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INTERNAL  COMBUSTION  ENGINES 
    

An Engine is An Engine is An Engine is An Engine is a device which transformsa device which transformsa device which transformsa device which transforms    the chemical energy of a fuel into thermal the chemical energy of a fuel into thermal the chemical energy of a fuel into thermal the chemical energy of a fuel into thermal 
energy and uses this thermal energy to produce mechaenergy and uses this thermal energy to produce mechaenergy and uses this thermal energy to produce mechaenergy and uses this thermal energy to produce mechanical work. Engines normally nical work. Engines normally nical work. Engines normally nical work. Engines normally 
conveconveconveconvert rt rt rt thermal energy into mechanical workthermal energy into mechanical workthermal energy into mechanical workthermal energy into mechanical work    and therefore theyand therefore theyand therefore theyand therefore they    are called heat are called heat are called heat are called heat 
engines.engines.engines.engines.    
    

Heat engines can be broadly classified into : Heat engines can be broadly classified into : Heat engines can be broadly classified into : Heat engines can be broadly classified into :     
i)i)i)i) External combustion engines ( E C Engines)External combustion engines ( E C Engines)External combustion engines ( E C Engines)External combustion engines ( E C Engines)    
ii)ii)ii)ii) Internal combustion engines ( I C Engines )Internal combustion engines ( I C Engines )Internal combustion engines ( I C Engines )Internal combustion engines ( I C Engines )    
    

External combustion engines are those in External combustion engines are those in External combustion engines are those in External combustion engines are those in 
which combustion takes place outside the which combustion takes place outside the which combustion takes place outside the which combustion takes place outside the 
engine.engine.engine.engine.    FoFoFoFor example,r example,r example,r example,    IIIInnnn    ssssteam engine or team engine or team engine or team engine or 
steam turbinesteam turbinesteam turbinesteam turbine    the heat generated due to the heat generated due to the heat generated due to the heat generated due to 
combustion of fuel combustion of fuel combustion of fuel combustion of fuel and it and it and it and it is employed to is employed to is employed to is employed to 
generate high pressure steamgenerate high pressure steamgenerate high pressure steamgenerate high pressure steam, , , , which is which is which is which is 
used as working fluid in a reciprocating used as working fluid in a reciprocating used as working fluid in a reciprocating used as working fluid in a reciprocating 
engine or turbine. engine or turbine. engine or turbine. engine or turbine.     See Figure 1.See Figure 1.See Figure 1.See Figure 1.    

    
Internal combustion engines caInternal combustion engines caInternal combustion engines caInternal combustion engines can be classified n be classified n be classified n be classified as Cas Cas Cas Continuous IC engines and ontinuous IC engines and ontinuous IC engines and ontinuous IC engines and 
Intermittent IC engines. Intermittent IC engines. Intermittent IC engines. Intermittent IC engines.     
    

In continuous ICIn continuous ICIn continuous ICIn continuous IC    engines engines engines engines products of products of products of products of 
combustion of the fuel combustion of the fuel combustion of the fuel combustion of the fuel enterenterenterenterssss    into the prime into the prime into the prime into the prime 
mover as themover as themover as themover as the    working fluid.  For example : Iworking fluid.  For example : Iworking fluid.  For example : Iworking fluid.  For example : In n n n 
Open cycle gas turbine plant. Products of Open cycle gas turbine plant. Products of Open cycle gas turbine plant. Products of Open cycle gas turbine plant. Products of 
combustion fcombustion fcombustion fcombustion from the combustion chamber rom the combustion chamber rom the combustion chamber rom the combustion chamber 
enters through the turbine to generate the enters through the turbine to generate the enters through the turbine to generate the enters through the turbine to generate the 

power power power power continuously continuously continuously continuously . . . . See Figure 2.See Figure 2.See Figure 2.See Figure 2.    
In this case, same working fluid cannot be In this case, same working fluid cannot be In this case, same working fluid cannot be In this case, same working fluid cannot be     
uuuussssed ed ed ed     again in the cycle. again in the cycle. again in the cycle. again in the cycle.     

                        Figure 1 :  External Combustion EngineFigure 1 :  External Combustion EngineFigure 1 :  External Combustion EngineFigure 1 :  External Combustion Engine    

        Figure 2:  Continuous IC  Figure 2:  Continuous IC  Figure 2:  Continuous IC  Figure 2:  Continuous IC  EEEEnginesnginesnginesngines    
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In Intermittent internal combustion engine In Intermittent internal combustion engine In Intermittent internal combustion engine In Intermittent internal combustion engine 
combustion of fuel takes place insidcombustion of fuel takes place insidcombustion of fuel takes place insidcombustion of fuel takes place inside the e the e the e the 
engine cylinder.engine cylinder.engine cylinder.engine cylinder.    Power is generated Power is generated Power is generated Power is generated 
intermittentlyintermittentlyintermittentlyintermittently    (only during power stroke)(only during power stroke)(only during power stroke)(only during power stroke)    
and flywheel is used to provide uniform and flywheel is used to provide uniform and flywheel is used to provide uniform and flywheel is used to provide uniform 

output torque. output torque. output torque. output torque.     Usually these engines are Usually these engines are Usually these engines are Usually these engines are 
reciprocating engines. The reciprocating reciprocating engines. The reciprocating reciprocating engines. The reciprocating reciprocating engines. The reciprocating 
engine mechanism consists of piston engine mechanism consists of piston engine mechanism consists of piston engine mechanism consists of piston 
which moves iwhich moves iwhich moves iwhich moves in a cylinder and forms a n a cylinder and forms a n a cylinder and forms a n a cylinder and forms a 
movable gas tight seal. By means of a movable gas tight seal. By means of a movable gas tight seal. By means of a movable gas tight seal. By means of a 
connecting rod and a crank shaft connecting rod and a crank shaft connecting rod and a crank shaft connecting rod and a crank shaft 
arrangement,arrangement,arrangement,arrangement,    the reciprocating motionthe reciprocating motionthe reciprocating motionthe reciprocating motion    of of of of 
piston is converted into a rpiston is converted into a rpiston is converted into a rpiston is converted into a rotary motion of otary motion of otary motion of otary motion of 
the crankshaft. the crankshaft. the crankshaft. the crankshaft.     They are most popular They are most popular They are most popular They are most popular 

because of because of because of because of their use astheir use astheir use astheir use as    main main main main prime mprime mprime mprime mover in commercial over in commercial over in commercial over in commercial vehicles. vehicles. vehicles. vehicles.     
ADVANTAGES OF INTERNAL COMBUSTION ENGINESADVANTAGES OF INTERNAL COMBUSTION ENGINESADVANTAGES OF INTERNAL COMBUSTION ENGINESADVANTAGES OF INTERNAL COMBUSTION ENGINES    
1.1.1.1. Greater mechanical simplicity.Greater mechanical simplicity.Greater mechanical simplicity.Greater mechanical simplicity.    
2.2.2.2. Higher power output per unit weight because of absence of auxiliary units like Higher power output per unit weight because of absence of auxiliary units like Higher power output per unit weight because of absence of auxiliary units like Higher power output per unit weight because of absence of auxiliary units like 

boiler , condenser and feed pumpboiler , condenser and feed pumpboiler , condenser and feed pumpboiler , condenser and feed pump    
3.3.3.3. Low initial costLow initial costLow initial costLow initial cost    
4.4.4.4. Higher brake thermal effHigher brake thermal effHigher brake thermal effHigher brake thermal efficiency as only a small fraction of heat energy of the fuel iciency as only a small fraction of heat energy of the fuel iciency as only a small fraction of heat energy of the fuel iciency as only a small fraction of heat energy of the fuel 

is dissipated to cooling systemis dissipated to cooling systemis dissipated to cooling systemis dissipated to cooling system    
5.5.5.5. These units are compact and requires less spaceThese units are compact and requires less spaceThese units are compact and requires less spaceThese units are compact and requires less space    

6.6.6.6. Easy starting from cold conditionsEasy starting from cold conditionsEasy starting from cold conditionsEasy starting from cold conditions    
DISADVANTAGES OF INTERNAL COMBUSTION ENGINESDISADVANTAGES OF INTERNAL COMBUSTION ENGINESDISADVANTAGES OF INTERNAL COMBUSTION ENGINESDISADVANTAGES OF INTERNAL COMBUSTION ENGINES    
1.1.1.1. I C engines cannot use solid fuels wI C engines cannot use solid fuels wI C engines cannot use solid fuels wI C engines cannot use solid fuels which are cheaper. Only liquid or gaseous fuel hich are cheaper. Only liquid or gaseous fuel hich are cheaper. Only liquid or gaseous fuel hich are cheaper. Only liquid or gaseous fuel 

of given specification can be efficiently used. These fuels are relatively more of given specification can be efficiently used. These fuels are relatively more of given specification can be efficiently used. These fuels are relatively more of given specification can be efficiently used. These fuels are relatively more 
eeeexpensive.xpensive.xpensive.xpensive.    

2.2.2.2. I C engines have reciprocating parts and hence balancing of them is problem I C engines have reciprocating parts and hence balancing of them is problem I C engines have reciprocating parts and hence balancing of them is problem I C engines have reciprocating parts and hence balancing of them is problem 
and they are also susceptible to mechanicaland they are also susceptible to mechanicaland they are also susceptible to mechanicaland they are also susceptible to mechanical    vibrations. vibrations. vibrations. vibrations.     
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CLASSIFICATION OF INTERNAL COMBUSTION ENGINES.CLASSIFICATION OF INTERNAL COMBUSTION ENGINES.CLASSIFICATION OF INTERNAL COMBUSTION ENGINES.CLASSIFICATION OF INTERNAL COMBUSTION ENGINES.    
    

There are different types of IC engines that can be classified on the following basis.There are different types of IC engines that can be classified on the following basis.There are different types of IC engines that can be classified on the following basis.There are different types of IC engines that can be classified on the following basis.    
    

1.1.1.1. According to thermodynamic cycle According to thermodynamic cycle According to thermodynamic cycle According to thermodynamic cycle     
i) Otto cycle i) Otto cycle i) Otto cycle i) Otto cycle engine engine engine engine orororor    Constant volume heat supplied cycle.Constant volume heat supplied cycle.Constant volume heat supplied cycle.Constant volume heat supplied cycle.    
ii) Diii) Diii) Diii) Diesel esel esel esel cycle cycle cycle cycle engine orengine orengine orengine or    Constant pressure heat supplied cycleConstant pressure heat supplied cycleConstant pressure heat supplied cycleConstant pressure heat supplied cycle    
iii) Dualiii) Dualiii) Dualiii) Dual----combustion cycle enginecombustion cycle enginecombustion cycle enginecombustion cycle engine    

    

2. According to the fuel used:2. According to the fuel used:2. According to the fuel used:2. According to the fuel used:    
i) Petrol enginei) Petrol enginei) Petrol enginei) Petrol engine        ii) Diesel engineii) Diesel engineii) Diesel engineii) Diesel engine                iii) Gas engineiii) Gas engineiii) Gas engineiii) Gas engine    
    

2.2.2.2. According to the cycle of operation:According to the cycle of operation:According to the cycle of operation:According to the cycle of operation:    
i) Two stroke cycle enginei) Two stroke cycle enginei) Two stroke cycle enginei) Two stroke cycle engine                    ii) Four strii) Four strii) Four strii) Four stroke cycle engineoke cycle engineoke cycle engineoke cycle engine    

    

4. According to the method of ignition:4. According to the method of ignition:4. According to the method of ignition:4. According to the method of ignition:    
i) Spark ignition (S.I) eni) Spark ignition (S.I) eni) Spark ignition (S.I) eni) Spark ignition (S.I) engine gine gine gine         ii) Compression ignition (C I ii) Compression ignition (C I ii) Compression ignition (C I ii) Compression ignition (C I ) engine) engine) engine) engine    

    

5. According to the number of cylinders.5. According to the number of cylinders.5. According to the number of cylinders.5. According to the number of cylinders.    
i) Single cylinder enginei) Single cylinder enginei) Single cylinder enginei) Single cylinder engine                ii) Multi cylinder engineii) Multi cylinder engineii) Multi cylinder engineii) Multi cylinder engine    

    
 6. According to the arrange6. According to the arrange6. According to the arrange6. According to the arrangement of cylinder:ment of cylinder:ment of cylinder:ment of cylinder:    

I) Horizontal engineI) Horizontal engineI) Horizontal engineI) Horizontal engine                    ii) Vertical engineii) Vertical engineii) Vertical engineii) Vertical engine                iiiiiiiiiiii) V) V) V) V----engineengineengineengine    
v) Inv) Inv) Inv) In----line engineline engineline engineline engine                vvvviiii) Radial engine, etc.) Radial engine, etc.) Radial engine, etc.) Radial engine, etc.    
    

7. According to the method of cooling the cylinder:7. According to the method of cooling the cylinder:7. According to the method of cooling the cylinder:7. According to the method of cooling the cylinder:    
I) Air cooled engine I) Air cooled engine I) Air cooled engine I) Air cooled engine                 ii) Water cooled engine ii) Water cooled engine ii) Water cooled engine ii) Water cooled engine     

    

8. According to their appli8. According to their appli8. According to their appli8. According to their applications:cations:cations:cations:    
i) Stationary enginei) Stationary enginei) Stationary enginei) Stationary engine                ii) Automobile engineii) Automobile engineii) Automobile engineii) Automobile engine            iii) Aero engineiii) Aero engineiii) Aero engineiii) Aero engine    
iv) Locomotive engineiv) Locomotive engineiv) Locomotive engineiv) Locomotive engine            v) Marine engine, etc.v) Marine engine, etc.v) Marine engine, etc.v) Marine engine, etc.    

    

 
  

  
                            INTERNAL COMBUSTION ENGINE PARTS AND THEIR FUNCTIONINTERNAL COMBUSTION ENGINE PARTS AND THEIR FUNCTIONINTERNAL COMBUSTION ENGINE PARTS AND THEIR FUNCTIONINTERNAL COMBUSTION ENGINE PARTS AND THEIR FUNCTION    
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1. 1. 1. 1. Cylinder :Cylinder :Cylinder :Cylinder :----        It is a container fitted with piston, where the fuel It is a container fitted with piston, where the fuel It is a container fitted with piston, where the fuel It is a container fitted with piston, where the fuel is burnt and power is is burnt and power is is burnt and power is is burnt and power is 
produced.produced.produced.produced.    
2.2.2.2.CylinderCylinderCylinderCylinder    Head/Cylinder CoverHead/Cylinder CoverHead/Cylinder CoverHead/Cylinder Cover::::----    
One end of the cylinder is closed by One end of the cylinder is closed by One end of the cylinder is closed by One end of the cylinder is closed by 
means of cylinder head. This means of cylinder head. This means of cylinder head. This means of cylinder head. This 

consists of inlet valve for admitting consists of inlet valve for admitting consists of inlet valve for admitting consists of inlet valve for admitting 
air fuel mixture and exhaust valve air fuel mixture and exhaust valve air fuel mixture and exhaust valve air fuel mixture and exhaust valve 
for removing the products of for removing the products of for removing the products of for removing the products of 
combustion.combustion.combustion.combustion.    
3. 3. 3. 3. Piston:Piston:Piston:Piston:----    Piston is used to Piston is used to Piston is used to Piston is used to 
reciprocate inside the cylinder. It reciprocate inside the cylinder. It reciprocate inside the cylinder. It reciprocate inside the cylinder. It 
transmits the energy to crankshaft transmits the energy to crankshaft transmits the energy to crankshaft transmits the energy to crankshaft 
through connecting rod.through connecting rod.through connecting rod.through connecting rod.    
4. 4. 4. 4. Piston Rings:Piston Rings:Piston Rings:Piston Rings:----    These are used to These are used to These are used to These are used to 

maintain a pressure tight seal between the piston and cylinder walls and also it maintain a pressure tight seal between the piston and cylinder walls and also it maintain a pressure tight seal between the piston and cylinder walls and also it maintain a pressure tight seal between the piston and cylinder walls and also it 
transfer the heat from thtransfer the heat from thtransfer the heat from thtransfer the heat from the piston head to cylinder walls.e piston head to cylinder walls.e piston head to cylinder walls.e piston head to cylinder walls.    
5. 5. 5. 5. Connecting Rod:Connecting Rod:Connecting Rod:Connecting Rod:----    One end of the connecting rod is connected to piston through One end of the connecting rod is connected to piston through One end of the connecting rod is connected to piston through One end of the connecting rod is connected to piston through 
piston pin while the other is connected to crank through crank pin. It transmits the piston pin while the other is connected to crank through crank pin. It transmits the piston pin while the other is connected to crank through crank pin. It transmits the piston pin while the other is connected to crank through crank pin. It transmits the 
reciprocatory motion of piston to rotary crank.reciprocatory motion of piston to rotary crank.reciprocatory motion of piston to rotary crank.reciprocatory motion of piston to rotary crank.    
6. 6. 6. 6. Crank:Crank:Crank:Crank:----    It is a lever between connecting rod and crank shaft.It is a lever between connecting rod and crank shaft.It is a lever between connecting rod and crank shaft.It is a lever between connecting rod and crank shaft.    
7. 7. 7. 7. Crank Shaft:Crank Shaft:Crank Shaft:Crank Shaft:----    The function of crank shaft is to transform reciprocating motion in to The function of crank shaft is to transform reciprocating motion in to The function of crank shaft is to transform reciprocating motion in to The function of crank shaft is to transform reciprocating motion in to 
a rotary motion.a rotary motion.a rotary motion.a rotary motion.    
8. 8. 8. 8. Fly wheel:Fly wheel:Fly wheel:Fly wheel:----    Fly wheel is a rotating mass used as an energy storing device.Fly wheel is a rotating mass used as an energy storing device.Fly wheel is a rotating mass used as an energy storing device.Fly wheel is a rotating mass used as an energy storing device.    

9. 9. 9. 9. Crank Case:Crank Case:Crank Case:Crank Case:----    IIIIt supports and covers the cylinder and the crank shaft. It is used to t supports and covers the cylinder and the crank shaft. It is used to t supports and covers the cylinder and the crank shaft. It is used to t supports and covers the cylinder and the crank shaft. It is used to 
store the lubricating oil.store the lubricating oil.store the lubricating oil.store the lubricating oil. 
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Bore:Bore:Bore:Bore: The inside diameter of the cylinder is called the bore.The inside diameter of the cylinder is called the bore.The inside diameter of the cylinder is called the bore.The inside diameter of the cylinder is called the bore.    
    

StrokeStrokeStrokeStroke::::    The linear distance along the cylinder axisThe linear distance along the cylinder axisThe linear distance along the cylinder axisThe linear distance along the cylinder axis    between the two limiting positions of between the two limiting positions of between the two limiting positions of between the two limiting positions of 
the piston isthe piston isthe piston isthe piston is    
called stroke.called stroke.called stroke.called stroke.    

    

Top Dead Centre (T.D.C)Top Dead Centre (T.D.C)Top Dead Centre (T.D.C)Top Dead Centre (T.D.C)    The top most position of the piston towards cover end side of The top most position of the piston towards cover end side of The top most position of the piston towards cover end side of The top most position of the piston towards cover end side of 
the cylinder” is called top dead centre. In case of horizontal engine, it is called as inner the cylinder” is called top dead centre. In case of horizontal engine, it is called as inner the cylinder” is called top dead centre. In case of horizontal engine, it is called as inner the cylinder” is called top dead centre. In case of horizontal engine, it is called as inner 
dead cendead cendead cendead centre tre tre tre             

    

Bottom Dead Centre (B.D.C)Bottom Dead Centre (B.D.C)Bottom Dead Centre (B.D.C)Bottom Dead Centre (B.D.C)    The lowest position of the piston towards the crank end The lowest position of the piston towards the crank end The lowest position of the piston towards the crank end The lowest position of the piston towards the crank end 
side of the cylinder is called bottom dead centre. In case of horizontal engine, it is called side of the cylinder is called bottom dead centre. In case of horizontal engine, it is called side of the cylinder is called bottom dead centre. In case of horizontal engine, it is called side of the cylinder is called bottom dead centre. In case of horizontal engine, it is called 
outer dead centre (O.D.C). outer dead centre (O.D.C). outer dead centre (O.D.C). outer dead centre (O.D.C).     

    

Clearance VolumeClearance VolumeClearance VolumeClearance Volume    The volume contained in tThe volume contained in tThe volume contained in tThe volume contained in the cylinder above the top of the piston, he cylinder above the top of the piston, he cylinder above the top of the piston, he cylinder above the top of the piston, 
when the piston is at the top dead centre is called clearance volume.when the piston is at the top dead centre is called clearance volume.when the piston is at the top dead centre is called clearance volume.when the piston is at the top dead centre is called clearance volume.    

    

Compression ratioCompression ratioCompression ratioCompression ratio        It is the ratio of total cylinder volume to clearance volumeIt is the ratio of total cylinder volume to clearance volumeIt is the ratio of total cylinder volume to clearance volumeIt is the ratio of total cylinder volume to clearance volume    
FourFourFourFour----Stroke Petrol Engine OR Stroke Petrol Engine OR Stroke Petrol Engine OR Stroke Petrol Engine OR Four stroke Spark Ignition Engine (Four stroke Spark Ignition Engine (Four stroke Spark Ignition Engine (Four stroke Spark Ignition Engine (S.I. engine)S.I. engine)S.I. engine)S.I. engine)    
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The fourThe fourThe fourThe four----stroke cycle petrol engines operate stroke cycle petrol engines operate stroke cycle petrol engines operate stroke cycle petrol engines operate 
on Otto (constant volume) cycle shown on Otto (constant volume) cycle shown on Otto (constant volume) cycle shown on Otto (constant volume) cycle shown in in in in 
Figure 3.0. Figure 3.0. Figure 3.0. Figure 3.0.     Since ignition in these engines is Since ignition in these engines is Since ignition in these engines is Since ignition in these engines is 
due to a spark, they are also called spark due to a spark, they are also called spark due to a spark, they are also called spark due to a spark, they are also called spark 
ignition ignition ignition ignition engines. The four different strokes engines. The four different strokes engines. The four different strokes engines. The four different strokes 

are:are:are:are:    
i) Suction stri) Suction stri) Suction stri) Suction strokeokeokeoke    
ii) Compression strokeii) Compression strokeii) Compression strokeii) Compression stroke    
iii) Working or power or expansion strokeiii) Working or power or expansion strokeiii) Working or power or expansion strokeiii) Working or power or expansion stroke    
iv) Exhaust stroke.iv) Exhaust stroke.iv) Exhaust stroke.iv) Exhaust stroke.    
    
The construction and working of a fourThe construction and working of a fourThe construction and working of a fourThe construction and working of a four----sssstroke petrol engine is shown troke petrol engine is shown troke petrol engine is shown troke petrol engine is shown 

below:below:below:below:    
 

 
 
 
 

Suction StrokeSuction StrokeSuction StrokeSuction Stroke    : : : : During suction stroke, the piston is moved from the top dead centreDuring suction stroke, the piston is moved from the top dead centreDuring suction stroke, the piston is moved from the top dead centreDuring suction stroke, the piston is moved from the top dead centre    to to to to 
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the bottom dead centre by the crank shaft. The crank shaft is revolved either by the the bottom dead centre by the crank shaft. The crank shaft is revolved either by the the bottom dead centre by the crank shaft. The crank shaft is revolved either by the the bottom dead centre by the crank shaft. The crank shaft is revolved either by the 
momentum of the flywheel or by the electric starting motor. The inlet valve remains momentum of the flywheel or by the electric starting motor. The inlet valve remains momentum of the flywheel or by the electric starting motor. The inlet valve remains momentum of the flywheel or by the electric starting motor. The inlet valve remains 
open and the exhaust valve open and the exhaust valve open and the exhaust valve open and the exhaust valve is closed during this stroke.is closed during this stroke.is closed during this stroke.is closed during this stroke. The proportionate airThe proportionate airThe proportionate airThe proportionate air----petrpetrpetrpetrol ol ol ol 
mixture is sucked into the cylinder due to the downward movement of the piston. This mixture is sucked into the cylinder due to the downward movement of the piston. This mixture is sucked into the cylinder due to the downward movement of the piston. This mixture is sucked into the cylinder due to the downward movement of the piston. This 
operation is represented by the line AB on the Poperation is represented by the line AB on the Poperation is represented by the line AB on the Poperation is represented by the line AB on the P----V diagram. (Figure 3)V diagram. (Figure 3)V diagram. (Figure 3)V diagram. (Figure 3)    
    

Compression StrokeCompression StrokeCompression StrokeCompression Stroke::::    During compression stroke, the piston moves from bottom dead During compression stroke, the piston moves from bottom dead During compression stroke, the piston moves from bottom dead During compression stroke, the piston moves from bottom dead 
centre to the tcentre to the tcentre to the tcentre to the top dead centre, thus compressing air petrol mixture. Due to compression, op dead centre, thus compressing air petrol mixture. Due to compression, op dead centre, thus compressing air petrol mixture. Due to compression, op dead centre, thus compressing air petrol mixture. Due to compression, 
the pressure and temperature are increased and is shown by the line BC on the Pthe pressure and temperature are increased and is shown by the line BC on the Pthe pressure and temperature are increased and is shown by the line BC on the Pthe pressure and temperature are increased and is shown by the line BC on the P----    V V V V 
diagram. Just before the end of this stroke the spark diagram. Just before the end of this stroke the spark diagram. Just before the end of this stroke the spark diagram. Just before the end of this stroke the spark ----    plug initiates a spark, which plug initiates a spark, which plug initiates a spark, which plug initiates a spark, which 
ignites the miignites the miignites the miignites the mixture and combustion takes place at constant volume as shown by the line xture and combustion takes place at constant volume as shown by the line xture and combustion takes place at constant volume as shown by the line xture and combustion takes place at constant volume as shown by the line 
CD. Both the inlet and exhaust valves remain closed during this stroke.CD. Both the inlet and exhaust valves remain closed during this stroke.CD. Both the inlet and exhaust valves remain closed during this stroke.CD. Both the inlet and exhaust valves remain closed during this stroke.    
    

Working StrokeWorking StrokeWorking StrokeWorking Stroke: : : :     The expansion of hot gases exerts a pressure on the piston. Due to The expansion of hot gases exerts a pressure on the piston. Due to The expansion of hot gases exerts a pressure on the piston. Due to The expansion of hot gases exerts a pressure on the piston. Due to 
this pressure, the piston this pressure, the piston this pressure, the piston this pressure, the piston moves from top dead centre to bottom dead centre and thus moves from top dead centre to bottom dead centre and thus moves from top dead centre to bottom dead centre and thus moves from top dead centre to bottom dead centre and thus 

the work is obtained in this stroke. Both the inlet and exhaust valves remain closed the work is obtained in this stroke. Both the inlet and exhaust valves remain closed the work is obtained in this stroke. Both the inlet and exhaust valves remain closed the work is obtained in this stroke. Both the inlet and exhaust valves remain closed 
during this stroke. The expansion of the gas is shown by the curve DE.during this stroke. The expansion of the gas is shown by the curve DE.during this stroke. The expansion of the gas is shown by the curve DE.during this stroke. The expansion of the gas is shown by the curve DE.    
    

Exhaust Stroke:Exhaust Stroke:Exhaust Stroke:Exhaust Stroke:    During this stroke, the iDuring this stroke, the iDuring this stroke, the iDuring this stroke, the inlet valve remains closed and the exhaust valve nlet valve remains closed and the exhaust valve nlet valve remains closed and the exhaust valve nlet valve remains closed and the exhaust valve 
opens. The greater part of the burnt gases escapes because of their own expansion. opens. The greater part of the burnt gases escapes because of their own expansion. opens. The greater part of the burnt gases escapes because of their own expansion. opens. The greater part of the burnt gases escapes because of their own expansion. 
The drop in pressure at constant volume is represented by the line EB. The piston The drop in pressure at constant volume is represented by the line EB. The piston The drop in pressure at constant volume is represented by the line EB. The piston The drop in pressure at constant volume is represented by the line EB. The piston 
moves from bottom dead centre to top dead cmoves from bottom dead centre to top dead cmoves from bottom dead centre to top dead cmoves from bottom dead centre to top dead centre and pushes the remaining gases to entre and pushes the remaining gases to entre and pushes the remaining gases to entre and pushes the remaining gases to 
the atmosphere. When the piston reaches the top dead centre the exhaustthe atmosphere. When the piston reaches the top dead centre the exhaustthe atmosphere. When the piston reaches the top dead centre the exhaustthe atmosphere. When the piston reaches the top dead centre the exhaust    valve closes valve closes valve closes valve closes 
and cycle is completed. This stroke is represented by the line BA on the Pand cycle is completed. This stroke is represented by the line BA on the Pand cycle is completed. This stroke is represented by the line BA on the Pand cycle is completed. This stroke is represented by the line BA on the P----    V diagram. V diagram. V diagram. V diagram. 

The operations are repeated over and over agThe operations are repeated over and over agThe operations are repeated over and over agThe operations are repeated over and over again in running the engine.ain in running the engine.ain in running the engine.ain in running the engine.    Thus a four Thus a four Thus a four Thus a four 
stroke engine completes one working cycle, during this the crank rotate by two stroke engine completes one working cycle, during this the crank rotate by two stroke engine completes one working cycle, during this the crank rotate by two stroke engine completes one working cycle, during this the crank rotate by two 
revolutions.revolutions.revolutions.revolutions.    
 
 
 
Four Stroke Diesel Engine (Four Stroke CFour Stroke Diesel Engine (Four Stroke CFour Stroke Diesel Engine (Four Stroke CFour Stroke Diesel Engine (Four Stroke Compression Ignition Engineompression Ignition Engineompression Ignition Engineompression Ignition Engine————    C.I.C.I.C.I.C.I.EngineEngineEngineEngine))))    
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The four stroke cycle diesel engine operThe four stroke cycle diesel engine operThe four stroke cycle diesel engine operThe four stroke cycle diesel engine operates on diesel cycle or constant pressure cycle. ates on diesel cycle or constant pressure cycle. ates on diesel cycle or constant pressure cycle. ates on diesel cycle or constant pressure cycle. 
Since ignition in these engines is due to the temperature of the compressed air, they Since ignition in these engines is due to the temperature of the compressed air, they Since ignition in these engines is due to the temperature of the compressed air, they Since ignition in these engines is due to the temperature of the compressed air, they 
are also called compression ignition engines. The construction and working of the four are also called compression ignition engines. The construction and working of the four are also called compression ignition engines. The construction and working of the four are also called compression ignition engines. The construction and working of the four 
stroke diesel engine is shown in fstroke diesel engine is shown in fstroke diesel engine is shown in fstroke diesel engine is shown in fig. 4, and fig. 5 shows a theoretical diesel cycle. The ig. 4, and fig. 5 shows a theoretical diesel cycle. The ig. 4, and fig. 5 shows a theoretical diesel cycle. The ig. 4, and fig. 5 shows a theoretical diesel cycle. The 
four strokes are as follows:four strokes are as follows:four strokes are as follows:four strokes are as follows:    

 

Suction StrokeSuction StrokeSuction StrokeSuction Stroke:  During suction stroke, the piston is moved from the top dead centre to :  During suction stroke, the piston is moved from the top dead centre to :  During suction stroke, the piston is moved from the top dead centre to :  During suction stroke, the piston is moved from the top dead centre to 
the bottom dead centre by the crankshaft. The crankshaft is revolved either by thethe bottom dead centre by the crankshaft. The crankshaft is revolved either by thethe bottom dead centre by the crankshaft. The crankshaft is revolved either by thethe bottom dead centre by the crankshaft. The crankshaft is revolved either by the    
momentum of the flywheel or by the power generated by the electric starting motor. The momentum of the flywheel or by the power generated by the electric starting motor. The momentum of the flywheel or by the power generated by the electric starting motor. The momentum of the flywheel or by the power generated by the electric starting motor. The 
inlet valve remains open and the exhaust valve is closed during this stroke. The air is inlet valve remains open and the exhaust valve is closed during this stroke. The air is inlet valve remains open and the exhaust valve is closed during this stroke. The air is inlet valve remains open and the exhaust valve is closed during this stroke. The air is 
sucked into the cylinder due to the downward movement of the piston. The line ABsucked into the cylinder due to the downward movement of the piston. The line ABsucked into the cylinder due to the downward movement of the piston. The line ABsucked into the cylinder due to the downward movement of the piston. The line AB    on on on on 

the Pthe Pthe Pthe P----    V diagram represents this operation.V diagram represents this operation.V diagram represents this operation.V diagram represents this operation.    
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Compression Stroke:Compression Stroke:Compression Stroke:Compression Stroke:    The air drawn at the The air drawn at the The air drawn at the The air drawn at the 
atmospheric pressure during suction stroke atmospheric pressure during suction stroke atmospheric pressure during suction stroke atmospheric pressure during suction stroke 
is compressed to high pressure and is compressed to high pressure and is compressed to high pressure and is compressed to high pressure and 
temperature as piston moves from the temperature as piston moves from the temperature as piston moves from the temperature as piston moves from the 
bottom dead centre to top dead centre. This bottom dead centre to top dead centre. This bottom dead centre to top dead centre. This bottom dead centre to top dead centre. This 

operatioperatioperatioperation is represented by the curve BC on on is represented by the curve BC on on is represented by the curve BC on on is represented by the curve BC on 
the Pthe Pthe Pthe P----    V diagram. Just before the end of this V diagram. Just before the end of this V diagram. Just before the end of this V diagram. Just before the end of this 
stroke, a metered quantity of fuel is injected stroke, a metered quantity of fuel is injected stroke, a metered quantity of fuel is injected stroke, a metered quantity of fuel is injected 
into the hot compressed air in the form of fine into the hot compressed air in the form of fine into the hot compressed air in the form of fine into the hot compressed air in the form of fine 
sprays by means of fuel injector. The fuel sprays by means of fuel injector. The fuel sprays by means of fuel injector. The fuel sprays by means of fuel injector. The fuel 
starts burning at constant pressurestarts burning at constant pressurestarts burning at constant pressurestarts burning at constant pressure    shown by shown by shown by shown by 
the line CD. At point D, fuel supply is cut off, the line CD. At point D, fuel supply is cut off, the line CD. At point D, fuel supply is cut off, the line CD. At point D, fuel supply is cut off, 
Both the inlet and exhaust valves remain Both the inlet and exhaust valves remain Both the inlet and exhaust valves remain Both the inlet and exhaust valves remain 
closed during this strokeclosed during this strokeclosed during this strokeclosed during this stroke    
    

Working StrokeWorking StrokeWorking StrokeWorking Stroke::::    The expansion of gases due to the heat of combustion exerts a The expansion of gases due to the heat of combustion exerts a The expansion of gases due to the heat of combustion exerts a The expansion of gases due to the heat of combustion exerts a 
pressure on the piston. Under this impulse, the pispressure on the piston. Under this impulse, the pispressure on the piston. Under this impulse, the pispressure on the piston. Under this impulse, the piston moves from top dead centre to ton moves from top dead centre to ton moves from top dead centre to ton moves from top dead centre to 
the bottom dead centre and thus work is obtained in this stroke. Both the inlet and the bottom dead centre and thus work is obtained in this stroke. Both the inlet and the bottom dead centre and thus work is obtained in this stroke. Both the inlet and the bottom dead centre and thus work is obtained in this stroke. Both the inlet and 
exhaust valves remain closed during this stroke. The expansion of the gas is shown by exhaust valves remain closed during this stroke. The expansion of the gas is shown by exhaust valves remain closed during this stroke. The expansion of the gas is shown by exhaust valves remain closed during this stroke. The expansion of the gas is shown by 
the curve DE.the curve DE.the curve DE.the curve DE.    
    

Exhaust StrokeExhaust StrokeExhaust StrokeExhaust Stroke::::    During this stroke, tDuring this stroke, tDuring this stroke, tDuring this stroke, the inlet valve remains closed and the exhaust valve he inlet valve remains closed and the exhaust valve he inlet valve remains closed and the exhaust valve he inlet valve remains closed and the exhaust valve 
opens. The greater part of the burnt gases escapes because of their own expansion. opens. The greater part of the burnt gases escapes because of their own expansion. opens. The greater part of the burnt gases escapes because of their own expansion. opens. The greater part of the burnt gases escapes because of their own expansion. 
The vertical line EB represents the drop in pressure at constant volume. The piston The vertical line EB represents the drop in pressure at constant volume. The piston The vertical line EB represents the drop in pressure at constant volume. The piston The vertical line EB represents the drop in pressure at constant volume. The piston 

moves from bottom dead centre to top moves from bottom dead centre to top moves from bottom dead centre to top moves from bottom dead centre to top dead centre and pushes the remaining gases to dead centre and pushes the remaining gases to dead centre and pushes the remaining gases to dead centre and pushes the remaining gases to 
the atmosphere. When the piston reaches the top dead centre the exhaust valve closes the atmosphere. When the piston reaches the top dead centre the exhaust valve closes the atmosphere. When the piston reaches the top dead centre the exhaust valve closes the atmosphere. When the piston reaches the top dead centre the exhaust valve closes 
and the cycle is completed. The line BA on the Fand the cycle is completed. The line BA on the Fand the cycle is completed. The line BA on the Fand the cycle is completed. The line BA on the F----    V diagram represents this stroke.V diagram represents this stroke.V diagram represents this stroke.V diagram represents this stroke.    
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TWO STROKE CYCLE ENGINETWO STROKE CYCLE ENGINETWO STROKE CYCLE ENGINETWO STROKE CYCLE ENGINE    
    

In two strokIn two strokIn two strokIn two stroke cycle engines, the suction and exhaust strokes are eliminated. There are e cycle engines, the suction and exhaust strokes are eliminated. There are e cycle engines, the suction and exhaust strokes are eliminated. There are e cycle engines, the suction and exhaust strokes are eliminated. There are 
only two remaining strokes i.e., the compression stroke and power stroke and these are only two remaining strokes i.e., the compression stroke and power stroke and these are only two remaining strokes i.e., the compression stroke and power stroke and these are only two remaining strokes i.e., the compression stroke and power stroke and these are 
usually called upward stroke and downward stroke respectively. Also, instead of valves, usually called upward stroke and downward stroke respectively. Also, instead of valves, usually called upward stroke and downward stroke respectively. Also, instead of valves, usually called upward stroke and downward stroke respectively. Also, instead of valves, 

there there there there are inlet and exhaust ports in two stroke cycle engines. The burnt exhaust gases are inlet and exhaust ports in two stroke cycle engines. The burnt exhaust gases are inlet and exhaust ports in two stroke cycle engines. The burnt exhaust gases are inlet and exhaust ports in two stroke cycle engines. The burnt exhaust gases 
are forced out through the exhaust port by a fresh charge which enters the cylinder are forced out through the exhaust port by a fresh charge which enters the cylinder are forced out through the exhaust port by a fresh charge which enters the cylinder are forced out through the exhaust port by a fresh charge which enters the cylinder 
nearly at the end of the working stroke through the inlet port. The process of removing nearly at the end of the working stroke through the inlet port. The process of removing nearly at the end of the working stroke through the inlet port. The process of removing nearly at the end of the working stroke through the inlet port. The process of removing 
burburburburnt exhaust gases from the engine cylinder is known as scavenging.nt exhaust gases from the engine cylinder is known as scavenging.nt exhaust gases from the engine cylinder is known as scavenging.nt exhaust gases from the engine cylinder is known as scavenging.    
    
Two Stroke Cycle Petrol EngineTwo Stroke Cycle Petrol EngineTwo Stroke Cycle Petrol EngineTwo Stroke Cycle Petrol Engine    
    

The principle of twoThe principle of twoThe principle of twoThe principle of two----stroke cyclestroke cyclestroke cyclestroke cycle    petrol engine is shown in Figure 7petrol engine is shown in Figure 7petrol engine is shown in Figure 7petrol engine is shown in Figure 7. Its two strokes are . Its two strokes are . Its two strokes are . Its two strokes are 
described as follows:described as follows:described as follows:described as follows:    

    

Upward StrokeUpward StrokeUpward StrokeUpward Stroke    ::::    During the upward stroke, tDuring the upward stroke, tDuring the upward stroke, tDuring the upward stroke, the piston moves from bottom dead centre he piston moves from bottom dead centre he piston moves from bottom dead centre he piston moves from bottom dead centre 
to top dead centre, compressing the airto top dead centre, compressing the airto top dead centre, compressing the airto top dead centre, compressing the air----petrol mixture in the cylinder. The cylinder is petrol mixture in the cylinder. The cylinder is petrol mixture in the cylinder. The cylinder is petrol mixture in the cylinder. The cylinder is 
connected to a closed crank chamber. Due to upward movement of the piston, a partial connected to a closed crank chamber. Due to upward movement of the piston, a partial connected to a closed crank chamber. Due to upward movement of the piston, a partial connected to a closed crank chamber. Due to upward movement of the piston, a partial 
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vacuum is created in the crankcase, and a nvacuum is created in the crankcase, and a nvacuum is created in the crankcase, and a nvacuum is created in the crankcase, and a new charge is drawn into the crank case ew charge is drawn into the crank case ew charge is drawn into the crank case ew charge is drawn into the crank case 
through the uncovered inlet port. The exhaust port and transfer port are covered when through the uncovered inlet port. The exhaust port and transfer port are covered when through the uncovered inlet port. The exhaust port and transfer port are covered when through the uncovered inlet port. The exhaust port and transfer port are covered when 
the piston is at the top dead cthe piston is at the top dead cthe piston is at the top dead cthe piston is at the top dead centre position as shown in Figure 7entre position as shown in Figure 7entre position as shown in Figure 7entre position as shown in Figure 7    (b). The compressed (b). The compressed (b). The compressed (b). The compressed 
charge is ignited in the combustion chamber charge is ignited in the combustion chamber charge is ignited in the combustion chamber charge is ignited in the combustion chamber by a spark provided by the spark plug.by a spark provided by the spark plug.by a spark provided by the spark plug.by a spark provided by the spark plug.    
    

Downward StrokeDownward StrokeDownward StrokeDownward Stroke: : : :     As soon as the charge is ignited, the hot gases force the piston to As soon as the charge is ignited, the hot gases force the piston to As soon as the charge is ignited, the hot gases force the piston to As soon as the charge is ignited, the hot gases force the piston to 
move downwards, rotating the crankshaft, thus doing the useful work. During this stroke move downwards, rotating the crankshaft, thus doing the useful work. During this stroke move downwards, rotating the crankshaft, thus doing the useful work. During this stroke move downwards, rotating the crankshaft, thus doing the useful work. During this stroke 
the inlet port is covered by the piston anthe inlet port is covered by the piston anthe inlet port is covered by the piston anthe inlet port is covered by the piston and the new charge is compressed in the crand the new charge is compressed in the crand the new charge is compressed in the crand the new charge is compressed in the crank k k k 
case as shown in the Figure 7(c)case as shown in the Figure 7(c)case as shown in the Figure 7(c)case as shown in the Figure 7(c)    Further downwardFurther downwardFurther downwardFurther downward movement of the piston uncovers movement of the piston uncovers movement of the piston uncovers movement of the piston uncovers 
first the exhaust port and then thefirst the exhaust port and then thefirst the exhaust port and then thefirst the exhaust port and then the    transfer port as shown in Figure 7transfer port as shown in Figure 7transfer port as shown in Figure 7transfer port as shown in Figure 7    (d). The burnt (d). The burnt (d). The burnt (d). The burnt 
gases escape through the exhaust port. As sogases escape through the exhaust port. As sogases escape through the exhaust port. As sogases escape through the exhaust port. As soon as the transfer port opens, the on as the transfer port opens, the on as the transfer port opens, the on as the transfer port opens, the 
compressed charge from the crankcase flows into the cylinder. The charge is deflected compressed charge from the crankcase flows into the cylinder. The charge is deflected compressed charge from the crankcase flows into the cylinder. The charge is deflected compressed charge from the crankcase flows into the cylinder. The charge is deflected 
upwards by the hump provided on the head of the piston and pushes out most of the upwards by the hump provided on the head of the piston and pushes out most of the upwards by the hump provided on the head of the piston and pushes out most of the upwards by the hump provided on the head of the piston and pushes out most of the 
exhaust gases. It may be noted that the incoming airexhaust gases. It may be noted that the incoming airexhaust gases. It may be noted that the incoming airexhaust gases. It may be noted that the incoming air----petrol mixture helps the removal of petrol mixture helps the removal of petrol mixture helps the removal of petrol mixture helps the removal of 
burnt gases from the engine cylinder. If in case these exhaust gases do not leave the burnt gases from the engine cylinder. If in case these exhaust gases do not leave the burnt gases from the engine cylinder. If in case these exhaust gases do not leave the burnt gases from the engine cylinder. If in case these exhaust gases do not leave the 

cylinder, the fresh charge gets diluted and efficiency of the engine will decrease. The cylinder, the fresh charge gets diluted and efficiency of the engine will decrease. The cylinder, the fresh charge gets diluted and efficiency of the engine will decrease. The cylinder, the fresh charge gets diluted and efficiency of the engine will decrease. The 
cycle of events is then repeated.cycle of events is then repeated.cycle of events is then repeated.cycle of events is then repeated.    
    
    
Self StudySelf StudySelf StudySelf Study    Topic: Topic: Topic: Topic:     
    

• Two Stroke Cycle Diesel Engines.Two Stroke Cycle Diesel Engines.Two Stroke Cycle Diesel Engines.Two Stroke Cycle Diesel Engines.    
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COMPARISON OF SI AND CI ENGINESCOMPARISON OF SI AND CI ENGINESCOMPARISON OF SI AND CI ENGINESCOMPARISON OF SI AND CI ENGINES    
The basic differences between the SI and CIThe basic differences between the SI and CIThe basic differences between the SI and CIThe basic differences between the SI and CI    engines are given in Table 1.0engines are given in Table 1.0engines are given in Table 1.0engines are given in Table 1.0    

    

Table 1.0 Table 1.0 Table 1.0 Table 1.0     Comparison of SI and CI enginesComparison of SI and CI enginesComparison of SI and CI enginesComparison of SI and CI engines    
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COMPARISON OF FOURCOMPARISON OF FOURCOMPARISON OF FOURCOMPARISON OF FOUR----STROKE AND TWOSTROKE AND TWOSTROKE AND TWOSTROKE AND TWO----STROKE ENGINESSTROKE ENGINESSTROKE ENGINESSTROKE ENGINES    
A comparison of fourA comparison of fourA comparison of fourA comparison of four----stroke and twostroke and twostroke and twostroke and two----stroke engines indicating their relative merits and stroke engines indicating their relative merits and stroke engines indicating their relative merits and stroke engines indicating their relative merits and 

demerits is presented demerits is presented demerits is presented demerits is presented in Table 2.0in Table 2.0in Table 2.0in Table 2.0    
    

Table 2.0 Table 2.0 Table 2.0 Table 2.0     Comparison of fourComparison of fourComparison of fourComparison of four----stroke and two stroke enginesstroke and two stroke enginesstroke and two stroke enginesstroke and two stroke engines    
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CLASSIFICATION OF INTERNAL COMBUSTION ENGINES BY APPLICATIONCLASSIFICATION OF INTERNAL COMBUSTION ENGINES BY APPLICATIONCLASSIFICATION OF INTERNAL COMBUSTION ENGINES BY APPLICATIONCLASSIFICATION OF INTERNAL COMBUSTION ENGINES BY APPLICATION    
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TTTTHERMODYNAMIC ANALYSIS OF I C ENGINESHERMODYNAMIC ANALYSIS OF I C ENGINESHERMODYNAMIC ANALYSIS OF I C ENGINESHERMODYNAMIC ANALYSIS OF I C ENGINES    
    

According to first law of thermodynamics energy can neither be created nor be According to first law of thermodynamics energy can neither be created nor be According to first law of thermodynamics energy can neither be created nor be According to first law of thermodynamics energy can neither be created nor be 
destroyed. It can only be converted from one form to other. Therefore there must be destroyed. It can only be converted from one form to other. Therefore there must be destroyed. It can only be converted from one form to other. Therefore there must be destroyed. It can only be converted from one form to other. Therefore there must be     
energy balance of Inputs and Outputs.energy balance of Inputs and Outputs.energy balance of Inputs and Outputs.energy balance of Inputs and Outputs.    

    

In reciprocatiIn reciprocatiIn reciprocatiIn reciprocating IC engine, fuel ng IC engine, fuel ng IC engine, fuel ng IC engine, fuel 
is fed in the combustion is fed in the combustion is fed in the combustion is fed in the combustion 
chamber where it burns in air, chamber where it burns in air, chamber where it burns in air, chamber where it burns in air, 
converting its chemical energy converting its chemical energy converting its chemical energy converting its chemical energy 

into heat. The whole of this into heat. The whole of this into heat. The whole of this into heat. The whole of this 
energy cannot be utilized for energy cannot be utilized for energy cannot be utilized for energy cannot be utilized for 
driving the piston as there are driving the piston as there are driving the piston as there are driving the piston as there are 
losses to exhaust, to coolant losses to exhaust, to coolant losses to exhaust, to coolant losses to exhaust, to coolant 
and to radiation.and to radiation.and to radiation.and to radiation.    
The remainiThe remainiThe remainiThe remaining energy is ng energy is ng energy is ng energy is 
converted into power and it is converted into power and it is converted into power and it is converted into power and it is 
called called called called INDICATED POWER INDICATED POWER INDICATED POWER INDICATED POWER and it is used to drive the piston. and it is used to drive the piston. and it is used to drive the piston. and it is used to drive the piston. The energy represented The energy represented The energy represented The energy represented 
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by the gas forces on the piston passes through the connecting rod to crank shaft. In this by the gas forces on the piston passes through the connecting rod to crank shaft. In this by the gas forces on the piston passes through the connecting rod to crank shaft. In this by the gas forces on the piston passes through the connecting rod to crank shaft. In this 
transmission there are energy losses duetransmission there are energy losses duetransmission there are energy losses duetransmission there are energy losses due    to bearing, friction, pumping losses etc. In to bearing, friction, pumping losses etc. In to bearing, friction, pumping losses etc. In to bearing, friction, pumping losses etc. In 
addition, a part of the energy available is utilized in driving the auxiliary devices like feed addition, a part of the energy available is utilized in driving the auxiliary devices like feed addition, a part of the energy available is utilized in driving the auxiliary devices like feed addition, a part of the energy available is utilized in driving the auxiliary devices like feed 
pump, valve mechanism, Ignition system etc. The sum of all these losses, expressed in pump, valve mechanism, Ignition system etc. The sum of all these losses, expressed in pump, valve mechanism, Ignition system etc. The sum of all these losses, expressed in pump, valve mechanism, Ignition system etc. The sum of all these losses, expressed in 
power units is termed as FRIpower units is termed as FRIpower units is termed as FRIpower units is termed as FRICTIONAL POWER. The remaining energy is the useful CTIONAL POWER. The remaining energy is the useful CTIONAL POWER. The remaining energy is the useful CTIONAL POWER. The remaining energy is the useful 

mechanical energy and it is termed as BRAKE POWER. In energy balance normally we mechanical energy and it is termed as BRAKE POWER. In energy balance normally we mechanical energy and it is termed as BRAKE POWER. In energy balance normally we mechanical energy and it is termed as BRAKE POWER. In energy balance normally we 
do not show Frictional power, because ultimately this energy is accounted in exhaust, do not show Frictional power, because ultimately this energy is accounted in exhaust, do not show Frictional power, because ultimately this energy is accounted in exhaust, do not show Frictional power, because ultimately this energy is accounted in exhaust, 
cooling water, radiationcooling water, radiationcooling water, radiationcooling water, radiation,,,,    etc. etc. etc. etc.     
    
The enThe enThe enThe engine performance is indicated by term EFFICIENCY. Five important engine gine performance is indicated by term EFFICIENCY. Five important engine gine performance is indicated by term EFFICIENCY. Five important engine gine performance is indicated by term EFFICIENCY. Five important engine 
efficiencies are defined below.efficiencies are defined below.efficiencies are defined below.efficiencies are defined below.    
1.1.1.1.Indicated thermal efficiency Indicated thermal efficiency Indicated thermal efficiency Indicated thermal efficiency ( ( ( ( ηηηηITEITEITEITE    ))))            
It It It It is the ratio of enis the ratio of enis the ratio of enis the ratio of energy in the indicated power, IPergy in the indicated power, IPergy in the indicated power, IPergy in the indicated power, IP    to the input fuel energy in appropriate to the input fuel energy in appropriate to the input fuel energy in appropriate to the input fuel energy in appropriate 
units.units.units.units.    
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EEEEnergy in fuel per second nergy in fuel per second nergy in fuel per second nergy in fuel per second     = = = = mass of fuel/s x calorific value of fuelmass of fuel/s x calorific value of fuelmass of fuel/s x calorific value of fuelmass of fuel/s x calorific value of fuel    

2 2 2 2 Brake Thermal Efficiency Brake Thermal Efficiency Brake Thermal Efficiency Brake Thermal Efficiency ( ( ( ( ηηηηBTEBTEBTEBTE    ))))            
Brake thermal efficiency is the ratio oBrake thermal efficiency is the ratio oBrake thermal efficiency is the ratio oBrake thermal efficiency is the ratio of energy in the brake power, BP,f energy in the brake power, BP,f energy in the brake power, BP,f energy in the brake power, BP,    to the input fuel to the input fuel to the input fuel to the input fuel 
energy in appropriate units.energy in appropriate units.energy in appropriate units.energy in appropriate units.    
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Energy in fuel per second  = mass of fuel/s x calorific value of fuelEnergy in fuel per second  = mass of fuel/s x calorific value of fuelEnergy in fuel per second  = mass of fuel/s x calorific value of fuelEnergy in fuel per second  = mass of fuel/s x calorific value of fuel    
    

3 3 3 3 Mechanical Efficiency Mechanical Efficiency Mechanical Efficiency Mechanical Efficiency     ((((ηηηη    MECHMECHMECHMECH))))    
MMMMechanical efficiency is defined as the ratio of brake power (delivered power) to the echanical efficiency is defined as the ratio of brake power (delivered power) to the echanical efficiency is defined as the ratio of brake power (delivered power) to the echanical efficiency is defined as the ratio of brake power (delivered power) to the 
indicated power (power provided to the piston).indicated power (power provided to the piston).indicated power (power provided to the piston).indicated power (power provided to the piston).    
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    Mechanical Efficiency Mechanical Efficiency Mechanical Efficiency Mechanical Efficiency can also be defined as the ratio of the brake thermal efficiency to can also be defined as the ratio of the brake thermal efficiency to can also be defined as the ratio of the brake thermal efficiency to can also be defined as the ratio of the brake thermal efficiency to 
the indicated thermal efficiency.the indicated thermal efficiency.the indicated thermal efficiency.the indicated thermal efficiency.    
    

4 4 4 4 Volumetric Volumetric Volumetric Volumetric     Efficiency ( Efficiency ( Efficiency ( Efficiency ( ηηηηVol Vol Vol Vol ))))            
    

Volumetric Volumetric Volumetric Volumetric     efficiency isefficiency isefficiency isefficiency is    an indication of breathing capacity of engine and an indication of breathing capacity of engine and an indication of breathing capacity of engine and an indication of breathing capacity of engine and it is defined as it is defined as it is defined as it is defined as 
the the the the ratio oratio oratio oratio of air actually induced at ambient conditions to swept volume of engine.f air actually induced at ambient conditions to swept volume of engine.f air actually induced at ambient conditions to swept volume of engine.f air actually induced at ambient conditions to swept volume of engine.    
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This can be calculated considering mass or volume . It is preferable to use mass basis This can be calculated considering mass or volume . It is preferable to use mass basis This can be calculated considering mass or volume . It is preferable to use mass basis This can be calculated considering mass or volume . It is preferable to use mass basis 
as it independent on temperature and pressuas it independent on temperature and pressuas it independent on temperature and pressuas it independent on temperature and pressure of air taken in re of air taken in re of air taken in re of air taken in     
 

5 5 5 5 Relative Relative Relative Relative     Efficiency ( Efficiency ( Efficiency ( Efficiency ( ηηηηRelRelRelRel    ))))            
    

Relative Relative Relative Relative efficiencyefficiencyefficiencyefficiency    or efficiency ratioor efficiency ratioor efficiency ratioor efficiency ratio    isisisis    ratio of thermal efficiency of an actual cycle to ratio of thermal efficiency of an actual cycle to ratio of thermal efficiency of an actual cycle to ratio of thermal efficiency of an actual cycle to 
that of ideal cycle.  that of ideal cycle.  that of ideal cycle.  that of ideal cycle.      
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The other important parameters of engine which are also iThe other important parameters of engine which are also iThe other important parameters of engine which are also iThe other important parameters of engine which are also important to evaluate mportant to evaluate mportant to evaluate mportant to evaluate 
performance of engine are defined below.performance of engine are defined below.performance of engine are defined below.performance of engine are defined below.    
    

1.Air Fuel ratio ( A/F) or Fuel air  (F/A) ratio:1.Air Fuel ratio ( A/F) or Fuel air  (F/A) ratio:1.Air Fuel ratio ( A/F) or Fuel air  (F/A) ratio:1.Air Fuel ratio ( A/F) or Fuel air  (F/A) ratio:    
The relative proportions of the fuel and air in engine are very important from the The relative proportions of the fuel and air in engine are very important from the The relative proportions of the fuel and air in engine are very important from the The relative proportions of the fuel and air in engine are very important from the 
standpoint of combustion and standpoint of combustion and standpoint of combustion and standpoint of combustion and efficiencyefficiencyefficiencyefficiency    of the engine. This of the engine. This of the engine. This of the engine. This is expressed as ratio of is expressed as ratio of is expressed as ratio of is expressed as ratio of 
mass of the fuel to that of air or vice versa,mass of the fuel to that of air or vice versa,mass of the fuel to that of air or vice versa,mass of the fuel to that of air or vice versa,    
    

In SI engine the fuel ratio remains In SI engine the fuel ratio remains In SI engine the fuel ratio remains In SI engine the fuel ratio remains constantconstantconstantconstant    over a wide range of operation. In a CI over a wide range of operation. In a CI over a wide range of operation. In a CI over a wide range of operation. In a CI 
engine at a given revolution engine at a given revolution engine at a given revolution engine at a given revolution air flow does not vary with load, it is the fuel that varies with air flow does not vary with load, it is the fuel that varies with air flow does not vary with load, it is the fuel that varies with air flow does not vary with load, it is the fuel that varies with 
thethethethe    load. Therefore, the term Fuel air ratio is generally used instead of Air fuel ratio. load. Therefore, the term Fuel air ratio is generally used instead of Air fuel ratio. load. Therefore, the term Fuel air ratio is generally used instead of Air fuel ratio. load. Therefore, the term Fuel air ratio is generally used instead of Air fuel ratio.     
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2.Stoichiometric air fuel ratio2.Stoichiometric air fuel ratio2.Stoichiometric air fuel ratio2.Stoichiometric air fuel ratio    
A mixture that contains just enough amount of air for complete combustion of fuel is A mixture that contains just enough amount of air for complete combustion of fuel is A mixture that contains just enough amount of air for complete combustion of fuel is A mixture that contains just enough amount of air for complete combustion of fuel is 
called chemically correct called chemically correct called chemically correct called chemically correct or stoichiometric A/F ratio, or stoichiometric A/F ratio, or stoichiometric A/F ratio, or stoichiometric A/F ratio,  
Mixture having less air than required for complete combustion is termed as rich mixture Mixture having less air than required for complete combustion is termed as rich mixture Mixture having less air than required for complete combustion is termed as rich mixture Mixture having less air than required for complete combustion is termed as rich mixture 
and mixture which contains air than required is termed as lean mixture. The ratio of and mixture which contains air than required is termed as lean mixture. The ratio of and mixture which contains air than required is termed as lean mixture. The ratio of and mixture which contains air than required is termed as lean mixture. The ratio of 

actual air fuel ratio to stoichiometric air fuel ratiactual air fuel ratio to stoichiometric air fuel ratiactual air fuel ratio to stoichiometric air fuel ratiactual air fuel ratio to stoichiometric air fuel ratio is called Equivalence ration and is o is called Equivalence ration and is o is called Equivalence ration and is o is called Equivalence ration and is 
denoted by  denoted by  denoted by  denoted by  φφφφ    
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φ =     means chemically correct mixture=     means chemically correct mixture=     means chemically correct mixture=     means chemically correct mixture    
                                                                                                                                    < 1  means lean mixture< 1  means lean mixture< 1  means lean mixture< 1  means lean mixture    
                                                                                                                                    > 1  means rich mixture> 1  means rich mixture> 1  means rich mixture> 1  means rich mixture    
    

3.3.3.3.Calorific value of fuel ( CV)Calorific value of fuel ( CV)Calorific value of fuel ( CV)Calorific value of fuel ( CV)    
Calorific value of a fuel is the thermal energy released per unit quantity of fuel when the Calorific value of a fuel is the thermal energy released per unit quantity of fuel when the Calorific value of a fuel is the thermal energy released per unit quantity of fuel when the Calorific value of a fuel is the thermal energy released per unit quantity of fuel when the 
fuel is burned completely and products of combustion are cooled back to the initial fuel is burned completely and products of combustion are cooled back to the initial fuel is burned completely and products of combustion are cooled back to the initial fuel is burned completely and products of combustion are cooled back to the initial 
temperature of the combustible mixture. temperature of the combustible mixture. temperature of the combustible mixture. temperature of the combustible mixture.  
 

4.Specif4.Specif4.Specif4.Specific fuel consumption ( SFC)ic fuel consumption ( SFC)ic fuel consumption ( SFC)ic fuel consumption ( SFC)    
It is the fuel consumption per kW per hour. Brake specific fuel consumption (bsfc) and It is the fuel consumption per kW per hour. Brake specific fuel consumption (bsfc) and It is the fuel consumption per kW per hour. Brake specific fuel consumption (bsfc) and It is the fuel consumption per kW per hour. Brake specific fuel consumption (bsfc) and 
indicated specific fuel consumption(isfc) are the specific fuel consumption on BP and IP indicated specific fuel consumption(isfc) are the specific fuel consumption on BP and IP indicated specific fuel consumption(isfc) are the specific fuel consumption on BP and IP indicated specific fuel consumption(isfc) are the specific fuel consumption on BP and IP 
basis. This is basis. This is basis. This is basis. This is importantimportantimportantimportant    parameters for comparing theparameters for comparing theparameters for comparing theparameters for comparing the    performance of two different performance of two different performance of two different performance of two different 
engines or comparing the performance of the same engine at different loads.engines or comparing the performance of the same engine at different loads.engines or comparing the performance of the same engine at different loads.engines or comparing the performance of the same engine at different loads. 
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Where  mWhere  mWhere  mWhere  mffff    m m m m is the mass of the fuel supplied. is the mass of the fuel supplied. is the mass of the fuel supplied. is the mass of the fuel supplied.     
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5.Mean Effective Pressure ( MEP)5.Mean Effective Pressure ( MEP)5.Mean Effective Pressure ( MEP)5.Mean Effective Pressure ( MEP)    
    

MEP is the averaMEP is the averaMEP is the averaMEP is the average pressure inside the cylinders of an IC engine based on calculated ge pressure inside the cylinders of an IC engine based on calculated ge pressure inside the cylinders of an IC engine based on calculated ge pressure inside the cylinders of an IC engine based on calculated 

or measured power output. It or measured power output. It or measured power output. It or measured power output. It increasesincreasesincreasesincreases    as the manifas the manifas the manifas the manifold pressure increases. For any old pressure increases. For any old pressure increases. For any old pressure increases. For any 
particular particular particular particular engine,engine,engine,engine,    operating at a given speed and power output, there will be specific operating at a given speed and power output, there will be specific operating at a given speed and power output, there will be specific operating at a given speed and power output, there will be specific 
indicated indicated indicated indicated mean efmean efmean efmean effective pressure, IMEP and a corresponding brake  mean effective fective pressure, IMEP and a corresponding brake  mean effective fective pressure, IMEP and a corresponding brake  mean effective fective pressure, IMEP and a corresponding brake  mean effective 
pressure BMEP.  Indicated power can be shown aspressure BMEP.  Indicated power can be shown aspressure BMEP.  Indicated power can be shown aspressure BMEP.  Indicated power can be shown as    
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where  K  where  K  where  K  where  K  ----    Number of cylinders , L Number of cylinders , L Number of cylinders , L Number of cylinders , L ––––    stroke length (m),  Astroke length (m),  Astroke length (m),  Astroke length (m),  A----    area of piston (marea of piston (marea of piston (marea of piston (m2222))))    
                                                n  n  n  n  ----        Number of power strokes  N/2 for four Number of power strokes  N/2 for four Number of power strokes  N/2 for four Number of power strokes  N/2 for four stroke enginestroke enginestroke enginestroke engine, N for 2 stroke, N for 2 stroke, N for 2 stroke, N for 2 stroke    
                                                N N N N ----        Speed in revolution per minute ( RPM)Speed in revolution per minute ( RPM)Speed in revolution per minute ( RPM)Speed in revolution per minute ( RPM)    

 

6.  Specific power output  ( P6.  Specific power output  ( P6.  Specific power output  ( P6.  Specific power output  ( Pssss))))    
    

Specific power output of an engine is defined as the power output per unit piston area Specific power output of an engine is defined as the power output per unit piston area Specific power output of an engine is defined as the power output per unit piston area Specific power output of an engine is defined as the power output per unit piston area 
and is a measure of the engine designer’s success in using the available piston area and is a measure of the engine designer’s success in using the available piston area and is a measure of the engine designer’s success in using the available piston area and is a measure of the engine designer’s success in using the available piston area 

regardless of cylinder size. regardless of cylinder size. regardless of cylinder size. regardless of cylinder size.     
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Where  K Where  K Where  K Where  K ––––    constant constant constant constant     
    

The specific power shown to be proportional to product of mean effective pressure and The specific power shown to be proportional to product of mean effective pressure and The specific power shown to be proportional to product of mean effective pressure and The specific power shown to be proportional to product of mean effective pressure and 
piston piston piston piston speed ( 2LN). Thus the specific power output consists of two components, Viz., speed ( 2LN). Thus the specific power output consists of two components, Viz., speed ( 2LN). Thus the specific power output consists of two components, Viz., speed ( 2LN). Thus the specific power output consists of two components, Viz., 
the force available to work and speed with which it is working. This for the same piston the force available to work and speed with which it is working. This for the same piston the force available to work and speed with which it is working. This for the same piston the force available to work and speed with which it is working. This for the same piston 
displacement and BMEP, an engine running at higher speed will give higher output.  It displacement and BMEP, an engine running at higher speed will give higher output.  It displacement and BMEP, an engine running at higher speed will give higher output.  It displacement and BMEP, an engine running at higher speed will give higher output.  It 
isisisis    clear that the output of the engine can be increased by increasing the speed  or clear that the output of the engine can be increased by increasing the speed  or clear that the output of the engine can be increased by increasing the speed  or clear that the output of the engine can be increased by increasing the speed  or 
BMEP. Increasing the speed involves increase in mechanical stresses of various BMEP. Increasing the speed involves increase in mechanical stresses of various BMEP. Increasing the speed involves increase in mechanical stresses of various BMEP. Increasing the speed involves increase in mechanical stresses of various 

components , for increasing BMEP, better heat release from the fuel is required and this components , for increasing BMEP, better heat release from the fuel is required and this components , for increasing BMEP, better heat release from the fuel is required and this components , for increasing BMEP, better heat release from the fuel is required and this 
will iwill iwill iwill involve more thermal load on the engine.nvolve more thermal load on the engine.nvolve more thermal load on the engine.nvolve more thermal load on the engine. 
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TUTORIAL  1TUTORIAL  1TUTORIAL  1TUTORIAL  1----    REVIEW OF BASIC PRINCIPLES IN I C ENGINES.REVIEW OF BASIC PRINCIPLES IN I C ENGINES.REVIEW OF BASIC PRINCIPLES IN I C ENGINES.REVIEW OF BASIC PRINCIPLES IN I C ENGINES. 
 

1.1.1.1.A four stroke SI engine develops 37.5 kW at 85% mechanical efficiA four stroke SI engine develops 37.5 kW at 85% mechanical efficiA four stroke SI engine develops 37.5 kW at 85% mechanical efficiA four stroke SI engine develops 37.5 kW at 85% mechanical efficiency . The SFC is ency . The SFC is ency . The SFC is ency . The SFC is 
0.385 kg/kWh. The air fuel ratio is 15. Take CV of the fuel as 42 MJ/kg. 0.385 kg/kWh. The air fuel ratio is 15. Take CV of the fuel as 42 MJ/kg. 0.385 kg/kWh. The air fuel ratio is 15. Take CV of the fuel as 42 MJ/kg. 0.385 kg/kWh. The air fuel ratio is 15. Take CV of the fuel as 42 MJ/kg. find IP and FP, find IP and FP, find IP and FP, find IP and FP,     
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η ,     Fuel consumption and air consumption per hour. Fuel consumption and air consumption per hour. Fuel consumption and air consumption per hour. Fuel consumption and air consumption per hour.  
    

    
2.The following observations were obtained during a trial on four stroke diesel engine 2.The following observations were obtained during a trial on four stroke diesel engine 2.The following observations were obtained during a trial on four stroke diesel engine 2.The following observations were obtained during a trial on four stroke diesel engine  
Cylinder DiameterCylinder DiameterCylinder DiameterCylinder Diameter----20 cm,20 cm,20 cm,20 cm,    Stroke of the pistonStroke of the pistonStroke of the pistonStroke of the piston––––40 cm40 cm40 cm40 cm,,,,    rank shaft speed rank shaft speed rank shaft speed rank shaft speed ----    400 rpm,400 rpm,400 rpm,400 rpm,    
Brake load Brake load Brake load Brake load ----    80 kg,80 kg,80 kg,80 kg,    Brake drum diameter Brake drum diameter Brake drum diameter Brake drum diameter ––––    2m,2m,2m,2m,    IMEP IMEP IMEP IMEP ––––    8 bar,8 bar,8 bar,8 bar,    Diesel oil consumption Diesel oil consumption Diesel oil consumption Diesel oil consumption ––––    
1 liter/min,1 liter/min,1 liter/min,1 liter/min,    Specific gravity of diesel Specific gravity of diesel Specific gravity of diesel Specific gravity of diesel ––––    0.78,CV of the fuel 0.78,CV of the fuel 0.78,CV of the fuel 0.78,CV of the fuel ––––    44000 kJ/kg44000 kJ/kg44000 kJ/kg44000 kJ/kg.Find IP,.Find IP,.Find IP,.Find IP,    FP,FP,FP,FP,BPBPBPBP        
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3. A Pers3. A Pers3. A Pers3. A Persoooon n n n conducted a test on single cylinder two stroke petrol engine and found that conducted a test on single cylinder two stroke petrol engine and found that conducted a test on single cylinder two stroke petrol engine and found that conducted a test on single cylinder two stroke petrol engine and found that 
mechanical and brake thermal efficiencies were  70 % and 20 %. The engine with IMEP mechanical and brake thermal efficiencies were  70 % and 20 %. The engine with IMEP mechanical and brake thermal efficiencies were  70 % and 20 %. The engine with IMEP mechanical and brake thermal efficiencies were  70 % and 20 %. The engine with IMEP 
of 10 bar and runs at 400  RPM . of 10 bar and runs at 400  RPM . of 10 bar and runs at 400  RPM . of 10 bar and runs at 400  RPM . ConsumingConsumingConsumingConsuming    fuel at a rate ofuel at a rate ofuel at a rate ofuel at a rate of 4.4 kg/hour. Given that f 4.4 kg/hour. Given that f 4.4 kg/hour. Given that f 4.4 kg/hour. Given that 
calorific value of the fuel is 44000 kJ/kg. stroke to bore ratio is 1.2. find the bore and calorific value of the fuel is 44000 kJ/kg. stroke to bore ratio is 1.2. find the bore and calorific value of the fuel is 44000 kJ/kg. stroke to bore ratio is 1.2. find the bore and calorific value of the fuel is 44000 kJ/kg. stroke to bore ratio is 1.2. find the bore and 
stroke of engine. stroke of engine. stroke of engine. stroke of engine.     

    
4. 4. 4. 4. Four stroke CI engine of  5 MW capacity requires 5 kW to start the engine. The fuel Four stroke CI engine of  5 MW capacity requires 5 kW to start the engine. The fuel Four stroke CI engine of  5 MW capacity requires 5 kW to start the engine. The fuel Four stroke CI engine of  5 MW capacity requires 5 kW to start the engine. The fuel 
consumption atconsumption atconsumption atconsumption at    the full load is the full load is the full load is the full load is 2000 kg/ hour. A/F 2000 kg/ hour. A/F 2000 kg/ hour. A/F 2000 kg/ hour. A/F ––––    25252525    Take CV of the Take CV of the Take CV of the Take CV of the fuel as 42 MJ/kg. fuel as 42 MJ/kg. fuel as 42 MJ/kg. fuel as 42 MJ/kg. 
find IP find IP find IP find IP , , , , 
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η     and air consumption per hour. and air consumption per hour. and air consumption per hour. and air consumption per hour.  
 

5. The A/F ratio used in SI engine of 80 kW capacity is 15:1. Find the amount of air5. The A/F ratio used in SI engine of 80 kW capacity is 15:1. Find the amount of air5. The A/F ratio used in SI engine of 80 kW capacity is 15:1. Find the amount of air5. The A/F ratio used in SI engine of 80 kW capacity is 15:1. Find the amount of air    

consumed by the engine at full load when  consumed by the engine at full load when  consumed by the engine at full load when  consumed by the engine at full load when  
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η = 25%.    Also find out  mAlso find out  mAlso find out  mAlso find out  m3333    of air and mof air and mof air and mof air and m3333    of of of of 

fuel required per hour if density of air  fuel required per hour if density of air  fuel required per hour if density of air  fuel required per hour if density of air  3
/2.1 mkg=aaaaρρρρ and and and and 3

/5.3 mkg=ffffρρρρ     Take CV of Take CV of Take CV of Take CV of 

the the the the fuel as 42500  kJ/kg.fuel as 42500  kJ/kg.fuel as 42500  kJ/kg.fuel as 42500  kJ/kg. 
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AIR STANDARDAIR STANDARDAIR STANDARDAIR STANDARD    CYCLESCYCLESCYCLESCYCLES    
    

In internal combustion engines, the conversion of heat energy iIn internal combustion engines, the conversion of heat energy iIn internal combustion engines, the conversion of heat energy iIn internal combustion engines, the conversion of heat energy into mechanical work is a nto mechanical work is a nto mechanical work is a nto mechanical work is a 
complicomplicomplicomplicated process. As the working fluid passes through the engine and combustion of cated process. As the working fluid passes through the engine and combustion of cated process. As the working fluid passes through the engine and combustion of cated process. As the working fluid passes through the engine and combustion of 
fuel takes place, complicated chemical, thermal, and physical changes occfuel takes place, complicated chemical, thermal, and physical changes occfuel takes place, complicated chemical, thermal, and physical changes occfuel takes place, complicated chemical, thermal, and physical changes occur. Friction ur. Friction ur. Friction ur. Friction 

and heat transfer between the gases and cylinder walls in actual engines, make the and heat transfer between the gases and cylinder walls in actual engines, make the and heat transfer between the gases and cylinder walls in actual engines, make the and heat transfer between the gases and cylinder walls in actual engines, make the 
analysis more complicated. To examine all these changes quantitatively and to account analysis more complicated. To examine all these changes quantitatively and to account analysis more complicated. To examine all these changes quantitatively and to account analysis more complicated. To examine all these changes quantitatively and to account 
for all the variables, creates a very complex problem. The usual method offor all the variables, creates a very complex problem. The usual method offor all the variables, creates a very complex problem. The usual method offor all the variables, creates a very complex problem. The usual method of    approach is approach is approach is approach is 
through the use of certain theoretical approximations. The two commonly employed through the use of certain theoretical approximations. The two commonly employed through the use of certain theoretical approximations. The two commonly employed through the use of certain theoretical approximations. The two commonly employed 
approximations of an actual engine in order of their increasing accuracy are approximations of an actual engine in order of their increasing accuracy are approximations of an actual engine in order of their increasing accuracy are approximations of an actual engine in order of their increasing accuracy are     
(a)  air(a)  air(a)  air(a)  air----standard cycle standard cycle standard cycle standard cycle     
    (b) fuel(b) fuel(b) fuel(b) fuel----air cycle. air cycle. air cycle. air cycle.     
They give an insight into some of theThey give an insight into some of theThey give an insight into some of theThey give an insight into some of the    important parameters that influence engine important parameters that influence engine important parameters that influence engine important parameters that influence engine 
performance.performance.performance.performance.    
    

In the airIn the airIn the airIn the air----standard cycle the working fluid is assumed to be air. The values of the standard cycle the working fluid is assumed to be air. The values of the standard cycle the working fluid is assumed to be air. The values of the standard cycle the working fluid is assumed to be air. The values of the 
specific heat of air are assumed to be constant at all temperatures. This ideal cycle specific heat of air are assumed to be constant at all temperatures. This ideal cycle specific heat of air are assumed to be constant at all temperatures. This ideal cycle specific heat of air are assumed to be constant at all temperatures. This ideal cycle 
represents the upper limit orepresents the upper limit orepresents the upper limit orepresents the upper limit of the performance, which an engine may theoretically attain. f the performance, which an engine may theoretically attain. f the performance, which an engine may theoretically attain. f the performance, which an engine may theoretically attain. 
One step closer to the conditions existing in the actual engine is to consider the fuelOne step closer to the conditions existing in the actual engine is to consider the fuelOne step closer to the conditions existing in the actual engine is to consider the fuelOne step closer to the conditions existing in the actual engine is to consider the fuel----air air air air 
cycle. This cycle considers the effect of variation of specific heat with temperature and cycle. This cycle considers the effect of variation of specific heat with temperature and cycle. This cycle considers the effect of variation of specific heat with temperature and cycle. This cycle considers the effect of variation of specific heat with temperature and 
the dissociatthe dissociatthe dissociatthe dissociation of some of the lighter molecules that occur at high temperatures. ion of some of the lighter molecules that occur at high temperatures. ion of some of the lighter molecules that occur at high temperatures. ion of some of the lighter molecules that occur at high temperatures.     
    

AIRAIRAIRAIR----STANDARD CYCLESTANDARD CYCLESTANDARD CYCLESTANDARD CYCLE    
    

The analysis of the airThe analysis of the airThe analysis of the airThe analysis of the air----standard cycle is based upon the following assumptions:standard cycle is based upon the following assumptions:standard cycle is based upon the following assumptions:standard cycle is based upon the following assumptions:    
1. The working fluid in the engine is always an ideal gas, namely pure air with cons1. The working fluid in the engine is always an ideal gas, namely pure air with cons1. The working fluid in the engine is always an ideal gas, namely pure air with cons1. The working fluid in the engine is always an ideal gas, namely pure air with constant tant tant tant 
specific heats.specific heats.specific heats.specific heats.    
2. A fixed mass of air is taken as the working fluid throughout the entire cycle. The cycle 2. A fixed mass of air is taken as the working fluid throughout the entire cycle. The cycle 2. A fixed mass of air is taken as the working fluid throughout the entire cycle. The cycle 2. A fixed mass of air is taken as the working fluid throughout the entire cycle. The cycle 
is considered closed with the same air remaining in the cylinder to repeat the cycle. The is considered closed with the same air remaining in the cylinder to repeat the cycle. The is considered closed with the same air remaining in the cylinder to repeat the cycle. The is considered closed with the same air remaining in the cylinder to repeat the cycle. The 

intake and exhaust processes are not considered.intake and exhaust processes are not considered.intake and exhaust processes are not considered.intake and exhaust processes are not considered.    
3. T3. T3. T3. The combustion process is replaced by a heat transfer process from an external he combustion process is replaced by a heat transfer process from an external he combustion process is replaced by a heat transfer process from an external he combustion process is replaced by a heat transfer process from an external 
source.source.source.source.    
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4. The cycle is completed by heat rejection to the surrounding until the air temperature 4. The cycle is completed by heat rejection to the surrounding until the air temperature 4. The cycle is completed by heat rejection to the surrounding until the air temperature 4. The cycle is completed by heat rejection to the surrounding until the air temperature 
and pressure correspond to initial conditions. This is in contrast to the exhaustand pressure correspond to initial conditions. This is in contrast to the exhaustand pressure correspond to initial conditions. This is in contrast to the exhaustand pressure correspond to initial conditions. This is in contrast to the exhaust    and and and and 
intake processes in an actual engine.intake processes in an actual engine.intake processes in an actual engine.intake processes in an actual engine.    
5. All the processes that constitute the cycle are reversible.5. All the processes that constitute the cycle are reversible.5. All the processes that constitute the cycle are reversible.5. All the processes that constitute the cycle are reversible.    
6. The compression and expansion processes are reversible adiabatic.6. The compression and expansion processes are reversible adiabatic.6. The compression and expansion processes are reversible adiabatic.6. The compression and expansion processes are reversible adiabatic.    

7. The working medium does not undergo any chemical change throughout the cycle.7. The working medium does not undergo any chemical change throughout the cycle.7. The working medium does not undergo any chemical change throughout the cycle.7. The working medium does not undergo any chemical change throughout the cycle.    
8. The operation of the engine is frictionless.8. The operation of the engine is frictionless.8. The operation of the engine is frictionless.8. The operation of the engine is frictionless.    
    

Because of the above simplified assumptions, the peak temperature, the pressure, the Because of the above simplified assumptions, the peak temperature, the pressure, the Because of the above simplified assumptions, the peak temperature, the pressure, the Because of the above simplified assumptions, the peak temperature, the pressure, the 
work output, and the thermal efficiency calculated by the analysis of an airwork output, and the thermal efficiency calculated by the analysis of an airwork output, and the thermal efficiency calculated by the analysis of an airwork output, and the thermal efficiency calculated by the analysis of an air----standard standard standard standard 
cycle are higher than those found incycle are higher than those found incycle are higher than those found incycle are higher than those found in    an actual engine. However, the analysis shows the an actual engine. However, the analysis shows the an actual engine. However, the analysis shows the an actual engine. However, the analysis shows the 
relative effects of the principal variables, such as compression ratio, inlet pressure, inlet relative effects of the principal variables, such as compression ratio, inlet pressure, inlet relative effects of the principal variables, such as compression ratio, inlet pressure, inlet relative effects of the principal variables, such as compression ratio, inlet pressure, inlet 
temperature, etc. on the engine performance.temperature, etc. on the engine performance.temperature, etc. on the engine performance.temperature, etc. on the engine performance.    
In the present chapter, In the present chapter, In the present chapter, In the present chapter, we shall study we shall study we shall study we shall study the following airthe following airthe following airthe following air----standard standard standard standard cycles cycles cycles cycles         
(a) Otto cycle(a) Otto cycle(a) Otto cycle(a) Otto cycle    
(b) Diesel cycle(b) Diesel cycle(b) Diesel cycle(b) Diesel cycle    

OTTO CYCLE  OR  CONSTANT VOLUME CYCLEOTTO CYCLE  OR  CONSTANT VOLUME CYCLEOTTO CYCLE  OR  CONSTANT VOLUME CYCLEOTTO CYCLE  OR  CONSTANT VOLUME CYCLE    
    

A German scientist, A. Nicolaus Otto in 1876 proposed an ideal airA German scientist, A. Nicolaus Otto in 1876 proposed an ideal airA German scientist, A. Nicolaus Otto in 1876 proposed an ideal airA German scientist, A. Nicolaus Otto in 1876 proposed an ideal air----standard cycle with standard cycle with standard cycle with standard cycle with 
constant volume heat addition, which formed the basis for the practical sparkconstant volume heat addition, which formed the basis for the practical sparkconstant volume heat addition, which formed the basis for the practical sparkconstant volume heat addition, which formed the basis for the practical spark----ignition ignition ignition ignition 

enenenengines (petrol and gas engines). The cycle is shown on pgines (petrol and gas engines). The cycle is shown on pgines (petrol and gas engines). The cycle is shown on pgines (petrol and gas engines). The cycle is shown on p————V and TV and TV and TV and T————s diagrams in s diagrams in s diagrams in s diagrams in 
Figure 2.1(a) and Figure 2.1(b) respectively.Figure 2.1(a) and Figure 2.1(b) respectively.Figure 2.1(a) and Figure 2.1(b) respectively.Figure 2.1(a) and Figure 2.1(b) respectively.    
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At point 1, the piston is at the bottom dead centre (BDC) position and air is trapped At point 1, the piston is at the bottom dead centre (BDC) position and air is trapped At point 1, the piston is at the bottom dead centre (BDC) position and air is trapped At point 1, the piston is at the bottom dead centre (BDC) position and air is trapped 
inside the engine cylinder. As the piston minside the engine cylinder. As the piston minside the engine cylinder. As the piston minside the engine cylinder. As the piston moves upwards with valves closed, air is oves upwards with valves closed, air is oves upwards with valves closed, air is oves upwards with valves closed, air is 
compressedcompressedcompressedcompressed        isentropically, represented by process 1isentropically, represented by process 1isentropically, represented by process 1isentropically, represented by process 1————2. At point 2, the piston reaches 2. At point 2, the piston reaches 2. At point 2, the piston reaches 2. At point 2, the piston reaches 
the top dead centre (TDC) position.the top dead centre (TDC) position.the top dead centre (TDC) position.the top dead centre (TDC) position.    Heat is supplied to the air from an outer source Heat is supplied to the air from an outer source Heat is supplied to the air from an outer source Heat is supplied to the air from an outer source 
during the constant volume process 2during the constant volume process 2during the constant volume process 2during the constant volume process 2————3. In a3. In a3. In a3. In an actual engine, it is equivalent to burning n actual engine, it is equivalent to burning n actual engine, it is equivalent to burning n actual engine, it is equivalent to burning 

of fuel of fuel of fuel of fuel instantinstantinstantinstant    by an electric spark. At point 3, air is at its highest pressure and by an electric spark. At point 3, air is at its highest pressure and by an electric spark. At point 3, air is at its highest pressure and by an electric spark. At point 3, air is at its highest pressure and 
temperature. It is now able to push the piston from TDC to BDC and hence produces temperature. It is now able to push the piston from TDC to BDC and hence produces temperature. It is now able to push the piston from TDC to BDC and hence produces temperature. It is now able to push the piston from TDC to BDC and hence produces 
the work output. This process of expansion ithe work output. This process of expansion ithe work output. This process of expansion ithe work output. This process of expansion is an isentropic process represented by s an isentropic process represented by s an isentropic process represented by s an isentropic process represented by 
process 3process 3process 3process 3----4. At the end of this expansion process, the heat is rejected at constant 4. At the end of this expansion process, the heat is rejected at constant 4. At the end of this expansion process, the heat is rejected at constant 4. At the end of this expansion process, the heat is rejected at constant 
volume represented by process 4volume represented by process 4volume represented by process 4volume represented by process 4————1. The cycle is thus completed.1. The cycle is thus completed.1. The cycle is thus completed.1. The cycle is thus completed.    
Let us summarize:Let us summarize:Let us summarize:Let us summarize:    
Process 1Process 1Process 1Process 1————2 is reversible adiabatic or isentropic c2 is reversible adiabatic or isentropic c2 is reversible adiabatic or isentropic c2 is reversible adiabatic or isentropic compression. There is no heat ompression. There is no heat ompression. There is no heat ompression. There is no heat 
transfer.transfer.transfer.transfer.    
Process 2Process 2Process 2Process 2————3 3 3 3     is reversible constant volume heating.is reversible constant volume heating.is reversible constant volume heating.is reversible constant volume heating.    

Process 3Process 3Process 3Process 3————4 4 4 4     is reversible adiabatic or isentropic expansion. There is no heat transfer.is reversible adiabatic or isentropic expansion. There is no heat transfer.is reversible adiabatic or isentropic expansion. There is no heat transfer.is reversible adiabatic or isentropic expansion. There is no heat transfer.    
Process 4Process 4Process 4Process 4————1 1 1 1     is reversible constant volume heat rejection.is reversible constant volume heat rejection.is reversible constant volume heat rejection.is reversible constant volume heat rejection.    

    
    
Let  us try toLet  us try toLet  us try toLet  us try to    eeeexpress thermal efficiency of above cycle in terms of compression ratio.xpress thermal efficiency of above cycle in terms of compression ratio.xpress thermal efficiency of above cycle in terms of compression ratio.xpress thermal efficiency of above cycle in terms of compression ratio.    
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The variation of The variation of The variation of The variation of 
compression ratio is taken compression ratio is taken compression ratio is taken compression ratio is taken 
from 4 to 12. These are the from 4 to 12. These are the from 4 to 12. These are the from 4 to 12. These are the 
possible values in sparkpossible values in sparkpossible values in sparkpossible values in spark----

ignition engines. Figure 2.2 ignition engines. Figure 2.2 ignition engines. Figure 2.2 ignition engines. Figure 2.2 
shows that the thermal shows that the thermal shows that the thermal shows that the thermal 
efficiency ofefficiency ofefficiency ofefficiency of    the cycle the cycle the cycle the cycle 
increases with the increase increases with the increase increases with the increase increases with the increase 
in compression ratio. At a in compression ratio. At a in compression ratio. At a in compression ratio. At a 
highhighhighhigher value of adiabatic er value of adiabatic er value of adiabatic er value of adiabatic 
exponentexponentexponentexponent γ , the efficiency also increases. , the efficiency also increases. , the efficiency also increases. , the efficiency also increases.         
    



INTERNAL COMBUSTION  ENGINES (ELECTIVE) (ME667)                                                      SIXTH INTERNAL COMBUSTION  ENGINES (ELECTIVE) (ME667)                                                      SIXTH INTERNAL COMBUSTION  ENGINES (ELECTIVE) (ME667)                                                      SIXTH INTERNAL COMBUSTION  ENGINES (ELECTIVE) (ME667)                                                      SIXTH SEMESTER SEMESTER SEMESTER SEMESTER     

 
Jagadeesha T,  Assistant Professor, Department of Mechanical Engineering, Adichunchanagiri Institute of Technology, Chikmagalur 

DIESEL CYCLEDIESEL CYCLEDIESEL CYCLEDIESEL CYCLE    OR  OR  OR  OR  CONSTANT PRESSURE  CONSTANT PRESSURE  CONSTANT PRESSURE  CONSTANT PRESSURE  CYCLECYCLECYCLECYCLE    
    

Rudolf Diesel in 1892 introduced this cycle. It is a tRudolf Diesel in 1892 introduced this cycle. It is a tRudolf Diesel in 1892 introduced this cycle. It is a tRudolf Diesel in 1892 introduced this cycle. It is a theoretical cycle for slow speed heoretical cycle for slow speed heoretical cycle for slow speed heoretical cycle for slow speed 
compression ignition Diesel engine. In this cycle, heat is added at constant pressure compression ignition Diesel engine. In this cycle, heat is added at constant pressure compression ignition Diesel engine. In this cycle, heat is added at constant pressure compression ignition Diesel engine. In this cycle, heat is added at constant pressure 
and rejected at constant volume. The compression and expansion processes are and rejected at constant volume. The compression and expansion processes are and rejected at constant volume. The compression and expansion processes are and rejected at constant volume. The compression and expansion processes are 
isentropic. The pisentropic. The pisentropic. The pisentropic. The p----V and TV and TV and TV and T————s diagrams are shown in Figure 2.4(s diagrams are shown in Figure 2.4(s diagrams are shown in Figure 2.4(s diagrams are shown in Figure 2.4(a) and Figure 2.4(b) a) and Figure 2.4(b) a) and Figure 2.4(b) a) and Figure 2.4(b) 
respectively.respectively.respectively.respectively.    

    
Let us summarize:Let us summarize:Let us summarize:Let us summarize:    
Process 1Process 1Process 1Process 1————2 is isentropic compression. There is no heat transfer.2 is isentropic compression. There is no heat transfer.2 is isentropic compression. There is no heat transfer.2 is isentropic compression. There is no heat transfer.    
Process 2Process 2Process 2Process 2————3 is reversible constant pressure process. Heat is supplied during this 3 is reversible constant pressure process. Heat is supplied during this 3 is reversible constant pressure process. Heat is supplied during this 3 is reversible constant pressure process. Heat is supplied during this 

process.process.process.process.    
Process 3Process 3Process 3Process 3————4 is isentropic expansion. There i4 is isentropic expansion. There i4 is isentropic expansion. There i4 is isentropic expansion. There is no heat transfer.s no heat transfer.s no heat transfer.s no heat transfer.    
Process 4Process 4Process 4Process 4————1111    is reversible constant volume process. Heat is rejected during this is reversible constant volume process. Heat is rejected during this is reversible constant volume process. Heat is rejected during this is reversible constant volume process. Heat is rejected during this 
process.process.process.process.    
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Let us define tLet us define tLet us define tLet us define two ratios  that are useful in analysis of  the Diesel cycle:wo ratios  that are useful in analysis of  the Diesel cycle:wo ratios  that are useful in analysis of  the Diesel cycle:wo ratios  that are useful in analysis of  the Diesel cycle:    
    

1.Compression ratio,( r) 1.Compression ratio,( r) 1.Compression ratio,( r) 1.Compression ratio,( r) ----        It is the ratio of the total cylinder voIt is the ratio of the total cylinder voIt is the ratio of the total cylinder voIt is the ratio of the total cylinder volume to the clearance volume, lume to the clearance volume, lume to the clearance volume, lume to the clearance volume, 
2222VVVV
1111VVVV

 
 
 
 
 
 
 
 

rrrr=     

2. Cut2. Cut2. Cut2. Cut----off ratio, (off ratio, (off ratio, (off ratio, ( β    ) . At point 3, the heat supplied (i.e. the fuel supply in an actual engine) is cut) . At point 3, the heat supplied (i.e. the fuel supply in an actual engine) is cut) . At point 3, the heat supplied (i.e. the fuel supply in an actual engine) is cut) . At point 3, the heat supplied (i.e. the fuel supply in an actual engine) is cut----off. The off. The off. The off. The 

ratio of the volume at the point of cutratio of the volume at the point of cutratio of the volume at the point of cutratio of the volume at the point of cut----off to the clearance volumeoff to the clearance volumeoff to the clearance volumeoff to the clearance volume    or the volume from where the heat or the volume from where the heat or the volume from where the heat or the volume from where the heat 
supplied begins is called the cutsupplied begins is called the cutsupplied begins is called the cutsupplied begins is called the cut----off ratio, i.e.off ratio, i.e.off ratio, i.e.off ratio, i.e.    

2222VVVV
1111VVVV

 
 
 
 
 
 
 
 

=β     

Let  us now try to express thermal efficiency of above cycle in terms of compression ratio and cut off ratio. Let  us now try to express thermal efficiency of above cycle in terms of compression ratio and cut off ratio. Let  us now try to express thermal efficiency of above cycle in terms of compression ratio and cut off ratio. Let  us now try to express thermal efficiency of above cycle in terms of compression ratio and cut off ratio.     
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TUTORIAL  2TUTORIAL  2TUTORIAL  2TUTORIAL  2    ––––    AIR STANDARD CYCLESAIR STANDARD CYCLESAIR STANDARD CYCLESAIR STANDARD CYCLES 

    

BASIC BASIC BASIC BASIC PROBLEMS ON OTTO CYCLEPROBLEMS ON OTTO CYCLEPROBLEMS ON OTTO CYCLEPROBLEMS ON OTTO CYCLE    
    

1. 1. 1. 1. Gas engine working on OGas engine working on OGas engine working on OGas engine working on Otto cycle has a cylinder bore of 200 mm and a stroke length of tto cycle has a cylinder bore of 200 mm and a stroke length of tto cycle has a cylinder bore of 200 mm and a stroke length of tto cycle has a cylinder bore of 200 mm and a stroke length of 
250mm. The clearance volume is 1579 cm3.. The pressure and temperature at the beginning of 250mm. The clearance volume is 1579 cm3.. The pressure and temperature at the beginning of 250mm. The clearance volume is 1579 cm3.. The pressure and temperature at the beginning of 250mm. The clearance volume is 1579 cm3.. The pressure and temperature at the beginning of 
compression are 1 bar andcompression are 1 bar andcompression are 1 bar andcompression are 1 bar and    27 deg C. Max. 27 deg C. Max. 27 deg C. Max. 27 deg C. Max. TemperatureTemperatureTemperatureTemperature    of the cycle is 1400 deg C. Determine of the cycle is 1400 deg C. Determine of the cycle is 1400 deg C. Determine of the cycle is 1400 deg C. Determine 
the pressure and temperature at sthe pressure and temperature at sthe pressure and temperature at sthe pressure and temperature at salient points, ASE, WD and MEPalient points, ASE, WD and MEPalient points, ASE, WD and MEPalient points, ASE, WD and MEP    ( for air take  C( for air take  C( for air take  C( for air take  Cvvvv=0.718 =0.718 =0.718 =0.718 
KJ/Kg. K.  R = 0.287KJ/Kg K also calculate the ideal power developed by engine if the number KJ/Kg. K.  R = 0.287KJ/Kg K also calculate the ideal power developed by engine if the number KJ/Kg. K.  R = 0.287KJ/Kg K also calculate the ideal power developed by engine if the number KJ/Kg. K.  R = 0.287KJ/Kg K also calculate the ideal power developed by engine if the number 
of workiof workiof workiof working cycle per minute is 500.ng cycle per minute is 500.ng cycle per minute is 500.ng cycle per minute is 500.        (Answer(Answer(Answer(Answer: ASE : ASE : ASE : ASE ----    51.16%, WD 51.16%, WD 51.16%, WD 51.16%, WD ----    4.26 KJ, MEP4.26 KJ, MEP4.26 KJ, MEP4.26 KJ, MEP----    5.424 Bar 5.424 Bar 5.424 Bar 5.424 Bar 
PPPPowerowerowerower    ----    35.5 kW)35.5 kW)35.5 kW)35.5 kW)    
    

2.2.2.2.    A petrol engine is supplied with fuel having a calorific value of 42000 KJ/kg. The pressure in A petrol engine is supplied with fuel having a calorific value of 42000 KJ/kg. The pressure in A petrol engine is supplied with fuel having a calorific value of 42000 KJ/kg. The pressure in A petrol engine is supplied with fuel having a calorific value of 42000 KJ/kg. The pressure in 
cylinder at 5% and 75% of compression stroke are 1.2 bar ancylinder at 5% and 75% of compression stroke are 1.2 bar ancylinder at 5% and 75% of compression stroke are 1.2 bar ancylinder at 5% and 75% of compression stroke are 1.2 bar and 48 bar. Assume compression d 48 bar. Assume compression d 48 bar. Assume compression d 48 bar. Assume compression 
follows law find the compression ratio of engine, if the relative efficiency compared to ASE is follows law find the compression ratio of engine, if the relative efficiency compared to ASE is follows law find the compression ratio of engine, if the relative efficiency compared to ASE is follows law find the compression ratio of engine, if the relative efficiency compared to ASE is 
60%. Calculate the specific60%. Calculate the specific60%. Calculate the specific60%. Calculate the specific    fuel consumption is kg/kWh.  (Afuel consumption is kg/kWh.  (Afuel consumption is kg/kWh.  (Afuel consumption is kg/kWh.  (Ansnsnsnswer:  0.241 kg/kWwer:  0.241 kg/kWwer:  0.241 kg/kWwer:  0.241 kg/kWh)h)h)h)    
    

3. 3. 3. 3. An engine working on OAn engine working on OAn engine working on OAn engine working on Ottottottotto    cycle has a volume ocycle has a volume ocycle has a volume ocycle has a volume of 0.45 m3.pressure 1 bar and temperature of f 0.45 m3.pressure 1 bar and temperature of f 0.45 m3.pressure 1 bar and temperature of f 0.45 m3.pressure 1 bar and temperature of 
30 deg C at the beginning of compression stroke. At the end of the compression stroke the 30 deg C at the beginning of compression stroke. At the end of the compression stroke the 30 deg C at the beginning of compression stroke. At the end of the compression stroke the 30 deg C at the beginning of compression stroke. At the end of the compression stroke the 
pressure is 11 bar , 210 KJ of heat is added at constant volume . Determine the pressure pressure is 11 bar , 210 KJ of heat is added at constant volume . Determine the pressure pressure is 11 bar , 210 KJ of heat is added at constant volume . Determine the pressure pressure is 11 bar , 210 KJ of heat is added at constant volume . Determine the pressure 
temperature and volume at the saltemperature and volume at the saltemperature and volume at the saltemperature and volume at the salient points in cycle. Percentage ient points in cycle. Percentage ient points in cycle. Percentage ient points in cycle. Percentage clearanceclearanceclearanceclearance, , , , EfficiencyEfficiencyEfficiencyEfficiency, Net , Net , Net , Net 
work per cycle . MEP, Ideal power developed if the number of working cycles per minute is 210 . work per cycle . MEP, Ideal power developed if the number of working cycles per minute is 210 . work per cycle . MEP, Ideal power developed if the number of working cycles per minute is 210 . work per cycle . MEP, Ideal power developed if the number of working cycles per minute is 210 . 
assume cycle is reversible.assume cycle is reversible.assume cycle is reversible.assume cycle is reversible.    
    

BASIC  BASIC  BASIC  BASIC  PROBLEMS ON DIESEL  CYCLEPROBLEMS ON DIESEL  CYCLEPROBLEMS ON DIESEL  CYCLEPROBLEMS ON DIESEL  CYCLE    
    

4.4.4.4.    In an air standard Diesel cycle, cIn an air standard Diesel cycle, cIn an air standard Diesel cycle, cIn an air standard Diesel cycle, compression ration is 16, cylinder bore is 200mm and stroke ompression ration is 16, cylinder bore is 200mm and stroke ompression ration is 16, cylinder bore is 200mm and stroke ompression ration is 16, cylinder bore is 200mm and stroke 
is 300 mm. compression begins at 1bar and 27 deg C. The cut off takes place at 8% of the is 300 mm. compression begins at 1bar and 27 deg C. The cut off takes place at 8% of the is 300 mm. compression begins at 1bar and 27 deg C. The cut off takes place at 8% of the is 300 mm. compression begins at 1bar and 27 deg C. The cut off takes place at 8% of the 
stroke , Determine stroke , Determine stroke , Determine stroke , Determine     
    i)   Pressure, temperature and volume at all salient pointsi)   Pressure, temperature and volume at all salient pointsi)   Pressure, temperature and volume at all salient pointsi)   Pressure, temperature and volume at all salient points, , , , ii)   Cut off ratioii)   Cut off ratioii)   Cut off ratioii)   Cut off ratio    , , , , iii)iii)iii)iii)        WD/cycleWD/cycleWD/cycleWD/cycle    
iv)   ASE iv)   ASE iv)   ASE iv)   ASE , , , , v)   MEPv)   MEPv)   MEPv)   MEP,  ,  ,  ,  ( Answer   Pressure ( Answer   Pressure ( Answer   Pressure ( Answer   Pressure ----    2.2, WD 0 7.792 kJ, 60.4%, 8.21 bar)2.2, WD 0 7.792 kJ, 60.4%, 8.21 bar)2.2, WD 0 7.792 kJ, 60.4%, 8.21 bar)2.2, WD 0 7.792 kJ, 60.4%, 8.21 bar)    
 

5. 5. 5. 5.     In an engine working on Diesel cycle , air fuel ratio is 30:1. The temperature of air at the In an engine working on Diesel cycle , air fuel ratio is 30:1. The temperature of air at the In an engine working on Diesel cycle , air fuel ratio is 30:1. The temperature of air at the In an engine working on Diesel cycle , air fuel ratio is 30:1. The temperature of air at the 
beginning of compression is 27 degbeginning of compression is 27 degbeginning of compression is 27 degbeginning of compression is 27 deg    C. compression ratio is 16:1. C. compression ratio is 16:1. C. compression ratio is 16:1. C. compression ratio is 16:1. WWWWhat is ideal efficiency of hat is ideal efficiency of hat is ideal efficiency of hat is ideal efficiency of 
engine based on ASE, engine based on ASE, engine based on ASE, engine based on ASE, CV of the fuel is 42000 kJ/kg  ( ACV of the fuel is 42000 kJ/kg  ( ACV of the fuel is 42000 kJ/kg  ( ACV of the fuel is 42000 kJ/kg  ( Ansnsnsnswerwerwerwer    ----    58.958.958.958.9%%%%))))    
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FUEL AIR  CYCLESFUEL AIR  CYCLESFUEL AIR  CYCLESFUEL AIR  CYCLES    
    

The theoretical cycle based on actual properties of the cylinder gas is called FUEL AIR The theoretical cycle based on actual properties of the cylinder gas is called FUEL AIR The theoretical cycle based on actual properties of the cylinder gas is called FUEL AIR The theoretical cycle based on actual properties of the cylinder gas is called FUEL AIR 
Approximation. It provides a rough idea for comparisApproximation. It provides a rough idea for comparisApproximation. It provides a rough idea for comparisApproximation. It provides a rough idea for comparison with actual performance. The Air on with actual performance. The Air on with actual performance. The Air on with actual performance. The Air 
standard cycle gives an estimate of engine performance which is much greater than actual standard cycle gives an estimate of engine performance which is much greater than actual standard cycle gives an estimate of engine performance which is much greater than actual standard cycle gives an estimate of engine performance which is much greater than actual 
performance. For example : Actual indicated thermal efficiency of a petrol engine of say 7:1 performance. For example : Actual indicated thermal efficiency of a petrol engine of say 7:1 performance. For example : Actual indicated thermal efficiency of a petrol engine of say 7:1 performance. For example : Actual indicated thermal efficiency of a petrol engine of say 7:1 
Compression ratio is in order of 15 % Compression ratio is in order of 15 % Compression ratio is in order of 15 % Compression ratio is in order of 15 % where as Air standard efficiency is in order of 54%where as Air standard efficiency is in order of 54%where as Air standard efficiency is in order of 54%where as Air standard efficiency is in order of 54%. . . . Main Main Main Main 
reason of divergence is over simplification in using the values of properties of working fluid for reason of divergence is over simplification in using the values of properties of working fluid for reason of divergence is over simplification in using the values of properties of working fluid for reason of divergence is over simplification in using the values of properties of working fluid for 
the cycle analysis, non the cycle analysis, non the cycle analysis, non the cycle analysis, non ––––    instantaneous burning and valve operations and incomplete instantaneous burning and valve operations and incomplete instantaneous burning and valve operations and incomplete instantaneous burning and valve operations and incomplete 
combustion. combustion. combustion. combustion.     
    

IIIIn air cycle approximation we have assumed that air is a perfect gas having constant specific n air cycle approximation we have assumed that air is a perfect gas having constant specific n air cycle approximation we have assumed that air is a perfect gas having constant specific n air cycle approximation we have assumed that air is a perfect gas having constant specific 
heats. In actual engine , working fluid is not air but mixture of air ,fuel and exhaust  gases. heats. In actual engine , working fluid is not air but mixture of air ,fuel and exhaust  gases. heats. In actual engine , working fluid is not air but mixture of air ,fuel and exhaust  gases. heats. In actual engine , working fluid is not air but mixture of air ,fuel and exhaust  gases. 
Further more, specific heats of working fluid are not constant but Further more, specific heats of working fluid are not constant but Further more, specific heats of working fluid are not constant but Further more, specific heats of working fluid are not constant but increase with rise in increase with rise in increase with rise in increase with rise in 
temperature and at high temperature the combustion products are subjected to dissociation. temperature and at high temperature the combustion products are subjected to dissociation. temperature and at high temperature the combustion products are subjected to dissociation. temperature and at high temperature the combustion products are subjected to dissociation.     
    
    

Assumption made for Fuel air cycle 
    

The following assumptions are made for the analysis of Fuel air cycleThe following assumptions are made for the analysis of Fuel air cycleThe following assumptions are made for the analysis of Fuel air cycleThe following assumptions are made for the analysis of Fuel air cycle    
• Prior to combustion there is no chPrior to combustion there is no chPrior to combustion there is no chPrior to combustion there is no chemical change in either fuel or airemical change in either fuel or airemical change in either fuel or airemical change in either fuel or air    
• Subsequent to combustion ,the change is always in chemical equilibriumSubsequent to combustion ,the change is always in chemical equilibriumSubsequent to combustion ,the change is always in chemical equilibriumSubsequent to combustion ,the change is always in chemical equilibrium    
• There is no heat exchange between the gases and the cylinder wall in any process. That There is no heat exchange between the gases and the cylinder wall in any process. That There is no heat exchange between the gases and the cylinder wall in any process. That There is no heat exchange between the gases and the cylinder wall in any process. That 

is is is is processes are adiabatic. In addition, expansion and compresprocesses are adiabatic. In addition, expansion and compresprocesses are adiabatic. In addition, expansion and compresprocesses are adiabatic. In addition, expansion and compression process are sion process are sion process are sion process are 
frictionlessfrictionlessfrictionlessfrictionless....    

• In case of reciprocating engines, it is assumed that fluid motion can be ignored inside In case of reciprocating engines, it is assumed that fluid motion can be ignored inside In case of reciprocating engines, it is assumed that fluid motion can be ignored inside In case of reciprocating engines, it is assumed that fluid motion can be ignored inside 
the cylinderthe cylinderthe cylinderthe cylinder    

• The burning takes place instantaneously at TDC ( in the case of petrol engines)The burning takes place instantaneously at TDC ( in the case of petrol engines)The burning takes place instantaneously at TDC ( in the case of petrol engines)The burning takes place instantaneously at TDC ( in the case of petrol engines)    
• The fuel is completely vaporized and perfectThe fuel is completely vaporized and perfectThe fuel is completely vaporized and perfectThe fuel is completely vaporized and perfectly mixed with the air ( for petrol engines)ly mixed with the air ( for petrol engines)ly mixed with the air ( for petrol engines)ly mixed with the air ( for petrol engines)    
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Factors considered for Fuel air cycles 
 

i).i).i).i).The actual composition of the cylinder gasesThe actual composition of the cylinder gasesThe actual composition of the cylinder gasesThe actual composition of the cylinder gases: : : : The cylinder gases contain  fuel, air, water The cylinder gases contain  fuel, air, water The cylinder gases contain  fuel, air, water The cylinder gases contain  fuel, air, water 
vapour in air and residual gas. During the operation of engine Fuel/Air rvapour in air and residual gas. During the operation of engine Fuel/Air rvapour in air and residual gas. During the operation of engine Fuel/Air rvapour in air and residual gas. During the operation of engine Fuel/Air ratio changes which atio changes which atio changes which atio changes which 
changes relative amount of COchanges relative amount of COchanges relative amount of COchanges relative amount of CO2222, water vapour also etc., water vapour also etc., water vapour also etc., water vapour also etc.    

    

ii).ii).ii).ii).Variation of specific heats of gases with the temperature rise. Variation of specific heats of gases with the temperature rise. Variation of specific heats of gases with the temperature rise. Variation of specific heats of gases with the temperature rise.     Specific heat increase with Specific heat increase with Specific heat increase with Specific heat increase with 
temperature  except for monotemperature  except for monotemperature  except for monotemperature  except for mono----atomic gases. atomic gases. atomic gases. atomic gases.     

    

iii). iii). iii). iii). The effect of dissociationThe effect of dissociationThe effect of dissociationThe effect of dissociation    : The : The : The : The fuel air mixture does not completely combine chemically at fuel air mixture does not completely combine chemically at fuel air mixture does not completely combine chemically at fuel air mixture does not completely combine chemically at 
high temperature (above 1600K), therefore , at equilibrium conditions of gases like COhigh temperature (above 1600K), therefore , at equilibrium conditions of gases like COhigh temperature (above 1600K), therefore , at equilibrium conditions of gases like COhigh temperature (above 1600K), therefore , at equilibrium conditions of gases like CO2 2 2 2 ,,,,    HHHH2 2 2 2 ,,,,OOOO2222        
may be present.may be present.may be present.may be present.    

    

iv) iv) iv) iv) Variation in the number of moleculesVariation in the number of moleculesVariation in the number of moleculesVariation in the number of molecules    : The number of molecules present after c: The number of molecules present after c: The number of molecules present after c: The number of molecules present after combustion ombustion ombustion ombustion 
depend upon fuel air ration and upon the pressure and temperature after combustion. depend upon fuel air ration and upon the pressure and temperature after combustion. depend upon fuel air ration and upon the pressure and temperature after combustion. depend upon fuel air ration and upon the pressure and temperature after combustion.     
    

IIII....THE ACTUAL COMPOSITION OF THE CYLINDER GASESTHE ACTUAL COMPOSITION OF THE CYLINDER GASESTHE ACTUAL COMPOSITION OF THE CYLINDER GASESTHE ACTUAL COMPOSITION OF THE CYLINDER GASES    

The air fuel ratio changes during the engine operation. This change in air fuel ratio affects the The air fuel ratio changes during the engine operation. This change in air fuel ratio affects the The air fuel ratio changes during the engine operation. This change in air fuel ratio affects the The air fuel ratio changes during the engine operation. This change in air fuel ratio affects the 
composition of composition of composition of composition of the gases before combustion as well as after combustion particularly the the gases before combustion as well as after combustion particularly the the gases before combustion as well as after combustion particularly the the gases before combustion as well as after combustion particularly the 
percentage of carbon dioxide, carbon monoxide , water vapour etc. in the exhaust gases. percentage of carbon dioxide, carbon monoxide , water vapour etc. in the exhaust gases. percentage of carbon dioxide, carbon monoxide , water vapour etc. in the exhaust gases. percentage of carbon dioxide, carbon monoxide , water vapour etc. in the exhaust gases.     
    
In four stroke engines, fresh charges as it enters the engine cylinder comes in contact with In four stroke engines, fresh charges as it enters the engine cylinder comes in contact with In four stroke engines, fresh charges as it enters the engine cylinder comes in contact with In four stroke engines, fresh charges as it enters the engine cylinder comes in contact with the the the the 
burnt gases left in the clearance space of the previous cycle. The amount of exhaust gases burnt gases left in the clearance space of the previous cycle. The amount of exhaust gases burnt gases left in the clearance space of the previous cycle. The amount of exhaust gases burnt gases left in the clearance space of the previous cycle. The amount of exhaust gases 
varies with speed and load on the engine. Fuel air cycle analysis takes into account the fact and varies with speed and load on the engine. Fuel air cycle analysis takes into account the fact and varies with speed and load on the engine. Fuel air cycle analysis takes into account the fact and varies with speed and load on the engine. Fuel air cycle analysis takes into account the fact and 
the results are computed using COMBUSTION Charts. Today this tythe results are computed using COMBUSTION Charts. Today this tythe results are computed using COMBUSTION Charts. Today this tythe results are computed using COMBUSTION Charts. Today this types of analysis is done pes of analysis is done pes of analysis is done pes of analysis is done 
using computer.  using computer.  using computer.  using computer.      
    

II.II.II.II.VARIATION OF SPECIFIC HEATS OF GASESVARIATION OF SPECIFIC HEATS OF GASESVARIATION OF SPECIFIC HEATS OF GASESVARIATION OF SPECIFIC HEATS OF GASES    
The specific heat of any substance is the ratio of the heat required to raise the temperature of a The specific heat of any substance is the ratio of the heat required to raise the temperature of a The specific heat of any substance is the ratio of the heat required to raise the temperature of a The specific heat of any substance is the ratio of the heat required to raise the temperature of a 
unit mass of substance through one degree centigrade. In case of gases temunit mass of substance through one degree centigrade. In case of gases temunit mass of substance through one degree centigrade. In case of gases temunit mass of substance through one degree centigrade. In case of gases temperature can be perature can be perature can be perature can be 
raised in two ways : either at constant pressure or at constant volume. Accordingly we have tow raised in two ways : either at constant pressure or at constant volume. Accordingly we have tow raised in two ways : either at constant pressure or at constant volume. Accordingly we have tow raised in two ways : either at constant pressure or at constant volume. Accordingly we have tow 
specific heats Cspecific heats Cspecific heats Cspecific heats Cpppp    and Cand Cand Cand Cv v v v . . . . In general specific heats are not constant. The specific heats varies In general specific heats are not constant. The specific heats varies In general specific heats are not constant. The specific heats varies In general specific heats are not constant. The specific heats varies 
largely with temperature but not so significantlargely with temperature but not so significantlargely with temperature but not so significantlargely with temperature but not so significantly with pressure expect at high pressure. ly with pressure expect at high pressure. ly with pressure expect at high pressure. ly with pressure expect at high pressure.     
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REASONS FOR VARIATION OF SPECIFIC HEATS OF GASESREASONS FOR VARIATION OF SPECIFIC HEATS OF GASESREASONS FOR VARIATION OF SPECIFIC HEATS OF GASESREASONS FOR VARIATION OF SPECIFIC HEATS OF GASES....    
The internal energy of gas is largely due to The internal energy of gas is largely due to The internal energy of gas is largely due to The internal energy of gas is largely due to 
translational, rotational and vibrational  energy of translational, rotational and vibrational  energy of translational, rotational and vibrational  energy of translational, rotational and vibrational  energy of 
molecules. The energy of vibration increases molecules. The energy of vibration increases molecules. The energy of vibration increases molecules. The energy of vibration increases 
rapidly with temperapidly with temperapidly with temperapidly with temperature and since only rature and since only rature and since only rature and since only 
translational energy is measured by temperature, translational energy is measured by temperature, translational energy is measured by temperature, translational energy is measured by temperature, 
specific heat must increase to account for specific heat must increase to account for specific heat must increase to account for specific heat must increase to account for 
absorption of energy which increases the vibration. absorption of energy which increases the vibration. absorption of energy which increases the vibration. absorption of energy which increases the vibration. 
Thus the energy of vibration of poly atomic gas will Thus the energy of vibration of poly atomic gas will Thus the energy of vibration of poly atomic gas will Thus the energy of vibration of poly atomic gas will 
undergo considerable change with tempundergo considerable change with tempundergo considerable change with tempundergo considerable change with temperature erature erature erature 
and also specific heat. The change of specific heat and also specific heat. The change of specific heat and also specific heat. The change of specific heat and also specific heat. The change of specific heat 
of of of of monatomicmonatomicmonatomicmonatomic    gases is not considerable as gases is not considerable as gases is not considerable as gases is not considerable as 
molecules of monatomic gases has only molecules of monatomic gases has only molecules of monatomic gases has only molecules of monatomic gases has only 
translational energy. translational energy. translational energy. translational energy.     
Figure shows the effectsFigure shows the effectsFigure shows the effectsFigure shows the effects    variation of specific heats variation of specific heats variation of specific heats variation of specific heats 
of representative gases with of representative gases with of representative gases with of representative gases with temperaturetemperaturetemperaturetemperature        
Note  :   K  = CNote  :   K  = CNote  :   K  = CNote  :   K  = CPPPP/  C/  C/  C/  CVVVV    

    

Change of Internal Energy during a process with variable specific heat   ( July 2007) Change of Internal Energy during a process with variable specific heat   ( July 2007) Change of Internal Energy during a process with variable specific heat   ( July 2007) Change of Internal Energy during a process with variable specific heat   ( July 2007)     
Small change in internal energy of unit mass of a gas for small change in temperature is given by Small change in internal energy of unit mass of a gas for small change in temperature is given by Small change in internal energy of unit mass of a gas for small change in temperature is given by Small change in internal energy of unit mass of a gas for small change in temperature is given by     
    

    dtCdu v        =         Now we put Now we put Now we put Now we put     vC     = b + K T and = b + K T and = b + K T and = b + K T and integrateintegrateintegrateintegrate    between state 1 and 2.between state 1 and 2.between state 1 and 2.between state 1 and 2.    
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( )
1212

ttCuu vm −=−             ,   ,   ,   ,   wherewherewherewhere    vm
C is known as mean specific heat at constant volumeis known as mean specific heat at constant volumeis known as mean specific heat at constant volumeis known as mean specific heat at constant volume    

    

Home work :Home work :Home work :Home work :    Derive an expression for heat transfer during a process Derive an expression for heat transfer during a process Derive an expression for heat transfer during a process Derive an expression for heat transfer during a process with variable with variable with variable with variable 

specific heat.specific heat.specific heat.specific heat.    
    

Change of Change of Change of Change of EntropyEntropyEntropyEntropy    during a process with variabduring a process with variabduring a process with variabduring a process with variable specific heat   le specific heat   le specific heat   le specific heat       
Let  pLet  pLet  pLet  p1111, v, v, v, v1111    ,T,T,T,T1111    and pand pand pand p2222, v, v, v, v2222    ,T,T,T,T2 2 2 2     be the initial and final conditions of the gas; then the change in entropy is be the initial and final conditions of the gas; then the change in entropy is be the initial and final conditions of the gas; then the change in entropy is be the initial and final conditions of the gas; then the change in entropy is 
given by  given by  given by  given by      

T
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ds vv +=+==                     put  put  put  put  vC     = b + K T and integrate between state 1 and 2= b + K T and integrate between state 1 and 2= b + K T and integrate between state 1 and 2= b + K T and integrate between state 1 and 2    

    
    
    
    
    
    
    
    

Let us now  uLet us now  uLet us now  uLet us now  use se se se     
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−−=−     ----                is the required equation.is the required equation.is the required equation.is the required equation.    

    

Effect of variable specific heats on Air Standard Cycle efficiency of OTTO cyclEffect of variable specific heats on Air Standard Cycle efficiency of OTTO cyclEffect of variable specific heats on Air Standard Cycle efficiency of OTTO cyclEffect of variable specific heats on Air Standard Cycle efficiency of OTTO cycleeee    

We already know that   We already know that   We already know that   We already know that   1
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        is the required equation.is the required equation.is the required equation.is the required equation.    

    

Home work :Home work :Home work :Home work :    Prove that  variation of efficiency of Prove that  variation of efficiency of Prove that  variation of efficiency of Prove that  variation of efficiency of DIESEL CYCLE DIESEL CYCLE DIESEL CYCLE DIESEL CYCLE with variation of Cwith variation of Cwith variation of Cwith variation of Cvvvv    
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TUTORIAL 3 TUTORIAL 3 TUTORIAL 3 TUTORIAL 3 ––––    VARIATION OF SPECIFIC HEATS OF GASESVARIATION OF SPECIFIC HEATS OF GASESVARIATION OF SPECIFIC HEATS OF GASESVARIATION OF SPECIFIC HEATS OF GASES    
    

1.Petrol engine having a compression ratio, uses a fuel with a calorific value of 42 MJ/kg. The 1.Petrol engine having a compression ratio, uses a fuel with a calorific value of 42 MJ/kg. The 1.Petrol engine having a compression ratio, uses a fuel with a calorific value of 42 MJ/kg. The 1.Petrol engine having a compression ratio, uses a fuel with a calorific value of 42 MJ/kg. The 
air fuel ration is 15:1.  Pressure and temperature at the start of the suction stroke is 1 bar and air fuel ration is 15:1.  Pressure and temperature at the start of the suction stroke is 1 bar and air fuel ration is 15:1.  Pressure and temperature at the start of the suction stroke is 1 bar and air fuel ration is 15:1.  Pressure and temperature at the start of the suction stroke is 1 bar and 
55557 deg C. respectively. Determine the maximum pressure in the cylinder if the index of 7 deg C. respectively. Determine the maximum pressure in the cylinder if the index of 7 deg C. respectively. Determine the maximum pressure in the cylinder if the index of 7 deg C. respectively. Determine the maximum pressure in the cylinder if the index of 
compression is 1.3 and specific heat at constant volume is given by compression is 1.3 and specific heat at constant volume is given by compression is 1.3 and specific heat at constant volume is given by compression is 1.3 and specific heat at constant volume is given by CCCCvvvv====0.670.670.670.678888+0.00013 T, +0.00013 T, +0.00013 T, +0.00013 T, 
where T is in Kelvin. Compare this value when where T is in Kelvin. Compare this value when where T is in Kelvin. Compare this value when where T is in Kelvin. Compare this value when CCCCvvvv====0.7170.7170.7170.717    KJ/Kg. KJ/Kg. KJ/Kg. KJ/Kg.                     ( VTU July/Aug ( VTU July/Aug ( VTU July/Aug ( VTU July/Aug 2005)2005)2005)2005)    
    

2.The air fuel ratio of a Diesel engine is 29:1. If the compression ratio is 16:1 and temperature at 2.The air fuel ratio of a Diesel engine is 29:1. If the compression ratio is 16:1 and temperature at 2.The air fuel ratio of a Diesel engine is 29:1. If the compression ratio is 16:1 and temperature at 2.The air fuel ratio of a Diesel engine is 29:1. If the compression ratio is 16:1 and temperature at 
the end of the compression is 900 K. Find at what cylinder volume the the end of the compression is 900 K. Find at what cylinder volume the the end of the compression is 900 K. Find at what cylinder volume the the end of the compression is 900 K. Find at what cylinder volume the combustioncombustioncombustioncombustion    is complete is complete is complete is complete 
Express this volume as percentage of stroke. Assume thaExpress this volume as percentage of stroke. Assume thaExpress this volume as percentage of stroke. Assume thaExpress this volume as percentage of stroke. Assume that combustion begins at TDC and takes t combustion begins at TDC and takes t combustion begins at TDC and takes t combustion begins at TDC and takes 
place at constant pressure. Take calorific value of the fuel as 42 MJ/kg, R = 0.287 kJ/kg K and place at constant pressure. Take calorific value of the fuel as 42 MJ/kg, R = 0.287 kJ/kg K and place at constant pressure. Take calorific value of the fuel as 42 MJ/kg, R = 0.287 kJ/kg K and place at constant pressure. Take calorific value of the fuel as 42 MJ/kg, R = 0.287 kJ/kg K and 
Specific heat at constant volume is given by Specific heat at constant volume is given by Specific heat at constant volume is given by Specific heat at constant volume is given by CCCCvvvv====0.709+0.000028T, where T is in Kelvin.  ( VTU 0.709+0.000028T, where T is in Kelvin.  ( VTU 0.709+0.000028T, where T is in Kelvin.  ( VTU 0.709+0.000028T, where T is in Kelvin.  ( VTU 
July 2007) July 2007) July 2007) July 2007)     
    

3.3.3.3.The combustionThe combustionThe combustionThe combustion    in a diesel engine is assumed to begin at IDC and to be at constant pressure. in a diesel engine is assumed to begin at IDC and to be at constant pressure. in a diesel engine is assumed to begin at IDC and to be at constant pressure. in a diesel engine is assumed to begin at IDC and to be at constant pressure. 
The A/F ratio is 28:1, the calorific value of the fuel is 42 MJ/kg K and specific heat of product of The A/F ratio is 28:1, the calorific value of the fuel is 42 MJ/kg K and specific heat of product of The A/F ratio is 28:1, the calorific value of the fuel is 42 MJ/kg K and specific heat of product of The A/F ratio is 28:1, the calorific value of the fuel is 42 MJ/kg K and specific heat of product of 
combustion is given by combustion is given by combustion is given by combustion is given by CCCCvvvv====0.710.710.710.71++++20 x 1020 x 1020 x 1020 x 10----5555    T, where T is in Kelvin. T, where T is in Kelvin. T, where T is in Kelvin. T, where T is in Kelvin. R for the R for the R for the R for the product = 0.287 product = 0.287 product = 0.287 product = 0.287 
kJ/kg KkJ/kg KkJ/kg KkJ/kg K    . if the compression ratio is 14:1 and temperature at the end of the compression is 800 . if the compression ratio is 14:1 and temperature at the end of the compression is 800 . if the compression ratio is 14:1 and temperature at the end of the compression is 800 . if the compression ratio is 14:1 and temperature at the end of the compression is 800 
K . Find at  what percentage of the stroke combustion is complete. ( VTU July 2006K . Find at  what percentage of the stroke combustion is complete. ( VTU July 2006K . Find at  what percentage of the stroke combustion is complete. ( VTU July 2006K . Find at  what percentage of the stroke combustion is complete. ( VTU July 2006) ) ) )     
    

4.An engine working on the OTTO cycle having compression r4.An engine working on the OTTO cycle having compression r4.An engine working on the OTTO cycle having compression r4.An engine working on the OTTO cycle having compression ratio 7, uses hexane (Catio 7, uses hexane (Catio 7, uses hexane (Catio 7, uses hexane (C6666HHHH14141414) as ) as ) as ) as 
the fuel. The calorific value of the fuel is 44000 kJ/kg. The air fuel ratio of the mixture is 13:67:1 the fuel. The calorific value of the fuel is 44000 kJ/kg. The air fuel ratio of the mixture is 13:67:1 the fuel. The calorific value of the fuel is 44000 kJ/kg. The air fuel ratio of the mixture is 13:67:1 the fuel. The calorific value of the fuel is 44000 kJ/kg. The air fuel ratio of the mixture is 13:67:1 
Determine 1) the percentage molecular change ii) pressure and temperature at the end of Determine 1) the percentage molecular change ii) pressure and temperature at the end of Determine 1) the percentage molecular change ii) pressure and temperature at the end of Determine 1) the percentage molecular change ii) pressure and temperature at the end of 
combustion with and without considcombustion with and without considcombustion with and without considcombustion with and without considering the molecular contraction. Assume  ering the molecular contraction. Assume  ering the molecular contraction. Assume  ering the molecular contraction. Assume  CCCCvvvv====0.712 kJ/kg K , 0.712 kJ/kg K , 0.712 kJ/kg K , 0.712 kJ/kg K , 
compression follows the law PVcompression follows the law PVcompression follows the law PVcompression follows the law PV1.3 1.3 1.3 1.3 =  C. The pressure and temperature of the mixture at the =  C. The pressure and temperature of the mixture at the =  C. The pressure and temperature of the mixture at the =  C. The pressure and temperature of the mixture at the 
beginning of compression are 1 bar and 67 deg C.  ( VTU Dec 06 / Jan 2007)beginning of compression are 1 bar and 67 deg C.  ( VTU Dec 06 / Jan 2007)beginning of compression are 1 bar and 67 deg C.  ( VTU Dec 06 / Jan 2007)beginning of compression are 1 bar and 67 deg C.  ( VTU Dec 06 / Jan 2007)    
    

4. Detemine4. Detemine4. Detemine4. Detemine    the effect of perthe effect of perthe effect of perthe effect of percentage change in efficiency of OTTO Cycle having a compression centage change in efficiency of OTTO Cycle having a compression centage change in efficiency of OTTO Cycle having a compression centage change in efficiency of OTTO Cycle having a compression 
ratio of 8.If the specific heat at constant volume increases by 1%.ratio of 8.If the specific heat at constant volume increases by 1%.ratio of 8.If the specific heat at constant volume increases by 1%.ratio of 8.If the specific heat at constant volume increases by 1%.    
    

5. A Diesel engine uses a compression ratio of 20. The cut off is 5 % stroke at a particular load. 5. A Diesel engine uses a compression ratio of 20. The cut off is 5 % stroke at a particular load. 5. A Diesel engine uses a compression ratio of 20. The cut off is 5 % stroke at a particular load. 5. A Diesel engine uses a compression ratio of 20. The cut off is 5 % stroke at a particular load. 
The value of specific heThe value of specific heThe value of specific heThe value of specific heat at constant volume increase by 1%. Find the percentage change in at at constant volume increase by 1%. Find the percentage change in at at constant volume increase by 1%. Find the percentage change in at at constant volume increase by 1%. Find the percentage change in 
ASE. Take ASE. Take ASE. Take ASE. Take CCCCvvvv====0.72 kJ/kg K and  R for the product = 0.287 kJ /kg K. repeat  for cut off of 10 % 0.72 kJ/kg K and  R for the product = 0.287 kJ /kg K. repeat  for cut off of 10 % 0.72 kJ/kg K and  R for the product = 0.287 kJ /kg K. repeat  for cut off of 10 % 0.72 kJ/kg K and  R for the product = 0.287 kJ /kg K. repeat  for cut off of 10 % 
and 15 % of the stroke. What can you deduce from and 15 % of the stroke. What can you deduce from and 15 % of the stroke. What can you deduce from and 15 % of the stroke. What can you deduce from this?this?this?this?    
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LOSS DUE TO VARIATION OF SPECIFIC HEATLOSS DUE TO VARIATION OF SPECIFIC HEATLOSS DUE TO VARIATION OF SPECIFIC HEATLOSS DUE TO VARIATION OF SPECIFIC HEAT    IN OTTO CYCLE. ( VTUIN OTTO CYCLE. ( VTUIN OTTO CYCLE. ( VTUIN OTTO CYCLE. ( VTU----    Jan 07/ Feb 06)Jan 07/ Feb 06)Jan 07/ Feb 06)Jan 07/ Feb 06)    
    

    
    
    
    
    
    
    

The specific heats of gases increase with increase of temperature. Since the difference The specific heats of gases increase with increase of temperature. Since the difference The specific heats of gases increase with increase of temperature. Since the difference The specific heats of gases increase with increase of temperature. Since the difference 
between Cbetween Cbetween Cbetween CPPPP    and Cand Cand Cand CVVVV    is is is is constant,constant,constant,constant,    the value of the value of the value of the value of γ     decreases as the temperature decreases as the temperature decreases as the temperature decreases as the temperature increases. Duringincreases. Duringincreases. Duringincreases. During    
comprcomprcomprcompression stroke, if the variation of specific heats is taken into account, the final temperature ession stroke, if the variation of specific heats is taken into account, the final temperature ession stroke, if the variation of specific heats is taken into account, the final temperature ession stroke, if the variation of specific heats is taken into account, the final temperature 
and pressure would be lower than if the constant specific heats are used. With the variable and pressure would be lower than if the constant specific heats are used. With the variable and pressure would be lower than if the constant specific heats are used. With the variable and pressure would be lower than if the constant specific heats are used. With the variable 
specific heat the point at the end of the compression is slightly lowspecific heat the point at the end of the compression is slightly lowspecific heat the point at the end of the compression is slightly lowspecific heat the point at the end of the compression is slightly lower than 2er than 2er than 2er than 21111    instead of 2. instead of 2. instead of 2. instead of 2.     
    

At the end of compression pressure and temperature will be lower due to variation of At the end of compression pressure and temperature will be lower due to variation of At the end of compression pressure and temperature will be lower due to variation of At the end of compression pressure and temperature will be lower due to variation of CCCCVVVV. . . . Thus , Thus , Thus , Thus , 
it is seen that effect of variation of specific heats is to lower temperatures and pressure at point it is seen that effect of variation of specific heats is to lower temperatures and pressure at point it is seen that effect of variation of specific heats is to lower temperatures and pressure at point it is seen that effect of variation of specific heats is to lower temperatures and pressure at point 
2 and 3 and hence to 2 and 3 and hence to 2 and 3 and hence to 2 and 3 and hence to deliver lesdeliver lesdeliver lesdeliver less work than the corresponding cycle with constant specific s work than the corresponding cycle with constant specific s work than the corresponding cycle with constant specific s work than the corresponding cycle with constant specific 
heatsheatsheatsheats    
    

Home work :Home work :Home work :Home work :    
Explain with the help of the following diagrams, the loss due to variation of specific heats in Explain with the help of the following diagrams, the loss due to variation of specific heats in Explain with the help of the following diagrams, the loss due to variation of specific heats in Explain with the help of the following diagrams, the loss due to variation of specific heats in 
Diesel cycleDiesel cycleDiesel cycleDiesel cycle    
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III.III.III.III.LOSS DUE TO LOSS DUE TO LOSS DUE TO LOSS DUE TO DISSOCIATION EFFECT ( VTU JULY 2006)DISSOCIATION EFFECT ( VTU JULY 2006)DISSOCIATION EFFECT ( VTU JULY 2006)DISSOCIATION EFFECT ( VTU JULY 2006)    
DissocDissocDissocDissociation is a process of disintegration of combustion products at high temperature. This can iation is a process of disintegration of combustion products at high temperature. This can iation is a process of disintegration of combustion products at high temperature. This can iation is a process of disintegration of combustion products at high temperature. This can 
also be considered as reverse process to combustion. During dissociation , heat is absorbed also be considered as reverse process to combustion. During dissociation , heat is absorbed also be considered as reverse process to combustion. During dissociation , heat is absorbed also be considered as reverse process to combustion. During dissociation , heat is absorbed 
where as during combustion heat is released.where as during combustion heat is released.where as during combustion heat is released.where as during combustion heat is released.    In I C engines , mainly dissIn I C engines , mainly dissIn I C engines , mainly dissIn I C engines , mainly dissociation of COociation of COociation of COociation of CO2222    iiiinto nto nto nto 
CO and O2 occurs , whereas there is a little dissociation of HCO and O2 occurs , whereas there is a little dissociation of HCO and O2 occurs , whereas there is a little dissociation of HCO and O2 occurs , whereas there is a little dissociation of H22220000    
    

Dissociation of C0Dissociation of C0Dissociation of C0Dissociation of C02222    ( at 1000 deg C)( at 1000 deg C)( at 1000 deg C)( at 1000 deg C)    
C0C0C0C02222            ⇔     2 CO + O2 CO + O2 CO + O2 CO + O2222+ heat + heat + heat + heat     

    

Dissociation of O2Dissociation of O2Dissociation of O2Dissociation of O2    ( at 1200 deg C)( at 1200 deg C)( at 1200 deg C)( at 1200 deg C)    
2H2H2H2H22220000            ⇔     2 H2 H2 H2 H2222+ O+ O+ O+ O2222+ heat + heat + heat + heat     

    
The arrows in both directions in the above equations indicate that, limiting temperature is The arrows in both directions in the above equations indicate that, limiting temperature is The arrows in both directions in the above equations indicate that, limiting temperature is The arrows in both directions in the above equations indicate that, limiting temperature is 
attained when the reaction has same rate for either direction.  attained when the reaction has same rate for either direction.  attained when the reaction has same rate for either direction.  attained when the reaction has same rate for either direction.      
    

Dissociation , in general , lowers the temperature and consequently pressures at the beginning Dissociation , in general , lowers the temperature and consequently pressures at the beginning Dissociation , in general , lowers the temperature and consequently pressures at the beginning Dissociation , in general , lowers the temperature and consequently pressures at the beginning 
of of of of the stroke and the stroke and the stroke and the stroke and causes a loss of power and efficiencycauses a loss of power and efficiencycauses a loss of power and efficiencycauses a loss of power and efficiency. . . .     If the mixture is weaker, it gives If the mixture is weaker, it gives If the mixture is weaker, it gives If the mixture is weaker, it gives 
temperature lower than those required for dissociation to take place. If the mixture is richer, temperature lower than those required for dissociation to take place. If the mixture is richer, temperature lower than those required for dissociation to take place. If the mixture is richer, temperature lower than those required for dissociation to take place. If the mixture is richer, 
during combustion it gives out CO and Oduring combustion it gives out CO and Oduring combustion it gives out CO and Oduring combustion it gives out CO and O2222    both of which suppresses the both of which suppresses the both of which suppresses the both of which suppresses the dissociation of C0dissociation of C0dissociation of C0dissociation of C02222. . . .     
    
EFFECT OF DISSOCIATION ON MAX TEMPERATURE OF THE CYCLEEFFECT OF DISSOCIATION ON MAX TEMPERATURE OF THE CYCLEEFFECT OF DISSOCIATION ON MAX TEMPERATURE OF THE CYCLEEFFECT OF DISSOCIATION ON MAX TEMPERATURE OF THE CYCLE    

    

Figure shows the effect of dissociation on Figure shows the effect of dissociation on Figure shows the effect of dissociation on Figure shows the effect of dissociation on 
the maximum temperature for different the maximum temperature for different the maximum temperature for different the maximum temperature for different 
F/A ratio. In the absence of the F/A ratio. In the absence of the F/A ratio. In the absence of the F/A ratio. In the absence of the 
dissociation,dissociation,dissociation,dissociation,    max temperature occurs max temperature occurs max temperature occurs max temperature occurs at at at at 
chemically correct F/Achemically correct F/Achemically correct F/Achemically correct F/A    ratioratioratioratio, with , with , with , with 
dissociation, the maximum temperature dissociation, the maximum temperature dissociation, the maximum temperature dissociation, the maximum temperature 
occurs when mixture is slightly 10% rich. occurs when mixture is slightly 10% rich. occurs when mixture is slightly 10% rich. occurs when mixture is slightly 10% rich. 
The dissociation reduces the maximum The dissociation reduces the maximum The dissociation reduces the maximum The dissociation reduces the maximum 
temperature by about 300 deg C even at temperature by about 300 deg C even at temperature by about 300 deg C even at temperature by about 300 deg C even at 
chemically correct air fuel ratio.  chemically correct air fuel ratio.  chemically correct air fuel ratio.  chemically correct air fuel ratio.      
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EFFECT OF DISSOCIATION ON EFFECT OF DISSOCIATION ON EFFECT OF DISSOCIATION ON EFFECT OF DISSOCIATION ON POWER ( VTU JULY 2006POWER ( VTU JULY 2006POWER ( VTU JULY 2006POWER ( VTU JULY 2006))))    

    

The effect of dissociation on Brake power The effect of dissociation on Brake power The effect of dissociation on Brake power The effect of dissociation on Brake power 
for four stroke SI engine at constant RPM for four stroke SI engine at constant RPM for four stroke SI engine at constant RPM for four stroke SI engine at constant RPM 
is shown in the Figure. BP of engine is is shown in the Figure. BP of engine is is shown in the Figure. BP of engine is is shown in the Figure. BP of engine is 
maximum when the air fuel ratio is maximum when the air fuel ratio is maximum when the air fuel ratio is maximum when the air fuel ratio is 
stochiometricstochiometricstochiometricstochiometric    and there is no dissociation. and there is no dissociation. and there is no dissociation. and there is no dissociation. 
The depth The depth The depth The depth of shadedof shadedof shadedof shaded        area between 2 BP area between 2 BP area between 2 BP area between 2 BP 
curves shocurves shocurves shocurves shows the loss of power due to ws the loss of power due to ws the loss of power due to ws the loss of power due to 
dissociation at Fuel air mixture . dissociation at Fuel air mixture . dissociation at Fuel air mixture . dissociation at Fuel air mixture . WhenWhenWhenWhen    the the the the 
mixture is lean there is no dissociation. As mixture is lean there is no dissociation. As mixture is lean there is no dissociation. As mixture is lean there is no dissociation. As 
the mixture becomes rich maximum the mixture becomes rich maximum the mixture becomes rich maximum the mixture becomes rich maximum 
temperature rises and dissociation starts. temperature rises and dissociation starts. temperature rises and dissociation starts. temperature rises and dissociation starts. 
The maximum dissociation occurs at stoichiometric air fuel ratiThe maximum dissociation occurs at stoichiometric air fuel ratiThe maximum dissociation occurs at stoichiometric air fuel ratiThe maximum dissociation occurs at stoichiometric air fuel ratio. The dissociation starts o. The dissociation starts o. The dissociation starts o. The dissociation starts 
declining at rich mixture because of increased quantity of CO in burned gases. declining at rich mixture because of increased quantity of CO in burned gases. declining at rich mixture because of increased quantity of CO in burned gases. declining at rich mixture because of increased quantity of CO in burned gases.     
    

EFFECT OF DISSOCIATION ON EFFECT OF DISSOCIATION ON EFFECT OF DISSOCIATION ON EFFECT OF DISSOCIATION ON     OTTO CYCLEOTTO CYCLEOTTO CYCLEOTTO CYCLE    

    

The effect of dissociation  on The effect of dissociation  on The effect of dissociation  on The effect of dissociation  on OttoOttoOttoOtto    cycle is shown in cycle is shown in cycle is shown in cycle is shown in 
adjacent  figure. Because of lower maximum adjacent  figure. Because of lower maximum adjacent  figure. Because of lower maximum adjacent  figure. Because of lower maximum     
ttttemperaturemperaturemperaturemperature due to dissociation , the maximum e due to dissociation , the maximum e due to dissociation , the maximum e due to dissociation , the maximum 
pressure of cycle also falls and state of gas after pressure of cycle also falls and state of gas after pressure of cycle also falls and state of gas after pressure of cycle also falls and state of gas after 
combustion is shown by point 3combustion is shown by point 3combustion is shown by point 3combustion is shown by point 31 1 1 1 instead of  3.  If instead of  3.  If instead of  3.  If instead of  3.  If 
there is no rethere is no rethere is no rethere is no re----association during expansion , the association during expansion , the association during expansion , the association during expansion , the 
expansion follows the process 3expansion follows the process 3expansion follows the process 3expansion follows the process 31111----444411111111    but if there is but if there is but if there is but if there is 
some resome resome resome re----associassociassociassociation , due to fall of temperature , ation , due to fall of temperature , ation , due to fall of temperature , ation , due to fall of temperature , 
then the expansion follows the process 3then the expansion follows the process 3then the expansion follows the process 3then the expansion follows the process 31111----44441111    . It is . It is . It is . It is 
obvious from the figure, the phenomenon causes obvious from the figure, the phenomenon causes obvious from the figure, the phenomenon causes obvious from the figure, the phenomenon causes 
loss of power and efficiency of the engine. loss of power and efficiency of the engine. loss of power and efficiency of the engine. loss of power and efficiency of the engine.     
    

Home work :Home work :Home work :Home work :    
• Why dissociation effect is not pronounced Why dissociation effect is not pronounced Why dissociation effect is not pronounced Why dissociation effect is not pronounced in CI Engine ?.in CI Engine ?.in CI Engine ?.in CI Engine ?.    
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IIIIV.V.V.V.    VARIATION IN THE NUMBER OF MOLECULES :VARIATION IN THE NUMBER OF MOLECULES :VARIATION IN THE NUMBER OF MOLECULES :VARIATION IN THE NUMBER OF MOLECULES :    
The number of moles or molecules present in cylinder after combustion depends upon the A/F The number of moles or molecules present in cylinder after combustion depends upon the A/F The number of moles or molecules present in cylinder after combustion depends upon the A/F The number of moles or molecules present in cylinder after combustion depends upon the A/F 
ratio and extern of reaction in cylinder. According to gas law, ratio and extern of reaction in cylinder. According to gas law, ratio and extern of reaction in cylinder. According to gas law, ratio and extern of reaction in cylinder. According to gas law, TMVp ℜ= , where , where , where , where V     molamolamolamolal l l l 
volume , M is the number of kg moles. volume , M is the number of kg moles. volume , M is the number of kg moles. volume , M is the number of kg moles. ℜ     is the universal gas constant . It is obvious from the is the universal gas constant . It is obvious from the is the universal gas constant . It is obvious from the is the universal gas constant . It is obvious from the 
equation that pressure depends on the moles present. This has direct effect on the amount of equation that pressure depends on the moles present. This has direct effect on the amount of equation that pressure depends on the moles present. This has direct effect on the amount of equation that pressure depends on the moles present. This has direct effect on the amount of 
work developed by the gases in the cylinder.work developed by the gases in the cylinder.work developed by the gases in the cylinder.work developed by the gases in the cylinder.        
    

ACTUAL  CYCLESACTUAL  CYCLESACTUAL  CYCLESACTUAL  CYCLES    
Actual cycle efficiency is much lower than Air standard efficiency due to various losses Actual cycle efficiency is much lower than Air standard efficiency due to various losses Actual cycle efficiency is much lower than Air standard efficiency due to various losses Actual cycle efficiency is much lower than Air standard efficiency due to various losses 
occurring in actual engine operations. They are :occurring in actual engine operations. They are :occurring in actual engine operations. They are :occurring in actual engine operations. They are :    

1.1.1.1. Losses due to variation of specific heatsLosses due to variation of specific heatsLosses due to variation of specific heatsLosses due to variation of specific heats    
2.2.2.2. Chemical equilibrium losses or dissociation lossesChemical equilibrium losses or dissociation lossesChemical equilibrium losses or dissociation lossesChemical equilibrium losses or dissociation losses    
3.3.3.3. Time lTime lTime lTime lossesossesossesosses    
4.4.4.4. Losses due to incomplete combustionLosses due to incomplete combustionLosses due to incomplete combustionLosses due to incomplete combustion    
5.5.5.5. Direct heat lossesDirect heat lossesDirect heat lossesDirect heat losses    
6.6.6.6. Exhaust blow down gasesExhaust blow down gasesExhaust blow down gasesExhaust blow down gases    
7.7.7.7. Pumping  losses.Pumping  losses.Pumping  losses.Pumping  losses.    

    

If we subtract  losses due to variable specific heat and dissociation from the air standard cycle If we subtract  losses due to variable specific heat and dissociation from the air standard cycle If we subtract  losses due to variable specific heat and dissociation from the air standard cycle If we subtract  losses due to variable specific heat and dissociation from the air standard cycle 
we get  fuel air cycle analysis and if we further subtrwe get  fuel air cycle analysis and if we further subtrwe get  fuel air cycle analysis and if we further subtrwe get  fuel air cycle analysis and if we further subtract other above losses form fuel air cycle act other above losses form fuel air cycle act other above losses form fuel air cycle act other above losses form fuel air cycle 
we can very closely approximate the actual cycle. we can very closely approximate the actual cycle. we can very closely approximate the actual cycle. we can very closely approximate the actual cycle.     
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Factors that  affect the deviation of actual cycles from Theoretical cycle. ( Jan 06Factors that  affect the deviation of actual cycles from Theoretical cycle. ( Jan 06Factors that  affect the deviation of actual cycles from Theoretical cycle. ( Jan 06Factors that  affect the deviation of actual cycles from Theoretical cycle. ( Jan 06/ / / / July 05)July 05)July 05)July 05)    
    

Actual cycle for IC engine differ from Air standard cActual cycle for IC engine differ from Air standard cActual cycle for IC engine differ from Air standard cActual cycle for IC engine differ from Air standard cycles in many respects as listed belowycles in many respects as listed belowycles in many respects as listed belowycles in many respects as listed below    
1.1.1.1. Working substance is not air. But mixture of air, fuel during the suction Working substance is not air. But mixture of air, fuel during the suction Working substance is not air. But mixture of air, fuel during the suction Working substance is not air. But mixture of air, fuel during the suction 

and compression and many gases during the expansion and exhaust.and compression and many gases during the expansion and exhaust.and compression and many gases during the expansion and exhaust.and compression and many gases during the expansion and exhaust.    
2.2.2.2. Combustion of fuel not only adds heat but changes the chemical Combustion of fuel not only adds heat but changes the chemical Combustion of fuel not only adds heat but changes the chemical Combustion of fuel not only adds heat but changes the chemical 

compositioncompositioncompositioncomposition    
3.3.3.3. SpeSpeSpeSpecific heat of gases changes with respect to temperaturecific heat of gases changes with respect to temperaturecific heat of gases changes with respect to temperaturecific heat of gases changes with respect to temperature    
4.4.4.4. The residual gases change the composition , temperature and amount The residual gases change the composition , temperature and amount The residual gases change the composition , temperature and amount The residual gases change the composition , temperature and amount 

of fuel charge.of fuel charge.of fuel charge.of fuel charge.    
5.5.5.5. The constant volume combustion is not possible in realityThe constant volume combustion is not possible in realityThe constant volume combustion is not possible in realityThe constant volume combustion is not possible in reality    
6.6.6.6. Compression and expansions are not isentropicCompression and expansions are not isentropicCompression and expansions are not isentropicCompression and expansions are not isentropic    
7.7.7.7. There is alwaThere is alwaThere is alwaThere is always  some heat loss due to heat transfer from hot gases.ys  some heat loss due to heat transfer from hot gases.ys  some heat loss due to heat transfer from hot gases.ys  some heat loss due to heat transfer from hot gases.    
8.8.8.8. There is exhaust blow down due to early opening of exhaust valveThere is exhaust blow down due to early opening of exhaust valveThere is exhaust blow down due to early opening of exhaust valveThere is exhaust blow down due to early opening of exhaust valve    
9.9.9.9. There are losses due to leakages and frictionThere are losses due to leakages and frictionThere are losses due to leakages and frictionThere are losses due to leakages and friction    

    

COMPARISION OF AIR STANDARD CYCLE, FUEL AIR CYCLE AND ACTUAL CYCLE IN SI ENGINE ON THE COMPARISION OF AIR STANDARD CYCLE, FUEL AIR CYCLE AND ACTUAL CYCLE IN SI ENGINE ON THE COMPARISION OF AIR STANDARD CYCLE, FUEL AIR CYCLE AND ACTUAL CYCLE IN SI ENGINE ON THE COMPARISION OF AIR STANDARD CYCLE, FUEL AIR CYCLE AND ACTUAL CYCLE IN SI ENGINE ON THE 
BBBBASIS OF OPERATION AND WORKING MEDIA. ASIS OF OPERATION AND WORKING MEDIA. ASIS OF OPERATION AND WORKING MEDIA. ASIS OF OPERATION AND WORKING MEDIA.     ( VTU JULY 2006)( VTU JULY 2006)( VTU JULY 2006)( VTU JULY 2006)    

AIR CYCLEAIR CYCLEAIR CYCLEAIR CYCLE    
• The working medium is air throughout the cycle. It is assumed to be an ideal gas with The working medium is air throughout the cycle. It is assumed to be an ideal gas with The working medium is air throughout the cycle. It is assumed to be an ideal gas with The working medium is air throughout the cycle. It is assumed to be an ideal gas with 

constant properties.constant properties.constant properties.constant properties.    
• TheTheTheThe    working medium does not leave the system, and performs cyclic processes.working medium does not leave the system, and performs cyclic processes.working medium does not leave the system, and performs cyclic processes.working medium does not leave the system, and performs cyclic processes.    
• There aThere aThere aThere are not inlet and exhaust strokes.re not inlet and exhaust strokes.re not inlet and exhaust strokes.re not inlet and exhaust strokes.    
• The compression and expansion processes are isentropic.The compression and expansion processes are isentropic.The compression and expansion processes are isentropic.The compression and expansion processes are isentropic.    
• The heat addition and rejection are instantaneous at T.D.C. and B.D.C. respectively, at The heat addition and rejection are instantaneous at T.D.C. and B.D.C. respectively, at The heat addition and rejection are instantaneous at T.D.C. and B.D.C. respectively, at The heat addition and rejection are instantaneous at T.D.C. and B.D.C. respectively, at 

constant volume.constant volume.constant volume.constant volume.    

FUELFUELFUELFUEL----AIR CYCLEAIR CYCLEAIR CYCLEAIR CYCLE    
• The cylinder gases contain fuel, air, water vaThe cylinder gases contain fuel, air, water vaThe cylinder gases contain fuel, air, water vaThe cylinder gases contain fuel, air, water vapour and residual gases.pour and residual gases.pour and residual gases.pour and residual gases.    
• The fuelThe fuelThe fuelThe fuel----air ratio changes during the operation of the engine which changes the relative air ratio changes during the operation of the engine which changes the relative air ratio changes during the operation of the engine which changes the relative air ratio changes during the operation of the engine which changes the relative 

amounts of C0 water vapour etc.amounts of C0 water vapour etc.amounts of C0 water vapour etc.amounts of C0 water vapour etc.    
• The variations in tThe variations in tThe variations in tThe variations in the values of specific heat and he values of specific heat and he values of specific heat and he values of specific heat and γ     with temperature, the effects of with temperature, the effects of with temperature, the effects of with temperature, the effects of 

disdisdisdissociation, and the variations insociation, and the variations insociation, and the variations insociation, and the variations in    the number of molecules beforethe number of molecules beforethe number of molecules beforethe number of molecules before    and after combustionand after combustionand after combustionand after combustion    
are considered.are considered.are considered.are considered.    
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Besides taking the above factors into consideration, theBesides taking the above factors into consideration, theBesides taking the above factors into consideration, theBesides taking the above factors into consideration, the    following assumptions are commonly following assumptions are commonly following assumptions are commonly following assumptions are commonly     
made for the operation in made for the operation in made for the operation in made for the operation in     

• No chemical change prior to combusNo chemical change prior to combusNo chemical change prior to combusNo chemical change prior to combustion.tion.tion.tion.    
• Ch is always in equilibrium after combustion.Ch is always in equilibrium after combustion.Ch is always in equilibrium after combustion.Ch is always in equilibrium after combustion.    
• Compression and expansion processes are frictionless, adiabatic.Compression and expansion processes are frictionless, adiabatic.Compression and expansion processes are frictionless, adiabatic.Compression and expansion processes are frictionless, adiabatic.    
• Fuel completely Fuel completely Fuel completely Fuel completely vaporizedvaporizedvaporizedvaporized    and mixed with air.and mixed with air.and mixed with air.and mixed with air.    
• Burning takes place instantaneously, at constant volume, at T.D.C.Burning takes place instantaneously, at constant volume, at T.D.C.Burning takes place instantaneously, at constant volume, at T.D.C.Burning takes place instantaneously, at constant volume, at T.D.C.    

The fuel air cycle gives aThe fuel air cycle gives aThe fuel air cycle gives aThe fuel air cycle gives a    very good estimate of the actual engine with regards to efficiency, very good estimate of the actual engine with regards to efficiency, very good estimate of the actual engine with regards to efficiency, very good estimate of the actual engine with regards to efficiency, 
power output, peak pressure, exhaust temperature etc.power output, peak pressure, exhaust temperature etc.power output, peak pressure, exhaust temperature etc.power output, peak pressure, exhaust temperature etc.    

ACTUAL CYCLEACTUAL CYCLEACTUAL CYCLEACTUAL CYCLE    
• The working substance is a mixture of air and fuel vapour, with the products of combustion The working substance is a mixture of air and fuel vapour, with the products of combustion The working substance is a mixture of air and fuel vapour, with the products of combustion The working substance is a mixture of air and fuel vapour, with the products of combustion 

left from the previous cycle.left from the previous cycle.left from the previous cycle.left from the previous cycle.    
• The working substance undergoes change in the chemical composition.The working substance undergoes change in the chemical composition.The working substance undergoes change in the chemical composition.The working substance undergoes change in the chemical composition.    
• Variation in specific heats takes place. Also the temperature and composition changes Variation in specific heats takes place. Also the temperature and composition changes Variation in specific heats takes place. Also the temperature and composition changes Variation in specific heats takes place. Also the temperature and composition changes 

due to residual gases occur.due to residual gases occur.due to residual gases occur.due to residual gases occur.    
• The combustion is progressive rather than instantaneous.The combustion is progressive rather than instantaneous.The combustion is progressive rather than instantaneous.The combustion is progressive rather than instantaneous.    
• Heat transfer tHeat transfer tHeat transfer tHeat transfer to and from the working medium to the cylinder walls take place.o and from the working medium to the cylinder walls take place.o and from the working medium to the cylinder walls take place.o and from the working medium to the cylinder walls take place.    
• Exhaust blow down losses i.e. loss of work due to early opening of the exhaust valves Exhaust blow down losses i.e. loss of work due to early opening of the exhaust valves Exhaust blow down losses i.e. loss of work due to early opening of the exhaust valves Exhaust blow down losses i.e. loss of work due to early opening of the exhaust valves 

take place.take place.take place.take place.    
• Gas leakage and fluid friction are present.Gas leakage and fluid friction are present.Gas leakage and fluid friction are present.Gas leakage and fluid friction are present.    

COMBUSTION CHARTS COMBUSTION CHARTS COMBUSTION CHARTS COMBUSTION CHARTS ( VTU JULY 2007,AUGUST 2005, Feb( VTU JULY 2007,AUGUST 2005, Feb( VTU JULY 2007,AUGUST 2005, Feb( VTU JULY 2007,AUGUST 2005, February 2006ruary 2006ruary 2006ruary 2006))))    

Combustion charts Combustion charts Combustion charts Combustion charts     or Equilibrium charts or Equilibrium charts or Equilibrium charts or Equilibrium charts are thermodynamic charts embodying characteristics are thermodynamic charts embodying characteristics are thermodynamic charts embodying characteristics are thermodynamic charts embodying characteristics 
of cylinder gases that are employed for computing fuel air cycles , avoiding  laborious of cylinder gases that are employed for computing fuel air cycles , avoiding  laborious of cylinder gases that are employed for computing fuel air cycles , avoiding  laborious of cylinder gases that are employed for computing fuel air cycles , avoiding  laborious 
calculations. calculations. calculations. calculations. J.B. Heywood developed a new set of charts in SI uJ.B. Heywood developed a new set of charts in SI uJ.B. Heywood developed a new set of charts in SI uJ.B. Heywood developed a new set of charts in SI units, following the approach of nits, following the approach of nits, following the approach of nits, following the approach of 
Newhall and Starkman. Nowadays, these charts are not much used and have been replaced by Newhall and Starkman. Nowadays, these charts are not much used and have been replaced by Newhall and Starkman. Nowadays, these charts are not much used and have been replaced by Newhall and Starkman. Nowadays, these charts are not much used and have been replaced by 
computer models. However, these charts are useful to analyze the fuelcomputer models. However, these charts are useful to analyze the fuelcomputer models. However, these charts are useful to analyze the fuelcomputer models. However, these charts are useful to analyze the fuel----air cycles where a air cycles where a air cycles where a air cycles where a 
limited number of calculations are required.limited number of calculations are required.limited number of calculations are required.limited number of calculations are required.    
    
Two types of charts are developed for each fuel:Two types of charts are developed for each fuel:Two types of charts are developed for each fuel:Two types of charts are developed for each fuel:    
1. Unburned mixture charts for the properties of gases before combustion.1. Unburned mixture charts for the properties of gases before combustion.1. Unburned mixture charts for the properties of gases before combustion.1. Unburned mixture charts for the properties of gases before combustion.    
2. Burned mixture charts for the properties of burned gases after combustion under chemical 2. Burned mixture charts for the properties of burned gases after combustion under chemical 2. Burned mixture charts for the properties of burned gases after combustion under chemical 2. Burned mixture charts for the properties of burned gases after combustion under chemical 
equilibrium.equilibrium.equilibrium.equilibrium.    
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Unburned Mixture ChartsUnburned Mixture ChartsUnburned Mixture ChartsUnburned Mixture Charts    
ThThThThe properties of the gases depend upon the air/fuel ratio and the residual gases in the mixture. e properties of the gases depend upon the air/fuel ratio and the residual gases in the mixture. e properties of the gases depend upon the air/fuel ratio and the residual gases in the mixture. e properties of the gases depend upon the air/fuel ratio and the residual gases in the mixture. 
For different operating conditions of the engine the air/fuel ratio and the amount of residual For different operating conditions of the engine the air/fuel ratio and the amount of residual For different operating conditions of the engine the air/fuel ratio and the amount of residual For different operating conditions of the engine the air/fuel ratio and the amount of residual 
gasesgasesgasesgases    change, therefore an infinite number of charts would theorechange, therefore an infinite number of charts would theorechange, therefore an infinite number of charts would theorechange, therefore an infinite number of charts would theoretically be required. However, tically be required. However, tically be required. However, tically be required. However, 
a limited number of charts are used to cover the range of mixtures normally used in SI engines. a limited number of charts are used to cover the range of mixtures normally used in SI engines. a limited number of charts are used to cover the range of mixtures normally used in SI engines. a limited number of charts are used to cover the range of mixtures normally used in SI engines. 
The thermodynamic charts developed for unburned mixtures are designed specifically for The thermodynamic charts developed for unburned mixtures are designed specifically for The thermodynamic charts developed for unburned mixtures are designed specifically for The thermodynamic charts developed for unburned mixtures are designed specifically for 
application to internal combustion engine capplication to internal combustion engine capplication to internal combustion engine capplication to internal combustion engine cycle processes. The thermodynamic properties of ycle processes. The thermodynamic properties of ycle processes. The thermodynamic properties of ycle processes. The thermodynamic properties of 
each of the fueleach of the fueleach of the fueleach of the fuel----    air mixtures considered are represented completely by a set of two charts. The air mixtures considered are represented completely by a set of two charts. The air mixtures considered are represented completely by a set of two charts. The air mixtures considered are represented completely by a set of two charts. The 
first is indeed for use in the determination of mixture temperature, pressure and volume at the first is indeed for use in the determination of mixture temperature, pressure and volume at the first is indeed for use in the determination of mixture temperature, pressure and volume at the first is indeed for use in the determination of mixture temperature, pressure and volume at the 
beginning and ebeginning and ebeginning and ebeginning and end of the compression process, and the other is for the determination of the nd of the compression process, and the other is for the determination of the nd of the compression process, and the other is for the determination of the nd of the compression process, and the other is for the determination of the 
corresponding internal energy and enthalpy values.corresponding internal energy and enthalpy values.corresponding internal energy and enthalpy values.corresponding internal energy and enthalpy values.    
        
    Burned Mixture Charts.Burned Mixture Charts.Burned Mixture Charts.Burned Mixture Charts.    
These charts are prepared on the basis of combustion of 1 kg of air with specific weight of fuel. These charts are prepared on the basis of combustion of 1 kg of air with specific weight of fuel. These charts are prepared on the basis of combustion of 1 kg of air with specific weight of fuel. These charts are prepared on the basis of combustion of 1 kg of air with specific weight of fuel. 
The The The The combustion product composition was considered to include H, H2, H20, OH, CO, CO2, combustion product composition was considered to include H, H2, H20, OH, CO, CO2, combustion product composition was considered to include H, H2, H20, OH, CO, CO2, combustion product composition was considered to include H, H2, H20, OH, CO, CO2, 
N,N2,O,O2 and NO. Energy, enthalpy and Entropy values for each of chemical species over full N,N2,O,O2 and NO. Energy, enthalpy and Entropy values for each of chemical species over full N,N2,O,O2 and NO. Energy, enthalpy and Entropy values for each of chemical species over full N,N2,O,O2 and NO. Energy, enthalpy and Entropy values for each of chemical species over full 
range of temperatures can be obtained from these charts. In range of temperatures can be obtained from these charts. In range of temperatures can be obtained from these charts. In range of temperatures can be obtained from these charts. In addition,addition,addition,addition,    the determithe determithe determithe determination of nation of nation of nation of 
equilibrium products composition requiresequilibrium products composition requiresequilibrium products composition requiresequilibrium products composition requires    equilibrium constants for each of dissociation equilibrium constants for each of dissociation equilibrium constants for each of dissociation equilibrium constants for each of dissociation 
reactions.  Professor J B Heyhood used data from JANAF thermodynamic data tables published reactions.  Professor J B Heyhood used data from JANAF thermodynamic data tables published reactions.  Professor J B Heyhood used data from JANAF thermodynamic data tables published reactions.  Professor J B Heyhood used data from JANAF thermodynamic data tables published 
by the Joint army Navy air force panel on Chemical thermodynamics.by the Joint army Navy air force panel on Chemical thermodynamics.by the Joint army Navy air force panel on Chemical thermodynamics.by the Joint army Navy air force panel on Chemical thermodynamics.    Each chart is a plot of Each chart is a plot of Each chart is a plot of Each chart is a plot of 
internal energy versus entropy for a particular fuel and equivalence ratio. Lines of constant internal energy versus entropy for a particular fuel and equivalence ratio. Lines of constant internal energy versus entropy for a particular fuel and equivalence ratio. Lines of constant internal energy versus entropy for a particular fuel and equivalence ratio. Lines of constant 
temperature, pressure and specific volumes are drawn on each chart. Figure 4.19 shows one temperature, pressure and specific volumes are drawn on each chart. Figure 4.19 shows one temperature, pressure and specific volumes are drawn on each chart. Figure 4.19 shows one temperature, pressure and specific volumes are drawn on each chart. Figure 4.19 shows one 
these charts using Iso octane as fuel with a eqthese charts using Iso octane as fuel with a eqthese charts using Iso octane as fuel with a eqthese charts using Iso octane as fuel with a equivalence ration of 1.0 for illustration purpose.uivalence ration of 1.0 for illustration purpose.uivalence ration of 1.0 for illustration purpose.uivalence ration of 1.0 for illustration purpose.    
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