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1. a) Briefly explain what is meant by ‘gauge pressure’. If the pressure head 
in a water main is 50 metres of water, determine the gauge pressure in 
kN/m2.          

(5 marks) 

 b) A circular flat plate of mass 100 kg is used as a gate to close an 
opening in the sloping side of a water tank.  The opening and the gate 
have a diameter of 550 mm.  The gate is rigidly attached to a horizontal 
lever arm as shown in Figure Q1, and hinged as shown.  The gate is 
kept closed against the water pressure partly by its own weight acting 
through its centroid and partly by the mass on the lever arm.  Find the 
mass which must be placed on the lever arm so that the gate will open 
if the water reaches a level of 900 mm above the centroid of the gate. 
(Ignore the mass of the lever arm.)   

(15 marks) 
        

Total 20 marks 
                                                                                   650mm 

                                           
                                                                                                 

                                     Hinge 
 
 
                                     900mm                                                                                          Mass 
                  

                                                   Centroid of gate 
                                                         

 
              550mm 
                                                                          

  FIGURE Q1                                                            50° 
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2. A pipeline carrying water between two tanks has a Darcy friction factor  = 
0.022. The pipe is 850m long, the first 300m having a diameter of 375mm and 
the remainder a diameter of 225mm.  

 
A flow control valve (kL = 0.15 when fully open) is located 5m upstream of the 
lower tank. The difference in the tank water levels is 15m. If the entrance to 
and exit from the pipeline are sharp, the sudden contraction has a coefficient 
of contraction of 0.61, and the valve is fully open, 

 
 calculate a) the flowrate through the pipeline (12 marks) 
   b) the energy head losses in the system (4 marks) 
 and  c) sketch an energy diagram of the situation. (4 marks) 

 
Total 20 marks 

      
3. a) Name the factors which affect the magnitude of frictional energy loss in 
  a pipeline.    

(4 marks) 
 
 b) A pipeline 375 mm in diameter and 12 km long transfers water between 
  reservoirs with water levels 450 m AOD and 320 m AOD respectively.   
  Determine the flowrate between the reservoirs 
 

  (i) using a pipe material with Darcy friction factor  = 0.023. 
  (ii) using a pipe material with pipe wall roughness ks = 0.03mm. 

 
(8 marks) 

  HRS Tables are attached. 
 

 c) At a distance of 5 km from the upper reservoir, the pipe elevation is 
290 m AOD.  Determine the pressure in the pipeline at this point for 
each pipe material, ignoring ‘minor’ energy losses.  

(8 marks) 
  

Total 20 marks 
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4. a) Explain the term ‘steady uniform flow’ as applied to flow in a  
  rectangular open channel.  

(4 marks) 
 
 b) Determine the flowrate in a 4 m wide rectangular channel when the 

uniform depth of flow is 0.65 m,  the Chezy C value is 60 and the 
channel bed slope is 1 in 600.  

(5 marks) 
 
 c) A trapezoidal channel has a Manning coefficient of 0.018 and side 

slopes of  1 vertical = 2 horizontal.   When the steady uniform flowrate 
is 3.5 m 3/s,  the depth of flow is 1.2 m and the mean velocity of flow is 
0.7 m/s.  Determine  

 
  (i) the horizontal base width of the channel. (4 marks) 
  (ii) the gradient of the channel bed. (7 marks) 

 
Total 20 marks 

 
 

END OF QUESTIONS 
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EQUATION SHEET 
 
 

p = gh 
 
          _ 
F = ρghA 
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