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HERON Technik GmbH 
Graz/Austria 
Founded in 1990 
 

 

 

 

Combustion Engine Development Support 
 

by means of  
 

Computer Simulation Technology 
 
 

 

 

 Technical Director:  

  Dr. Hans Alten 
  

  Tel.: +43 (0)316 384200 

  Mail: hans.alten@heron.co.at 

  

    9  years of experiences in the development of common road engines (AVL List GmbH) 

  12  years in Formula 1 racing business (ILMOR Engineering and Mercedes Benz High Performance Engines) 

  10  years CEO of HERON Technik GmbH 

mailto:hans.alten@heron.co.at
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1D - Engine Simulation     
 Thermodynamic cycle simulation for revised and new engines 

 Analysis and optimisation of all main dimensions and components 

 

3D -  CFD Flow & Combustion Simulation  
  Port flow optimisation & cooling system analysis 

  In-Cylinder flow simulation (tumble & swirl and combustion) 

  Entire gas exchange process with moving valves and piston 

 

Assistance in the Pressure Indication Technology  
             High– and low pressure measurements 

          Specific combustion analysis 

 

Valve Train Analysis 

         Valve lift and timing optimisation, cam profiles and spring layout 

 

Thermodynamic Training Courses  

  “The thermodynamics of internal combustion engines”  

   Theory and praxis - 2 or 3 day courses held on site 
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Part 1:  1D – Engine Simulation  
 

 Page   9 – 19 : Road Car Engine Applications 
 

 Page 20 – 23 : Race Engine Applications 
 

         

 

 

 

 

Part 2:  3D - CFD  Flow Simulation 
 

 Page 24 – 26 : Generals 
 

 Page 27 – 31 : Steady State Flow 
 

                   Page 32 – 40 : Transient Flow 
 

 

 

 

 

Part 3:  Software & Valve-Train 
 

 Page 41 – 51 : HCS  &  Valve Train  
 

 

 

 
HERON Contact Details, see Page 52 
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1D - Engine Simulation in the automotive industry (overview only) 
  0.6L Bike engine (Germany, UK) 

  0.9L HSDI-TCI Diesel engine (India) 

  1.0L 3C Gasoline DI engine (France) 

  1.0L R4 Super-Bike race engine (Germany) 

  1.0L Gasoline engine with HYPREX/COMPREX application 

  1.3L Gasoline power boat >200kW (Austria) 

  1.4L Diesel engine with HYPREX/COMPREX application 

  3.0L HSDI-TCI Diesel marine engine (Japan) 

  3.5L V6 Gasoline DI (China) 

  5.0L Gasoline GT2 race engine (Germany) 

  up to 528L Dual Fuel, Gas & Diesel power plant engine (Austria, Germany, Japan) 

 

3D - CFD Simulation  
   >4 Year long term contract with gas engine manufacturer (Germany) 

   Several medium and low speed Gas-, DF and DIESEL engines (USA, Germany, Austria) 

   New opposite two-stroke Diesel engines concepts (Austria, China) 

   Emission prediction for new piston bowl shapes (Japan, France) 

   F1 Engine – Complete new cylinder head (Japan) 

   Catalyst layout for truck engine (USA) 

   Coolant flow simulation (Austria, Hungary) 



6 

1D – Engine Simulation (AVL-BOOST & CONCERTO, GT - Power) 
 >30 years of experience 

 in all kind of engine applications 

 

 

3D - CFD  Flow Simulation (AVL-FIRE) 
  >20 years of experience 

 Specialised in IC engine application  

 (flow, tumble, combustion, coolant flow) 

 

 

Valve Train Optimisation (CDS and HERON) 

         Very powerful and long-term proven tool 

 

 

HERON Software (EXCEL, FORTRAN, BASIC, C++…) 

         Various tools to assist development issues 
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1D - Engine Simulation  3D - CFD Simulation 

 
Step 1:  Engine Analysis   Step 1:  CFD Mesh generation 

              Test bed data analysis                       Surface preparation, if necessary with CATIA V5 

                   High and low pressure measurements                     Manual and semi automatic grid generation 

                   Combustion data evaluation                      Boundary conditions from measurements and/or 

                        from 1D engine simulation 

  

  

  

  

Step 2:  Engine Performance Calculation  Step 2:  Multiprocessing for solver solution 

              Setup of an equivalent computer model of the engine                    State of the art and fast computer system 

      Correlation to dyno data - comparison to measurements                    UNIX and Windows based platforms 

 

  

  

  

 

Step 3:  Gas Exchange Optimisation  Step 3:  Postprocessing & Documentation 
                   Review/Optimisation of all geometric data                      Static figures and video animation 

                   Optimisation of inlet & exhaust system, specification for                     Local & integral results to understand the results 

                   TC, charge air cooler CAT/DPF/SCR and EGR strategy  
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Publications 
 

 Haus der Technik Essen/Germany 1997 

 

  Indiziersymposium Baden-Baden/Germany 1998 
 

  AVL User Conference Graz/Austria 1999 
 

  SAE-Paper 2002-01-339 H. Alten, M. Illien:   

    Demands on Formula One Engines and Subsequent Development Strategies  
  

  MTZ-Article: 10 Years V10-F1-Engine development - July 2005  

Costumers: 



1D - Engine Process Simulation   (Gasoline application) 

Road Car Engines P A R T  1 
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1D - Engine Process Simulation   (Gasoline application) 

Road Car Engines P A R T  1 
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1D - Engine Process Simulation   (Gasoline application) 

Road Car Engines P A R T  1 
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1D - Engine Process Simulation   (Gasoline application) 

Road Car Engines P A R T  1 
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1D - Engine Process Simulation   (DIESEL application) 

Road Car Engines P A R T  1 
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1D - Engine Process Simulation   (DIESEL application) 

Road Car Engines P A R T  1 
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1D - Engine Process Simulation for GAS, DF & DIESEL applications 

Heavy Duty Engines P A R T  1 
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1D - Engine Process Simulation for GAS, DF & DIESEL applications 

Heavy Duty Engines P A R T  1 
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Scope of Work: 

 

- Analysis of the current DIESEL engine 

 

- Conversion into DF application 

 

- Valve timings for „MILLER“ process 

 

- Grinding coordinates 

 

- TC specification  



Heavy Duty Engines P A R T  1 
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1D - Engine Process Simulation for GAS, DF & DIESEL applications 



Heavy Duty Engines P A R T  1 
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1D - Engine Process Simulation for GAS, DF & DIESEL applications 



Heavy Duty Engines P A R T  1 
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1D - Engine Process Simulation for GAS, DF & DIESEL applications 



1D - Engine Process Simulation 

Race Engines P A R T  1 

Simple 2C race bike                                                           Complex V8 race engine with turbo charger 
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Race Engines P A R T  1 

High- and Low Pressure Indication 
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High- and Low Pressure Indication 

Race Engines P A R T  1 
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Race Engines 

1D – Engine - Analysis 
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CFD - Applications P A R T  2 

3D - CFD Application in the Engine Development Process 
 

 

•   Inlet and exhaust port development 

  Flow bench simulation (flow capacity, tumble & swirl) 

  Layout of ports for 2 - stroke engines (scavenging process) 

 

•   Combustion chamber design 

  Combustion roof shape and piston bowl layout 

  Pre-chamber design and injector position (Diesel & Gasoline) 

 

•   Combustion analysis 

  Air/Fuel and residual gas distribution  

  Turbulent kinetic energy distribution 

  Transient swirl/tumble situation 

  Fuel spray propagation 

  Flame front/speed investigation 

  Rate of heat release 

  NOx Emissions 

  . 

  . 

 

•  Coolant flow and catalytic converter simulation 24 



CFD - Applications P A R T  2 

3D - CFD Application in the Engine Development Process 
 

 

 

•   Tool to help the design and layout of new and complex systems 

  Gasoline and Diesel injectors DI 

  Spark plug and spark chamber design for gas engines 

 

•   For understanding and learning the internal flow & combustion process 

  Transient swirl and tumble before and during the combustion 

  Spray and flame propagation  

 

•   To save time, development and test components costs 

  Particular for heavy duty engines 

 

•   To reveal information, which can not be measured 

  Local flow, turbulence, air/fuel concentration, temperature, … 
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CFD - Applications P A R T  2 

Z 

X 

Y 

Mesh Generation 

Manual ! 

Automatic 

Remark:  

Manually generated meshes are more stable and accurate in 

critical areas (e.g. valve gap)  

Assembling of the meshes 

Race Engine application 

Assembling of the meshes 

Gas Engine application 
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CFD - Applications P A R T  2 

Steady State Application 

Flow Bench Simulation 
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CFD - Applications P A R T  2 

Steady State Application 

Flow Bench Simulation 

28 
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CFD - Applications P A R T  2 

Steady State Application 

Flow Bench Simulation 



CFD - Applications P A R T  2 

Steady State Application 

Coolant flow 

The grid                                                                                                           Heat transfer coefficients on the surface 

Flow velocity                                                                                                                Flow velocity 
30 



CFD - Applications P A R T  2 

Steady State Application 

Catalytic Converter and Particle Filter 

DOC 

DPF 
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CFD - Applications P A R T  2 

Transient Application 

Gas Exchange Process and Combustion Simulation  

Z 

X 

Y 
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CFD - Applications P A R T  2 

Transient Application 

Gas Exchange Process and Combustion Simulation  

Flame propagation inside the spark plug and combustion chamber 

by visualisation of the gas temperature distribution 33 



CFD - Applications P A R T  2 

Transient Application 

Capture from Video: Heron_EGR_16000_FR20_04.avi 

Air and residual gas distribution during the gas exchange process  Turbulent kinetic energy in the combustion chamber 

Capture from Video: Heron_Whole_Cycle_TKE_16000_FR20_02.avi 

Flame front propagation in a gas engine 
Capture from Video: FLA_FRO_3D_A_00.avi 

Capture from Video: V9-Flamefront_isoTemp.avi 

Flame front propagation in a 2 stroke 

opposite piston DIESEL  engine 
34 
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CFD - Applications P A R T  2 

Transient Application 

3D - CFD Combustion Simulation and Emission Prediction 

Integral Values: 

In-Cylinder Pressure & Temperature 

ROHR & MBF, Swirl 

Mean and local T.K.E. 

EGR distribution ... 
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CFD - Applications P A R T  2 

Transient Application 

Probability of Nocking 
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CFD - Applications P A R T  2 

Transient Application 

E G R - Distribution in the inlet manifold 

E G  –  Inlet position 

Design A                                                                                        Design B 
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CFD - Applications P A R T  2 

Transient Application 

E G R - Distribution in the inlet manifold 

2.5L DI-TCI-Cylinder Engine
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CFD - Applications P A R T  2 

Transient Application 
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CFD - Applications P A R T  2 

Transient Application 



Software P A R T  3 

HERON Software  -  Commercially available 

Specialized in the development of user-friendly EXCEL based programs 

 

 

H C S  Gas Exchange Program for TC/TCI DIESEL Engines 
 

• Easy to use - Simple to embed into existing data acquisition systems   

• Very accurate engine simulation program 

• Created for designers, application and test bed engineers 

• No modelling required – No simulation experiences required 

• No annual license fees 

 

 

 

VALVE TRAIN SYSTEMS 
 

• Smooth and jerk-free cam profiles based on specified valve lift demands 

• User specified layout (lift height, ramps, asymmetric characteristics) 

• Spring and pneumatic valve layout 

• Forces and stress calculation 

• Grinding coordinates 
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Software P A R T  3 

H C S  -   Models  (Examples) 

HERON delivers the individual  
 

engine  models  -   
 

 

The costumer only changes the  
 

required input data 

1C NA-Model                                           1C-TC Model                                             4C-TCI DIESEL Engine Model     

       6C-TCI Diesel Engine with externally cooled EGR 
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Software P A R T  3 

H C S  -   Example for the Pre- & Post Processing 
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Software P A R T  3 

H C S  -   Example for the Pre- & Post Processing 
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Software P A R T  3 

H C S  -   Example for the Pre- & Post Processing 
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Valve Train P A R T  3 

Valve Train Systems 

Valve lift and cam shaft design is a major part for the engine performance development 

 

Optimised inlet and exhaust systems – together with the valve timings and lift characteristics – are key 

parameters for volumetric efficiency, power output and low fuel consumption. These targets require a   close 

link between gas exchange optimisation and valve train calculations as well as good experiences  

 

HERON Technik GmbH has both, the tools and long term experience! 
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Valve Train P A R T  3 

Cam Shaft Design 
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Software P A R T  3 
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Software P A R T  3 
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Software P A R T  3 

50 

Calculated kinematic data, forces and cam stress 

Applying high sophisticated SPLINE algorithm for jerk free valve movement  



Software P A R T  3 
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HERON  Contact  Details 

HERON Technik GmbH 

Technikerstrasse 3 

8010 Graz 

Austria 

  

 
 

Tel.        +43 (0)316 384200-11 

Fax.       +43 (0)316 384200-20 

Mobile   +43 (0)664 526 7009  

  

Email:   hans.alten@heron.co.at 

Web  :   www.heron.co.at 
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http://www.heron.co.at/

