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 Question 1 
 
(a)   The basic differential equations of viscous fluid flow, together with their boundary 

conditions, may be non-dimensionalised to reveal several dimensionless parameters. 
 
Identify three of these parameters. Describe their constituents and the ratios they 
represent, and briefly outline the conditions under which they are important or 
negligible.        

         [ 5 ] 
 
 
(b) The thrust F of a free aircraft propeller depends upon fluid density ρ, the rotation rate 

n in rev/s, the propeller diameter D, and the forward velocity V.  
 

Viscous effects are slight and may be neglected here. Compressibility effects may also 
be ignored. 

  
Tests of a 25-cm-diameter model aircraft propeller, in a sea-level wind tunnel, yield the 
following thrust data at a velocity of 20 m/s: 
 
 
 

Rotation rate, rev/min 4,800 6,000 8,000 
Measured thrust, Newton 6.1 19.0 47.0 

 
 
 
(i) Make use of these data to produce a dimensionless plot of the test results. 

         [ 10 ] 
  

(ii)  Use the dimensionless data to predict the thrust, in Newton, of a similar 1.6-m-
diameter prototype propeller when rotating at 3,800 rev/min and flying at 100 m/s 
at 4,000 m standard altitude. 

          [ 5 ] 
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Question 2 
 
 
(a)  When a circular pipe flow suddenly expands from A1 to A2, as shown in Figure 2, low-

speed, low-friction eddies appear in the corners and the flow gradually expands to A2 
downstream.  
 
For steady incompressible flow, neglecting wall friction, and assuming that  p ≈  p1 on 
the corner annular ring as shown, use the suggested control volume to show that the 
downstream pressure is given by  
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(b) Verify that Bernoulli’s equation is not valid for this sudden expansion, and that the 

actual head loss is given by 
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(c) Suppose that we want to analyse this sudden-pipe expansion flow using the full 

continuity and Navier-Stokes equations. What are the proper boundary conditions to 
handle this problem?                                                                                            

            [ 6 ] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 
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Question 3 
 
 
(a)  High-speed passenger trains are streamlined to reduce surface friction resistance. The 

cross-section of a passenger car of one such train is shown in Figure 3.  
 

For a train 150 m long under standard sea level conditions estimate the surface friction 
drag and the friction power required at speeds of 
 
(i) 100 km/h and 

  
(ii)  200 km/h          

                 [ 10 ] 
                   
          
 
(b)  If the same train has in addition a pressure drag coefficient for the locomotive and 

undercarriage of 0.8 and also a constant rolling resistance of 3,000 N, what will be the 
total resistance for the train at speeds of  

 
(iii) 100 km/h and 

 
(iv) 200 km/h ? 

  
  
Assume a projected area of 9 m2.                   

                       
 
(c)  What are the proportions of rolling resistance, pressure drag and frictional drag at these 

two speeds?                 
                   [ 10 ] 
 
  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 
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Question 4 
 
A 70-percent efficient pump delivers water at 20°C from one reservoir to another 6 m higher, 
as in Figure 4.  The piping system consists of 20 m of galvanised-iron 50-mm-diameter pipe, 
a re-entrant entrance (Kentrance = 1.0), two screwed 90° long-radius elbows (Kelbow = 0.41 
each), a screwed open gate valve (Kvalve = 0.16), and a sharp exit.  The flow rate is 0.7 
m3/min.   
 
It is desired to investigate the benefit of adding a well-designed conical expansion with a  6°  
total cone angle to the exit. 
 
 What is the input power required in kW :  
 

(i) with and                [ 14 ] 
 

(ii) without the conical expansion added to the exit?        [ 6 ] 
 

              
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 

6 m 
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Question 5 
 
 
(a)   Derive the Rankine-Hugoniot relations for a one-dimensional compressible normal-

shock wave flow.  Note all assumptions used, and state the significant conclusions. 
       

         [ 10 ] 
 
 
(b)    For flow of air through a normal shock the upstream conditions are V1 = 600 m/s, 
         T01 = 500 K,   p01 = 700 kPa.   

 
Compute the downstream conditions: 
 

  
(i)     Ma2 
 
(ii)    V2 
 
(iii)   T2 
 

  (iv)   p2 
  

(v)    p02 ,         
         

 
where the symbols have their usual meanings.                       [ 10 ]
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The Moody chart for pipe friction with rough and smooth walls. 
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White, Figure 6.23     Flow losses in a gradual conical expansion 
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