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Thermal Transport
Why does it matter?
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Heat Transport in Solids

Macroscale

Thermal conductivity of typical solid materials:
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Heat Transport in Solids

Atomic Scale

Phonons: quantized lattice vibrations
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Reduced (dimensionless) wave,vector q

Acoustical Mode
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Heat Transport in Nanostructures
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Examples: Transport in Low Dimensions

Interactions of
Disorder and Low
Dimensions

Diverging thermal
conductivity with length
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mimic reality!

approach: non-equilibrium molecular dynamics ...






Why Blue Waters? ... One example
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Accomplishments - |

Thermal Conductivity (W/mK)
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Demonstration of transition from ballistic to transitional

transport regime (required simulations of samples 2 -6 um
side length! Largest to date.)
Physical insight ... what did we learn? Why is the divergence

suppressed?
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Accomplishments Il - Disordered Systems
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Thermal Conductivity (W/mK)

Normalized Conductivity

Accomplishments - lI
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Tuning the thermal conductivity by introducing
superlattices into 2D materials
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Accomplishments - IV
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Conventional wisdom tells us that applying strain (in 3D solids) tends to reduce the
thermal conductivity. What about in 2D? Anomalous, non-monotonic trends.



Conclusions/Summary

m The Blue Waters system has enabled us to carry
out large scale molecular dynamics simulations to
reveal exciting new thermal transport physics in
low-dimensional systems

m Team contributions: And, thank you to the Blue
Waters team for their regular, timely help with out
work!
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