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What is a turbocharger?



What is a turbocharger?

 Turbocharger-an engine upgrade bolted onto 

the exhaust manifold that dramatically 

increases torque, power and acceleration

 Common uses-diesel cars, race cars, sports 

car, family cars…

 It can significantly boost an engine's 

horsepower without significantly increasing its 

weight



What is a turbocharger?

 It is effective-through 

the use of forced 

induction, 

turbochargers 

compress the air 

entering the engine 

causing it to be 

extremely dense The more air and fuel that can be packed 

in a cylinder, the greater the density of the 

air–fuel charge.



How does a normal engine work?

 Naturally Aspirated 

Engine

 Draw air into the 

cylinder through an 

air intake, which 

depends on creating 

a vacuum to feed air 

into the engine’s 

intake manifold as 

needed. 
Naturally Aspirated Engine



Otto Cycle (1867)

Nikolaus Otto



Four-stroke Engine Cycle



 Air-fuel mixture taken into the engine’s cylinder

 Piston compresses the air-fuel mixture

 Spark plug ignites the air-fuel mixture

 Explosion pushes the piston down to spin the 

crankshaft

 Exhaust gas goes out of the cylinder

 Process repeats, creating a continuously 

rotational motion

Process of the Engine



How does the car get more power? 

 Three possible methods utilized to increase 

the air consumption of an engine are as 

follows:

 Increasing the piston displacement: this increases 

the size and weight of the engine, and introduces 

additional cooling problems.

 Running the engine at higher speeds: this results 

in increased mechanical friction losses and 

imposes greater inertia stresses on engine parts.

 Increasing the density of the charge: this allows a 

greater mass of the charge to be inducted into the 

same volume.



Turbocharger design

 Process of the air flow



Turbocharger design
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Turbocharger design

 Working process of a turbo engine:

 Exhaust waste from the engine cylinder travels 

towards the turbocharger

 Exhaust waste powers the turbine wheel which is 

connected to the compressor wheel by the turbine 

shaft.

 Turbine shaft rotates the compressor wheel 

drawing in and compressing cool air.



(Contd.)

 Compressed air travels through a charge air 

cooler for further cooling before reaching the 

engine cylinder.

 Fuel mixes with the compressed air and is ignited 

by the spark plug.

 Exhaust waste is let out by the combustion and 

the process repeats itself.



Detailing Specific Parts

 The turbine:

 The turbine wheel begins 

the whole process of 

sending compressed air 

to the engine cylinder.

 Turbine wheels can be 

made of steel or ceramic 

blades, but ceramic is 

preferred because it is 

lightweight meaning it will 

spin faster and prevent 

turbo lag.

A turbine wheel is turned by the expanding 

exhaust gases



 Turbine wheels can rotate 

anywhere between 

80,000 and 150,000 

revolutions per 

minute(RPM)(Nice).

 The turbine wheel is 

connected to the turbine 

shaft, and the two are 

connected by ball 

bearings or fluid bearings. The exhaust drives the turbine wheel on 

the left, which is connected to the 

compressor wheel on the right through a 

shaft. The bushings that support the shaft 

are lubricated with engine oil under 

pressure.

Detailing Specific Parts



Detailing Specific Parts

 The compressor:

 When the compressor wheel spins, it draws in air from 

the ambient air inlet located on the opposite side of 

the turbine exhaust gas inlet to retrieve cool air.

 The compressor increases the density of incoming air 

by six to eight pounds per square inch(psi).

 At sea level, the density of air is 14.7 psi, so the 

compressor yields about a fifty percent 

increase(Nice).



Detailing Specific Parts

The intercooler: 



Detailing Specific Parts

 The intercooler:

 An intercooler is also known as a charge air 

cooler. It decreases the temperature of the 

incoming compressed air.

 The intercooler is comprised of bars, louvres, 

passageways and fins that the compressed air 

travels through.

 Intercoolers are vital because hot air expands and 

if the intercooler keeps the compressed air cool, 

the air becomes more compact.



Detailing Specific Parts

The unit on top of this Subaru that looks like a radiator is the intercooler, which 

cools the air after it has been compressed by the turbocharger.





Boost Control

 Turbo lag

 Turbochargers do not provide an immediate 

power boost when you step on the gas. 

 Turbo lag is the delay that comes from the 

engine not responding to the boost acquired 

from the turbocharger.

 One way to decrease turbo lag is to reduce 

the inertia of the rotating parts, mainly by 

reducing their weight. 



Boost Control

 Wastegate

 To prevent overboost and severe 

engine damage, most turbocharger 

systems use a wastegate. 

 The wastegate is a bypass valve at 

the exhaust inlet to the turbine. 

 It allows all of the exhaust into the 

turbine, or it can route part of the 

exhaust past the turbine to the 

exhaust system.



Boost Control

 Blowoff Valve

 Also known as a pressure 

relief valve

 Release pressure in the 

intake system of a 

turbocharged vehicle 



When the throttle plate is open, the air 

pressure on both sides of the piston in the 

blow-off valve is equal and the spring 

keeps the piston down.

When the throttle is closed, a vacuum 

forms in the manifold. This in combination 

with the pressurized air from the 

turbocharger moves the piston in the valve 

up, releasing the pressure into the inlet of 

the turbo (Recirc.) or the atmosphere 

(BOV).



Dual-turbocharger

A dual turbocharger system installed on a small-block 

Chevrolet V-8 engine.



TwinPower Turbo

TwinPower Turbo in BMW engine.



Supercharger

 Superchargers are 

mechanically driven by 

the engine.

 Belts, chains, shafts, 

and gears are 

common methods of 

powering a 

supercharger.

Supercharger



Turbocharger

VS

Supercharger



Power Supply

 Superchargers are driven directly from the 

crankshaft by a belt.

 Turbochargers are driven by the exhaust 

gases. 

 Since the supercharger draws mechanical 

energy from the engine directly it is less 

efficient when compared to a turbocharger 

which uses the waste gas energy.



Different use

 Turbochargers are used where fuel economy 

is a concern i.e. in many of the present cars

 The superchargers are employed in sports 

cars which are meant for faster speeds and 

not better economy.



Power output control

 A supercharger is easier to control in terms of 

the power output 

 A turbocharger is known for its dramatic rise 

in pressure and tremendously high working 

temperature making it inherently more difficult 

to control at the time when it deliver the 

additional power.



Turbo lag

 Since the supercharger is driven directly by 

the engine through belts, the response of the 

same is pretty instantaneous and a sudden 

increase in power is observed. 

 On the other hand in turbochargers, exhaust 

gases control the drive and hence the system 

takes a bit of time before it reaches the 

operating speed after opening the throttle 

which is also referred to as Turbo Lag.



Summary 

 How does a normal engine work?

 How does a turbocharger work?

 The components of the turbocharger.

 Comparison with the supercharger.




