
2021 Fall Semester AerE310 Course 

Homework Problem Set #07:  

Due: Midnight, Sunday, 12/12/2021  

 

Problem#1:    

A rectangular plate, whose streamwise dimension (or chord c ) is 0.2 m and whose width (or span 

b ) is 1.8 m, is mounted in a wind tunnel. The freestream velocity is 40 m/s. The density of the air 

is 1.2250 kg/m3, and the absolute viscosity is 1.7894*10-5 kg/m⋅s. 

• Graph the velocity profiles at x = 0.0 m, x = 0.05 m, x = 0.10 m, and x = 0.20 m. 

• Calculate the chordwise distribution of the skin-friction coefficient and the displacement 

thickness.  

• What is the drag coefficient for the plate? 

Solution: 

Since the span (or width) of the plate is 9.0 times the chord (or streamwise dimension), we will 

assume that the flow is two dimensional (i.e., it is independent of the spanwise coordinate). The 

maximum value of the local Reynolds number, which occurs when x = c, is 

 

This Reynolds number is close enough to the transition criteria for a flat plate that we will assume 

that the boundary layer is laminar for its entire length. Therefore, we will use the relations 

developed in this section to calculate the required parameters. Noting that 

 

we can use the results presented in the Table from the Blasius solution given below to calculate 

the velocity profiles. The resultant profiles are presented in Fig. 4.6 . At the leading edge of the 

flat plate (i.e., at x = 0 ), the velocity is constant (independent of y ). The profiles at the other 

stations illustrate the growth of the boundary layer with distance from the leading edge. Note that 

the scale of the y coordinate is greatly expanded relative to that for the x coordinate. Even though 

the streamwise velocity at the edge of the boundary layer(ue) is the same at all stations, the velocity 

within the boundary layer is a function of x and y .However, if the dimensionless velocity (u/ue) is 

presented as a function of h, the profile is the same at all stations. Since the dimensionless profiles 

are similar at all x stations, the solutions are termed similarity solutions .The displacement 

thickness in meters is: 

 



 

 

The chordwise (or streamwise) distribution of the displacement thickness is presented in Fig. 4.6 . 

These calculations verify the validity of the common assumption that the boundary layer is thin. 

Therefore, the inviscid solution obtained neglecting the boundary layer altogether and that 

obtained for the effective geometry (the actual surface plus the displacement thickness) are 

essentially the same. The local skin-friction coefficient is given by: 



 
Now we can calculate the drag coefficient for the plate. Obviously, the pressure contributes nothing 

to the drag since there is no dy dimension for an infinitely thin flat plate. Therefore, the drag force 

acting on the flat plate is due only to skin friction. Using general notation, we see that: 

 

We need integrate only in the x direction, since by assuming the flow to be two dimensional, we 

have assumed that there is no spanwise variation in the flow. In the above equation, the integral, 

which represents the drag per unit width (or span) of the plate, is multiplied by b (the span) and by 

2 (since friction acts on both the top and bottom surfaces of the plate). Substituting the expression 

for the laminar shear forces given in equation of  , 

 

Since the edge velocity ( ue ) is equal to the free-stream velocity (U∞), the drag coefficient for the 

plate is: 

 

For the present problem CD=3.589*10-3 

Alternatively, using the total skin-friction coefficient, equation of , and 

computing drag on the top and bottom of the plate, we obtain: 

   



Problem#2:    

The streamwise velocity component for a laminar boundary 

layer is sometimes assumed to be roughly approximated by the 

linear relation where . 

Assume that we are trying to approximate the flow of air at 

standard sea-level conditions past a flat plate where ue = 2.337 

m/s.  

• Calculate the streamwise distribution of the 

displacement thickness (*), the velocity at the edge of 

the boundary layer\left (ve), and the skin-friction 

coefficient  Cf.  

• Compare the values obtained assuming a linear velocity 

profile with the Blasius  solutions.  

 

Solution: 

the standard day atmospheric conditions at sea level are: 

∞=1.2250kg/m3 and ∞=1.7894*10-5kg/s m. So, for constant-property flow past a flat plate, 

 
Using the definition for the displacement thickness of an incompressible boundary layer, 

 
Notice that, since we have u/ue in terms of y/, we have changed our independent variable from y 

to y/,We must also change the upper limit on our integral from  to 1. Therefore, since: 

 

Using the equation for the formulation for Blasius solution and noting that. 

 



Using the continuity equation, we would find that the linear approximation gives a value for 

 

Using the formulation of Blasius’s solution  

 

 

Finally, we find that the skin friction for the linear velocity approximation is given by: 

 

Therefore, the skin-friction coefficient is: 

 

For the formulation of Blasius’s solution, 

 

Summarizing these calculations provides the following comparison: 

 
 

  



 

Problem#3:  

A small airplane flies at speed of 90 m/s at 1000 m altitude. The airplane wing has rectangular 
shape with chord length of 1m and span of 11m. Assume boundary layer over the wing surface 
is fully laminar and model the wing airfoil as a flat plate.  

• a) Estimate the boundary layer thickness at the trailing edge.  

• b) Estimate the displacement thickness at the trailing edge.  

• c) estimate the friction drag of the wing.  

Solution: 

 



Problem#4:   

A well-hit golf ball (diameter D=1.69 in., weight w=0.0992 lb) can travel at U=200 ft/s as it leaves 

the tee. A well-hit table tennis ball (diameter D=1.50 in., weight w= 0.00551 lb) can travel at U=60 

ft/s as it leaves the paddle. 

• Determine the drag on a standard golf ball, a smooth golf ball, and a table tennis ball for 

the conditions given.  

• Also determine the deceleration of each ball for these conditions. 

 
Solution: 

 



 


