
TRANSPORT PHENOMENA CHE06-402-01

Tentative Schedule for Fall 2007
INSTRUCTOR:
Robert P. Hesketh
Office:
Rowan Hall 315
Phone Number:
256-5313
Email:  
Hesketh@Rowan.edu

COURSE HOMEPAGE:  See Engineering Homepage

COURSE SESSIONS:  Monday, Wednesday and Friday 1:45PM - 3:00PM Rowan Hall Rm 102
Required Textbook and supplies:
Transport Processes and Separation Process Principles (Includes Unit Operations), 4th Ed., Christie J. Geankoplis, Pearson Education, Inc., Prentice Hall PTR, New Jersey, 2003. ISBN 0-13-101367-X
Problem Solving in Chemical Engineering with Numerical methods, Michael B. Cutlip and Mordechai Shacham, Prentice Hall PTR, New Jersey, 1999.(CS)

Elements of Chemical Reaction Engineering, 3rd Ed., by H. S. Fogler, Prentice Hall PTR, Englewood Cliffs, NJ (1999).  (F)

Engineering Paper for Homework

Large (3 inch) 3-ring binder

	Date:
	Proposed Topics for Monday  - Wednesday - Friday Class

	
	

	September
5 Wednesday
	Course Introduction – Pipe Flow Demonstration

Chapter 2  Principles of Momentum Transfer
2.4 Viscosity and shear stress – review  Example 2.4-1
2.9 B Laminar Flow in a pipe

CS5.1:  laminar flow in a pipe

Review of Overall Balances:  (Overall Picture):  

2.6 Overall Mass Balance and Average velocity
2.7 Overall Energy Balance
2.8 Overall Momentum Balance:  Ex 2.8-2 Nozzle, 2.8-3 elbow, Ex 2.8-5 Free Jet

	7 Friday
	2.9 B Laminar Flow in a pipe (continued)

CS5.1:  laminar flow in a pipe

	10 Monday
	2.9 B Laminar Flow in a pipe (continued)

	12 Wednesday
	2.9C Falling film in laminar flow

CS5.3:  Vertical Laminar Flow of a Liquid Film – Newtonian fluid 
Ex 3.8-4 Laminar Flow in a Cylindrical Annulus

	14 Friday
	3.5 Non-Newtonian Fluids

Non-Newtonian (Bingham Plastic) laminar flow in a horizontal pipe

CS5.2:  Non-Newtonian laminar flow in a horizontal pipe 

CS5.3:  Vertical Laminar Flow of a Liquid Film – Nonewtonian fluid

CS5.4  Laminar Flow of Non-Newtonian Fluids in a Horizontal Annulus

Finlayson:  Chapter 10 Fluid Flow in multidimensions

	17 Monday 
	Non-Newtonian (Bingham Plastic) laminar flow in a horizontal pipe (continued)
3.6 Differential Equations of Continuity
Flow over a flat plate
Cylindrical and spherical Coordinates
3.7 Differential Equations of Momentum Transfer 
3.7 Derivations Day!
3.7C:  Navier-Stokes Eqns p174 – How are they used?

	19 Wednesday
	3.7 Derivations Day! (continued)
3.7C:  Navier-Stokes Eqns p174 – How are they used?
3.8 Boundary Conditions and Applications 
Ex 3.8-5 Velocity Distribution for Flow Between Coaxial cylinders
Ex 3.8-6 Rotating Liquid in a Cylindrical Container

	21 Friday
	Non-Newtonian Fluids – Morton Denn handout

	24 Monday
	COMSOL:  Flows Between Parallel Plates

	26 Wednesday
	COMSOL:  Non-Newtonian Fluids

	28 Friday
	COMSOL:  Falling Film

	October 

1 Monday
	
Coating of a Wire

	3 Wednesday
	Time-Dependent Flows 

CS5.17 Velocity profiles for a Wall Suddenly Set in Motion – Laminar Flow

	5 Friday
	HEAT TRANSFER
Chapter 4 Principles of Steady-State Heat Transfer
Overall Heat Transfer Coefficients in Heat Exchangers Section 4.9

CS6.4 Energy Loss from an Insulated Pipe

CS6.8 Heat loss from liquid flowing in a pipe with condensing steam on the surface.

CS6.9 Double-Pipe Heat Exchanger

	8 Monday
	Project Day – No Formal Class
Hesketh at ACT Crystallization Technology Conference class maybe rescheduled

	10 Wednesday
	4.3 Conduction Through Solids in Series

CS6.1 One-Dimensional Heat Transfer Through a Multilayered Wall
4.3D  Combined Convection and Conduction 

CS6.3 Radial Heat Transfer by Conduction with Convection at Boundaries

	12 Friday
	Steady-State Conduction and boundary conditions 
Combined Conduction and Radiation
CS3.5 Single-Variable Optimization – conduction in a slab with radiation

	15 Monday
	4.3E Conduction with Internal Heat Generation Plane Wall

Cylindrical Geometry

	17 Wednesday
	EXAM 1:  Chapters 2-3 (Inclusive) Closed Book and Notes

	19 Friday
	Conduction with Internal Heat Generation Cylindrical Geometry with aluminium cladding

CS6.2 Heat Conduction in a Wire with Electrical Heat Source and Insulation

	22 Monday
	Project Work Day
Hesketh at Chemical Engineering International Symposium in Durango, Mexico.  class maybe rescheduled

	24 Wednesday
	COMSOL Chemical Engineering Module, Energy Transport, Slab 
Hesketh at Chemical Engineering International Symposium in Durango, Mexico.  class maybe rescheduled

	26 Friday
	Project Work Day
Hesketh at Chemical Engineering International Symposium in Durango, Mexico.  class maybe rescheduled

	29 Monday
	4.13C Extended Surfaces

CS6.5 Heat Loss Through Pipe Flanges

CS6.6 cylinder on wall

CS6.7 Triangular Fin

	31 Wednesday
	Chapter 5 Principles of Unsteady-State Heat Transfer
5.2 Simplified Cases for Negligible Internal Resistance
Ex 5.2-1 Cooling of a Steel Ball 

	November 

2 Friday
	
5.3 Unsteady-State Conduction 

CS6.13 Cooling of a solid Sphere in a Finite Water Bath
 
C3.9 Method of Lines for Partial Differential Equations – slab geometry with insulated

CS6.12 soil temperature

	5 Monday
	Project Work Day
AIChE Meeting in Salt Lake City

	7 Wednesday
	Project Work Day
AIChE Meeting in Salt Lake City

	9 Friday
	
5.3 Unsteady-State Conduction Continued

CS6.14 Unsteady-State Conduction in Two dimensions
Finlayson:  Transient Heat Transfer in a Slab p162
Finlayson:  Chapter 11:  Heat transfer in multidimensions

	12 Monday
	Inductive Method for Mass Transport
Gas Absorption in Packed Towers
10.6A, B, E(4,5), F, G Designing a gas absorption tower using volumetric mass-transfer coefficients
Dilute Gas Mixtures 
Tower Height for Dilute solutions

	14 Wednesday
	10.6 Gas Absorption for Dilute Gas Mixtures (continued)

Appendix D: Hints When Using FEMLAB (COMSOL) p269 Finlayson

Appendix F:  Mathematical Methods p 307 Finlayson

	16 Friday
	Application of Mass Transfer Coefficients to other Geometries
Chapter 7 Principles of Unsteady-State and Convective Mass Transfer
7.2 Convective Mass-Transfer Coefficients:  Lozenge Dissolution

7.3 Mass-Transfer Coefficients for Various Geometries – read
7.3D Mass Transfer for Flow Inside Pipes
7.3E Mass transfer to packed beds p 447 
(Review Chapter 11 in Fogler Elements of Reaction Engineering)

Using FEMLAB to Solve Ordinary Differential Equations:  p 123 Finlayson 
CS7.2 Mass Transfer in a Packed Bed

7.9C (Read) Models for Mass-Transfer Coefficients (film, penetration and boundary-layer).

CS7.4 Controlled Drug Delivery by Dissolution of Pill Coating (mass-transfer coefficient)

	19 Monday
	Chapter 6 Principles of Mass Transfer
6.1A Similarity of Mass, Heat, and Momentum Transfer Processes 6.2C Arnold Diffusion Cell of Stefan Tube

CS7.1 One-Dimensional Binary Mass Transfer in a Stefan Tube

Arnold Diffusion Cell (Stefan Tube) – psuedo-steady state approximation

	21 Wednesday
	Diffusion Models
6.2D Diffusion from a Sphere – In class example of vapor deposition or plating example
CS7.8 Simultaneous Multicomponent Diffusion of Gases 
Engineering Model
CS7.3 Slow Sublimation of a Solid Sphere
6.5 Molecular Diffusion in Solids (Self study – previous covered by Slater) 
7.6 Diffusion of Gases in Porous Solids and Capillaries 
7.6B Knudsen Diffusion

	23 Friday
	Thanksgiving Recess

	26 Monday
	Diffusion Models 
7.5 Molecular Diffusion Plus Convection and Chemical Reaction
7.5D Special Cases of the General Diffusion Equation Part 4:  Diffusion and chemical reaction at a boundary

instantaneous surface reaction

slow surface reaction

	28 Wednesday
	EXAM 2:  Chapters 4 and 5 (Closed book and notes)

	30 Friday
	Diffusion with Instantaneous surface reaction:  
Multicomponent diffusion with instantaneous surface reaction – char combustion example 
Shrinking Core Model:  Catalyst Regeneration Fogler Section 11.5 page 719

	December 
3 Monday
	
Shrinking Core Model (cont.)
7.5F Multicomponent Diffusion of Gases 

Diffusion and homogeneous reaction in a phase:  

7.5D Special Cases of the General Diffusion Equation Part 5:  Diffusion and homogeneous reaction in a phase
CS3.6 Diffusion and Reaction in a Slab 
CS3.6 Diffusion and Reaction in a Slab (continued)

	5 Wednesday
	Review:  Fogler Chapter 12  Diffusion and Reaction in Porous Catalysts
F12.1.1 & F12.1.2  Mole balance in a porous catalyst particle 
F12.2  Thiele modulus 

CS7.5 Diffusion with Simultaneous Reaction in Isothermal Catalyst Particles (Thiele Modulus) CS7.7 Simultaneous Diffusion and Reversible Reaction in a Catalytic Layer 
CS7.11 Second-Order Reaction with Diffusion in Liquid Film
Finalyson Chapter 9  Example Reaction and Diffusion in spherical domain p 154 

COMSOL – Chemical Engineering Module, Mass Transport, Stefan Tube

	7 Friday
	Chapter 7 Principles of Unsteady-State and Convective Mass Transfer
7.1 Unsteady-State Diffusion in a slab
7.7 Numerical Methods for Unsteady-State Molecular Diffusion 

CS7.13 Unsteady-State Diffusion in a slab 
7.5E Unsteady-State Diffusion and Reaction in a Semi-Infinite Medium 

CS7.14 Unsteady-State Diffusion and Reaction in a Semi-Infinite Slab

7.5A,B,C:  Equation of Continuity

Finlayson:  Linear Adsorption p164
Finlayson:  Chromatography p167

	10 Monday
	3.10 Boundary-Layer Flow – Laminar Flow
5.7 Boundary-Layer Flow – Heat Transfer
7.9 Boundary-Layer Flow and Turbulence in Mass Transfer


CS5.18 Boundary Layer Flow of a Newtonian Fluid on a Flat Plate 

FEMLAB:  Boundary Layer Tutorial

	12 Wednesday
	BSL forced convection section 10.8 Heating of a fluid in laminar flow page 312 and Example 11.4-1 page 342

	14 Friday
	BSL 18.5 Diffusion into a falling liquid film (gas absorption) page 558
BSL 18.6 Diffusion into a falling liquid film (solid dissolution) page 562 
BSL Ex 19.4-1 Simultaneous Heat and Mass Transport

FEMLAB:  Absorption in a Falling Film
BSL Example 19.4-2 Concentration Profile in a Tubular Reactor – laminar flow 
BSL Section 20.5 “Taylor Dispersion” in laminar tube flow

	17 - 21
	Final Exam Week

	19 Wednesday
	FINAL EXAM
2:45 – 4:45 PM Final Exam: Comprehensive with emphasis on chapters 6 and 7
(Closed Book and Notes)

	20 Thursday
	Go out and derive your holiday transport models – They make great gifts!
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