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AGENDA 
hMotivation – Coupling
hState of Practice
hCoupling Approaches
hThermal Management System
hPhysical Interface
hIntegration Platform
hTime Management
hExamples
hConclusion and Outlook

Wolfgang Puntigam



3

Das virtuelle FahrzeugDas virtuelle Fahrzeug

The Virtual VehicleThe Virtual VehicleArea 2 – Thermo- and Fluid Dynamics

MOTIVATION 
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STATE OF Practice
hFixed Coupled Solutions
hSpecialized Coupling Technologies

Cooling System 3D CFD

Modelica/Dymola
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COUPLING APPROACHES
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MONOLITHIC APPROACH

Source: www.modelica.org

hDifferent Physics in one Model
hSame Numerical Solver for all Physics
hStrong Coupling between the Models
hNew Modeling for existing Models required
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PARTIAL APPROACH
hCommercial Simulation Tools, Existing Models
hDifferent Numerical Solver for each Physic
hLight Coupling between the Models
hEstablish an Coupling Environment
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COUPLING APPROACH 
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COUPLING APPROACH

Synchronization

Input Data 
Model 1

Output Data 
Model 1

Input Data 
Model 2

Output Data 
Model 2

Wrapper Model 1

CONTROL

Wrapper Model 1

CONTROL
Wrapper Model 2

CONTROL

Wrapper Model 2

CONTROL

Service Layer – Registry

Input Data 1 = Output Data 2           Input Data 2 = Output Data 1

Objects

Physical. 
Interface

Informatics 
Interface

Wolfgang Puntigam



10

Das virtuelle FahrzeugDas virtuelle Fahrzeug

The Virtual VehicleThe Virtual VehicleArea 2 – Thermo- and Fluid Dynamics

COUPLING APPROACH
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SYNCHRONIZATION PROCESS

Explicit Coupling

hStability and Data Exchange must be ensured
hContinuity (Energy) must be ensured

Implicit Coupling
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SYNCHRONIZATION PROCESS
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COUPLING 
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Area 2 – Thermo- and Fluid Dynamics
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2006-01-1604
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MODULARITY – 1D 3D Coupling
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2006-01-1604

hGlobal transient Simulation 
hInteraction between different subsystem

Area 2 – Thermo- and Fluid Dynamics

MODULARITY – Driving Simulation
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EXAMPLE – DRIVING SIMULATION
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SUMMARY
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CONCLUSION

What we received …
hIndependent Coupling Approach
hModular and Flexible Structure
hIndependent from Simulation Models and Simulation 

Programs
hApproach for the Simulation of Comprehensive 

Models – Entire Vehicle
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OUTLOOK - VISION 
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