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 Inlet in1 and in2, Outlet out
 Inlet temperature in1Temp, in2Temp
 Inlet velocity: in2Vel, in2Vel
 Design goal:  outlet temperature

 4 variable and uncertainty design 
parameters: in1radius, in2angle, in1Vel 
and in2Vel

 4 fix and uncertainty process and 
environment parameters: Capacity, 
Conductivity, in1Temp and in2Temp
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CAD/CAE -Systems

Geometry: CATIA Meshing: ICEM Fluid Dynamic: CFX

Specialized  Systems:
•  Fast and user-friendly handling of the software
•  Competence and Know-How through long time research and development
•  Detailed system component behaviour
•  Import and export  in standard format for data exchange
•  Team working: designer and CAE-specialist
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HPC Center
Linux/Unix/Mac/Windows

Use-friendly graphical 
process workflow with 
distributed computing:

• Fast process (CAD, 
Meshing, Pre- and Post-
Processing) in comfortable 
OS Windows with MS 
Office

• Computationally intensive 
process (Solver) in HPC-
Center via SSH Networking 
and FTP File Transfer

http://www.fz-juelich.de/portal/lw_resource/datapool/__pages/pdp_1695/jsc_halle_17_08_09_042.jpg
http://www.cns-factory.de/img/angebote/Top-Angebote/11tech_windows7xp.jpg
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DoE: Adaptive Gaussian Process

Providing information about expected improvement and uncertainty 
of the total design space. Extremely efficient design of experiment. 
The required number of model calculations (points) depends on:

• Number of design parameters

• Degree of response nonlinearity

• Correlation between design parameters

For Static Mixer:

•   8 design parameters

•   1 design goal: out mean temperature

•   Initial sampling: 40 points (Sobol Sampling)

•   Covariance function = Square Exponential 

•   Polynomial order = 0

•   High accuracy of the response surface

•   Total sampling: 88 points after 8 loops
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Design Space Visualization: 2D Section Diagrams
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Design Space Visualization: 3D Graphics

Out Mean Temperature Out Temperature Difference
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Global Nonlinear and Quantitative Sensitivity Analysis

Design Parameter Importance Design Parameter Interactions
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Design Optimization and Probabilistic Simulation

Output DistributionsInput Distributions

Design Optimization
Design goal: minimize the out 
temperature to get the optimal 
design point in the design space 
(Table: optimal design parameters 
with manufacturing tolerances)

Design Robustness
Tolerances of design parameters 
cause variability of the out 
temperature: quality and reliability 
in batch production

Virtual Sampling Size: 100.000 Points
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Fast Robust Design Optimization

Nominal Design Robust Design

Minimizing the variance 
of the out temperature:

The mean temperature 
and its variance conflict 
each other. The extreme 
cases are nominal design 
and robust design:

• Low mean temperature 
versus high variance

• High mean temperature 
versus low variance

Multi-Objective Design 
Optimization

Taguchi Quality Loss Function:
L = Cost*(Variance + (Mean – Target)2 )
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• Automatic Code-Export in C, Modelica or Matlab
• Fast surrogate model for total system simulation (e.g. 

Matlab/Simulink, MBS-Simulator)
• Development of controller or mechanical system in 

case of co-simulation with fluid dynamics

Code-Export of Surrogate Model for System Simulation
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Conclusion

• Design of technical system with uncertainties requires efficient computing of 
product model. Adaptive Gaussian process is the best approach for robust 
design optimization.

 
• The meta-model of the static mixer with 8 design parameters needs totally 

only 88 model calculations and turn out the response surface of the outlet 
temperature accurately.

• Based on the meta-model, the robust design process of the static mixer has 
been demonstrated. It leads into a multi-objective design optimization task

• OptiY® is a user-friendly multidisciplinary software platform also for robust 
design of large technical systems with uncertainties
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