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B.E. (Mechanical Engineering / Power Engineering) Fourth Semester (C.B.S.) 
Hydraulics Machines 

 

P. Pages : 3 NRJ/KW/17/4425/4451 

Time : Three Hours Max. Marks : 80 

_____________________________________________________________________ 

 Notes :  1. All questions carry marks as indicated. 

 2. Solve Question 1 OR Questions No. 2. 

 3. Solve Question 3 OR Questions No. 4. 

 4. Solve Question 5 OR Questions No. 6. 

 5. Solve Question 7 OR Questions No. 8. 

 6. Solve Question 9 OR Questions No. 10. 

 7. Solve Question 11 OR Questions No. 12. 

 8. Assume suitable data whenever necessary. 

 9. Illustrate your answers whenever necessary with the help of neat sketches. 

 

    

1. a) Derive the expression for sonic velocity for one dimensional flow with a neat sketch. 

 

7 

 b) A gas with a velocity of 300 m/s is flowing through a horizontal pipe at a section where 

pressure is 2m/kN78 absolute and temperature 40 ºC. The pipe changes in diameter and at 

this section, the pressure is 2m/kN117  absolute. Find the velocity of the gas at this section 

if the flow of the gas is adiabatic. 

Take k.kg/J287R  and 4.1 . 
 

OR 
 

7 

2. a) Derive the expression for stagnation pressure in compressible flow with a neat sketch. 

 

7 

 b) An aeroplane is flying at 1000 km/hr through still air having a pressure of 2m/kN5.78  

(absolute) and temperature Cº8 . Calculate on the stagnation point on the nose of the 

plane. 

i) Stagnation pressure 

ii) Stagnation temperature and 

iii)  Stagnation density. 

 

7 

3. a) Draw neat sketch for Pelton wheel bucket and Explain why jet is deflected through 160 to 

170º? 

 

6 

 b) A Pelton wheel is receiving water from a penstock with a gross head of 510 m. one third 

of gross head is lost in friction in the penstock. The rate of flow through the nozzle fitted 

at the end of the penstock is s/m2.2 3 . The angle of deflection of the Jet is 165º. 

Determine 

i) The power given by water to the runner and 

ii) Hydraulic efficiency of the Pelton wheel. 

Take coefficient of velocity - 1.0 and speed ratio = 0.45. 
 

OR 
 

7 

4. a) Explain the elements of hydroelectric power plant with neat sketch indicating various 

important heads. 

 

6 
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 b) A Pelton wheel of 1.1 m mean bucket diameter works under a head of 500 m. The deflection 

of jet is 165º and its relative velocity is reduced over the bucket by 15 percent due to friction. 

If the diameter of Jet is 100 mm and the water is to leave the bucket without any whirl, 

determine : 

i) Rotational speed of wheel. 

ii) Ratio of bucket speed to jet velocity. 

iii) Impulsive force and power developed by wheel. 

iv) Available power 

v) Power input to buckets and 

vi) Efficiency of the wheel with power input to bucket as reference point. Take .97.0Cv   

 

7 

5. a) Explain the role of following in reaction turbine. 

i) Casing ii) Guide vanes 

iii) Draft tube iv) Runner vanes 

 

6 

 b) The following data pertain to an inward flow reaction turbine : 

Net head = 86.4 m, speed of runner = 650 rpm, shaft power = 397 kW, Ratio of wheel width 

to wheel diameter at inlet = 0.10, Ratio of inner diameter to outer diameter = 0.5, Flow ratio 

= 0.17, Hydraulic efficiency = 95%, Overall efficiency = 85%, Flow velocity is constant, 

discharge is radial. Neglecting blockage by blades, find the dimensions and blade angles of 

the turbine. 

OR 

7 

6. a) Derive the expression for draft tube efficiency and with neat sketch indicating various 

heads. 

 

6 

 b) The propeller reaction turbine of runner diameter 4.5 m is running at 48 rpm. The guide 

blade angle at inlet is 145º and the runner blade angle is 25º to the direction of vane. The 

axial flow area of water through the runner is 2m30 . If the runner blade angle at inlet is 

radial. 

Determine :  

i) Hydraulic efficiency of the turbine. 

ii) Discharge through the turbine, and 

iii) Power developed by the runner. 

 

7 

7. a) Explain the components of centrifugal pump and installation with neat sketch. 

 

6 

 b) A centrifugal pump has the following dimensions : 

Inlet radius = 80 mm, outlet radius = 160 mm, width of impeller at the inlet = 50 mm, vane 

angle of inlet 45.01  radians, vane angle at exit 25.02  radians, width of impeller at 

outlet = 50 mm. Assuming shockless entry determine the discharge and head developed by 

the pump when the impeller rotates at 90 rad/s. 

OR 

7 

8. a) Explain the effect of outlet vane angle (  ) on manometric efficiency of centrifugal pump. 

 

6 

 b) A three stage centrifugal pump has impellers 400 mm in diameter and 20 mm wide at outlet. 

The vanes are curred back at the outlet at 45º and reduce the circumferential area by 10 

percent, the manometric efficiency is 90% and the overall efficiency is 80%. The pump is 

running at 1000 rpm and delivering s/m05.0 3 . 

Determine : 

i) Head generated by the pump and 

ii) Shaft power required to run the pump. 

 

7 
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9. a) Derive the expression for percentage of work saved in pipe friction by fitting air vessels in 

single acting reciprocating pump. 

 

6 

 b) Determine the maximum speed at which a double acting reciprocating pump can be operated 

under the following conditions 

a) No air vessel on the suction side 

b) A very large air vessel on the suction side, close to the pump. 

The suction lift is 4 m, length of suction pipe 6.5 m, diameter of suction pipe 100 mm, 

diameter of piston 150 mm and length of stroke is 0.45 m. Assume suitable harmonic 

motion, atmospheric pressure head as 10.3 m of water and separation occurs at 2.6 m of 

water absolute. Take Darcy's factor, f = 0.024. 

 

OR 

 

7 

10. a) Explain the effect of acceleration in suction and delivery pipe on Indicator diagram for 

reciprocating pump. 

 

6 

 b) A single acting reciprocating pump running at 60 rpm, delivers 3m53.0 of water per minute. 

The diameter of the piston is 200 mm and stroke length 300 mm. The suction and delivery 

head are 4 m and 12 m respectively. 

Determine : 

i) Theoretical discharge 

ii) Coefficient of discharge 

iii) Percentage slip of the pump, and 

iv) Power required to run the pump. 

 

7 

11. a) Explain different dimensionless numbers and their significance with mathematical 

relations. 

 

6 

 b) A hydraulic turbine is to develop 1015 kW when running at 120 rpm under a net head of 

12m. work out the maximum flow rate and specific speed for the turbine if the overall 

efficiency at the best operating point is 92%. In order to predict its performance, a 1 : 10 

scale model is tested under a head of 7.2 m. What would be the speed, power output and 

water consumption of the model if it runs under the conditions similar to the prototype. 

 

OR 

 

8 

12.  Write short note any three. 

 

i) Air lift pumps. 

 

ii) Submersible pumps 

 

iii) Regenerative pump 

 

iv) Similitude and types of similarities. 

 

v) Hydraulic ram. 

 

************ 

14 
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