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 Fluid Mechanics 2 

Assignment6: 
Boundary Layer 

1- Air at 20°𝐶 and 1 𝑎𝑡𝑚 flows at 3 𝑚/𝑠 past a sharp flat plate 2 𝑚 wide and 1 𝑚 long. 

(a) What is the wall shear stress at the end of the plate? 

(b) What is the air velocity at a point 4.5 𝑚𝑚 normal to the end of the plate? 

(c) What is the total friction drag on the plate? 

 

 

2- A laminar boundary layer velocity profile is approximated by 
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 for 𝑦 ≤ 𝑑, and 𝑢 = 𝑈 for 𝑦 > 𝛿. 

(a) Show that this profile satisfies the appropriate boundary conditions. 

(b) Use the momentum integral equation to determine the boundary layer thickness, 

𝛿 = 𝛿(𝑥). 

 

 

3- Air flows past two equal sized spheres (one rough, one smooth) that are attached to 

the arm of a balance as is indicated in figure. With 𝑈 = 0 the beam is balanced. What 

is the minimum air velocity for which the balance arm will rotate clockwise? 

 

4- An airplane weighing 28 kN, with a drag area CDA = 5 m2, lands at sea level at 

55 m/s and deploys a drag parachute 3 m in diameter. No other brakes are applied. 

(a) How long will it take the plane to slow down to 20 m/s? 

(b) How far will it have traveled in that time? 

 



 

5- When immersed in a uniform stream 𝑉, a heavy rod hinged at 𝐴 will hang at Pode’s 

angle 𝜃. Assume that the cylinder has normal drag coefficient 𝐶𝐷𝑁 and tangential 

coefficient 𝐶𝐷𝑇  that relate the drag forces to 𝑉𝑁 and 𝑉𝑇, respectively. Derive an 

expression for Pode’s angle as a function of the flow and rod parameters. Find 𝜃 for a 

steel rod, 𝑆𝐺 = 7.56, 𝐿 = 40 𝑐𝑚, 𝐷 = 1 𝑐𝑚, hanging in sea-level air at 𝑉 = 35 𝑚/𝑠. 

 

 


