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Turbomachines - 18AE46 

Old VTU Question’s Answers 

Module – 5 

Syllabus: 

Hydraulic pumps: Centrifugal and axial pumps. Manometric head, suction head, delivery head; 

manometric efficiency, hydraulic efficiency, volumetric efficiency, overall efficiency; multi stage pumps. 

Characteristics of pumps. 

Hydraulic turbines: Classification; Module quantities; Pelton wheel, Francis turbine, Kaplan turbine and 

their velocity triangles. Draft tubes and their function. Characteristics of hydraulic turbines. 

 

Part – A Questions 

1. With the help of a neat sketch, explain the parts and working principle of a centrifugal pump. 

or 

With a neat sketch, explain the terminology of centrifugal PUMP. 
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2. Draw the centrifugal pump and explain the terminologies: 

 (i) Manometric efficiency (ii) Mechanical efficiency  (iii) Volumetric efficiency (iv) Overall efficiency 

(v) Hydraulic efficiency (vi)NPSH / Net positive suction head (vii) Operating characteristic curves 
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3. Show that the pressure rise in the impeller of a centrifugal pump when the frictional and other losses 

in the impeller are neglected is given,  Where Vf1 and Vf2 are the flow 

velocities at inlet and outlet of the impeller, U2 = tangential speed of impeller at exit, β2 = Exit blade 

angle. 

 

 

 

 

 

 

 

 

 

 

 

 
 

4. Derive an expression for minimum speed for starting centrifugal pumps. 
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5. Explain the condition for using multistage pumps in series and parallel. 
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6. A centrifugal pump having 120cm diameter pumps 1880 lps running at 200rpm. If the radial flow 

velocity is 2.5m/s, exit vane angle tangent to the impeller is 260, determine the manometric efficiency 

and the minimum speed to start the pump against a head of 6m. The ID of impeller is 60cm. 

or 

A centrifugal pump with 1.2m diameter runs at 200rpm and pumps 1.88 m3/s, the average lift being 6m. 

The angle which the vane make at exit with the tangent to the impeller is 260 and the radial velocity is 

2.5m/s. Determine the manometric efficiency and the least speed to start pumping if the inner diameter 

of the impeller is 0.6m. 
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7. A centrifugal pump delivers 50 lit/s of water against a head of 24 m, running at 1500 rpm. The velocity 

of flow 2.4 m/s is constant and the blades are set back to 30°. The inner diameter as half the outer dia. 

If manometric efficiency is 80% from the blade angle at inlet and power required to drive the pump. 
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8. A centrifugal pump has impeller diameter of 30 cm and a constant area of flow 210 cm2. The pump 

runs at 1440 rpm and delivers 90 lps against a head of 25 m. If there is no whirl velocity at entry, find 

the pressure rise in terms of pressure head across the impeller and hydraulic efficiency of pump. The 

vanes at exit are bent back at 220 with reference to tangential speed. 
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9. A four stage centrifugal pump has four identical impellers keyed to the same shaft running at 500 

rpm. The total manometric head developed is 40m, discharge 0.3m3/s. If the outlet vane angle is 450 for 

impeller of 5cm outlet diameter, determine the manometric efficiency. 

or 

A four stage centrifugal pump has four identical impellers keyed to the same shaft running at 500rpm. 

The total manometric head developed is 40m, discharging 0.3m3/s. If the outlet vane angle is 450 for 

each impeller of 5cm width and 50cm outlet diameter, determine the manometric efficiency. 
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10. An axial flow pump is required to discharge 1.25m3/s of water while running at 500RPM, the total 

head is 3.9m. If the speed ratio is 2.3, flow ratio = 0.51, hydraulic efficiency = 0.87 and the overall pump 

efficiency is 0.82, determine: i) Power delivered to the water and the power input ii) The impeller hub 

diameter and tip diameter. 
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11. Elaborate the working principle of Pelton wheel with figure. 
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12. Elaborate the working principle of Kaplan turbine with figure. 
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Part – B Questions 

1. Classify and explain draft tube, and what are its functions? 

 

2. Briefly discuss the classification of hydraulic turbines. 

 

3. Draw the Pelton wheel turbine and explain the efficiencies and head used in Pelton turbine. 

 

4. Draw the inlet and exit velocity triangles for a Pelton wheel turbine. Formulate an expression for the 

maximum hydraulic efficiency. 

 

5. Velocity triangle and workdone by the pelton wheel expression for maximum utilization factor of 

hydraulic turbine. 

 

6. Show that the hydraulic efficiency of pelton wheel is maximum when peripheral wheel velocity is half 

7. the absolute velocity of jet at inlet. Further deduce that  where K is friction co-

efficient and β2 is outlet blade angle. 

 

8. Draw the Kaplan turbine and explain the operation with velocity triangles. 

 

9. A Pelton wheel has a water supply rate of 5m3/s at a head of 256m and runs at 500RPM. Assuming a 

turbine efficiency of 0.85, a coefficient of velocity for nozzle as 0.985, nozzle speed ratio of 0.46, 

determine: i) Power output ii) Specific speed iii) Number of jets iv) Diameter of the wheel v) Jet 

diameter. 

 

10. For an impulse turbine (Pelton wheel) show that the hydraulic efficiency is maximum at U = (V1/2), 

where U is the peripheral speed and V1 is the inlet jet velocity. Consider the effect of friction. 

 

11. Show that the hydraulic efficiency of Pelton wheel is maximum when peripheral wheel velocity is 

half the absolute velocity of jet at inlet. Further deduce that , where K is friction co-

efficient and β2 is outlet blade angle. 

 

12. A Kaplan turbine a 5MW generator at 150rpm under a head of 5.5m. The generator and overall 

efficiencies are respectively 93% and 88%. The tip diameter of the runner is 4.5m and the hub diameter 

is 2m. Assuming 94% hydraulic efficiency and no exit whirl, determine inlet and outlet. 

 

13. A furnaces turbine has wheel diameter of 1 m at the entrance and 0.5 m at the exit. The guide vane 

angle is 15°. The water at exit leaves the vane without any tangential component. The vane angle at the 

entrance is 90°. The head is 30 m and the radial component of the flow is constant, what would be the 

speed of the wheel in rpm and vane angle at exit. 

 

14. An inward flow reaction turbine with radial discharge with an overall efficiency of 80% is required 

to develop 147 KW. The total head is 8m. Peripheral velocity of wheel is 0.96 √2gH , the radial velocity 

of flow is 4.51 m/s. The wheel is to make 150 rpm and hydraulic losses in the turbine is 22% of available 

energy. Determine: (i) Angle of guide blade at inlet (ii) Wheel vane angle at inlet (iii) Dia meter and 

width of wheel at inlet 

 

15. An inward flow Francis turbine operates at 486rpm and uses 100m3/min of water. The draft tube 

diameter at inlet and outlet are 0.8m and 1.5m respectively. The length of the draft tube is 30m. The 
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available head is 81m. Assuming ηv = 0.98, ηm = 0.97 and ηH = 0.92, find the runner tip diameter, 

power output and speed ratio if the flow ratio ψ = 0.2, the blade at the inlet is inclined 1200 to the wheel 

tip velocity. 

 

16. Two inward flow reaction turbines have same runner diameter of 60cm and same hydraulic 

efficiency. They work under the same head and have the same flow velocity of 6m/s. Runner B has an 

inlet vane angle of 1100 and runs at 600rpm. The runner A has an inlet vane angle of 650. For both 

turbines, discharge is radial at outlet. Determine speed of the runner A, and draw the velocity triangle 

for both runners. 

 


