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Homework Assignment #4 
 
 
QUESTION 1 

Consider the boundary layer flow on a flat plate of width b  (shown on the 
Figure below).  
 

 
 

a. Using mass conservation show that  
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Page 554 in textbook 

 
b. Using the momentum equation show that the Drag force on the plate is 

given by 
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Page 554 in textbook 

 
c. Employing the shear stress on the wall show that the Drag force can be also 

obtained through 
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Page 553 in textbook (Eq. 9.19) 
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d. Assuming that the velocity profile is approximated as  / [ ]u U y x  for 
[ ]y x0    and u U  for [ ]y x  as shown in the Figure below, determine 

the shear stress. 
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From (b) we obtain that  
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From (c) we obtain that 
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Equating above two expressions we get  
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Solving this differential equation we obtain 
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The local skin friction coefficient is defined as 
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The friction drag coefficient for a flat plate of length  and width  is  b
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QUESTION 2 
If the boundary layer on the hood of your car behaves as one on a flat plate, 
estimate how far from the front edge of the hood the boundary becomes 
turbulent if the transition point occurs at . How thick is the boundary 

layer at this location if the boundary layer thickness is given by 
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momentum thickness is given by 0.664
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equation for flow over a flat plate ( 2 d
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   ) to obtain the drag force per unit 

width. 
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The Reynolds number for a flat plate is defined as

Re / . The transition occurs at Re 500000.

Re  500000 1.79 10 7.3
Hence 
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The boundary layer thickness for the Blasius's case is given 
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QUESTION 3 
To obtain an expression of the boundary layer thickness of a turbulent 
boundary layer it is suggested to use the Blasius’s formula for the friction 
factor of a smooth-pipe: 

1/ 40.079 Ref  , 

where the friction factor is defined as 
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defined with respect to the radius of the pipe. If the radius of the pipe is 
assumed equivalent to the boundary layer thickness 

Re

  on a flat plate, obtain an 
expression for  . Obtain an expression for the total drag force DF  on one side 
of a plate of length  and unit width. 
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QUESTION 4 

Consider an airfoil with chord length of 1.5 m . For the case where the 
, estimate: (a) the laminar boundary layer thickness at the 

trailing edge and (b) the net laminar skin-friction drag coefficient for the 
airfoil. 
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we hav
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Notice, how thin the boundary layer is; at the traling edge, where its 

thickness is the largest, the boundary layer is only 4.3 mm.
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The local skin friction coefficient is .
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Do you think it was reasonable to assume a laminar boundary layer? 
Estimate the boundary layer thickness and the skin-friction drag for the 
case of a turbulent boundary layer. 

6For the relatively high Reynolds number of 3.1 10 ,  the boundary

layer over the airfoil will be turbulent, not laminar. So we expect

that the experimental skin-friction drag coefficient to be higher.

We 
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replace the airfoil with a flat plate at zero angle of attack.

The boundary-layer thickness at the trailing edge, where  
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t boundary layer is 2.79 cm at the trailing edge, and it is

much thicker than the laminar boundary layer thickness.

The skin-friction coefficient is given by
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This result is a factor of five larger than for the laminar boundary layer. It

demonstrates the considerable increase in skin friction
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caused by the a turbulent

boundary layer in comparison to that caused by a laminar boundary layer.

 

 
What is the effect of the turbulent boundary layer on the drag force? 
For streamlined bodies, the drag coefficient increases when the boundary layer 
becomes turbulent because most of the drag is due to the shear force, which is 
greater for turbulent flow than for laminar flow. On the other hand, the drag 
coefficient for a relatively blunt object, such as a cylinder or sphere, actually 
decreases when the boundary layer becomes turbulent. A turbulent boundary 
layer can travel further along the surface into the adverse pressure gradient on 
the rear portion of the cylinder before separation occurs. This is because the 
location of separation, the width of the wake region behind the object, and the 
pressure distribution on the surface depend on the nature of the boundary layer 
flow. Compared with a laminar boundary layer, a turbulent boundary layer flow 
has more kinetic energy and momentum associated with it because: (1) the 
velocity profile is fuller, more nearly like the ideal uniform profile, and (2) there 
can be considerable energy associated with the swirling, random components 
of the velocity. The result is a thinner wake and smaller pressure drag for 
turbulent boundary layer flow. 
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