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(10%) 1. Prove that pressure is a scalar and isotropic at a point in a flow field.

(20%) 2. A flow field is given by V = Axi — Ayj in Cartesian coordinate system, A is a constant. Is the flow
incompressible? (5%) At time t=0, the fluid particle is located at x=2 and y=2. Find the equation for
both path line and stream line through this point (10%). What is the vorticity at this point? (5%)

(40%) 3. The incompressible Navier-Stoke equation can be written as following:

Continuity equation: V- V=0

Momentum equation: % +V 7V == %VP +uV2V, where p is fluid density and v=/p is the

kinematic viscosity.

(a) White down the governing equations for a steady 2D incompressible flow in Cartesian coordinate
system (x and y coordinates). (15%)

(b) Find the fully developed velocity profile for a steady incompressible viscous flow inside a 2D
channel with length L; and height Hy. Show the solution step by step using the Navier-Stokes Eqs
given above. (15%).

(¢) If another channel with length L, and height Hz is connected after L; shown below. Find the
relationship of the overall flow rate with respect to pressure drop. (10%) We assume the flow-field

is laminar and fully developed.
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(15%) 4. Design a method that can be used to measure surface tension between air and liquid contained in a
vessel. '

(15%) 5. Draw figures to show flow patterns for a flow passing over a cylinder when the Reynolds number
(a) Re =0.01, (b) Re =10, (c) Re = 1,000,000. Explain your reason.




