ENVR 768 (260) – Micro-environmental Airflow Modeling

Objective:


The objective of this course is to introduce students to computational fluid dynamics (CFD) as a tool for modeling real-world environmental problems involving the flow of incompressible Newtonian fluids (e.g. air and water). Specific examples from occupational hygiene including human exposure and aerosol transport are used to illustrate the techniques.

Specific Aims:

A. Introduce basic concepts in the use of models to simulate real-world environmental problems.

B. Review the governing equations of incompressible flow for Newtonian fluids, including turbulence models.

C. Discuss flow phenomena of importance to modeling occupational and environmental contaminant transport problems. Topics include boundary layer separation, inlet and jet flows, and aerosol transport.

D. Discuss existing analytic solutions, and numerical approaches for solving the governing equations and the transport of passive scalars by the velocity field. Specific techniques include: DiscreteVortex Methods (DVM), Finite Element Methods (FEM) and Boundary Element Methods (BEM).

E. Gain experience using a commercial CFD package (FIDAP) to explore solutions to problems relevant to the student’s research interests.

Prerequisites:
Requirements include a rigorous fluid mechanics course (e.g., MASC 151), calculus through partial differential equations, and an interest in modeling.

Texts:
Required - Course notes and assigned readings

Recommended – Fluid Mechanics by White, or the text by Kundu, Boundary Layer Theory by Schlichting, A Mathematical Introduction to Fluid Mechanics by Chorin and Marsden.

Grade:

A project due on the last day of class will comprise 90% of the grade, the remaining 10% is based on occasional problem sets; there will not be a final exam. The project should be developed in consultation with the instructor and if appropriate the research advisor. A grade of incomplete will be assigned if the project is not received by the last class.

Syllabus for ENVR 768 (260) Microenvironmental Air-Flow Modeling 

Instructor: 
Michael Flynn 
Office: Rosenau 118 

966-3473

Email:

mike_flynn@unc.edu

Based on 30 1.5 hr lectures

Abbreviations: FW=Frank White text; HS=Herman Schlichting’s Boundary LayerTheory; 



RL# = Reading List number

Lecture #

Topic
1 Introduction: nomenclature, math & fluids review – 

Read Notes pp. 1-7, Read (FW-1,2), Reading List (RL) #1-#4



a) why model, steps in creating model, validation of models



b) fluid mechanic notation



c) continuum Hypothesis, viscosity 

d) dimensional analysis (FW-5)

2 Incompressible flow, & Vorticity Transport

Read (FW-4) and Notes pp. 8-17 & HS-I-III,



a) continuity and momentum



b) vorticity transport



c) OMA (HS VII) 



d) Flow Classifications

3 Boundary Layer Theory, Separation, Vortex Shedding(HS)

Read (FW-6,7) and Notes pp. 18-20



a) Blausius solution



b) Transition to turbulence,



c) Low Re# separation - stable flow



d) Karman street - Strouhal #



e) jets & wakes

4 Analytic Solutions: 

I. Potential Flows 2&3-d (hoods, obstacles) (HL)

 Read (FW-8) and Notes pp. 21-26 and RL#5



a) Flanged Hoods



b) elliptic and circular cylinders

II. Stokes & NS, laminar (HS VI), MF



c) creeping flow past sphere - aerosols



d) circular duct and square duct laminar flows

5 Numerical issues Part I: 

Notes pp. 27-31 (JMO, ATP)

a) Existence and Uniqueness 

b) Classification of PDE's, Well-posed problems,

c) Boundary Conditions, Discretizations – finite differences

d) Truncation error

6 Numerical Issues Part II: (Homework #1 due)***
Notes pp. 27-31 (JMO, ATP) Class project (5-10 min each)

a) Stability + Consistency = Convergence

b) Linear Algebra-Solvers, Error estimates

c) Non linear solvers 

7 Introduction to Fidap:

a) gui and modules

b) meshing-running

c) fipost interrogation

8 Finite Element Method (FEM)

Notes pp. 35-38



a)  Method of weighted residual (MWR)



b)  Galerkin Approximation

d) Greens theorem

e) Example

9 FEM - Laplaces equation: Complete FIDAP spinning Cylinder ex #1
Notes pp. 39-41

10&11  Navier Stokes – FEM - Stokes flow  (Homework #2 due)***

  Notes pp. 42-47 and RL #7& 8


12
Navier Stokes FEM - Non-linearity -Upwinding


13&14
Turbulence Models


Notes pp. 48-54

15&16
FEM Navier Stokes - Segregated approaches


RL # 9

17&18 Fidap & Project workshops, Student progress presentations
10 Fidap – Turbulent flow

RL #8

11 Fidap – Aerosols

RL # 11

12 Fidap – Aerosol Transport (Homework #3 due)***

Notes pp. 55-58 

13  Advective-Dispersive Equation, solutions for concentration fields

14 Fidap Work shop

24
Discrete Vortex Methods - Fractional Steps

Notes pp. 59-65



a) Numerical Boundary layer



c) Euler and Diffusion equation

25
DVM Algorithm - Reflection

26
Scalar Transport with DVM – N-body

RL #10



27-30
Presentations (Project Due)***
