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Efficient Ceramic TPS
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PROTECT is a NASA Early Career Initiative project that
aims to develop and implement a targeted, rapid approach
to reusable TPS materials design. PROTECT aims to
capture the microstructure of ceramic TPS down to the fiber
scale and use that data to build predictive models for
thermal and mechanical properties. These tools are then
applied to guide material development followed by targeted
ground and flight testing.

PROTECT will utilize emerging 
material characterization methods 
and advanced computational tools 

to aid in the design of improved 
reusable TPS for future NASA and 

commercial industry space vehicles.
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Employ advanced characterization 
tools to capture TPS microstructure 
and constituent material properties.

Develop, manufacture, and test 
reusable TPS with enhanced 

performance using predictive tools.

Build physics-based predictive 
capabilities for ceramic fiber TPS.
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Translate new development approach 
to TPS community, enabling design 
of tailored reusable TPS solutions.
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diameter, length, density, 

Thermal conductivity, 

mechanical properties

From microstructure & raw material properties 

to material performance metrics…

…. applied to targeted materials design, 

development, and testing.

Novel material 

formulations

Ground testing

Flight testing

Provide data & predictive modeling capability to the community. 

Apply tools to the design and development of reusable TPS 

tailored to unique vehicles and entry environments.
Implement modern ceramic & 

glass fibers in reusable TPS.

High emissivity 

coatings and glazes

Monte Carlo Ray Tracing 

implemented in PuMA to predict 

radiative thermal conductivity.
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UHTC-inspired coatings 

developed by ORNL

Developing framework to predict mechanical 

response from MD simulations of pure material 

to overall tensile behavior via 3D graph theory.

Capturing TPS microstructure using micro-CT and collecting material 

data to provide Modeling Team basis for predictive capabilities.
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