
Chem Eng 256 – Advanced Transport Phenomena

Instructor – Kranthi K. Mandadapu, Chemical and Biomolecular Engineering
Email – kranthi@berkeley.edu

Description of course: This is an advanced graduate level course to understand transport
phenomena in fluid and solid media. We will try to understand the subject using both con-
tinuum and statistical mechanical concepts. Course is divided into two parts, where the first
part of the course will introduce general concepts of continuum mechanics and the second part
will address aspects of statistical mechanics related to transport processes. Continuum me-
chanics will include rigorous derivations of balances of mass, momentum and energy and their
applications to understanding thermo-mechanical phenomena in solids and fluids. Statistical
mechanics will include aspects of understanding these phenomena from the molecular scale.

Pre-requisites: Preliminary understanding of transport processes and statistical mechanics.
However, I will cover the basics relevant for the course material.

A general (or rough) outline of the course is as follows:

• Continuum Mechanics

– Mathematical preliminaries – Linear spaces, vectors and tensors, Einstein’s indicial
notations

– Kinematics of deforming bodies – specialization to fluids and solids

– Balance laws – mass, momentum, energy, entropy and 2nd law of thermodynamics

– Linear irreversible thermodynamics

• Constitutive Theory – fluid and solid media

– Fluid media

∗ Stresses, velocity gradients in fluid media, Newtonian fluids

∗ Equations of mass, momentum and energy applicable to fluid media

∗ Hydrodynamic stability (Benard problem, Rayleigh - Benard instability)

– Solid media

∗ Introduction to elasticity, stresses and strains, and isotropic elastic systems.

∗ Equations of mass, momentum and energy applicable to elastic media

∗ Stress equilibrium and thermo-elastic behaviors.

• Statistical mechanics of transport processes

– Lagrangian and Hamiltonian dynamics

– Microstates, statistical ensembles (micro-canonical and canonical), phase-space and
Liouville equation, basics of statistical mechanics

– Irving-Kirkwood procedure – derivations of equations of hydrodynamics from atomistic
systems

– Linear irreversible thermodynamics, Onsager’s regression hypothesis, Onsager’s -
reciprocal relations

– Green-Kubo relations for transport coefficients

– Mori-Zwanzig formalism
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