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Project Objectives

• Develop robust heat-flux measurement systems capable of operating in 
the challenging high-temperature, corrosive environments of the boilers 
of coal-fired power plants. 

• Support the training of graduate and undergraduate students in STEM 
disciplines, preparing them to apply science and engineering principles 
to solve real-life problems. 
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Technical Approach
• Prototyping the wire-wound Schimdt-Boelter-style sensor head

• Prototyping the Transverse Seebeck Effect sensor head

• Modeling of the Thermo-Mechanical Properties of the sensor head

• System design

• Testing and Calibration
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• Graduate students
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• Undergraduate students
• A. L., Sophomore in Mechanical Engineering

• Technical staff (PT)
• Machining and rig construction

|   mse.umd.edu       fpe.umd.edu         www.ireap.umd.edu/materials 



Project 
Timeline

|   mse.umd.edu       fpe.umd.edu         www.ireap.umd.edu/materials 



Thermo-electrical Modeling 
• Sensor head consists of thermoelectric unit (voltage generating), 

blackbody absorber (heat spreader) and ceramic casing.
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Thermo-electrical Modeling 
• A one dimensional heat flow through the thermoelectric element is 

desired for the most linear sensor response.

|   mse.umd.edu       fpe.umd.edu         www.ireap.umd.edu/materials 

Thermoelectric Element

Temperature Distribution in Sensor Head

FEA RESULTS



Thermo-electrical Modeling 
• Voltage profile in thermoelectric element

One-dimensional Heat Flow Three-dimensional Heat Flow
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Conclusions
• One dimensional heat flow through the thermoelectric sensor produces a 

linear voltage response to heat flux. Deviations from a one-dimensional 
heat flow reduce linearity and complicate deployment.

• The thermo-electrical FEA simulations helped us determine the range of 
acceptable values of materials parameters, for materials selection and 
system design. 
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