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Compression ignition internal combustion engines 
 

The basic principle of compression ignition consists in injecting fuel into compressed, 

heated air before the end of the second period just before top dead center. 

Basic types of combustion chambers: 

1. Indirect injection (IDI) systems - the combustion space is divided into two parts. 

First part is localized in the main cylinder and second part is in the cylinder head. The fuel 

injection is effected usually into the part of chamber lacated in the cylinder head. The 

chambers are: 

A.) Swirl chamber in which compression swirl is generated. 

B.) Pre-combustion chamber in which combustion swirl is induced. 

C.) Air cell in which both compression and combustion swirl are induced.  

 

2. Direct injection (DI) systems - In this type the entire volume of combustion 

chamber is located in the main cylinder and fuel is injected into this volume.  

 

Indirect injection (IDI) systems 

Swirl chamber - Ricardo´s swirl chamber (disign in since 1931 ang. H. Ricardo) 
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Pre-Combustion Chamber 

 

 
 

 

 

Direct injection (DI) systems 

 

It is used in direct injection. The design of the piston head is required so that there is a perfect 

mixing of the air and the injected fuel.  

 

 
                 Quiescent chamber                Swirl in chamber 
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The typical open combustion chamber designs 
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Various types of injection nozzle 

                Pintle type                                                       Hole type 

 
 

 
    Multi hole                       Outward opening              Spray single hole     Inward opening swirl 

 

 

 

 
  Detail of injection needle of injection nozzle                      Dual spring injection nozzle 
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Supporting Practical view 

 
 

 

The fuel system with mechanical fuel injection pump 

 
1- transfer pump and preliminary filter, 2- tank, 3 - fuel filter, 4- injection pump, 5 - injection 

nozzle, 6 - fuel return line, 7 - control part of injection pump 
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Detail of in-line fuel pump 
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Detail of fuel-pumping element 
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Different type 
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Develop Trends of direct injection systems 

 

 
  Rotary pump fuel system    Common rail             Unit injector system        Unit Pump System 

 

 

 

 

 

Fuel systems with control injection nozzles 

 

 

 
 



 
AUTOMOBILE DESIGN  

Part no: 4L                                                                Lecturer: prof. Ing. Robert Grega, PhD. 

Supporting study material intended for the internal needs of SjF TUKE. The material was not in the process of review. 

Study year: 1st - Masters study  

 

 

Trend of control injection nozzles 

 
Injection nozzles with electromagnetic coil 

 

 

 

 

 
Injection nozzles with piezo-actuator system 

 

 

 

 

 

 

 

 

 

 


