CFD Mid-term Exam (2013/11/06)

1. Please classify the following P.D.E.s: (Elliptic, Parabolic or Hyperbolic)     (6%)
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Note: M is real number.

2. An incompressible, viscous fluid is placed between horizontal, infinite, parallel plates, as shown in Fig. 1. The two plates move in opposite directions with constant velocities, U1 and U2, as shown. The pressure distribution is
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 is a constant). The distance between the two plates is b. Assume the flow is steady and laminar. Note: Viscous dissipation cannot be neglected.
(a) Derive an expression for the velocity distribution between the plates.    (10%)

  (b) If the temperature of the upper plate is kept at T1 and that of the lower plate is kept at T2. Please find the temperature distribution between the plates.
(10%)

  (c) Please find the heat flux to each of the plates.                        (4%)

(d) Please find the maximum temperature between the plates.              (5%)
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3. As shown in Fig. 2, 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%)
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Fig. 2

4. As shown in Fig. 3, suppose we have solved the finite-difference form of the energy equation for the temperature distribution near a solid boundary and we need to estimate the heat flux at the location. Our finite-difference solution gives us heat flux is given by 
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(1) If T1, T2, T3, T4, and T5 are known, please determine 
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 by assuming that the temperature distribution near the boundary is a second-degree polynomial of the form T=a+by+cy2.                                        (10%)

(2) If 
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 is given, how can we evaluate T at y=0, i.e., T1 in terms of 
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 and T2, T3, etc.? Assume that T=a+by+cy2+dy3 near the wall.            (10%)


                                Fig. 3

5. Q&A  (20%)
  (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%)
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