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Assignment 3 - Solutions 
(Due: October, 2018 by 17:00) 

CVG3116 Fall 2018 
HYDRAULICS 

Q1. Water at 20°C is pumped from reservoir 1 to reservoir 2 through a 0.95 m-diameter 
copper pipe 1300 m in length (including the suction line), fitted with three regular 90° 
flanged elbows in order to change the direction of the flow, as illustrated in Figure 1. 
The pump is located 10 m above the water surface elevation of reservoir 1 and the 
suction line is 100 m long. Assume a friction factor, A, = 0.15; a minor head loss 
coefficient due to an elbow, kL = 0.3; a minor head loss coefficient due to a reentrant 
pipe entrance, kL = 1.0; and a minor head loss coefficient due to a reentrant pipe exit, 
kL = 1.0. The hydraulic power delivered to the flow by the pump is 500 kW. 

a). Determine the maximum allowable velocity and discharge in the pipe without 
causing cavitation at the suction side, s of the pump. 

b). For the maximum allowable discharge, determine the corresponding maximum 
allowable head delivered to the flow by the pump. 

c). If the maximum allowable head is delivered by the pump, determine the 
magnitude of the pressure head registered at the suction and discharge sides 
of the pump. 

d). Determine the maximum allowable water surface elevation of reservoir 2 to 
which the flow may be pumped. 

Assume: Patm = 101.33 kN/m2 , Pvap = 2.34 kN/m2 
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CVG3116 Fall 2018 

HYDRAULICS 

Q2. The pump-motor system in Question 1 is illustrated in Figure 2, where the hydraulic 
power delivered to the flow by the pump is 500 kW. The total electric input power 
supplied to the motor is 700 kW, and the rotating shaft of the motor has an angular 
velocity of 300 rad/sec and a shaft torque of 2000 N-m. 

a). Determine the hydraulic input power delivered by the motor to the pump. 

b). Determine the motor efficiency. 

c). Determine the pump efficiency. 

d). Determine the overall pump-motor system efficiency. 
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CVG3116 Fall 2018 
HYDRAULICS 

Q3. A pump having the characteristics tabulated below delivers water from a river at 
elevation of 52 m to a reservoir with a water level elevation of 85 m through a 350 mm­
diameter coated cast iron pipeline, 2000 m long (ks = 0.15 mm). The minor losses in 
the system amount to 1 O V2/2g. 

a). Determine the pump's operating condition (discharge, head, efficiency and power 
consumption); 

b). Determine the operating condition, if a second identical pump is installed and the 
two pumps are connected in parallel; 

c). Determine the operating condition, if a second identical pump is installed and the 
two pumps are connected in series; 

d). Determine the operating condition when the discharge is regulated (by valve 
control) to 175 Lis jn the case of (i) parallel operation and (ii) series operation. 

Assume v = 1.13 x 1 o-6 m2/s. 

Q HP Tl 
(l/s) (m) (%} 

0 60.0 -

50 58.0 44 

100 52.0 65 

150 41.0 64 

200 25.0 48 
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CVG3116 Fall 2018 

HYDRAULICS 

Q4. A pump is required to deliver 125 Lis of water from reservoir A with water surface 
elevation of 385.7 m to reservoir B with water surface elevation of 402.5 m. The 
pipeline (concrete, ks= 0.36 mm) is 300 m long with a diameter of 0.20 m. The local 
losses on the pipeline amount to 2.9 V2/2g. Use figures 3 and 4 to determine the 
appropriate pump model and operating conditions (speed, discharge, head, efficiency 
and power consumption). 

Assume v= 1.13x10-6 m2/s. 
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Figure 3 Pump model selection charl (Houghtalen et al., 2010) 
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