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Turbomachines - 18AE46 

Old VTU Question’s Answers 

Module – 4 

Syllabus: 

Design and performance analysis of axial flow turbines: Turbine stage, work done, degree of reaction, 

losses and efficiency, flow passage; subsonic, transonic and supersonic turbines, multi-staging of turbine; 

exit flow conditions; turbine cooling. 

Design and performance analysis of radial turbines: Thermodynamics and aerodynamics of radial 

turbines; radial turbine characteristics; losses and efficiency; design of radial turbine. 

 

Part – A Questions 

1. How do you differentiate between an impulse and a reaction turbine? With neat sketches explain the 

working of an impulse and a reaction stage. 
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2. What do you understand by velocity compounding and pressure compounding in a turbine? 
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3. Define degree of reaction (R) and utilization factor (ε). For an axial flow turbine show that the 

utilization factor is given by,  

or 

Define degree of reaction (R) and utilization factor (ε). For axial flow turbines obtain relation between 

R and ε. 
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4. What is turbine cooling? Explain different methods utilized to cool the turbine. 

or 

Justify why cooling is necessary for turbines and explain methods of cooling used for turbine blades. 
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5. Show that the overall isentropic turbine efficiency is greater than the stage efficiency for an expansion 

process. 
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6. Explain the following briefly, Loading co-efficient (ѱ) Vs Flow co-efficient (Φ) graph. 
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7. Construct the velocity triangles for an axial flow turbine for the following conditions: i) R = 0 ii) R = 

0.5 iii) R = 1. Comment on how energy transfer takes place in each of the above cases. 
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8. Air flows through one stage of turbomachine with a velocity diagram shown in Fig. Justify and find: 

(i) Is this power absorbing or power generating machine 

(ii) Change in total enthalphy 

(iii) Degree of reaction 

(iv) Utilization factor 
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9. Air enters in an axial flow turbine with a tangential component of the absolute velocity equal to 

600m/sec in the direction of rotation. At the rotor exit, the tangential component of the absolute velocity 

is 100m/sec in a direction opposite to that of rotational speed. The tangential blade speed is 250m/sec. 

Evaluate: i) The change in total enthalpy of air between the inlet and outlet of the rotor ii) The power 

in KW if the mass flow rate is 10kg/sec iii) The change in total temperature across the rotor. 

With reference to flow passage write a brief description of subsonic, transonic and supersonic turbines. 
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10. At a 50% reaction stage axial flow turbine, the mean blade diameter is 60cm. The maximum 

utilization factor is 0.9. Steam flow rate is 10kg/s. Calculate the inlet and outlet absolute velocities and 

power developed if the speed is 2000rpm. 

 
 

 



Department of Aeronautical Engineering, GCEM, Bangalore                                                                                                           rajreddyhg@gmail.com 79 

 

11. Show that εmax of an axial flow turbine with degree of reaction = ¼, the relationship of blade speed 

U to absolute velocity at rotor inlet V1, should be , where α1 = nozzle angle at inlet. Assume 

flow velocity is constant from inlet to outlet. 

 
 

 

Part – B Questions 

1. Draw Enthalpy-Entropy diagram for a radial turbine and explain the same. 

or 

Draw and explain the components of radial turbine and operational principle. 

 

2. Mention different types of losses in a radial flow turbine and define nozzle loss co-efficient 

or 

Describe the various stage losses occurring in a radial turbines. 

or 

Define ‘nozzle loss’ and ‘rotor loss’ coefficients writing suitable expressions. 

 

3. Draw and explain Blade-to-gas speed ratio (σ) (Vs) Stage efficiency (ηs)graph for a radial turbine 
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4. A radial outward flow machine has no inlet whirl. The blade speed at the exit is twice that at inlet. 

Radial velocity is constant taking inlet blade angle 45°. Show that  

 

5. Sketch and explain the working of a 90˚ inward radial flow turbine (IFR). 

 

6. In a multi stage Inward Flow Radial turbine (IFR), what are the aerodynamic losses occur in the 

stage. Discuss 

or 

Describe briefly the various aerodynamic losses occurring in an inward flow radial turbine stage. 

 

7. Explain briefly: i) Nozzle loss coefficient ii) Rotor loss coefficient writing suitable expressions for a 

radial gas turbine. 

 

8. An inward flow reaction turbine has outer and inner diameter of the wheel as 1m and 0.5 m 

respectively, the vanes are radial at inlet and discharge is radial at outlet. Water enters the vanes at an 

angle of 100. Assuming velocity of flow to be constant and equal to 3 m/s find: i) The speed of the wheel 

ii) The vane angle at outlet iii) The degree of reaction. 

 

9. The output of a 3 stage gas turbine is 30MW at the shaft coupling at an entry temperature of 1500K. 

The overall pressure ratio across the turbine is 11 and efficiency 88%. If the pressure ratio of each stage 

is same, determine, i) Pressure ratio of each stage, ii) Polytropic efficiency. Assume γ = 1.4, cp = 

1.005kJ/kg.K. Assume an efficiency of 91% to take into account shaft losses due to disc and bearing 

friction. 

 

10. A hydraulic reaction turbine of the radial inward flow types works under a head of 160 m of water. 

At the point of fluid entry the t rotor blade angle is 119° and the diameter of the runner is 3.65 m. At 

the exit the runner diameter is 2.45 m. If the absolute velocity at the wheel outlet is radially directed 

with a magnitude of 15.5 m/s and the radial component of velocity at the inlet is 10.3 m/s. Determine (i) 

Power developed for flow rate of 110 m3/s. (ii) Degree of reaction (iii) Utilization factor. 

 

11. An inward flow radial reaction turbine has axial discharge at outlet with outlet blade angle of 450. 

The radial velocity of flow is constant. The blade speed at the inlet is twice that of exit. Express energy 

transfer per unit mass and degree of reaction in terms of nozzle angle α1. Assume Vm = (29c)1/2. 

 

12. A single stage 90˚ IFR fitted with an exhaust diffuser has the following data: Overall stage pressure 

ratio = 4, Temperature at entry = 557 K, Diffuser exit pressure = 1 bar, Mass flow rate = 6.5 kg/s, Flow 

co-efficient = 0.3, Speed = 18000 rpm, Rotor tip dia = 42 cm. Enthalpy losses in nozzle and rest of the 

stages are equal. Assuming negligible velocities at the nozzle entry and diffuser exit. Find (i) The nozzle 

exit air angle (ii) Power developed. 

 

13. A 900 IFR turbine stage has the following data: Total-to-static pressure ratio P01/P3 = 3.5, exit 

pressure = 1 bar, stagnation temperature at entry = 6500C, blade-to-isentropic speed ratio σ = 0.66, 

rotor diameter ratio d3/d2 = 0.45, rotor speed N = 16000rpm, nozzle exit air angle = 200, nozzle efficiency 

= 0.95, rotor width at entry b2 = 5cm. Assuming constant meridional velocity, axial exit and that the 

properties of the working fluid are the same as those of air, determine: the rotor diameter, rotor blade 

exit air angle, mass flow rate, hub and tip diameter at the rotor exit, power developed, total-to-static 

efficiency of the stage. 


