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(20%) 3. For low Reynolds number, the drag force (D) is found to be a function of the fluid viscosity (p), the
velocity (V), and a characteristic length of the body (1). Determine the functional relationship of
the drag force in terms of these variables, using the Pi theorem.

(30%) 4. The incompressible Navier-Stoke equation can be written as following:

Continuity equation: V-V =0

Momentum equation: Z—:+ V-vv = g— %VP + UVZV, where g is gravity, p is fluid density and

v=n/p is kinematic viscosity .

(a)  Write down the conservation of mass and conservation of momentum equations for a steady 2-
D incompressible flow in Cartesian coordinate system. (5%).

(b)  Analyze the viscous flow using the PDE from (a) for the flow between two infinite parauel

stationary plates inclined with an angle © to a platform shown in the following figure. Assume

the flow is laminar and the driving force is purely from gravity effect. Obtain the fully-developed
x-component velocity profile u=? (15%). The so-called fully-developed velocity u implies that the
u-profile will no longer change along x-direction, i.e. u is function of y only. What's the volume
flow rate across the channel? (5%). What’s the shear stress at surface? (5%)

(15%) 5. A man weighing 70 kg tries to jump from the top of Taipei 101 building with the help of a large
umbrella. The shape of the umbrella is hemispherical with a diameter of 4 m. Estimate the terminal

velocity of the man. Neglect the weight of the umbrella, and any buoyancy effects.




