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PLAN

• Generalized heat transport equations incorporating non-
vanishing collision time and mean-free path

• nanowires (silicon nanowires and metallic nanowires, size-
dependent thermal conductivity)

• plane sheets (silicon layers and graphene sheets, radial heat
transfer from a central heat source). 

• a) influence of boundary conditions (smooth or rough walls); 

• b) phonon and electron heat transfer in metallic nanowires; 

• c) compatibility with the second law; 

• d) thermal wave propagation. 



SIZE DEPENDENCE OF HEAT 
CONDUCTIVITY



ELEMENTARY KINETIC THEORY

• Mean free path ,

• Collision time

• Heat conductivity

• Limiting behaviours

• Heat conductivity

• Walls, quantum localization, nonlinear
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KINETIC THEORY

• Relaxation time approximation

• Solution

• Two possibilities

• Heat flux a

• Heat flux b
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TRANSPORT EQUATIONS AND SECOND LAWTRANSPORT EQUATIONS AND SECOND LAW

•• Current technology requires generalized transport Current technology requires generalized transport 

equations with memory and equations with memory and nonlocalnonlocal effects, e.g.effects, e.g.
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��This describes experiments but is not compatible with This describes experiments but is not compatible with 
local equilibrium, entropy and entropy flux must be local equilibrium, entropy and entropy flux must be 
generalizedgeneralized
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NONLOCAL HEAT TRANSPORT WITH 
RELAXATION: PHONON HYDRODYNAMICS



PHONON HYDRODYNAMICS AND HEAT 
TRANSPORT IN NANOWIRES



THERMAL CONDUCTIVITY OF SMOOTH AND 
ROUGH NANOWIRES



THERMAL CONDUCTIVITY OF SMOOTH 
NANOWIRES



THERMAL CONDUCTIVITY OF ROUGH 
NANOWIRES



THERMAL AND ELECTRICAL CONDUCTIVITY 
IN METALLIC NANOWIRES. WIEDEMANN-

FRANZ



THERMAL CONDUCTIVITY OF POROUS SI



PHONONICS: 
THERMAL DIODES, THERMAL TRANSISTORS

THERMAL RECTIFICATION IN BULK-POROUS SI



RADIAL HEAT TRANSPORT IN PLANE LAYERS:
NANOREFRIGERATION



TEMPERATURE PROFILE AND SECOND LAW



FREQUENCY-DEPENDENT THERMAL CONDUCTIVITY



CONTINUED-FRACTION EXPANSIONS OF 
TRANSPORT COEFFICIENTS



ASYMPTOTIC EXPRESSION OF THERMAL 
CONDUCTIVITY



CONCLUSIONS

• Non-local effects may be relevant in heat transport in 
nanosystems

• Generalized transport equations require generalized
entropy and entropy flux

• Non-local effects are not always equivalent to
Fourier’s law with an effective thermal conductivity

• Several possibles descriptions: a) Effective relaxation
time, b) Non-local effects + heat slip along the walls; 
c) Asymptotic many-fluxes expressions
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