ChE 645   Modeling and Simulation in Chemical Engineering (3-0-0-4)
Year: 2006-07 (Semester I)
Instructor: Rajdip Bandyopadhyaya   Dept.: Chemical Engg.                                           

Office: NL-II, 204   Phone: x7697   e-mail: rajdip@iitk.ac.in

Course Content:

Mathematical Model and its Necessity:                                                                          Experimentation, empiricism, data correlation and mathematical modeling using example
Model Development Principles:                                                                                       Synthesis of sub-models, Experimental facts, Hypothesis, Dimensional Analysis, Scaling                                                    

Classification of Models:                                                                                                  

Deterministic and Stochastic – Macroscopic diffusion equation, Random walk                                        

Lumped and Distributed Parameter - Stirred tank and plug flow models              

Linear and non-linear – Pendulum dynamics, Population biology

Modeling of Simple Processes:

Stirred tank models – Single and multi-particle dissolution and growth in stirred tanks

Disperse systems – heat and mass transfer and chemical reaction between continuous phase and dispersed particle or drop phase                                                                              

                                   Slurry reactor, Emulsion liquid membrane etc.  

Continuity, momentum, mass and energy balance equations:

Introduction and meaning of the terms – no derivation

Simplification of these equations to model special cases

Plug flow models – Differential balance, Homogeneous and heterogeneous treatment,

Catalytic and non-catalytic reactions (isothermal, adiabatic, non-isothermal and non-adiabatic etc.)

Specialized Modeling and Simulation Techniques:                                                                                               
Population Balance models – Fundamentals, Derivation of mass balance and number         balance equations, Solution by method of moments                                                                      

Examples from Crystallization of solid, Coagulation, Coalescence and breakage of  drops, Grinding, Microbial population dynamics, Reaction in a porous particle etc.                               

Monte Carlo methods – Basics of random no. and probability distribution

Poisson process, Birth-death process

Probabilistic solution to a deterministic problem – area under a   curve (Integration), Solution of Laplace’s diffusion eqn.  

Time and event driven simulation methods, Interval of        quiescence 

Lattice simulation – examples from particle deposition, catalyst sintering etc.

Non-linear dynamics and Chaos – Fundamentals, Phase space diagram, Pendulum motion   

Time series analysis – scaling of fluidized bed 

                                                             Population dynamics – Logistic growth, Universality                                                                    

Fractal models – Definition, Diffusion and reaction limited growth, Aggregate structure                  

Solution and Analysis of Results: 

Parameter estimation, Moments, Phase-plane, Time series

Reference:

Books referred in the class

Current literature

