
SUPERCHARGER AND TURBOCHARGER
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Turbocharger and supercharger

 To increase the output of any engine more fuel can be burned and make bigger

explosion in every cycle.

i. One way to add power is to build a bigger engine.

 But bigger engine, which weigh more and cost more to build and maintain

are not always better

ii. Another way to add power is to make a normal sized engine more efficient.

 This can be accomplish by forcing more air into the combustion chamber.

 More air means more fuel can be added and more fuel means a bigger

explosion and greater horsepower.

 This can be done with the help of turbocharger and supercharger
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Cut-view of supercharger
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History of supercharger

 The world's first functional, actually tested engine supercharger was

made by Dugald clerk, who used it for the first two- stroke engine in

1878.

 Gottlieb Daimler received a German patent for supercharging an

internal combustion engine in 1885.

 The world's first series-produced cars with superchargers were

Mercedes 6/25/40 hp and Mercedes 10/40/65 hp.

 Both models were introduced in 1921 and had Roots superchargers.
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Definition of supercharger

 A supercharger is an air compressor used for forced induction of an

internal combustion engine.

 The greater mass flow-rate provides more oxygen to support

combustion than would be available in a naturally aspirated engine

 Supercharger allows more fuel to be burned and more work to be

done per cycle, increasing the power output of the engine.

 Power for the unit can come mechanically by a belt, gear, shaft, or

chain connected to the engine's crankshaft .
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Purpose of supercharging

 To raise the density of the air charge, before it enters the

cylinders.

 To raise engines power output.

 To increase the volumetric efficiency since the utilization of air

is what going to determine the power output of the engine.

 Hence, an engine must be able to take in as much as air as

possible.
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Point to be noted on supercharging an engine

1. Supercharging increase power output of an engine, doesn’t increase fuel
consumption.

2. Engine should be designed to withstand the higher forces due to
supercharging.

3. The increased pressure & temperature as a result of supercharging may
lead to detonation.

4. Therefore, the fuel used must have a better anti-knock characteristics.

5. Certain % of power is consumed from engine itself in compressing the
air, which leads to power loss.

6. However, it’s seen that the net power output will be more than the power
out of an engine without supercharging.
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Types of supercharger

 There are two main types of superchargers defined according to the
method of compression

i. Positive displacement

ii. Dynamic compressors

 The former deliver a fairly constant level of pressure increase at all
engine speeds (RPM), whereas the latter deliver increasing pressure
with increasing engine speed.

 Dynamic compressors rely on accelerating the air to high speed and
then exchanging that velocity for pressure by diffusing or slowing it
down.
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Limitations of supercharger

1. Thermal load on the varies parts of the engine
increases.

2. Durability, reliability and fuel economy are main
consideration that limits the degrees of supercharging
of an engine.

3. Because of increased heat generation and heat
transfer, there is greater tendency to burn the piston
crown, seat and edges of the exhaust valves
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TURBOCHARGER
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Definition

 A turbocharger, or turbo is a centrifugal compressor powered

by a turbine that is driven by an engine's exhaust gases.

 Its benefit lies with the compressor increasing the mass of air

entering the engine (forced induction), thereby resulting in

greater performance (for either, or both, power and

efficiency).

 They are popularly used with internal combustion engines
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COMPONENTS OF TURBOCHARGER

The turbocharger has three main components

1. A turbine, which is almost always a radial inflow

turbine

2. A compressor, which is almost always a centrifugal

compressor

3. The center housing/hub rotating assembly
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Objectives of turbocharger

 The objective of a turbocharger, just as that of a supercharger, is to improve

an engine's volumetric efficiency by increasing the intake density.

 The compressor draws in ambient air and compresses it before it enters into

the intake manifold at increased pressure, that results in a greater mass of

air entering the cylinders on each intake stroke.

 The power needed to spin the centrifugal compressor is derived from the

high pressure and temperature of the engine's exhaust gases.

 The turbine converts the engine exhaust's potential pressure energy and

kinetic velocity energy into rotational power, which is in turn used to drive the

compressor.
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A part of the exhaust 

gas energy is treated 

by the turbine

The turbine power is 

transmitted to the 

compressor through 

the rotating shaft

The air is pressurized 

by the compressor  

The air cooler brings 

the air to a high 

density to the engine 

by decreasing the 

temperature

The engine can work 

at a high power 

density without 

increase of the 

thermal load

Turbocharging principles
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Compressor- basic thermodynamics
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Turbine- basic thermodynamics
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Typical super/turbocharged engine parameters
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Compressor/Turbine characterstics
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Compressor map
19



Turbine map
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Selection process of turbocharger

 The concept of turbocharger is illustrated in the following 

Figure

 Compressor air inlet,Point1- P1, T1

 Compressor air  out let, point 2- P2, T2

 Turbine exhaust gas inlet, point 3- P3, T3

 Turbine exhaust gas outlet point 4-P4, T4
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Compressor turbine matching excercise
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