
Chapter 9. Thermal conductivity and the
mechanisms of energy transport

• Fourier’s law of heat conduction (molecular energy 

transport)

• Temperature and pressure dependence of heat conductivity

• Theory of thermal conductivity of gases at low density, of 

solids, and of composite materials

• Convective transport of energy

• Work associate with molecular motions



Fourier’s law of heat conduction
(molecular energy transport)

• At steady state

• Fourier’s law of 

heat conduction
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Thermal conductivity

• k = Thermal conductivity

• qy = Heat flux in y-direction
• Anisotropy



Thermal diffusivity

• 𝛼 = Thermal diffusivity, m2/s

• Pr = Prandtl number
• 𝜈 = kinematic viscosity



9.2 Temperature and pressure dependence of 
thermal conductivity

• Reduced thermal 
conductivity as a 
function of reduced 
temperature and 
pressure
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Temperature and pressure dependence of
thermal conductivity

• Thermal conductivities of gases at low density 

increases with increasing temperature

• Thermal conductivities of most of the liquid 

decreases with increasing temperature



9.3 Theory of thermal conductivity of gases at
low density

• Using mean molecular velocity and mean free path

• And considering exchange of energy in the 
collisions, for mono-atomic gases



Theory of thermal conductivity of gases at
low density

• Using Chapman-Enskog, mono-atomic gases at low density

• Polyatomic gases at low density



9.5 Thermal conductivity of solids

• For pure metals, the thermal conductivity k and the 
electrical conductivity ke are related approximately

















9.6 Effective thermal conductivity of
composite solids

• Effective thermal conductivity keff for spheres of thermal 
conductivity k1 embedded in a continuous phase with 
thermal conductivity k0 for small volume fraction 𝜙



9.7 Convective transport of energy

• Energy is also transported by the bulk motion of the 
fluid

• Through a surface dS

• Kinetic energy per unit volume

• Internal energy per unit volume

Volumetric flow rate



9.7 Convective transport of energy

• Energy transported by the bulk motion of the fluid
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9.8 Work associated with molecular motions

• Work done per unit area
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Combined energy flux vector

• Combined energy flux vector

• Convective energy flux
• Rate of doing work by molecular mechanisms
• Heat transport by molecular mechanisms

• Stress tensor

• Then, using enthalpy


