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Boosting combustion
engine theory

Turbines

Turbochargers

Currently (2013) most used method of engine supercharging
Lower fuel consumption
Robust construction and higher power

Turbocharger principle of work [17] [18]

Principle of work

Exhaust gasses leaving combustion space and moving forward to the 
turbine section (1). In turbine section exhaust gasses spins turbine 
impeller and leaving turbine section (2) through the exhaust manifold

Turbine section is connected with compressor section via shaft

air flows into compressor (3). After that the compressor compress the 
air and transport it to the combustion space (4).

Turbochargers



(Turbodmychadlo/Turbokompresory)

Turbocharger schematic (without intercooler) 
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Turbine

In turbines is transforming heat and pressure 
energy to kinetic energy and mechanical work 
with very high efficiency

The transformation is provided in stator and rotor 
channels

In stator vanes is transformed heat and pressure 
energy to kinetic energy

In rotor blades is transformed heat and pressure 
energy to kinetic energy and mechanical work

Thermodynamics

Evolution of expansion in p-v and T-s diagram 

Stage reaction

Stage reaction is a ratio of adiabatic static work of the rotor and the 

transformation of the energy is provided just in the rotor (radial turbines 
without regulation)

transformation of the energy is provided just in the stator part

half of the energy is transformed at stator and half in the rotor part (aircraft 
engines, generators)



Turbine map
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Turbine map 

Choked turbine 

Turbine construction
Types

According of the flow direction

Radial

Centripetal

Centrifugal 

Axial

According to flow output

Non-homogeneous flow field

Homogeneous flow field

According to stage reaction

Impulse stage

Reaction stage

Axial turbines
Rotor part

Rotor blades

Fixing of rotor blades

Stator blades

Stator cases

Stator blades

Seal of rotor blades

Axial turbine
Widely used at high power engines

Elementary stage includes a row of stator vanes and a row of 
rotor wanes

Allows easy multistage construction

Elementary stage construction

Elementary axial turbine stage - construction 

Rotor blades 

Stator vanes 

Stator case 

 

Blade fixing 



Axial turbine elementary stage

Flow parameters through the elementary stage  
a) Impulse stage 
b) Reaction stage 

a) b) 

Axial turbine multi-stage

Higher efficiency

Lower speed through 
the stage

Less losses

Better cooperation 
with compressor 
(avoiding surge line)

Higher dimensions

Multistage turbines 

Turbines radial turbines

Very good expansion pressure gradient, small dimensions, high 
RPM, good control

Konstrukce:

part

Impeller with blades

Hub 

Stator part

Diffuser part

Scroll

Variable geometry stator vanes

Radial turbine with radial compressor 

Radial turbine construction and speed triangles [7] 

Radial turbine construction 

scroll 

Nozzle inlet 
Nozzle blades 

rotor 

Nozzle output 

shroud 

diffuser 

Rotor inlet 

Rotor outlet 
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Stator vanes 

Variable geometry stator vanes construction of the radial turbine [10][8] 
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