Viscous Flow Analysis
Final Test
Time: 11:00AM – 12:00PM Tuesday, June 10, 2008
Location: 34-211 SNU
Note: Answer in English. Open-book test.
1. (30 pts) Consider the plane, incompressible, Cartesian stream function in the region 
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Where (a, b, c) are positive constants.

(a) Determine if this is an exact solution to the continuity and Navier-Stokes equations if gravity and pressure gradients are neglected.

(b) What are the dimensions of (a, b, c)?  

(c) If y=0 represents a wall, does the no-slip condition hold there?

(d) Is there any vorticity in the flow field?  If so, what is its form?

2. (10 pts) In an incompressible planar flow, the x-direction velocity component is given as:
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What is the y-direction velocity component?  Use the following conditions to determine the constants in the integration process: (a) v = 0 at y = 0; (b) v = ct at y = 0.
3. (30 pts) Consider flow on a slope that has an angle α with the horizontal plane. The thickness of the flow is h and uniform.

(a) What are the boundary conditions at y = 0 and y = h (free-surface). On the free-surface, the tangential stress parallel to the surface is zero.

(b) Show that the velocity profile is 
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(c) Determine the mass flow rate.

(d) Determine h of the equilibrium state in which the gravitational force and viscous force balances. Express it in terms of the mass flow rate.

4. (30 pts) A flat plate of zero thickness moves in the 25°C atmosphere with a speed of 15 m/s. Note that air’s 
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(a) 20 cm from the leading edge, what is the height at the point where the flow speed is 1/2 of the free stream one?

(b) 1 m from the leading edge, calculate the boundary layer thickness, displacement thickness, and local friction coefficient. 
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