curved Junction," International Journal of Energy
Science, vol. 3, no. 4, pp. 280-286, 2013.

Report generated on: 09-10-2014 at : 10:15:28

Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the
copyright work weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used
weighs: in favor of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the
copyrighted work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after
your use of the copyrighted work weighs: in favor of fair use

6



Based on the information you provided, your use of the copyrighted work weighs:
In favor of fair use

~ XHTML
- 1.0



Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia
Tech's University Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist
you in making a sound decision.

Name: Elizabeth Heisler

Description of item under review for fair use: Figure 8. Source: T. Tahar and D. Mahfoud, "Numerical
Analysis of Flows in a Solar Chimney Power Plant with a Curved Junction," International Journal of Energy
Science, vol. 3, no. 4, pp. 280-286, 2013.

Report generated on: 09-10-2014 at : 10:20:22

Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the
copyright work weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used
weighs: in favor of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the
copyrighted work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after
your use of the copyrighted work weighs: in favor of fair use

8



Based on the information you provided, your use of the copyrighted work weighs:
In favor of fair use

~ XHTML
- 1.0



Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia
Tech's University Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist
you in making a sound decision.

Name: Elizabeth Heisler

Description of item under review for fair use: Figure 9. Source: T. Tahar and D. Mahfoud, "Numerical
Analysis of Flows in a Solar Chimney Power Plant with a Curved Junction," International Journal of Energy
Science, vol. 3, no. 4, pp. 280-286, 2013.

Report generated on: 09-10-2014 at : 10:21:56

Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the
copyright work weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used
weighs: in favor of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the
copyrighted work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after
your use of the copyrighted work weighs: in favor of fair use

10



Based on the information you provided, your use of the copyrighted work weighs:
In favor of fair use

~ XHTML
- 1.0

11



Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia
Tech's University Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist
you in making a sound decision.

Name: Elizabeth Heisler

Description of item under review for fair use: Figure 11. Source: T. Tahar and D. Mahfoud, "Numerical
Analysis of Flows in a Solar Chimney Power Plant with a Curved Junction," International Journal of Energy
Science, vol. 3, no. 4, pp. 280-286, 2013.

Report generated on: 09-10-2014 at : 10:24:18

Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the
copyright work weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used
weighs: in favor of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the
copyrighted work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after
your use of the copyrighted work weighs: in favor of fair use

12



Based on the information you provided, your use of the copyrighted work weighs:
In favor of fair use

~ XHTML
- 1.0

13



Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia
Tech's University Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist
you in making a sound decision.

Name: Elizabeth Heisler

Description of item under review for fair use: Figure 12. Source: T. Tahar and D. Mahfoud, "Numerical
Analysis of Flows in a Solar Chimney Power Plant with a Curved Junction," International Journal of Energy
Science, vol. 3, no. 4, pp. 280-286, 2013.

Report generated on: 09-10-2014 at : 10:25:38

Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the
copyright work weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used
weighs: in favor of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the
copyrighted work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after
your use of the copyrighted work weighs: in favor of fair use

14



Based on the information you provided, your use of the copyrighted work weighs:
In favor of fair use

~ XHTML
- 1.0

15



Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia
Tech's University Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist
you in making a sound decision.

Name: Elizabeth Heisler

Description of item under review for fair use: Figure 14. Source: T. Tahar and D. Mahfoud, "Numerical
Analysis of Flows in a Solar Chimney Power Plant with a Curved Junction," International Journal of Energy
Science, vol. 3, no. 4, pp. 280-286, 2013.

Report generated on: 09-10-2014 at : 10:26:49

Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the
copyright work weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used
weighs: in favor of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the
copyrighted work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after
your use of the copyrighted work weighs: in favor of fair use

16



Based on the information you provided, your use of the copyrighted work weighs:
In favor of fair use

~ XHTML
- 1.0

17



Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia
Tech's University Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist
you in making a sound decision.

Name: Elizabeth Heisler

Description of item under review for fair use: Map of Global Horizontal Irradiation - Africa and Middle
East Source: SolarGIS, [Online]. Available: http://solargis.info/doc/free-solar-radiation-maps-GHI.
[Accessed June 2014 ]. Report generated on: 09-10-2014 at : 10:30:30

Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the
copyright work weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used
weighs: in favor of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the
copyrighted work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after
your use of the copyrighted work weighs: in favor of fair use

18



Based on the information you provided, your use of the copyrighted work weighs:
In favor of fair use

~ XHTML
- 1.0

19



Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia
Tech's University Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist
you in making a sound decision.

Name: Elizabeth Heisler

Description of item under review for fair use: Figure 1 Source: T. K. Grose, "Solar Chimneys Can Convert
Hot Air to Energy, But Is Funding a Mirage?," National Geographic , 16 April 2014. [Online]. Available:
http://news.nationalgeographic.com/news/energy/2014/04/140416-solar-updraft-towers-convert-hot-air-
to-energy/. [Accessed 21 April 2014].

Report generated on: 09-10-2014 at : 10:31:48

Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the
copyright work weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used
weighs: in favor of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the
copyrighted work weighs: in favor of fair use

Factor 4

20



Your consideration of the effect or potential effect on the market after
your use of the copyrighted work weighs: in favor of fair use

Based on the information you provided, your use of the copyrighted work weighs:
In favor of fair use

~ XHTML
- 1.0

21



