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EXAMPLE SHEET FOR TOPIC 5 AUTUMN 2022 
 

Q1. 

A horizontal pipe is 1500 m long and 0.15 m in diameter and has a friction factor 𝜆 = 0.02. 

The pipe discharges to atmosphere and its intake is 20 m below the water surface of the 

reservoir. The control valve at exit can be closed completely in 4 s and gives a uniform 

deceleration of the water in the pipe. Assuming incompressible flow, calculate: 

(a) the velocity in the pipe prior to closure; 

(b) the excess head due to surge just upstream of the valve; 

(c) the excess head due to surge at 500 m upstream of the valve. 

 

 

 

Q2. 

A reservoir discharges through a steel pipeline, which is 910 mm diameter, 2500 m long and 

has wall thickness 32 mm. Water is flowing along the pipe at a steady mean velocity 2.5 m s-1. 

 

(a) Calculate the speed of water hammer waves in the pipe. 

 

(b) Calculate the rise of pressure which would occur if the flow through the pipe were 

reduced rapidly to zero due to a failure of the turbine at the downstream end of the pipe. 

 

(c) Describe the sequence of events which follows this sudden closure, giving the times 

and pressure where appropriate, assuming that cavitation does not occur and neglect 

any other friction losses. 

 

(d) To protect the turbine, a surge tank is installed at the downstream end of the pipe, before 

the turbine. The surge tank is a simple cylinder, which has a diameter four times that of 

the pipe. How does the velocity in the surge tank relate to the velocity in the pipe in the 

event of a sudden closure? 

 

Take the bulk modulus of water as 𝐾 = 2.2 GPa, and the Young’s modulus of steel as 𝐸 =
200 GPa. 
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Q3. 

A pipeline from a reservoir to a hydroelectric power plant has length 1.6 km and internal 

diameter 0.6 m. The pipe wall has thickness 30 mm and is made from material with Young’s 

modulus 𝐸 = 150 GPa. In operation, the pipe carries a steady discharge of 300 L s–1. 

 

(a) Calculate the bulk velocity and the piezometric pressure drop along the pipe under 

normal operating conditions if the friction factor is 0.01. 

 

(b) In an emergency the valve at the downstream end has to be shut down. Assuming rapid 

closure, calculate: 

 (i) the speed 𝑐 of water-hammer waves in the pipe; 

 (ii) the initial pressure rise Δ𝑝; 

 (iii) the maximum valve-closure time for which the rapid-closure assumption is 

valid. 

 

(c) Ignoring pipe friction sketch the time-dependent variation of pressure at the valve and 

at a point 0.4 km upstream of the valve. 

 

(d) If pipe friction can be ignored, but the size of the pressure pulse is reduced by 10% at 

each reflection (from either end of the pipe), calculate the time to reduce the magnitude 

of the pressure transient by one half. 

 

 

 

Q4. 

A pipeline of length 3 km and diameter 0.5 m carries water at 0.6 m3 s–1 from a reservoir to a 

hydropower plant. A failure at that plant causes a closure of the valve to the turbines. 

 

(a) Explain, physically, why there is a large pressure rise just upstream of the valve. 

 

(b) Calculate the pressure rise at the valve if: 

 (i) the flow is regarded as incompressible and the valve is shut uniformly over a 

period of 10 s; (neglect viscous effects); 

 (ii) the valve is shut almost instantaneously; the flow is treated as compressible but 

the pipe is regarded as rigid; 

 (iii) the valve is shut almost instantaneously; the flow is treated as compressible and 

the pipe is regarded as elastic with wall thickness 50 mm and Young’s modulus 

30 GPa. 

 

(c) For an elastic pipe as in part (b)(iii) estimate the minimum valve-closure time for which 

the incompressible (“slow-closure”) approximation would be valid. 

 

(d) Explain in words (i.e., without mathematical analysis) how a surge tank may be used to 

alleviate the pressure transients brought about by sudden valve closure and sketch the 

variation with time of the water level in the surge tank. 
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Q5. 

A pipeline from a reservoir to a hydroelectric power plant has internal diameter 0.5 m. The 

pipe wall has thickness 25 mm and is made from material with Young’s modulus 𝐸 =
210 GPa. In operation, the pipe carries a steady discharge of 250 L s–1. 

 

(a) If the friction factor is 𝜆 = 0.03 calculate the piezometric pressure drop per km under 

normal operating conditions. 

 

(b) A malfunction at the power plant causes rapid closure of the main turbine valve. 

Calculate the speed of water-hammer waves and the rise in pressure at the valve. 

 

(c) A transducer in the pipeline picks up the time variation of pressure. A time trace of its 

output is shown below. Estimate: 

 (i) the length of the pipeline; 

 (ii) where along the pipeline the monitoring device is situated. 

 

 
 

 

 

 

Q6. 

In a hydroelectric power scheme water is conveyed from an upland storage reservoir to the 

turbine house by a pipeline of length 1500 m, diameter 0.3 m and effective roughness 0.1 mm. 

Minor losses may be neglected. Under normal operation the frictional head loss along the 

pipeline is 12 m. 

 

(a) Calculate the friction factor, discharge and average velocity in the pipeline during 

normal operation. 

(b) If the outlet to the pipeline is suddenly blocked, calculate the speed of water-hammer 

waves and the excess pressure at the downstream end. (Assume a rigid pipe.) 

(c) To alleviate the pressure rise following a blockage a relief valve is fitted which limits 

the downstream pressure to 3 bar above the normal operating value. Assuming the same 

friction factor as in part (a), calculate the time taken to bring the flow to rest. 

 

For water, take the kinematic viscosity as 1.010–6 m2 s–1 and the bulk modulus as 2.2 GPa. 
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Q7. 

Water is flowing along a horizontal pipe 1800 m long at a velocity of 2.5 m s–1. Neglecting 

pipe friction, find the time needed to close the valve at the downstream gradually to give a 

pressure rise sinusoidally to a maximum of 7 bar. 

 

 

 

Q8. 

A 1.2 m diameter pipe 3 km long supplies water to a hydroelectric power plant at 2 m3 s–1. A 

cylindrical surge tank of diameter 5 m is to be used to protect the pipeline in the event of 

abnormal shutdown. Neglecting losses, estimate the period and maximum height of surge if the 

surge tank is located: 

(a) at the end of the pipeline (i.e. adjacent to the power plant); 

(b) 300 m upstream of the power plant. 

 

 

 

Q9. (Based on Massey, 2011) 

A pump (fitted with a bypass) draws water from a reservoir and delivers it at a steady rate of 

150 L s–1 to a tank in which the free surface level is 14 m higher than in the reservoir. The pipe 

system consists of 30 m of 200 mm diameter pipe (𝜆 = 0.025) and 70 m of 250 mm diameter 

pipe (𝜆 = 0.02) in series. If the pump stops suddenly, calculate: 

(a) the flow rate 2 seconds later; 

(b) the time taken for the water in the pipe to come to rest. 

(Neglect minor losses, and assume constant friction factors.) 

 

 

 

Q10. 

A pump is required to raise water at a rate of 200 L s–1 from a river to a constant-head tank, the 

difference in water levels being 20 m. The pipeline has length 800 m, diameter 300 mm and 

may be assumed to have a constant friction factor 𝜆 = 0.016. Losses other than those due to 

wall friction can be neglected. 

 

(a) For steady flow calculate: 

 (i) the bulk velocity of water in the pipeline; 

 (ii) the minimum head required of the pump. 

 

(b) If the pump actually maintains a constant head of 60 m find how long it takes to build 

up the flow from rest to the required flow rate. 


