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Department of Chemical Engineering

West Virginia University

ChE 716
Advanced Fluid Dynamics
Instructor:

John W. Zondlo




Department of Chemical Engineering
Office: Room 415 ESB

Phone: 293-9366
Office Hours: Wednesday 1:00-3:00 or after class or by appointment

Lectures:

Tuesday, Thursday 11:00 to 12:15, Room 201 ESB-E
Prerequisite:

(1)
Prior coursework (or self-taught information) in Fluid Mechanics




(2)
Knowledge of Calculus and Differential Equations

Suggested Texts:
(1)
Transport Phenomena, R.B. Bird, W.E. Stewart and E. Lightfoot,               2nd edition, John Wiley and Sons, (2002) (not required)

(2)
Div. Grad, Curl and All That, 4th edition, H.M. Schey, W.W.     Norton and Company, 2005 (not required) 




(3)
Class notes and handouts




(4)
Research Literature

Basis for Course Grade
Homework


50%





Final Exam


25%





Research Paper

25%

Course Goals:

(1)
To gain an appreciation of the fundamental equations which describe fluid motion and their application to real situations, i.e. a treatment of main topics of fluid mechanics with emphasis placed on physical understanding and interpretation of the mathematical formalism.



(2)
To have fun learning about Fluid Mechanics

Suggested Reference Texts:  There are numerous good references on fluid mechanics.  Here are a few which may be helpful:
1. An Introduction to Fluid Dynamics, G.K. Batchelor, Cambridge University Press (1974)  (A classic text)
2. *Low Reynolds Number Hydrodynamics, J. Happle and H. Brenner, Martinus Nijhoff (1986)   – Reprint of earlier Prentice-Hall edition.

3. Viscous Flows, Stuart Churchill, Butterworths, (1988) 

4. Process Fluid Mechanics, M. Denn, Prentice Hall (1980)

5. Hydrodynamics, H. Lamb, Dover Press (1945)  (THE original fluids text!!)
6. Fluid Mechanics, L.D. Landau and E.M. Lifshitz, Pergamon Press (1959)

7. Boundary Layer Theory, Seventh Edition, H. Schlichting, McGraw-Hill (1979)  (A classic text and one of my favorites)

8. Introduction of Fluid Mechanics, S. Whitaker, Robert Krieger Publishing Company (1981)
9. *Transport Phenomena, R.B. Bird, W.E. Stewart and E. Lightfoot, 2nd edition, John Wiley and Sons (2002)  (You should already have this text)
10. Fluid Mechanics, D. Pnueli and C. Gutfinger, Cambridge University Press (1992)

11. Fluid Mechanics, 7th Edition, F.M. White, McGraw-Hill (2011)  (This is a very good text)

12. Viscous Flow, F.S. Sherman, McGraw-Hill (1990)
13. Incompressible Flow, R.L. Panton, J. Wiley & Sons (1984)
14. Viscous Fluid Flow, 3rd Edition, Frank M. White, McGraw-Hill (2006)  (A good, readable text)
15. Applied Fluid Mechanics, T.C. Papanastasiou, Prentice-Hall, Inc. (1994)
16. Mathematical Methods in Chemical Engineering, Second Edition, V.G. Jenson and G.V. Jeffreys,  Academic Press (1977)

17. *Vectors, Tensors and The Basic Equations of Fluid Mechanics, R. Aris, Prentice-Hall, Inc., (1962) ( A good text by one of the giants in CHE)
18. Applied Mathematics and Modeling for Chemical Engineers, R.G. Rice and D.D. Do, John Wiley & Sons (1995)
19. Applied Fluid Mechanics, T.C. Papanastasiori, Prentice-Hall, Inc. (1994)
20. Div. Grad, Curl and All That, 4th  edition, H.M. Schey, W.W. Norton and Company, (2005)  (A great text for vector calculus) 
*In ChE Library

Spring 2019
WEST VIRGINIA UNIVERSITY

DEPARTMENT OF CHEMICAL ENGINEERING

CHE 716

Course Outline

I. Introduction
a. Historical Perspective

b. Continuum Hypothesis

c. Classification of Flow

II. Vector Analysis
a. Vectors and Vector Operations

b. Dyadics (Tensors)

c. Differential and Integral Operations

d. Curvilinear Coordinate systems

e. Surface normal, surface areas, and volumes

f. Gauss Divergence Theorem

III. Kinematics and Mechanics of Fluids
a. Reference Frames

b. Continuity Equation

c. Newton’s Second law

d. Surface vs Body Forces

e. Fluid Statics

f. Stress and Strain in a Fluid

IV. Constitutive Relations for Fluids
a. Search for the Stress Tensor

b. Newtonian Fluids

c. Navier-Stokes Equations

d. Non-Newtonian Fluids

V. Applications (The meat of the course)
a. Flow in Straight Streamlines

· Cylindrical ducts – pressure-driven flows

· Effects of gravity

· Non-circular ducts

· Film drainage – gravity-driven flows

· Couette flow – wall-driven flows

· Unsteady flows

b. Potential Flow

· Introduction

· Vorticity

· Velocity Potential

· Stream Function

c. Boundary Layer Theory

d. Low-Reynolds-Number Flow

· Stokes flow around a sphere

· Lubrication theory

e. Energy Equation and Heating of a Fluid via Viscous Dissipation

f. Guest Speakers on Special Topics

NOTE:
The order of presentation of the topics may not correspond to the order shown above.  Also, not every topic may be covered depending on the interests of the class and time constraints.

