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Outline 

ÅRBF Morph tool presentation 

ÅIndustrial Applications  

ÅGeneric Formula 1 Front End 

ÅIce accretion 

ÅFSI using modal approach 
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RBF Morph tool presentation 
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Morphing & Smoothing 

ÅA mesh morpher is a tool capable to perform mesh 

modifications, in order to achieve arbitrary shape changes and 

related volume smoothing, without changing the mesh topology. 

ÅIn general a morphing operation can introduce a reduction of the 

mesh quality 

ÅA good morpher has to minimize this effect, and maximize the 

possible shape modifications. 

ÅIf mesh quality is well preserved, then using the same mesh 

structure itôs a clear benefit (remeshing introduces noise!). 
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RBF Morph Features 

ÅAdd on fully integrated within Fluent (GUI, TUI & 
solving stage) and Workbench 

ÅMesh-independent RBF fit used for surface 
mesh morphing and volume mesh smoothing 

ÅParallel calculation allows to morph large size 
models (many millions of cells) in a short time 

ÅManagement of every kind of mesh element type 
(tetrahedral, hexahedral, polyhedral, etc.) 

ÅSupport of the CAD re-design of the morphed 
surfaces  

ÅMulti fit makes the Fluent case truly parametric 
(only 1 mesh is stored) 

ÅPrecision: exact nodal movement and exact 
feature preservation (RBF are better than FFD). 
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Mesh Morphing with Radial Basis Functions 

ÅA system of radial functions is used to fit a solution for 
the mesh movement/morphing, from a list of source 
points and their displacements.  

ÅThe RBF problem definition does not depend on the mesh 

ÅRadial Basis Function interpolation is used to derive the 
displacement in any location in the space, each 
component of the displacement is interpolated: 
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One pt at center 80 pts at border 
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Effect on surface (gs-r) 
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Effect on surface (cp-c4) 
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Control of volume mesh (1166 pts) 
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Morphing the volume mesh 
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How it Works: the problem setup 

ÅThe problem must describe 

correctly the desired changes 

and must preserve exactly 

the fixed part of the mesh. 

ÅThe prescription of the source 

points and their 

displacements fully defines the 

RBF Morph problem. 

ÅEach problem and its fit define 

a mesh modifier or a shape 

parameter. 
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Background: accelerating the solver 

ÅThe evaluation of RBF at a point has a cost of order N  

ÅThe fit has a cost of order N3 for a direct fit (full populated 
matrix); this limit to ~10.000 the number of source points that 
can be used in a practical problem 

ÅUsing an iterative solver (with a good pre-conditioner) the fit 
has a cost of order N2; the number of points can be increased 
up to ~70.000 

ÅUsing also space partitioning to accelerate fit and evaluation 
the number of points can be increased up to ~300.000  

ÅThe method can be further accelerated using fast pre-
conditioner building and FMM RBF evaluationé 
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Background: solver performances escalation 

Å10.000 RBF centers FIT  
Å 120 minutes Jan 2008 

Å 5 seconds Jan 2010 

ÅLargest fit 2.600.000 
133 minutes  

ÅLargest model morphed 
300.000.000 cells 

ÅFit and Morph a 
100.000.000 cells model 
using 500.000 RBF 
centers within 15 
minutes 

 

#points  2010  
 (Minutes)  

2008  
 (Minutes)  

3.000 0 (1s) 15 

10.000 0 (5s) 120 

40.000 1 (44s) Not 
 registered 

160.000 4 Not 
 registered 

650.000 22 Not 
 registered 

2.600.000 133 Not 
 registered 
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Coming soon: GPU acceleration! 

ÅSingle RBF 
complete evaluation 

ÅUnit random cube 

ÅGPU: Kepler 20 
2496 CUDA Cores 
GPU Clock 0.71 
GHz 

ÅCPU: quad core 
Intel(R) Xeon(R) 
CPU E5-2609 0 @ 
2.40GHz 

#points  CPU GPU speed  up  

5000 0,098402 0,004637 21,2 

10000 0,319329 0,011746 27,2 

15000 0,667639 0,024982 26,7 

20000 1,135127 0,038352 29,6 

25000 1,721781 0,054019 31,9 

30000 2,451661 0,079459 30,9 

35000 3,306897 0,108568 30,5 

40000 4,286706 0,134978 31,8 

45000 5,390029 0,181181 29,7 

50000 6,707721 0,2135 31,4 

100000 26,13633 0,745482 35,1 

150000 58,96981 1,735367 34,0 

200000 115,3628 2,861737 40,3 
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Scaling plot 

ÅComplexity is expected 

to grow as N 2   

ÅGPU observed as  

   N 1.87 

ÅCPU observed as 

   N 2.174 

ÅEstimation at one million 

points: 

     GPU: 59 s 

     CPU: 2783 s 
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Industrial Applications 




