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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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Project Participants

 Pl: Oded Rabin, Materials Science and Engineering
« Co-Pl: Peter Sunderland, Fire Protection Engineering

» Graduate students
« K. M., 15t year graduate student in Aerospace Engineering

* Undergraduate students
* A. L., Sophomore in Mechanical Engineering

* Technical staff (PT)

* Machining and rig construction
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Thermo-electrical Modeling

« Sensor head consists of thermoelectric unit (voltage generating),
blackbody absorber (heat spreader) and ceramic casing.

FEA MODEL

Cross-sectional view of sensor head
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Thermoelectric Element
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Constant Temperature boundary plane
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Thermo-electrical Modeling

* A one dimensional heat flow through the thermoelectric element is
desired for the most linear sensor response.
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STEP=1 MAR 22 2021

SUB =1 19:34:38 FEA RESULTS
TIME=

TEMP AVG

Temperature Distribution in Sensor Head

Thermoelectric Element

112.866 125.731 138.597 151.462
106.433 119.298 132.164 145.029 157.895
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Thermo-electrical Modeling

 Voltage profile in thermoelectric element

One-dimensional Heat Flow
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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.

| mse.umd.edu fpe.umd.edu www.ireap.umd.edu/materials 1,;' éH-]é&dEE &'L&RK
7S SCHOOL OF ENGINEERING




Acknowledgment: This material is based upon work supported by the Department of Energy Award
Number DE-FE0031902.

Disclaimer: This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring
by the United States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States Government or any
agency thereof.

| mse.umd.edu  fpe.umd.edu www.ireap.umd.edu/materials .~ A.JAMES CLARK

5 . Y SCHOOL OF ENGINEERING



	Robust Heat-Flux Sensors for Coal-Fired Boiler Extreme Environments
	Project Objectives
	Technical Approach
	Project Participants
	Project �Timeline
	Thermo-electrical Modeling 
	Thermo-electrical Modeling 
	Thermo-electrical Modeling 
	Conclusions
	Slide Number 10

