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Turbomachines - 18AE46 

Old VTU Question’s Answers 

Module – 1 

Syllabus: 

Introduction to turbomachines: Classification and parts of a turbo machines; comparison with positive 

displacement machines; dimensionless parameters and their physical significance; specific speed; 

illustrative examples on dimensional analysis and model studies. 

Energy transfer in turbomachines: Basic Euler turbine equation and its alternate form; components of 

energy transfer; general expression for degree of reaction; construction of velocity triangles for different 

values of degree of reaction. 

 

Part – A Questions 

1. Explain the components of a turbomachine with neat sketch. 

or 

What is a Turbomachine? With a neat sketch, explain the principal components of turbomachine. 
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2. What are turbomachines? Classify turbomachines and explain the types with Examples. 

or 

Define Turbomachines. Give the classifications of Turbomachines. 
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3. Differentiate between positive displacement machines and turbomachines. 

or 

Distinguish between a turbomachine and a positive displacement machine. 
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4. Prove that for turbo machines work produced or consumed is equal to change in stagnation 

enthalpy. 
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5. Define specific speed of a turbine. Write expressions for specific speed of a turbine and a pump. 

Mention the significance of specific speed. 

or 

Define specific speed of a pump and turbine. Write the equations for the same in dimensionless form. 

or 

Define specific speed of Turbine and specific speed of pump. 
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6. With usual notations, using dimensional analysis derive an expression for power and capacity 

coefficients of a turbomachines. 

and 

7. With usual notations, derive expressions for unit discharge coefficient, head coefficient power 

coefficient, using dimensional analysis. 
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8. The resisting force F of a supersonic plane during flight can be considered as dependent upon the 

length of the aircraft L, velocity V, air viscosity μ, air density ρ and bulk modulus of air K. Express 

the functional relationship between these variables and the resisting force. 
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9. Show that the discharge of a centrifugal pump is given by  where N is the 

speed of the pump in rpm D the diameter of the impeller, g the acceleration due to gravity, H the 

mano metric head, m viscosity fluid and ρ the density of the fluid. 
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10. Performance of lubricating oil ring in a turbomachine depends on the diameter (D), shaft speed 

(N), discharge of oil (Q), density (ρ), viscosity (µ), surface tension (σ) and specific weight (W) of oil. 

Find the relation for discharge of an oil in terms of non-dimensional terms. 
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11. A single stage centrifugal pump with 300mm impeller diameter rotates at 2000rpm supplying 3 

m3/s to a height of 30m with an efficiency of 75%. Find the number of stages and diameter of each 

impeller of a similar multistage pump to lift 5 m3/s of water to a height of 200m when running at 1500 

rpm. 

 

 

 

12. The thrust (T) of a propeller is assumed to depend on the axial velocity of the fluid V, the density ρ 

and viscosity μ of fluid, the speed N in RPM and the diameter D. Find the relationship of T by 

dimensional analysis. 
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13. From the performance curve of a turbine, it is seen that a turbine of 1m diameter acting under a 

head of 1m develops a speed of 25RPM. Determine the diameter of the prototype, if it develops 

10,000kW, working under a head of 200m with a specific speed of 150RPM. 
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14. A centrifugal pump delivers 1 m3/s against a pressure of 40 m of H2O at a speed of 1200 rpm. 

Calculate: (i) Specific speed of pump (ii) Power of pump if it requires 50% more discharge. Take 

diameter of impeller 0.5 m and η0 = 33%.  

or 

A centrifugal pump delivers, m3/s against a pressure of 40m of water at 1200rpm. Calculate the 

dimensionless specific speed of the machine. Further, find the speed of rotation and power of the motor 

(prototype) for delivering 50% more discharge. Take the impeller diameter as 0.5m and overall 

efficiency of 33%. Assume (D1 = D2). 

 

15. Test on a turbine runner 1.25m in diameter at 30m head gave the following results, power developed 

736kW, speed is 180rpm and the discharge is 2.7m3/sec. Find the diameter, speed and discharge of a 

similar runner to operate at 45m head and give 1472kW at the same efficiency. What is the specific 

speed of both the turbines? 
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16. A hydraulic turbine has a scale ratio of 1:10. Following data refers to model and prototype, model: 

P = 25kW, N = 500rpm, H = 10m, η0 = 0.8. Prototype : H = 130m. Determine the discharge speed, power 

and overall efficiency of the prototype. 
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Part – B Questions 

1. Derive Euler’s energy equation for turbomachines using theory of conservation of momentum. 

or 

Derive the basic Euler energy equation for a turbomachine 

2. Derive alternate form of Euler’s energy equation for turbo machines. 

or 

Starting from the fundamentals arrive at the alternate form of Euler turbine equation. 

or 

Derive an alternate from of Euler turbine equation and explain significance of each energy 

components. 

3. Explain degree of reaction and how it is used to classify turbomachines 

4. Define degree of reaction, derive a general expression for degree of reaction of turbomachine. 

5. Define degree of reaction and derive relation between degree of reaction and utilization factor. 

or 

Define utilization factor. Obtain a relation between degree of reaction and utilization factor. 

6. What is degree of reaction? Briefly explain the significance when degree of reaction is 0.5, less than 

0.5 and greater than 0.5 with the velocity diagrams. 

or 

Define degree of reaction (R). Construct the velocity triangles for i) R < 0 ii) R = 0 iii) R = 0.5 iv) R = 1 

7. Define degree of reaction and explain how static and dynamic pressure heads influence it. Why 

degree of reaction for an impulse turbine is zero? 

8. Define degree of reaction of a turbomachine. For an impulse type of turbine, why degree of reaction 

R is zero? Supplement your answer with the definition. 

9. The following data refers to a turbomachine. Inlet velocity of whirl=16m/s, velocity of flow=10m/s, 

blade speed=33m/s, outlet blade speed=8m/s. Discharge is radial with an absolute velocity of 16m/s. If 

water is the working fluid flowing at the rate of 1𝑚3/𝑠, calculate (a) the power in kW, (b) the change in 

total pressure in kN/𝑚2, (c) the degree of reaction. 

10. The following data refers to an axial flow compressor. 

Machine: Axial flow compressor 

Degree of reaction: R=0.5 

Inlet blade angle: β1=45o 

Axial flow is constant: Vf1=Vf2=100 m/s 
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Speed of blade: n=6000 rpm 

Diameter of the blade: d=0.5 m 

Blade speed: u1=u2 

Mass of air: m=2 kg/s 

Calculate (a) the fluid angles at inlet and outlet and (b) the power required. 

11. A model of Francis turbine of 1:5 scale ratio is tested under a head 1.5m. It develops 3kW at 

360RPM. Determine the speed and power developed under a head of 6m. 

12. An output of 10kW was recorded on a turbine, 0.5m diameter, revolving at a speed of 800RPM, 

under a head of 20m. Determine the diameter and output of another turbine which works under a 

head of 180m at a speed of 200RPM, when their efficiencies are same. 

13. Combustion products from combustion chamber in a turbojet engine approaches an axial flow 

turbine rotor with an absolute velocity of 550 m/s at 180 angle from wheel tangent the mass flow rate 

is 60 kg/s. If the axial velocity is constant at inlet and outlet of turbine find the power output and 

degree of reaction when blade speed is 300 m/s. Also the absolute velocity at rotor exit is in axial 

direction. 

14. Find the degree of reaction for a sprinkler through which water leaves the jet with an absolute 

velocity of 3 m/s. The sprinkler arms are 0.2m in length and it rotates at 140rpm. 

15. An inward flow radial turbine has the following data: Power = 180kW; speed = 34000rpm, outer 

diameter of impeller = 0.20m; inner diameter of impeller = 0.08m; Absolute fluid inlet velocity = 

293m/s (radial). The fluid enters the impeller axially. Determine the percentage of energy transfer due 

to change of radius. 

16. In a mixed flow turbomachine the fluid enters such that the absolute velocity is axial at the inlet 

and at outlet relative velocity is radial. What is the degree of reaction and energy input to the fluid, if 

relative velocity at outlet is same as tangential blade speed at inlet? The following data may be used, 

i) Inlet diameter = 16cm, 

ii) Exit diameter = 50cm, 

iii) Speed = 3000rpm, 

iv) Blade angle at inlet = 450. 

 

 

 


