




































UNIT-2

CARBURETION

The process of formation of a combustible fuel-air mixture by mixing the proper 
amount of fuel with air before admission to engine cylinder is called carburetion and 
the device which does this job is called a carburetor

FACTORS AFFECTING CARBURETION:

Of the various factors, the process of carburetion is influenced by

(i) the engine speed

(ii) the vapourization characteristics of the fuel

(iii) the temperature of the incoming air and

(iv) the design of the carburetor



• Since modern engines are of high speed type, the time available for 
mixture formation is very limited. 

• For example, an engine running at 3000 rpm has only about 10 
milliseconds (ms) for mixture induction during intake stroke.

• When the speed becomes 6000 rpm the time available is only 5 ms.

The temperature and pressure of surrounding air has a large 
influence on efficient carburetion

AIR–FUEL MIXTURES:

(i)chemically correct mixture 

(ii) rich mixture and 

(iii) lean mixture



1.  chemically correct A/F is 15.12:1; usually approximated to 15:1

2. A mixture which contains less air than the stoichiometric 
requirement is called a rich mixture (example, A/F ratio of 12:1, 10:1 
etc.).

3. A mixture which contains more air than the stoichiometric 
requirement is called a lean mixture (example, A/F ratio of 17:1, 20:1 
etc.).

The carburetor should provide an A/F ratio in accordance 
with engine operating requirements and this ratio must be within the 
combustible range.



MIXTURE REQUIREMENTS AT DIFFERENT LOADS AND SPEEDS



AUTOMOTIVE ENGINE AIR–FUEL MIXTURE REQUIREMENTS

(i) Idling (mixture must be enriched)

(ii) Cruising (mixture must be leaned)

(iii) High Power (mixture must be enriched)



THE SIMPLE CARBURETOR



ESSENTIAL PARTS OF A CARBURETOR

• A carburetor consists essentially of the following parts, viz.

• (i) fuel strainer

• (ii) float chamber 

• (iii) main fuel metering and idling nozzles 

• (iv) choke and throttle



HEAT REJECTION AND COOLING
• Internal combustion engines at best can transform about 25 to 35 per 

cent of the chemical energy in the fuel into mechanical energy. About 
35 per cent of the heat generated is lost to the cooling medium, 
remainder being dissipated through exhaust and lubricating oil.

VARIATION OF GAS TEMPERATURE:



PISTON 
TEMPERATURE 
DISTRIBUTION



CHARACTERISTICS OF AN EFFICIENT COOLING SYSTEM

The following are the two main characteristics desired of an efficient 
cooling system:

• (i) It should be capable of removing about 30% of heat generated in 
the combustion chamber while maintaining the optimum 
temperature of the engine under all operating conditions of the 
engine. 

• (ii) It should remove heat at a faster rate when engine is hot. 
However, during starting of the engine the cooling should be 
minimum, so that the working parts of the engine reach their 
operating temperatures in a short time



TYPES OF COOLING SYSTEMS

• (i) liquid or indirect cooling system 

• (ii) air or direct cooling system



LIQUID COOLED SYSTEMS

Water-cooling can be carried out by any one of the following five 
methods: 

• (i) Direct or non-return system 

• (ii) Thermosyphon system 

• (iii) Forced circulation cooling system 

• (iv) Evaporative cooling system 

• (v) Pressure cooling system



Direct or Non-return System

• This system is useful for large installations where plenty of water is 
available. 

• The water from a storage tank is directly supplied through an inlet 
valve to the engine cooling water jacket. 

• The hot water is not cooled for reuse but simply discharged



Thermosyphon System



Forced Circulation Cooling System



Evaporative Cooling System





Pressure Cooling System



AIR–COOLED SYSTEM

• Application :

• This method is mainly applicable to engines in motor cycles, small 
cars, airplanes and combat tanks where motion of vehicle gives a 
good velocity to cool the engine



• Advantages of Liquid-Cooling System 
• (i) Compact design of engines with appreciably smaller frontal area is 

possible.
• (ii) The fuel consumption of high compression liquid-cooled engines are 

rather lower than for air-cooled ones.
• (iii) Because of the even cooling of cylinder barrel and head due to 

jacketing makes it possible to reduce the cylinder head and valve seat 
temperatures.

• (iv) In case of water-cooled engines, installation is not necessarily at the 
front of the mobile vehicles, aircraft etc. as the cooling system can be  
conveniently located wherever required. This is not possible in case of air-
cooled engines.

• (v) The size of engine does not involve serious problems as far as the 
design of cooling systems is concerned. 

In case of air-cooled engines particularly in high horsepower range 
difficulty is encountered in the circulation of requisite quantity of air for 
cooling purposes



Limitations
• (i) This is a dependent system in which water circulation in the jackets 

is to be ensured by additional means. 

• (ii) Power absorbed by the pump for water circulation is considerable 
and this affects the power output of the engine. 

• (iii) In the event of failure of the cooling system serious damage may 
be caused to the engine.

• (iv) Cost of the system is considerably high. 

• (v) System requires considerable maintenance of its various parts.



Advantages of Air-Cooling System
• (i) The design of the engine becomes simpler as no water jackets are 

required. The cylinder can have identical dimensions and be individually 
detachable and therefore cheaper to renew in case of accident etc. 

• (ii) Absence of cooling pipes, radiator, etc. makes the cooling system 
simpler thereby has minimum maintenance problems.

• (iii) No danger of coolant leakage etc.

• (iv) The engine is not subject to freezing troubles etc., usually encountered 
in case of water cooled engines. 

• (v) The weight of the air-cooled engine is less than that of water-cooled 
engine, i.e., power to weight ratio is improved. 

• (vi) In this case, the engine is rather a self-contained unit as it requires no 
external components like radiator, header, tank etc.

• (vii) Installation of air-cooled engines is easier



Limitations
(i) Can be applied only to small and medium sized engines 

(ii) In places where ambient temperatures are lower 

(iii) Cooling is not uniform 

(iv) Higher working temperatures

(v) Produce more aerodynamic noise

(vi) Specific fuel consumption is slightly higher 

(vii) Lower maximum allowable compression ratios

(viii) The fan, if used absorbs as much as 5% of the power developed 
by the engine compared to water-cooling



ENGINE FRICTION AND LUBRICATION



COMBUSTION
Combustion is a chemical reaction in which certain 
elements of the fuel like hydrogen and carbon combine 
with oxygen liberating heat energy and causing an 
increase in temperature of the gases.



COMBUSTION IN SPARK–IGNITION ENGINES

• STAGES OF COMBUSTION IN SI ENGINES





• The first stage (A→B) is referred to as the ignition lag or preparation 
phase in which growth and development of a self propagating nucleus 
of flame takes place. This is a chemical process depending upon both 
temperature and pressure, the nature of the fuel and the proportion 
of the exhaust residual gas. Further, it also depends upon the 
relationship between the temperature and the rate of reaction. 



• The second stage (B→C) is a physical one and it is concerned with the 
spread of the flame throughout the combustion chamber. The 
starting point of the second stage is where the first measurable rise of 
pressure is seen on the indicator diagram i.e., the point where the 
line of combustion departs from the compression line (point B). This 
can be seen from the deviation from the motoring curve



• The starting point of the third stage is usually taken as the instant at 
which the maximum pressure is reached on the indicator diagram 
(point C). The flame velocity decreases during this stage. The rate of 
combustion becomes low due to lower flame velocity and reduced 
flame front surface. Since the expansion stroke starts before this 
stage of combustion, with the piston moving away from the top dead 
centre, there can be no pressure rise during this stage



• FLAME FRONT PROPAGATION



• FACTORS INFLUENCING THE FLAME SPEED

Turbulence

Fuel-Air Ratio

Temperature and Pressure

Compression Ratio

Engine Output

Engine Speed

Engine Size



• THE PHENOMENON OF KNOCK IN SI ENGINES



• EFFECT OF ENGINE VARIABLES ON KNOCK

• Density Factors

1. Compression Ratio

2. Mass of Inducted Charge

3. Inlet Temperature of the Mixture

4. Temperature of the Combustion Chamber Walls

5. Retarding the Spark Timing

6. Power Output of the Engine



Time Factors

• Turbulence

• Engine Speed

• Flame Travel Distance

• Engine Size

• Combustion Chamber Shape

• Location of Spark Plug



Composition Factors

• Fuel-Air Ratio

• Octane Value of the Fuel



COMBUSTION CHAMBERS FOR SI ENGINES



COMBUSTION IN COMPRESSION-IGNITION 
ENGINES


