CFD Final Exam (2014/01/08)

1. As shown in Fig. 1, a box filled with air has a block mounted on its bottom plate. The block is heated with the heat generation rate per unit volume, 
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(W/m3). The upper plate of the box moves to the right with a constant speed U and it maintains at constant temperature T0. All other walls of the box are adiabatic. Assume the problem is 2D and steady state, and all physical properties are constant. Please write appropriate governing equations associated with boundary conditions to find the velocity and temperature distributions within the box.                (25%)














Fig. 1
2. Q&A  (45%)
  (1) Please illustrate four characteristics of turbulence.




(4%)

  (2) Please describe the turbulent boundary layer structure.



(3%)
  (3) What is “Energy Cascade”?                                     (3%)

(4) Please describe Kolmogorov energy spectrum.                      (6%)
(5) What is well-posed problem?                                    (4%)
  (6) Please describe three properties of numerical schemes.                (6%)
  (7) What is Peclet number? What is its physical meaning?                (4%)
  (8) What is SIMPLE Algorithm used for?                             (3%)
  (9) In finite volume method, how to improve the zig-zag situation in pressure and velocity fields?                                               (2%)

  (10) Please describe what is “Grid-independent solution”?                (5%)

  (11) Please describe what is “Boussinesq model” in natural convection?     (5%)

3. True or False (20%)
  (1) First-order upwind scheme is easiest to converge, and it is only first-order accurate.

  (2) Power law scheme is more accurate than first-order upwind scheme for flows when Recell>50.

  (3) First-order upwind scheme can improve “false diffusion” better than second-order upwind scheme.

  (4) QUICK scheme is 3rd order accurate on uniform mesh.

  (5) When body forces are large, the interpolation scheme “standard” should be used for calculating cell-face pressure when using the pressure-based solver in FLUENT.

  (6) Two-equation turbulence models needs more computational cost per iteration than LES model.
  (7) RNG k-( turbulence model performs better than standard k-( turbulence model for more complex shear flows, and flows with high strain rates, swirl, and separation.
  (8) When using a standard wall function in standard k-( turbulence model, first grid cell needs to be 30<y+<200 if you are more interested in the mixing in the middle of the domain.

  (9) Generally speaking, if the forces on the wall are key to your simulation (aerodynamic drag, turbomachinery blade performance), the first grid needs to be at about y+=10 when using a standard wall function in standard k-( turbulence model.

  (10) When the Brinkman number approaches or exceeds unity, the viscous dissipation effect is important.

4. Please describe what you have learned in this course.                   (10%)
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