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Problem Statement:

Given the acute need for meeting energy needs with sustainable energy sources, potential solutions for this problem at the MEMS scale need to be explored. While higher heat transfer rates may be achieved at the MEMS scale, shunt losses are an issue. Thus far, the focus of power MEMS research has been on miniaturizing combustion based engines to utilize the high power density of fuels. There remains a need, however, to explore the benefits of MEMS in inexpensive power generation by efficient conversion of heat from relatively low-temperature and relatively small-scale heat sources such as waste heat or solar energy. 

Objectives and Tasks:

1. Explore and select a concept, and design a device based on that concept.

2. Propose specific dimensions, materials and manufacturing processes to realize the concept.

3. Perform structural, thermal and electromechanical analysis of the proposed device using a simple analytical model and FEA.

Impacts:

1. The proposed MEMS heat engine could be used in harnessing solar energy or waste heat.

2. The proposed device may be cheaper, more efficient, or use less toxic substances than solar photovoltaic cells.
3. The proposed device may be modular and scalable for energy needs ranging from micro power to utility scale.
4. The device does not have complex moving parts and hence would provide reliable, maintenance free service.

5. The proposed device could be used in a vacuum and can be a good candidate for space applications.
References

[1] Landis, Geoffrey A. “MEMS closed chamber heat engine and electric generator” US patent US 6,978,611 B1
[2] Kribus, A. “Heat transfer in miniature heat engines”, Heat Transfer Engineering 2004

[3] Kribus, A Thermal Integral Micro-generation systems for Solar and Conventional use, Journal of Solar Energy Engineering, vol 124 pp 189-197, 2002

[4] Jacobson, Stuart A. and Epstein, Alan H. “An Informal Survey Of Power Mems” The International Symposium on Micro-Mechanical Engineering, December 1-3, 2003

THERMO ACOUSTICS ENGINES

[5]Scott Backhaus and Greg Swift “New Varieties Of Thermoacoustic Engines.Pdf” LA-UR-02-2721, 9th International Congress on Sound and Vibration, July 2002

[6] Penn State University - The Graduate Program in Acoustics http://www.acs.psu.edu/thermoacoustics/ accessed Feb 11, 2006

[7]Fellows, Oscar Lee. “Thermoacoustic engine-generator”. US patent US 6,910,332 B2 
INTERNET REFERENCES ON POWER MEMS ACCESSED FEB 25, 2006

1) NASA stirling cooler under development- 
http://www.grc.nasa.gov/WWW/RT2000/5000/5440moran.html

2) Berkeley PPT (solar stirling engine – not MEMS) and        
http://www.apec-conf.org/2005/APEC_2005_SP2_5.pdf

3) Diaphragm vibration pump (picture) - 
http://www.microfabrica.com/mems_design_challenge/updates/entry_114.html
Heat sink (above page)

4)  Stirling engine calculator - http://www.bekkoame.ne.jp/~khirata/english/howwork.htm

5)  MEMS cooling http://www.crss.ucsb.edu/courses/ME156C/PPT-2000/G6-report.pdf

6) Micro pump FEA 
http://www.algor.com/news_pub/tech_white_papers/mems_micropump/default.asp

7) MEMS based piezoelectric cantilever arrays for vibrational energy reclam
http://www.img.ufl.edu/php/project.php?id=28
http://www.img.ufl.edu/publications/Energy%20Reclamation%20from%20a%20Vibrating%20Piezoceramic%20Composite%20Beam_Conference_July2002.pdf

8)Piezoelectric MEMS process:
http://www.cambr.uidaho.edu/symposiums/symp11/Gary_Atkinson_(VLSI).pdf

9)MEMS Thermoacoustic Refrigerator - 
http://ieeexplore.ieee.org/iel5/7726/21214/00984226.pdf?arnumber=984226


10)http://www.arri.uta.edu/acs/jmireles/MEMSclass/ANSYS_MEMS.pdf


11)MEMS metrology - www.npl.co.uk/materials/ functional/pdf/mems_metrology.pdf[image: image1.png]



