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UNIT I        GAS AND STEAM POWER CYCLES 

Air Standard Cycles - Otto, Diesel, Dual, Brayton – Cycle Analysis, Performance and Comparison – 

Rankine, reheat and regenerative cycle. 

Part-A (2 Marks) 

S.No Questions Level Competence 

1 Define Air Standard Efficiency. BT-1 Remembering 

2 Draw Brayton cycle in TS and PV planes. BT-3 Applying 

3 Complete the Otto cycle process by its P-V and T-S planes and 

name all the processes.  
BT-3 Applying 

4 What are the assumptions made in Air Standard Cycles? BT-1 Remembering 

5 Write down the air standard efficiency equation of the Diesel 

Cycle. 
BT-2 Understanding 

6 Define mean Effective Pressure. Show that on p-v diagram. BT-2 Understanding 

7 When compression ratio is kept constant, what is the effect of 

cut-off ratio on the efficiency of diesel cycle? 
BT-3 Applying 

8 In an Otto cycle, compression ratio is 9. Estimate the air standard 

cycle efficiency.  
BT-5 Evaluating 

9 Derive expression for mean effective pressure for diesel cycle? BT-4 Analysing 

10 Point out the Diesel cycle on P-V and T-S planes and mention 

the four thermodynamic processes involved.  
BT-3 Applying 

11 
Consider a Diesel engine has a compression ratio of 14 and cut-

off takes place at 6% of the stroke. Find the air standard 

efficiency.  

BT-5 Evaluating 

12 Define Mean Effective Pressure? BT-1 Remembering 

13 Describe with neat sketches of p-v and T-s dual cycle? BT-3 Applying 

14 Name the factors that affect the air standard efficiency of diesel 

cycle.  
BT-1 Remembering 

15 Define the terms compression ratio and cut-off ratio.  BT-1 Remembering 

16 Draw the standard Rankine cycle on P-V and T-S coordinates. BT-2 Understanding 

17 Give the possible ways to increase thermal efficiency of Rankine 

cycle. 
BT-2 Understanding 

18 Name the different components in steam power plant working on 

Rankine cycle. 
BT-2 Understanding 

19 Analysis the effects of condenser pressure on the Rankine Cycle. BT-2 Understanding 

20 Compare reheat and regenerative Rankine cycle.  BT-2 Understanding 

 

Part-B (13 Marks) 

S.No Questions Mark Level Competence 

1 

 

(a) The efficiency of an Otto cycle is 60% and γ = 1.5. 
What is the compression ratio? 

6 BT-2 Understanding 

(b) An engine of 250 mm bore and 375 mm stroke works 

on Otto cycle. The clearance volume is 0.00263 m
3
. The 

initial pressure and temperature are 1 bar and 50
0
C. if the 

maximum pressure is limited to 25 bar, fine the 

following : 

 The air standard efficiency of the cycle. 

7 BT-2 Understanding 

STUDENTSFOCUS.COM



 The mean effective pressure for the cycle. 

2. 

The minimum pressure and temperature in an Otto cycle 

are 100 kPa and 27
o
 C. the amount of heat added to the 

air per cycle is 1500 kJ/kg. 

 Determine the pressure and temperatures at all 

points of the air standard Otto cycle. 

 Also calculate the specific work and thermal 

efficiency of the cycle for a compression ratio of 

8:1. 

Take for air: cv = 0.72 kJ/kg K and γ = 1.4 

13 BT-3 Applying 

3. 

 

(a) A diesel engine has a compression ratio of 15 and 

heat addition at constant pressure takes at 6 % of stroke. 

Find the air standard efficiency of the engine. Take  γ  for 

air  as 1.4 

6 BT-4 Analysing 

(b)The compression ratio of a Dual cycle is 10. The 

temperature and pressure at the beginning of the cycle 

are 1 bar and 27˚C. The maximum pressure of the cycle 

is limited to 70 bar and heat supplied is limited to 

675kJ/kg of air. Find the thermal efficiency of the cycle.  

7 BT-2 Understanding 

4. 

An engine working on Otto cycle has a volume of 0.5 m
3
, 

pressure 1 bar and temperature 27
0
 C at the 

commencement of compression stroke. At the end of 

compression stroke, the pressure is 10 bar. Heat added 

during the constant volume process is 200 kJ.  

Evaluating: 

 Percentage clearance. 

 Air standard efficiency. 

 Mean effective pressure. 

 Power developed by the engine if the engine runs 

at 400 rpm, so that there are 200 complete cycles 

per minutes. 

13 BT-5 Evaluating 

5. Derive an expression for Air Standard Efficiency and 

state the assumption of an Otto Cycle. 
13 BT-2 Understanding 

6. 

An engine with 200 mm cylinder diameter and 300 mm 

stroke works on theoretical Diesel cycle. The initial 

pressure and temperature of air used are 1 bar and 27
0
C. 

The cut-off is 8% of the stroke.  Evaluate  : 

 Pressure and temperatures at all salient points. 

 Theoretical air standard efficiency. 

 Mean effective pressure. 

 Power of the engine if the working cycles per 

minute are 380. 

13 BT-5 Evaluating 

7. 

The swept volume of a diesel engine working on dual is 

0.0053 m
3
 and clearance volume is 0.00035 m

3
. The 

maximum pressure is 65 bars. Fuel injection ends at 5 

percent of the stroke. The temperature and pressure at the 

compression are 80
0
 C and 0.9 bar.  Evaluate the air 

standard efficiency of the cycle. Take γ for air = 1.4. 

13 BT-5 Evaluating 

8. 

The compression ratio for a single–cylinder engine 

operating on dual cycle is 9. The maximum pressure in 

the cylinder is limited to 60 bars. The pressure and 

temperature of the air at the beginning of the cycle is 1 

bar and 30
0
 C. heat is added during constant pressure 

process up to 4 percent of the stroke. Assuming the 

13 BT-4 Analysing 
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cylinder diameter and stroke length as 250 and 300 mm 

respectively, Analyse : 

 The air standard efficiency of the cycle. 

 The power developed is the number of working 

cycles are 3 per second. 

Take for air cv = 0.71 kJ/kg K and cp = 1.0 kJ/kg K. 

9. 

Consider a steam power plant that operates on a reheat 

Rankine cycle and has a net power output of 80MW. 

Steam enters the high pressure turbine at 10 MPa and 

500˚C and the low pressure turbine at 1 MPa and 500˚C. 

Steam leaves the condenser as a saturated liquid at a 

pressure of 10 KPa. The isentropic efficiency of the 

turbine is 80 percent, and that of the pump is 95 percent. 

Show the cycle on a T-s diagram with respect to 

saturation lines, and determine, 

(i) The quality (or temperature, if superheated) of the 

steam at the turbine exit, 

(ii) The thermal efficiency of the cycle, and 

(iii) The mass flow rate of the steam. 

13 BT-5 Evaluating 

10. 

The compression ratio and expansion ratio of an oil 

engine working on the dual cycle are 9 and 5 

respectively. The initial pressure and temperature of the 

air are 1 bar and 30
0
 C.  The expansion and compression 

follow the law pv1.25 = constant. Determine : 

 Pressure and temperatures at all salient points 

 Mean effective pressure of the cycle. 

 Efficiency of the cycle. 

 Power of the engine if working cycles per second 

are 8. 

Assume: cylinder bore = 250 mm and stroke length = 

400 mm. 

13 BT-1 Remembering 

11. 

 

a) Air enters the compressor of a gas turbine plant 

operating on Brayton cycle at 101.325 kPa, 27
0
C. The 

pressure ratio in the cycle is 6. Calculate the maximum 

temperature in the cycle and the cycle efficiency. Assume 

WT = 2.5 WC, where WT and WC are the turbine and the 

compressor work respectively. Take γ= 1.4. 

6 BT-2 Understanding 

b)  Consider an air standard cycle in which the air enters 

the compressor at 1.0 bar and 20
0
 C. the pressure of air 

leaving the compressor is 3.5 bar and the temperature at 

turbine inlet is 600
0
 C. determine per kg of air: 

 Heat supplied to air and Heat rejected in the 

cooler 

 Work available at the shaft and the Efficiency of 

the cycle 

 Temperature of air leaving the turbine. For air γ = 

1.4 and cp = 1.005 kJ/kg K. 

7 BT-2 Understanding 

12. 

In a Rankine Cycle, the steam at inlet to the turbine is 

saturated at a pressure of 35 bar and the exhaust pressure 

is 0.2 bar. Determine 

i. The pump work 

ii. The turbine work 

iii. The condenser heat flow 

iv. The dryness at the end of expansion. Assume flow 

rate of 9.5kg/s. 

13 BT-4 Analysing 
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13. 

A steam power plant operates on a theoretical reheat 

cycle. Steam at 25 bar pressure and 400○C is supplied to 

a high pressure turbine. After its expansion to dry state 

the steam is reheated to a constant pressure to its original 

temperature. Subsequent expansion occurs in the low 

pressure turbine to a condenser pressure of 0.04 bar. 

Considering feed pump work, make calculation to 

determine (i) quality of steam at the entry to the 

condenser (ii) thermal efficiency (iii) specific steam 

consumption. 

13 BT-3 Applying 

14. 

A steam power plant equipped with regenerative as well 

as reheat arrangement is supplied with steam to the H.P. 

turbine at 80 bar 470
o
C. For feed heating, a part of steam 

is extracted at 7 bar and remainder of the steam is 

reheated to 350oC in a reheaters and then expanded in 

L.P. turbine down to 0.035bar. Determine: 1. Amount of 

steam bled-off for feed heating. 2. Amount of steam 

supplied to L.P. turbine. 3. Heat supplied in the boiler 

and reheater.4. Cycle efficiency and 5. Power developed 

by the system. The steam supplied by the boiler is 50 

kg/s. 

13 BT-5 Evaluating 

 

Part - C (15 Marks) 

S.No Questions Mark Level Competence 

1. 

An engine working on ideal Otto cycle has temperature 

and pressure, at the beginning of isentropic compression 

as 25˚C and 1.5 bar respectively. Find the compression 

ratio, if γ= 1.4 and thermal efficiency of the engine = 

48%. Also find temperature and pressure at the end of 

compression.  

15 BT-6 Creating 

2. 

A diesel engine operating on the air-standard Diesel 

cycle has six cylinders of 100 mm bore and 120 mm 

stroke. The engine speed is 1800 rpm. At the beginning 

of compression the pressure and temperature of air are 

1.030bar and 35˚C. If the clearance volume is 1/8th of 

the stroke volume, calculate (i) the pressure and 

temperature at the salient points of the cycle (ii) the 

compression ratio (iii) the efficiency of the cycle and (iv) 

the power output if the air is heated to 1500˚C. Assume 

Cp and Cv of air to be 1.004 and 0.717 kJ / kg K 

respectively.  

15 BT-2 Understanding 

3. 

For an engine working on the ideal Dual cycle, the 

compression ratio is 10 and the maximum pressure is 

limited to 70 bar. If the heat supplied is 1680 kJ/kg, find 

the pressure and temperatures at the various salient 

points of the cycle and the cycle efficiency. The pressure 

and temperature of air at the commencement of 

compression are 1 bar and 100˚C respectively. Assume 

Cp=1.004 kJ/kg K and Cv= 0.717 kJ/kg K for air.  

15 BT-4 Analysing 

4. 
The net power output of an ideal regenerative-reheat 

steam cycle is 80 MW. Steam enters the H.P. turbine at 

80 bar, 500°C and expands till it becomes saturated 

15 BT-5 Evaluating 
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vapour. Some of the steam then goes to an open feed 

water heater and the balance is reheated to 400°C, after 

which it expands in the I.P. turbine to 0.07 bar. Compute 

(a) the reheat pressure, (b) the steam flow rate to the H.P. 

turbine, and (c) the cycle efficiency. Neglect pump work. 
 

UNIT II       RECIPROCATING AIR COMPRESSOR 

Classification and comparison, working principle, work of compression - with and without 

clearance, Volumetric efficiency, Isothermal efficiency and Isentropic efficiency. Multistage air 

compressor with Inter cooling. Working principle and comparison of Rotary compressors with 

reciprocating air compressors. 

Part-A (2 Marks) 

S.No Questions Level Competence 

1 Generalize the role of intercooler used to reduce the power 

consumption of compressor?  
BT-1 Remembering 

2 List the advantage of multistage compressor over single stage 

compressor.  
BT-1 Remembering 

3 Explain volumetric efficiency of a compressor.  BT-1 Remembering 

4 Select the main advantage of inter cooling in multi-stage 

reciprocating compressors?  
BT-1 Remembering 

5 Give two examples for positive displacement and rotary 

compressors.  
BT-3 Applying 

6 What are the advantages of multistage air  compressor. BT-2 Understanding 

7 Differentiate positive and non-positive displacement 

compressors.  
BT-2 Understanding 

8 What do you mean by perfect Intercooling?  BT-2 Understanding 

9 Explain the terms applied to air compressor: Volumetric 

efficiency and Isothermal efficiency.  
BT-1 Remembering 

10 Give two merits of rotary compressor over reciprocating 

compressor.  
BT-1 Remembering 

11 Name the compression process in which work done is minimum 

in reciprocating air compressor.  
BT-4 Analysing 

12 Express the P - v diagram of a two stage reciprocating air 

compressor.  
BT-1 Remembering 

13 
Classify the advantages of multistage compression with inter 
cooling over single stage compression for the same pressure 
ratio?  

BT-3 Applying 

14 Define the terms as applied to reciprocating compressor: 

Mechanical efficiency and isentropic efficiency.  
BT-6 Creating 

15 Describe the term ‘Define free air delivery’. BT-6 Creating 

16 Examine the effect of clearance volume in reciprocating air 

compressor?  
BT-2 Understanding 

17 Classify the various types of air-compressors.  BT-2 Understanding 

18 If C is the clearance ratio for a reciprocation air compressor what 

will be the volumetric efficiency? 
BT-1 Remembering 

19 Give the expression for work done for a two-stage compression 

with prefect intercooling.  
BT-5 Evaluating 

20 Define the mechanical efficiency of a reciprocating air 

compressor. 
BT-4 Analysing 

Part-B (13 Marks) 

S.No Questions Mark Level Competence 
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1 

A single stage single acting reciprocating air 

compressor delivers 15m
3
 of free air per minute from 1 

bar to 8 bars. The speed of compressor is 300 rpm. 

Assuming that compression and expansion follow the 

law pv
1.35

 = constant and clearance is 1/16
th

 of the 

swept volume, Estimate (find) the diameter and stroke 

of the compressor. Take stroke length is 1.5 times the 

bore diameter. The temperature and pressure of air at 

the suction are same as atm air. 

13 BT - 2 Understanding 

2 

Consider a single acting two stage reciprocating air 

compressor running at 300 rpm. Air is compressed at a 

rate of 4.5Kg/min from 1.013 bar and 288 K through a 

pressure ratio of 9 to 1. Both the stages have same 

pressure ratio and the index of expansion in both stages 

is Assume a complete inter-cooling, Identify (find) the 

indicated power and the cylinder swept volume 

required. Assume that the clearance volumes of both 

stages are 5% of their respective swept volumes. 

13 BT - 1 Remembering 

3. 

A two stage air compressor compresses air from 1 bar 

and 20°C to 42 bar. If the law of compression is pv
1.3

 = 

constant and the inter cooling is perfect. Examine (find) 

per kg of air (i) The work done in compression and (ii) 

The mass of cooling water necessary for abstracting the 

heat in the intercooler, if the temperature rise of the 

cooling water is 25°C. 

13 BT - 1 Remembering 

4 
Express a neat sketch describe any one type of rotary 

compressor. 
13 BT - 6 Creating 

5 

A single acting single stage compressor is belt driven 

from an electric motor at 400 rpm. The cylinder 

diameter is 15 cm and the stroke is 17.5 cm. The air is 

compressed from 1 bar to 7 bar and the law of 

compression PV
1.3

 = constant. Predict (find) the power 

of the motor, if transmission efficiency is 97 % and the 

mechanical efficiency of the compressor is 90%. 

Neglect clearance effects. 

13 BT - 2 Understanding 

6. 

A three-stage air-compressor delivers 5.2 m
3
 of free air 

per minute. The suction pressure and temperature are 1 

bar and 30°C. The ambient pressure and temperature 

are 1.03 bar and 20°C. The air is cooled to 30°C after 

each stage of compression. The delivery pressure of the 

compressor is 150 bar. The RPM of the compressor is 

300. The clearances of LP, I.P and H.P cylinders are 

5% of the respective strokes. The index of compression 

and re expansion in all stages is 1.35. Neglecting 

pressure losses, Calculate the B.P of the motor required 

to run the compressor if the mechanical efficiency is 

80%.  

13 BT-3 Applying 

7 Derive the expression for volumetric efficiency of a 

reciprocating air compressor and explain why it is less 
13 BT - 4 Analysing 
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than unity.  

8 

Analyze (determine) the size of the cylinder of a double 

acting air compressor of 32 KW I.P, in which air is 

drawn in at 1 bar and compressed to 16 bar according to 

the law pv
1.25

 = constant. R.P.M. 300, Piston speed = 

180 m/min, Volumetric efficiency = 0.8. 

13 BT - 4 Analysing 

9. 

A two-stage double acting air compressor, operating at 

200 r.p.m, takes in air at 1.013 bar and 27° C. The size 

of the L.P. cylinder is 356 x 375 mm, the stroke of H.P. 

cylinder is the same as that of the L.P. cylinder and the 

clearance of both the cylinders is 4%. The air passes 

through the intercooler so that it enters HP cylinder at 

27C and 3.850 bar, finally it is discharged from the 

compressor at 15.4bar. The values of n for both 

cylinders are 1.25. Cp=1.0035kJ/kgK. And 

R=0.28kJ/kg K. Calculate: i. The heat rejected in the 

intercooler. ii. The diameter of HP cylinder and iii. The 

power required to drive HP cylinder. 

13 BT - 1 Remembering 

10. 

Explain the construction and working of Multi stage 

compressor and discuss the perfect and imperfect inter 

cooling with neat a sketch. And drive minimum work 

required for a two stage reciprocating air compressor. 

13 BT - 4 Analysing 

11. 

A single stage single acting reciprocating air 

compressor takes in 17 m
3
/min at suction conditions of 

100 kPa and 25°C. The delivery pressure is 700 kPa. 

The clearance volume is 6% of swept volume. The 

compression and expansion follows the law pV
1.3 

= 

Constant. The speed of the compressor is 600 rpm. 

Stroke to bore ratio is 1. Invent (find) the power 

required to drive the compressor and Cylinder 

dimensions. 

13 BT - 6 Creating 

12. 
Drive the work done for a single stage air compressor 

with and without clearance volume. 
13 BT - 5 Evaluating 

13. 
Discuss with suitable sketches the working of two stage 

air compressor with actual p-v Diagram 
13 BT - 4 Analysing 

14. 

A multi stage air compressor is to be designed to 

evaluate the pressure from 1 bar to 120 bars. Such that 

the single stage pressure ratio not to exceed 4. Examine 

(find) (i) Number of stages, exact stage pressure ratio 

(iii) Inter stage pressure. 

13 BT - 4 Analysing 

Part - C (15 Marks) 

S.No Questions Mark Level Competence 

1. 

A two cylinder single acting air compressor is to deliver 

16kg of air per minute at 7 bar form suction conditions 1 bar 

and 15
o
C. The clearance may be taken as 4% of stroke 

volume and the index for both compression and re-expansion 

15 BT - 5 Evaluating 
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as 1.3. The compressor is directly coupled to a four cylinder 

four stroke petrol engine which runs at 2000rpm with a 

brake mean effective pressure of 5.5bar. Assuming a stroke-

bore ration of 1.2 for both engine and compressor and a 

mechanical efficiency of 82% for compressor, calculate the 

required cylinder dimensions. 

2. 

A single stage reciprocating air compressor has clearance 

volume 5% of stroke volume of 0.05m
3
/s. The intake 

conditions are 95kN/m
2
 and 300K. The delivery pressure is 

720kN/m
2
.Determine the volumetric efficiency referred to i. 

intake conditions ii. Atmospheric conditions of 100kN/m
2
 

and 290K iii. FAD and iv. Power required to drive the 

compressor, if the ratio of actual power to indicated power is 

1.5. Take the index of compression and expansion as 1.3. 

15 BT - 6 Creating 

3. 

A single cylinder single acting air compressor compresses 

30m
3
 of air at a pressure of 1bar and 27

o
C to 700kPa. 

Calculate the power required for the compressor, if the 

compression is i. isothermal, ii. Poly tropic, iii. Adiabatic. 

Take n=1.25. 

15 BT - 5 Evaluating 

4. 

A single acting tow stage-reciprocating compressor with 

complete inter cooling takes in air at the rate of 0.5m
3
/s. The 

intake pressure and temperature of air are 1 bar and 23
o
C. 

The air is compressed to a final pressure of 8bar. Estimate i. 

the intermediate pressure ii. Total volume of each cylinder, 

iii. The rate of heat rejection on the inter cooling. Assume 

compression follows the law pV
1.35

=C and compressor runs 

at 650rpm. 

15 BT - 4 Analysing 

 

UNIT III       INTERNAL COMBUSTION ENGINES AND COMBUSTION 

IC engine – Classification, working, components and their functions. Ideal and actual : Valve and port 

timing diagrams, p-v diagrams- two stroke & four stroke, and SI & CI engines – comparison. 

Geometric, operating, and performance comparison of SI and CI engines. Desirable properties and 

qualities of fuels. Air-fuel ratio calculation – lean and rich mixtures. Combustion in SI & CI Engines 

– Knocking – phenomena and control. 

Part-A (2 Marks) 

S.No Questions Level Competence 

1 On what basis are S1 fuels compared when they are better than 

isooctane in anti-knock characteristics? 
BT-1 Remembering 

2 What is Octane number in I.C. Engine? BT-1 Remembering 

3 Name four important qualities of SI engine fuels. BT-1 Remembering 

4 Why is anti-knock rating of a SI engine fuel of such great 

importance? 
BT-1 Remembering 

5 Show the valve overlapping period of a typical 4-stroke petrol 

engine on valve timing diagram. 
BT-3 Applying 

6 Define the phenomenon Knocking in spark ignited engines. BT-2 Understanding 

7 What is meant by the chemically correct A/F ratio? BT-2 Understanding 

8 What is the major reason for richening the air-fuel mixture in the 

idling range? 
BT-2 Understanding 

9 State the function of a flywheel, piston and connecting rod. BT-1 Remembering 

10 What is pre-ignition? Auto-ignition? Detonation? BT-1 Remembering 

11 What is a carburettor? State any two functions of carburettor. BT-4 Analysing 
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12 How does richening of the air-fuel mixture assist in preventing 

detonation in the high power range of operation? 
BT-1 Remembering 

13 List the four stages of combustion in CI engine. BT-3 Applying 

14 Draw the actual valve timing diagram for four stroke diesel 

engines. 
BT-6 Creating 

15 Draw the theoretical P-V diagram for two stroke engines BT-6 Creating 

16 Draw the actual P-V diagram for four stroke engines. BT-2 Understanding 

17 Draw the actual P-V diagram for two stroke engines BT-2 Understanding 

18 How can a spark plug cause pre-ignition? BT-1 Remembering 

19 What are the advantages of four stroke cycle engines over two 

stroke engines? 
BT-5 Evaluating 

20 Analyse the cause for ignition delay? BT-4 Analysing 
 

Part-B (13 Marks) 

S.No Questions Mark Level Competence 

1. 
Explain the typical Port timing diagram and the 

significance of each angle in the Port timing diagram 

in Two Stroke Engine 

13 BT-5 Evaluating 

2. 

Describe with suitable sketches the following system 

of a modern carburettor. 

(i) Main Metering System 

(ii) Idling System 

(iii) Economizer System 

(iv) Acceleration Pump System 

(v) Choke 

13 BT-1 Remembering 

3. Discuss the difference between theoretical and actual 

valve timing diagram of a diesel engine. 
13 BT-1 Remembering 

4. 
Explain the typical valve timing diagram and the 

significance of each angle in the valve timing diagram 

of four Stroke Engine. 

13 BT-4 Understanding 

5. 

(a) Explain the phenomena of knocking in diesel 

engines.  
6 BT-2 Understanding 

(b) What are the different factors which influence the 

knocking? 
7 BT-2 Understanding 

6 Analyse the effect of Octane and Cetane number on 

the I.C. Engine Cycle and performance 
13 BT-6 Creating 

7. 

(a) Explain the significance of rich and lean mixtures 

used in the IC engines.  
6 BT-1 Remembering 

(b) Compare two stroke engine and four stroke engine 

of the IC engines based on the load and performance. 
7 BT-1 Remembering 

8. 

(a) Explain in detail about the various stages of 

combustion in SI engines. 
6 BT-2 Understanding 

(b)   Discuss in detail about the four stages of 

combustion in CI engines. 
7 BT-2 Understanding 

9. What are the desirable properties of the fuels used in 

the IC engines and explain in detail. 
13 BT-5 Evaluating 

10. What are the factors to be considered to control the 

knocking in SI engine? Discuss in detail. 
13 BT-5 Evaluating 
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11. 

The following is the ultimate analysis of a sample of 

petrol by weight : 

Carbon=85% ; Hydrogen=15% ; Calculate the ratio of 

air to petrol consumption weight if the volumetric 

analysis of the dry exhaust gas is CO2=11.5% ; 

CO=1.2% ; O2=0.9% ; N2=86%. Also find percentage 

excess air. 

13 BT-5 Evaluating 

12. 

 

(a) Explain Normal and abnormal Combustion in SI 

engines. 
6 BT-4 Analysing 

(b) What are the factors affecting he flame speed of the 

engine. 
7 BT-4 Analysing 

13. What is the significance of chemically correct or 

stoichiometric air fuel ratio for SI and CI engine? 
13 BT-2 Understanding 

14. 
(a) Explain four stages of combustion in CI engines. 6 BT-2 Understanding 

(b) What are the factors affecting Ignition Delay and 

Delay Period? 
7 BT-1 Remembering 

 

Part - C (15 Marks) 

S.No Questions Mark Level Competence 

1. 
Explain knocking in CI engines. Draw the Time vs 

Pressure curve from SI Engine and SI engine. 
15 BT-2 Understanding 

2. 
With neat sketch classify IC engines based on cylinder 

geometry and its application. . 
15 BT-2 Understanding 

3. 
Compare CI and SI engine based on the performance 

and load calculations. 
15 BT-4 Analysing 

4. 

In combustion of pure methane gas with 5% of excess 

air, determine the gas composition of flue gas in 

volume %.  

15 BT-6 Creating 

 

UNIT IV     INTERNAL COMBUSTION ENGINE PERFORMANCE AND SYSTEMS 

Performance parameters and calculations. Morse and Heat Balance tests. Multipoint Fuel Injection 

system and Common Rail Direct injection systems. Ignition systems – Magneto, Battery and 

Electronic. Lubrication and Cooling systems. Concepts of Supercharging and Turbo charging – 

Emission Norms. 

Part-A ( 2 Marks) 

S.No Questions Level Competence 

1 What are the advantages in MPFI System? BT - 6 Creating 

2 What is the usual voltage of automobile batteries? BT – 1 Remembering 

3 What is the antifreeze solutions used in water cooling systems? BT – 4 Analysing 

4 What is meant by motoring test? BT – 4 Analysing 

5 What are two advantages of the magneto ignition system as 

compared to the battery ignition system? 
BT – 2 Understanding 

6 How do the injection timing and the fuel quality affect the engine 

knock? 
BT – 5 Evaluating 

7 Write the important requirement of fuel injection system. BT – 4 Analysing 

8 State the purpose of thermostat in an engine cooling system. BT – 6 Creating 

9 State the function of a flywheel, piston and connecting rod. BT – 5 Evaluating 

10 How does the magneto ignition system differ from the battery BT – 2 Understanding 
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ignition system? 

11 What is the function of the ignition switch? BT – 1 Remembering 

12 What is a unit Injection System? BT - 2 Understanding 

13 Name three types of liquid cooled systems. BT – 3 Applying 

14 What are the advantages of using a thermostat in the system? BT – 1 Remembering 

15 What is the purpose of pressurizing a liquid cooled system? How 

is it accomplished? 
BT – 1 Remembering 

16 Name two main types of antifreeze solutions. BT – 3 Applying 

17 What is volumetric efficiency? Name some important variables 

which affect this efficiency. 
BT – 3 Applying 

18 Define the term Brake Power. BT – 6 Creating 

19 What is meant by supercharging? BT – 2 Understanding 

20 How does the BSFC curve vary with load at any given constant 

speed? 
BT - 1 Remembering 

 

Part-B (13 Marks) 

S.No Questions Mark Level Competence 

1 With neat sketch explain Common Rail Direct 

injection systems. 
13 BT-5 Evaluating 

2  What are the emission norms followed in operating IC 

engine in India? 
13 BT-1 Remembering 

3 With neat sketch explain the Turbo charging in the CI 

engines. 
13 BT-1 Remembering 

4 Explain the working principle of diesel injector with a 

neat diagram. 
13 BT-2 Understanding 

5 

A 4-cylinder petrol engine has a bore of 60mm and a 

stroke of 90mm. Its rated speed is 2800 rpm. and it is 

tested at this speed against brake which has a torque 

arm of 0.37m. The net brake load is 160N and the fuel 

consumption is 8.986 lit/hr. The specific gravity of 

petrol used is 0.74 and it has a lower calorific value of 

44100 kJ/kg. A Morse test is carried out and the 

cylinders are cut out in the order 1,2,3,4 with 

corresponding brake loads of 110,107,104 and 110 N 

respectively. Calculate for this speed 

1.The engine torque 2. B.M.E.P 3. The brake thermal 

efficiency 4. The specific fuel consumption 5. 

Mechanical efficiency 6. I.M.E.P 

13 BT-5 Evaluating 

6. Compare battery and magneto ignition system . 13 BT-6 Creating 

7. 

 

(a) Explain with neat sketch the working principle of 

Battery ignition System. 
6 BT-1 Remembering 

(b) Explain with neat sketch the working principle of 

Magneto ignition System. 
7 BT-1 Remembering 

8. 

 

(a) Explain any one lubrication system with a neat 

sketch. 
6 BT-2 Understanding 

(b) Explain the Bosch fuel Injector with neat sketch. 7 BT-2 Understanding 

9. 

A four stroke four cylinder gasoline engine has a bore 

of 60 mm and a stroke of 100 mm. On test it develops 

a torque of 66.5 N-m when running at 3000 rpm. If the 

clearance volume in each cylinder is 60 cc the relative 

13 BT-5 Evaluating 
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efficiency with respect to the BTE is 0.5 and the CV 

of the fuel is 42MJ/kg, determine the fuel 

consumption in kg/h and the BMEP. 

10. 

Following data relate to 4-cylinder four stroke petrol 

engine. Air fuel ratio by weight = 16: 1, calorific value 

of the fuel = 45200 kJ/kg, mechanical efficiency = 

82%, air-standard efficiency = 52%, relative 

efficiency = 70%, volumetric efficiency = 78 %, 

stroke/bore ratio = 1.25, suction conditions = 1 bar & 

25
o
C, r.p.m. = 2400 and power at brakes =72kW.  

Evaluating: (1) Compression ratio, (2) Indicated 

thermal efficiency, (3) Brake specific fuel 

consumption, (4) Bore and Stroke. 

13 BT-5 Evaluating 

11. 

Air consumption for a four-stroke petrol engine is 

measured by means of a circular orifice of diameter 

3.2 cm. The co-efficient of discharge for the orifice is 

0.62 and the pressure across the orifice is 150 mm of 

water. The barometer reads 760 mm of Hg. 

Temperature of air in the room is 20
o
C. The piston 

displacement volume is 0.00178 m
3
. The compression 

ratio is 6.5. The fuel consumption is 0.135 kg/min of 

calorific value 43900 kJ/kg. The brake power 

developed at 2500 rpm. is 28 kW. Determine: (1) The 

volumetric efficiency on the basic of air alone. (2) The 

air-fuel ratio. (3) The brake mean effective pressure. 

(4) The relative efficiency on the brake thermal 

efficiency on the brake thermal efficiency basis. 

13 BT-5 Evaluating 

12. 

A four cylinder diesel engine of 4-stroke type has stroke to 

bore ratio as 1.2 and the cylinder diameter is 12 cm. 

Estimate indicated power of the engine using the indicator 

diagram arrangement. Indicator card shows the diagram 

having area of 30 cm
2
 and length as half of stroke. 

Indicator spring constant is 20 × 103 kN/m
2 

and engine is 

running at 2000 rpm. Also find out mechanical efficiency 

of engine if 10% of power is lost in friction and other 

losses. 

13 BT-4 Analysing 

13. 
Write a note on Cooling system for an I.C. Engine in 

detail with relevant sketches of various types. 13 BT-2 Understanding 

14. 

During trial of four strokes single cylinder engine the load 

on dynamometer is found 20 kg at radius of 50 cm. The 

speed of rotation is 3000 rpm. The bore and stroke are 20 

cm and 30 respectively. Fuel is supplied at the rate of 0.15 

kg/min. The calorific value of fuel may be taken as 43 

MJ/kg. After some time the fuel supply is cut and the 

engine is rotated with motor which required 5 kW to 

maintain the same speed of rotation of engine. Determine 

the brake power, indicated power, mechanical efficiency, 

brake thermal efficiency, indicated thermal efficiency, 

brake mean effective pressure, indicated mean effective 

pressure. 

13 BT-2 Understanding 
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Part - C (15 Marks) 

S.No Questions Mark Level Competence 

1. 

During an experiment on four stroke single cylinder 

engine the indicator diagram obtained has average 

height of 1 cm while indicator constant is 25 kN/m
2
 

per mm. The engine run at 300 rpm and the swept 

volume is 1.5 × 104 cm3. The effective brake load 

upon dynamometer is 60 kg while the effective brake 

drum radius is 50 cm. The fuel consumption is 0.12 

kg/min and the calorific value of fuel oil is42 MJ/kg. 

The engine is cooled by circulating water around it at 

the rate of 6 kg/min. The cooling water enters at 35º C 

and leaves at 70ºC. Exhaust gases leaving have energy 

of30 kJ/s with them. Take specific heat of water as 

4.18 kJ/kg K. Determine indicated power output, 

brake power output and mechanical efficiency. Also 

draw the overall energy balance in kJ/s. 

15 BT-2 Understanding 

2. 

A two stroke two cylinder engine runs with speed of 

3000 rpm and fuel consumption of 5 litres/hr. The fuel 

has specific gravity of 0.7 and air-fuel ratio is 19. The 

piston speed is 500 m/min and indicated mean 

effective pressure is 6 bar. The ambient conditions are 

1.013 bar, 15ºC. The volumetric efficiency is 0.7 and 

mechanical efficiency is 0.8. Determine brake power 

output considering R for gas = 0.287 kJ/kg K(Take 

piston speed, m/min = 2 LN where L is stroke (m) and 

N is rpm) 

15 BT-2 Understanding 

3. 

A 4-stroke four cylinder petrol engine has bore and 

stroke as 0.15 m and 0.17 m respectively. Indicator 

diagram arrangement when put on a cylinder yields 

indicator diagram having area of 25 cm
2
 and length of 

diagram as 6 cm. The speed of engine is 2500 rpm. 

Determine the indicated power and frictional power if 

mechanical efficiency is 88%. Take indicator spring 

constant as 20 × 103 kN/m
3
. 

15 BT-4 Analysing 

4. 

During trial of a four cylinder four stroke petrol 

engine running at full load it has speed of 1500 rpm 

and brake load of 250 N when all cylinders are 

working. After some time each cylinder is cut one by 

one and then again brought back to same speed of 

engine. The brake readings are measured as 175 N,180 

N, 182 N and 170 N. The brake drum radius is 50 cm. 

The fuel consumption rate is 0.189 kg/min with the 

fuel whose calorific value is 43 MJ/kg and A/F ratio 

of 12. Exhaust gas temperature is found to be 600ºC. 

The cooling water flows at 18 kg/min and enters at 

27ºC and leaves at 50ºC. The atmospheric air 

temperature is 27ºC. Take specific heat of exhaust gas 

as 1.02 kJ/kg K. Determine the brake power output of 

engine, its indicated power and mechanical efficiency. 

Also draw a heat balance on per minute basis. 

15 BT-6 Creating 
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UNIT V     GAS TURBINES 

Gas turbine cycle analysis – open and closed cycle. Performance and its improvement - Regenerative, 

Intercooled, Reheated cycles and their combinations. Materials for Turbines. 

Part-A (2 Marks) 

S.No Questions Level Competence 

1 Name the three major components of a gas turbine engine. BT-1 Remembering 

2 Sketch a schematic diagram of a simple open cycle gas turbine 

engine 
BT-4 Analysing 

3 Sketch a schematic diagram and a T-s diagram of an open cycle 

gas turbine 
BT-1 Remembering 

4 Define work ratio. BT-1 Remembering 

5 
What is the effect of regeneration on the performance of an 

open cycle gas turbine? BT-1 Remembering 

6 
What are three major effects on the performance of an open 

cycle gas turbine with regeneration caused by the addition of an 

intercooler and a reheater? 

BT-4 Analysing 

7 How is the performance of a gas turbine engine increased by 

water injection? 
BT-6 Creating 

8 What are three methods of improving the part load performance 

of a gas turbine engine? 
BT-6 Creating 

9 Enumerate the five advantages of gas turbines over steam 

turbine. 
BT-6 Creating 

10 What do you understand by regeneration? BT-2 Understanding 

11 Discuss the effect of pressure ratio of simple Brayton cycle. BT-5 Evaluating 

12 What are the variables affecting the thermal efficiency of a gas 

turbine? 
BT-6 Creating 

13 Explain the various fuels used in the gas turbines. BT-4 Analysing 

14 Write down the expression for overall efficiency of the gas 

turbine. 
BT-1 Remembering 

15 Discuss the merits of Gas Turbine over IC engines. BT-1 Remembering 

16 Name some liquid fuels used in the gas turbine. BT-1 Remembering 

17 What are the applications of gas turbines? BT-6 Creating 

18 Write down the expression for thermal efficiency of the open 

cycle gas turbines. 
BT-6 Creating 

19 Classify the types of gas turbines. BT-2 Understanding 

20 Discuss the merits of gas turbines over steam turbines. BT-1 Remembering 

 

Part-B (13 Marks) 

S.No Questions Mark Level Competence 

1 

Air enters the compressor of an open cycle constant 

pressure gas turbine at a pressure of 1 bar and 

temperature 20
0
C. The pressure of the air after 

compression is 4 bar. The isentropic efficiencies of 

compressor and turbine are 80% and 85% 

respectively. The air-fuel ratio used is 90:1. If the flow 

rate of air is 3kg/s, find a)Power developed, 

b)Thermal efficiency of the cycle. Assume Cp=1kJ/kg 

K and γ=1.4 of air and gases calorific value of 

13 BT-2 Understanding 
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fuel=41800kJ/kg 

2. 

In a constant pressure open cycle gas turbine air enters 

at 1 bar and 20
0
C and leaves the compressor at 5bar. 

Using the following data: Temperature of the gas 

entering the turbine =680
0
C, the pressure loss in the 

compression chamber =0.1 bar, ɳcompressor = 85%, 

ɳturbine = 80%, ɳcombustion = 85%, γ=1.4, Cp=1.024 

kJ/kg K for air and gas, Find a)the quantity of air 

circulation if the plants develops 1065kW  b)Heat 

supplied per kg of air circulation c)The thermal 

efficiency if the cycle, mass of the fuel may be 

neglected 

13 BT-5 Evaluating 

3. 
Derive the expression for work done in the open cycle 

gas turbine with reheating and explain the importance 

of reheating. 

13 BT-1 Remembering 

4. 

In a gas turbine the compressor is driven by the high 

pressure turbine. The exhaust from the high pressure 

turbine goes to free low pressure turbine which runs 

the load. The air flow rate is 20kg/s and the minimum 

and maximum temperature respectively 300K and 

1000K. The compressor ratio is 4. Calculate the 

pressure ratio of low pressure turbine and temperature 

of exhaust gas from the unit. The compressor and 

turbine are isentropic. Cp of air and exhaust gases 

=1kJ/kg K and γ=1.4 

13 BT-1 Remembering 

5. 
Derive the expression for work done in the open cycle 

gas turbine with reheating and explain the importance 

of regeneration. 

13 BT-1 Remembering 

6. 

A gas turbine unit has a pressure ratio of 6:1 and 

maximum cycle temperature of 610
0
C. The isentropic 

efficiencies of compressor and turbine are 80% and 

82% respectively. Calculate the power output in KW 

of an electric generator geared to the turbine when the 

air enters the compressor at 15
0
C at the rate of 16kg/s. 

Take Cp=1.005kJ/kg K and γ=1.4 for the compression 

process, and take Cp=1.11kJ/kg K and γ=1.333 for the 

expansion process 

13 BT-3 Applying 

7. 

Air is drawn in a gas turbine unit at 15
0
C and 0.01 bar 

and pressure ratio is 7:1. The compressor is driven by 

the HP turbine LP turbine drives a separate power 

shaft. The isentropic efficiencies of compressor and 

the HP and LP turbines are 0.82, 0.85 and 0.85 

respectively. If the maximum cycle temperature is 

610
0
C, calculate: a) The pressure and temperature of 

the gases entering the power turbine b) The net power 

developed by the unit per kg/s mass flow c) The work 

ratio d) The thermal efficiency of the unit. Neglect the 

mass of fuel  and assume the following: 

For compression process:   

Cpa=1.005kJ/kg K and γ=1.4.  

For combustion and expansion process: 

13 BT-4 Analysing 
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Cpg=1.15kJ/kg K and γ=1.333. 

8. 

A gas turbine set takes in air at 15
o
C, the pressure 

ratio is 4:1 and the maximum temperature is 560
o
C. 

Assuming efficiencies of 0.86 and 0.83 for the turbine 

and compressor respectively, determine the overall 

efficiency, (a) without heat exchanger, and (b) with 

heat exchanger making use of 75% of the heat 

available. Assume that pressure drops in the 

connecting pipes, etc. can be neglected and that the 

specific heats of air are constant. 

13 BT-4 Analysing 

9. 

A gas turbine unit receives air at 1 bar and 300K and 

compresses it adiabatically to 6.2 bar. The compressor 

efficiency is 88%.The fuel has a heating value of 

44186kJ/kg and the fuel air ratio is 0.017kJ/kg of air. 

Take turbine internal efficiency is 90%.Calculate the 

work of turbine and compressor per kg of air 

compressed and thermal efficiency. For product of 

combustion, cp =1.147kJ/kg K and γ=1.333. 

13 BT-1 Remember 

10. 

In a gas turbine cycle, air at atmosphere pressure is 
compressed adiabatically from 27

o
C and 1.01325bar 

to 5.741 bar and then the air absorbs heat from the 
exhaust gases at constant pressure at a rate of 84kJ per 
kg. The air is further expanded at constant pressure by 
the combustion of 0.012 kg of fuel per kg of air. The 
calorific value of fuel is 42000kJ/kg. The products of 
combustion are expanded adiabatically in the turbine 
to 1.01325 bar. Being exhausted with negligible 
velocity after yielding some of their heat to the air 
leaving the compressor. Cp for air = 1 kJ/kg K    

13 BT-4 Analysing 

11. 

A gas turbine plant consists of two turbines. One 

compressor turbine to drive compressor and other 

power turbine to develop power output and both are 

having their own combustion chamber which are 

served by air directly from the compressor. Air enters 

the compressor at 1 bar and 288K and is compressed 

to 8 bar with an isentropic efficiency of 76%. Due to 

heat added in the combustion chamber, the inlet 

temperature of the gas to both turbines is 86% and 

mass flow rate of air at the compressor is 23kg/s. The 

calorific value of the fuel is 4200kJ/kg. Calculate the 

output of the plant and the thermal efficiency if 

mechanical efficiency is 95%and generator efficiency 

is 96%. Take cp =1.005kJ/kg K and γ=1.4 for air and 

Cpg = 1.128kJ/kg K and γ=1.34 for gases. 

13 BT-6 Creating 

12. 

The pressure ratio of an open cycle gas turbine power 

plant is 5.6. Air taken as 30
0
C and 1 bar. The 

compression is carried out in two stages with perfect 

inter cooling in between. The maximum temperature 

of the cycle is limited to 700
0
C. Assuming the 

isentropic efficiency of each compressor stage as 85% 

and that of turbine as 90%, determine the power 

developed and efficiency of the power plant, if the air 

flow is 1.2kg/s. The mass of fuel may be neglected, 

and it may be assumed that Cp = 1.02kJ/kg K and        

γ = 1.41. 

13 BT-5 Evaluating 
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13. 

Find the required air fuel ratio in a gas turbine whose 

turbine and compressor efficiencies are 85% and 80% 

respectively. Maximum cycle temperature is 875
0
C. 

Working fluid is taken as air (Cp=1kJ/kgK and γ=1.4) 

which enters the compressor at 1 bar and 27
0
C. The 

pressure ratio is 4. The fuel used has a calorific value 

of 42000kJ/kg. There is a loss of 10% of calorific 

value in the combustion chamber. 

13 BT-4 Analysing 

14. 

In an air standard regenerative gas turbine cycle the 

pressure ratio is 5. Air enters the compressor at 1 bar, 

300 K and leaves at 490 K. The maximum 

temperature in the cycle is 1000K. Calculate the cycle 

efficiency, given that efficiency of the regenerator and 

adiabatic efficiency of the turbine are each 80%. 

Assume for air, the ratio for specific heats is 1.4. 

Also, show the cycle on T-S diagram. 

13 BT-4 Analysing 

 

Part - C (15 Marks) 

S.No Questions Mark Level Competence 

1. 

A 4500kW gas turbine generating set operates with 

two compressor stages ; the overall pressure ratio 9:1, 

a high pressure turbine is used to drive the compressor 

and a LP turbine drives the generator. The temperature 

of the gas at the entry to a HP turbine 625°C and the 

gases are reheated to 625°C after expansion in the first 

turbine. The exhaust gases leaving the LP turbine are 

passed through a heat exchanger to heat air leaving the 

HP stage compressor. The compressors have equal 

pressure ratio and the inter cooling is complete 

between the stages. The air inlet temperature to the 

unit is 20°C. The isentropic efficiency of each 

compressor stage is 0.8, and the isentropic efficiency 

of the each turbine stage is 0.85, and the HE thermal 

ratio is 0.8. A mechanical efficiency of 95% can be 

assumed for both the power shaft and compressor 

turbine shaft. Neglecting all the pressure losses and 

change in KE calculate, (i) the thermal Efficiency (ii) 

Work ratio of the plant (iii) Mass flow in kg/s. 

15 BT-6 Creating 

2. 

In a closed cycle gas turbine there is a two stage 

compressor and a two stage turbine. All the 

components ate mounted on the same shaft. The 

pressure and temperature at the inlet of the first stage 

compressor are 1.5 bar and 20°C. The maximum cycle 

temperature and pressure are limited to 750°C and 

6bar. A perfect intercooler is used between the two 

stage compressors and a reheater is used between the 

two turbines. Gases are heated in the reheater to 

750°C before entering in to the LP turbine. Assuming 

the compressor and turbine efficiencies are 0.82, 

calculate, (i) Efficiency of the cycle without 

regenerator (ii) the efficiency of the cycle with 

15 BT-6 Creating 
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regenerator whose effectiveness is 0.70. (iii) the mass 

of the fluid circulated if the power developed by the 

plant is 350kW. The Working fluid used in the cycle 

is air. For air γ=1.4 and Cp=1.005 kJ/kg K. 

3. 

A gas turbine employs a HE with a thermal ratio of 

72%. The turbine operates between the pressure of 

1.01bar and 4.04bar and the ambient temperature of 

20°C. Isentropic efficiencies of the compressor and 

turbine are 80% and 85% respectively. The pressure 

drop on each side of the HE is 0.05 bar and in the 

combustion chamber is 0.14 bar. Assume combustion 

efficiency to be unity and calorific value of the fuel to 

be 41800kJ/kg. Calculate the increase in efficiency 

due to the HE over that for simple cycle. Assume p is 

constant throughout and is equal to 1.024kJ/kg K and 

assume γ =1.4. For simple cycle the air fuel ratio is 

90:1 and for the HE cycle the turbine entry 

temperature is same as for simple cycle. 

15 BT-5 Evaluating 

4. 

In a gas turbine the compressor takes in air at a 

temperature of 15°C C and compresses it four times 

the initial pressure with an isentropic efficiency of 

82%. The air is then passed through the HE heated by 

the turbine exhaust before reaching the combustion 

chamber. In the HE 78% of the available heat is given 

to the air. The maximum temperature after constant 

pressure combustion is 600°C and the efficiency of the 

turbine is 70%. Neglecting all the losses except those 

mentioned and assuming the working fluid throughout 

the cycle to have the characteristics of air and find the 

efficiency of the cycle. Assume R= 0.287kJ/kg K and 

γ = 1.4 for air and constant specific heats throughout. 

15 BT-4 Analysing 
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