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Course Code: MTH 725
Course Title: Applications of fractional Calculus to heat and mass transfer problems 
Program:PH.D 
Prerequisites: Calculus and Analytical Geometry includes limits, continuity, integration and differentiation. Ordinary differential equations, Partial differential equations, Vector analysis, Basic Physics includes mechanics & heat transfer 
Course Outline:
Heat and Mass transfer: Basic derivation of transport properties based on kinetic theory of gases. Use of dimensionless parameters; Gr, Sh, Nu, Sc, Re, Pr. Basic heat transfer equations and mechanisms-steady state and unsteady state heat transfer Heat transfer coefficients. Derivation of energy equation, momentum equation and diffusion equation, Application of dimensional analysis to heat flow. Basic mass transfer equation. Mass transfer equations and models. Heat transfer by free convection and condensing vapors, boiling liquid, Radiation heat transfer between solids separated by a transparent (diathermal). Participating medium, Radiation heat transfer in absorbed medium, calculation of heat exchangers. Fick’s law, Fourier law of heat transfer, Newton’s law of cooling, Thermal radiation, mass diffusion, Convection, types of convection, MHD, Porous medium, Newtonian heating,  first order chemical reaction, Soret effect.
Fractional Calculus and its Application: 
This course is about applications of fractional calculus in the field of applied sciences and engineering like industrial engineering, mechanical engineering and chemical engineering as well. The last decades prove that derivatives and integrals of arbitrary order are very convenient for describing properties of real materials e.g. polymers. The new fractional order models are more satisfying than former integer-order ones. Fractional derivatives are an excellent tool for describing the memory and properties of viscous materials and processes while in integer order models such effects are neglected. The fractional calculus finds also applications in different fields of science including theory of fractals, numerical analysis, physics, engineering, biology, economics and finance.  History of fractional Calculus, properties of fractional Calculus, basic definitions, differential and integral representation of fractional derivatives operators, types of fractional derivative operators, relation between fractional derivatives operators, advantage of derivative operators, generalized special functions like, Gamma function, Beta functions, relation between Gamma and Beta functions, Mittage Leffler functions, G-functions, Hartely function, generalized G-function, Fox-H function and their properties, modeling of some real world problems with fractional derivatives operators, Application of Laplace transform with fractional derivatives, Applications of Fourier transform with fractional derivatives,  Solution of heat transfer problem in terms of Wright’ s functions in one dimension.  We will solve some latest models of heat and mass transfer for Newtonian and non-Newtonian fluids, next we will extend these models to larger class of non-Newtonian fluids with three different approaches of fractional derivatives and draw some comparison between these models. At the end, some applications of fractional calculus in solving real life problems like Science including theory of fractals, numerical analysis, physics, engineering, biology, economics and finance etc. will be studied.  
Learning Outcomes: 
· Upon completion of this module, students should be able to: 
· Demonstrate an understanding of heat and mass transfer modes and models  
· Demonstrate an understanding of the different types of interface reactions 
· Apply principles of heat and mass transfer phenomena to metallurgical processes 
· Solve process and materials related problems using heat and mass transfer modes phenomena principles.

Expected outcomes: 
After successfully completing the course, students should be
· Comfortable with applying fractional calculus technique in any classical model of real word problem. 
· Able to comprehend above mentioned classes in fractional calculus
· Able to understand and apply the concepts of fractional derivatives approach of some classical models in the existence literature.
· Compare and critical analysis of fractional calculus in heat and mass transfer flow of Newtonian and non-Newtonian fluids.
· Able to read, understand and explore research article.
· Able to write at least term paper.
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