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QUESTION 1 [20] 

 

Consider two infinitely long parallel plates (Figure 1), where the top plate is moving to 

the right at a velocity  U1 of while the lower plate is moving at a velocity U2 also to the 

right. 

 Derive with the aid of the Navier-Stokes equations the velocity profile for 

laminar, fully developed, incompressible flow in the space between the two 

plates if the volume flow per unit width is Q. 

 Determine an expression for the pressure loss over a length L. 

 Determine the POSITION and VALUE of the maximum velocity 

NOTE: Show all algebraic calculations. 

 

 
Figure 1 

 

 

QUESTION 2  [12] 

 

In a certain steady, two-dimensional flow field the fluid may be assumed to be ideal and 

weight of the fluid (specific weight = 7850N/m3) is the only body force. The x-component 

of velocity is known to be u = 6x which gives the velocity in m/s when x is measured in 

meters. The y component of velocity is known to be a function of y only. The y-axis is 

vertical, and at the origin the velocity is zero. 

3.1 Determine the y-component of velocity so that the continuity equation is satisfied. 

3.2 Can the difference in pressures between the points x = 0.3m, y = 0.3m and x = 

0.3m and y = 1.2m be determined from the Bernoulli equation? If so, determine 

the value in N/m2. If not, explain. 
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QUESTION 3 [19]  

 

Find an expression for the velocity potential and stream function for a cylinder with 

circulation  

Determine expressions for the radial and transverse velocity components 

Make use of Bernoulli’s equation to find an expression for the boundary pressure 

around a cylinder with circulation. Refer to Figure 2. 

Show that the lift is given by  AVL 0  

Hint:      2cos1
2

1
sin 2   and    Cuudu coscos

3

1
sin 33  

 NB: Show all the steps. 

 

 

Figure 2 

 

QUESTION 4 [17]  

 

 

Air flows from a reservoir where P01 = 

300kPa and T01 = 500K through a throat 

to section 1 as shown in Figure 3, where 

there is a normal shock wave. 
 

Figure 3 
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Calculate the following:  

a) The static pressure before the shock 

b) The static pressure after the shock 

c) The new stagnation pressure after the shock 

d) The new critical area 

e) The stagnation pressure at point 3 

f) A*3   

g) P3 

h) T03 

 

 

 

QUESTION 5 [10]    

Air is heated as it flows subsonically through a 10cm x 10cm square duct. The 

properties of air at the inlet are maintained at Ma1=0.4, P1 = 400kPa, and T1=360K at 

all times. Disregarding frictional losses, determine the highest rate of heat transfer to 

the air in the duct without affecting the inlet conditions. 

Use R = 0.287 kJ/kg.K, and k = 1.4 

QUESTION 6 [13] 

In the autogyro (Figure 4), the lift is developed by freely rotating vanes. The rotation is 

caused by the aerodynamic forces on the vanes themselves. Using flat-plate theory, 

what is the aerodynamic torque needed to overcome skin friction for an angular speed 

of the vanes of 50 rev/min?  

 

Take each vane to be a flat plate of dimension 4.5m by 0.3m. The air is at a temperature 

of 10°C. Transition takes place at 5102.3Re cr . Consider as an approximation, the 

equation for smooth plates, low Reynolds number turbulent flow to be valid for the 

turbulent boundary layer. Take 51055.1  m2/s and P =101.404 kPa. 
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Figure 4 

 

QUESTION 7 [9]  

 

Ocean liners have in the past been equipped with retractable hydrofoils for purposes of 

maintaining stability in heavy water.  

 

If the ship is moving at 40 knots, what is the skin friction drag on the hydrofoil if each 

is 2m long and 2m wide? Transition takes place at Recr = 106. 1 knot = 0.5144 m/s. 

Compute the skin friction drag of the hydrofoils taking the turbulent boundary layer 

over the entire length. Then calculate skin drag, taking into account the laminar portion 

of the boundary layer.  

 

For seawater take μ = 1.395 x 10-3 N.s/m2, and ρ = 1026 kg/m3.
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