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1) Water at 10 °C flows from a large reservoir to a smaller one through a 5 cm diameter cast 

iron piping system as shown in Fig. 1. Determine the elevation z i  for a flow rate of 6 L/s. Use 

standard equations to calculate the friction factor however the roughness of the cast iron pipe 

is c = 0.00026 m. At 10 °C. the density and dynamic viscosity of the water is p = 999.7 kg m' 

and u = 1.307 x 10-3  kg/(m .$). 	 (10 Marks) 
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Fig. 1: The piping system 

2) Consider the steady, incompressible, laminar flow of a Newtonian fluid in the narrow gap 

between two infinite parallel plates in Fig. 2. The top plate is moving at speed V, and the 

bottom plate is stationary. The distance between these two plates is h. and gravity acts in the 

negative z-direction (into the page). There is no applied pressure other than hydrostatic 

pressure due to gravity. This flow is called Couette flow. State all assumption and calculate 

the velocity and pressure fields and estimate the shear force per unit area acting on the bottom 

plate. 	 (15 Marks) 
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Fig. 2: Couette flow. 

3) An open tank of diameter D containing water to depth ho  is emptied by a smooth orifice at the 

bottom. Derive an expression for the time taken to reduce the height to h. Also. find the time 

tn„,„ for emptying the tank, shown in Fig. 3. 	 (10 Marks) 
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Fig. 3: Open tank system 

4) Write the working principle of the reciprocating pump and centrifugal pump and also the 

difference between them. 	 (10 Marks) 

5) Oil of viscosity 0.1 Ns/m2  is to floW through an inclined pipe by gravity. The pipe diameter is 

25 mm and the density of the oil is 930 kg/m3. lithe flow rate is to be 0.25 Us, determine the 

pipe inclination with horizontal. 	 (5 Marks) 
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