ENCH 630: Transport Phenonena, Spring 2002
COURSE QUTLI NE

Lecture Topi c

1. Review of Appendi x: vector operations, differential operators
I ndex notation (class notes)

2. Continuum Hypot hesi s
CGeneral conservation equation (integral, differential form

3. Student tal ks on papers
Mass conservation

4. Momentum conservation (integral, differential form
Stress tensor, pressure, Viscous stress

5. Constitutive equation for viscous stress for Newtonian fluids
Tensor operations (Appendi x)
Dynam c pressure
Exanpl e: fully-devel oped fl ow between two parallel plates

6. Energy conservation (integral, differential form
Ki netic energy conservation
Thermal energy conservation

7. Conservation of chem cal species (integral, differential form
Simlarities between thermal and nmass conservation
Exanpl e: 1D steady conduction/diffusion in rectangular, cylindrica
and spherical coordi nates.

8. Boundary Conditions at interfaces: general case
Sinplifications: plane of symretry, axisymetry (cylindrical, spherical)
BC s at interfaces: mass, velocity, heat, chemi cal species
Additional BC s for heat/tenperature

9. 2D "diffusion" problens: Finite Fourier Transform
Exampl e: steady conduction in a square rod

10. FFT: basic functions for different BC s
Addi ti onal exanpl es/ cases

11. Review of Perturbation Analysis
FFT and Perturbation Analysis (class notes)

12. Di nmensionl ess conservati on equati ons (mass, nmonentum energy, chemical species)
Simlarities between nonentum energy and chem cal species equations
Time scales for convective and diffusive transport

13. Test #1

14. Review of Test #1
Revi ew of Fluid Dynam cs
Monent um conservation (integral, differential forn
Stress tensor, pressure, Vviscous stress

15. Displacenent, strain/deformation, vorticity
Ri gi d-body rotation flow
Plain strain flow



16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.
29.

30.

Fl uid Mechanics at interfaces

Revi ew of surface tension and curvature
Streanfuncti on and stream i nes

Exanpl e: 2D pure extensional flow

Di nensi onl ess anal ysis for steady and unsteady Navi er- St okes
Vi scous stress for Newtonian and non- Newt oni an fl uids

Exact sol utions of Navier-Stokes
Example 6.2-4: Liquid filmon inclined plane
Exanpl e: Couette fl ow

Similarity nethod: solid plate noving with constant velocity
Exampl e: Fl ow over an oscillatory plate
Lubrication Theory

Lubricati on Theory
Case |: shearing
Case |l: applied pressure gradient
Lubrication forces

Low Re Fl ows
Exanpl es: rotation and swinmng in Stokes flow
Streanfunction solution: flow around a sphere

Streanfunction solution: flow around a sphere (cont.)
Assunption of negligible inertia
Fluid Dynanmics: VIDEO

Test #2

Revi ew of Test #2

Inviscid fl ows

Properties, Potential function
Exanpl e: Fl ow past a cyli nder

Boundary Layer Theory
Bl asi us probl em

Further discussion on BL: entry length for flow in tube or channel

Energy Conservation: equation and BCs

Di nensi onl ess anal ysis for Energy Conservation
Thermal and Concentration Boundary Layers

Bl asi us problemw th thermal boundary | ayer

Nat ural convection: Boussi nesg approxi mation
Thermal BL near a vertical wal

Fi nal Test



