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10+ years of RBF Morph
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Industries served (100+ institutions)
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Radial Basis Functions mesh Morphing

• We offer Radial Basis Functions 
(RBF) to drive mesh morphing 
(smoothing) from a list of 
source points and their 
displacements.
o Surface shape changes

o Volume mesh smoothing.

• RBF are recognized to be one 
of the best mathematical tool
for mesh morphing.
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Biancolini, M. E. (2017). Fast radial basis functions for 

engineering applications. Springer International Publishing.
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Parametric CAE models

RBF Morph makes 
the CAE model 
parametric with 
respect to the shape. 

Works for any size of 
the mesh.

Shape parameters 
can be steered with 
the optimizer of 
choice.

CAE models supported includes flow analysis (CFD) and structural analysis (FEM)

• It’s easy and fast: shape parameters are defined in 
the CAE GUI. No need to iterate the CAD.

• The turnaround time of the optimization is usually 
reduced by a factor five (weeks become days)
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Optimization-driven design adopting 
MDO*
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• Multi-physics design optimization 
allows to control at the same time 
different KPIs of a new 
system/part

• High fidelity simulations 
(FEM/CFD) are adopted but the 
cost is very high!

• The optimization time turnaround 
can be reduced by
o Intense use of HPC and fast CAE 

solvers

o Faster optimization algorithms

*Courtesy of Esteco. 

https://www.esteco.com/technology/optimization-driven-design



Optimization-driven design adopting 
MDO - Algorithms
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• MDO can be  based on
o Global methods

o Local methods based on the 
gradient

• Hybrid methods get the benefit 
of both

• The access to derivatives is a 
key enabler for gradient based 
methods and for hybrid ones



Adjoint-based shape optimization

• The adjoint formulation 
provides the gradient of an 
objective function with respect 
to surface displacements.

• RBF Morph provides the 
deformation velocity (adjoint 
preview). 
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Papoutsis-Kiachagias, E. M., Giannakoglou, K. C., Porziani, S., Groth, C., Biancolini, M. 

E., Costa, E., & Andrejašič, M. (2019). Combining an OpenFOAM®-Based Adjoint 

Solver with RBF Morphing for Shape Optimization Problems on the RBF4AERO 

Platform. In OpenFOAM® (pp. 65-75). Springer, Cham.



Proposed workflow

• High fidelity CAE solver 
adopted in this study is Ansys
Fluent (CFD+adjoint)

• Advanced mesh morphing is 
provided by combining the 
CFD solver with the RBF Morph 
Fluent module

• The optimization process is 
controlled by modeFRONTIER
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First example a U-bend*

• Set-up the CFD and adjoint run 
in Ansys Fluent. Prescribed 
velocity at the inlet. Pressure 
drop as observed output

• Define 6 morphing parameters 
(two transversal scaling factor 
of three sections) by RBF 
Morph

• Save morphing files (.rbf and 
.sol)
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*Clarich, A., Battaglia, L., Nobile, E., Biancolini, M. E., & Cella, U. Adjoint Optimization combined with mesh 

morphing for CFD applications.



modeFRONTIER workflow for adjoint 
optimization
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Define adjoint script by a few steps
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RBF Morph integration by Easydriver: 
I/O templates
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RBF Morph integration by Easydriver: 
driver
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Optimization Algorithms in 
modeFRONTIER
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Optimization approach without gradient 
(traditional)
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Optimization approach with Adjoint 
method
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Adjoint method vs number of 
parameters
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Industrial application

• The workflow tuned 
for a simple example 
is here demonstrated 
for an industrial 
application
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Case study

• Airbox of the Lamborghini 
Aventador

• V12 700Hp@8250RPM

• Detailed CFD analyses of intake 
runners pressure drops

• Define a new shape for 
charging efficiency 
maximization
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CAD model preparation

• CAD model rebuilt to:
o simplify the geometry eliminating 

reinforcements (reduced mesh 
dimension)

o clean the surfaces (steps, gaps, 
holes) to be suitable for CFD
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Mesh assembly
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Maximum 
dimension

9.5 millions



Critical regions

FLOW SEPARATIONS

Maximum velocity >150 m/s
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Shape modifiers
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ModeFRONTIER setup
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Scheme script that drives the 

design point evaluation.

Tasks:
• Case loading

• Mesh morphing

• Flow solution

• Adjoint computation

• Pressure drop saving in an ASCII file

• Gradients saving in an ASCII file
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Solution
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Baseline Optimized



Conclusions

• Optimization-driven design adopting MDO requires intense use of high 
fidelity simulations and fast optimization algorithms are needed to 
reduce the optimization turnaround time

• Gradient based methods are a possible answer but derivatives are 
needed

• When shape sensitivities are available (adjoint solution) we can compute 
derivatives of performance vs. parameters 

• In this study we presented a workflow based on Ansys Fluent, RBF Morph 
and modeFRONTIER that on a u-bend optimization is 4 time faster than 
traditional approach

• The proposed method was applied to reduce the pressure drop of the 
Lamborghini Aventador engine airbox runners gaining a 6%
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Thank you!
marco.biancolini@rbf-morph.com

linkedin.com/company/rbf-morph

youtube.com/user/RbfMorph

rbf-morph.com


