
Daniel Piaget, Marcelo Reggio et François Guibault

10th OpenFOAM Workshop                                                                                                                     
Ann Arbor, June 29th-July 2th,2015

1

Assessment of automatic mesh 
generation algorithm using 

snappyHexMesh 2.3



Context

 This research is carried out in partnership with IREQ/HQ 
under the SAMH project. This program aims are to 
accurately predict flow behavior and dynamic effects in 
large scale hydraulic machines (water turbines) through 
CFD simulations.   

 The goal of this research is to be able to use 
snappyHexMesh to generate high quality meshes in 
hydraulic turbine components.

 The first part of this research involves validating the  
snappyHexMesh meshes in various complex turbine 
components. 
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Introduction

 Best practices when setting up the STL geometry file and  
generating the initial mesh with blockMesh.  

 Overview of the mesh generating algorithm used by 
snappyHexMesh version 2.3.

 Define certain parameters used by snappyHexMesh.  

 Present some of the difficulties encountered in generating 
the meshes. 

 Discussion of the checkMesh results for the cases.   
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Objectives

 Evaluate the capacity  and ease of use of snappyHexMesh. 

 Two cases will be used to evaluate the quality of the 
meshes generated with snappyHexMesh.  

 Create a best practices for the STL file and the initial mesh.

 Evaluate the quality of the meshes with the utility 
checkMesh. 
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Best Practices-STL File

 STL file: The surface geometry is define as a STereoLithography file or STL 
file. The STL file define the surface as a set of triangles each with a normal 
vector.   

 The STL file should have:

 All the patches (surfaces) of the geometry should be named. During the 
mesh generation the patches information will be use.

 The STL surface must be defined as a closed surface. 

 Make sure that the units of the generated STL file are in meters and not in 
mm. Use a scaling factor when the units are in mm.
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solid gaine_outlet
facet normal +0.0000000E+00 +0.0000000E+00 +1.0000000E+00
outer loop
vertex   -2.0000000E-01 +1.5000000E-01 +2.0000000E+00
vertex   -2.0000000E-01  -1.5000000E-01 +2.0000000E+00
vertex  +2.0000000E-01  -1.5000000E-01 +2.0000000E+00

endloop

endfacet

…

endsolid

Patch 

name

Triangle Normal 

vector

3 corners of the triangle 

5



Best Practices-STL File Patches 

 STL file: Example of patches definitions for Case 1 STL file. Each patch will 
contained the corresponding triangle faces in the STL file.   
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Outlet patch Wall patch

Inlet patch



Best Practices-Initial mesh

 Initial mesh: The initial mesh is use for generating the 
Castellated mesh. 

 The initial mesh was generated with the blockMesh utility.

 Enclose the part of the STL surface geometry that we wish to mesh.

 All the elements of the initial mesh should be perfect cubes. This will 
generate better meshes.

 All six surfaces of the initial mesh must have the vertices define in a 
counter-clockwise manner. Otherwise, the mesh generation will crash.       

 The six surfaces of the initial mesh should have patches defined that 
correspond to the patches defined in the STL file.     

10th OpenFOAM Workshop                                                                                                                     
Ann Arbor, June 29th-July 2th,2015

7



Best Practices-Initial mesh and STL 
geometry
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Case 1 STL 

geometry file

Initial 

Mesh generated 

with blockMesh

Outlet patch

(for initial 

mesh)

Inlet patch

Wall

patch



Overview of the mesh generation 
 The mesh generation works in three distinct steps: Castellated mesh, Snap 

mesh and Addlayers mesh. Each depending on the previous step.  
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Castellated Mesh Parameter
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 resolveFeatureAngle: The value of the angle will control the refinement of 
the Castellated Mesh at the surface. The angle is defined as the angle 
between two normal surface faces sharing a common edge of the Castellated 
Mesh. 

 The value of the resolveFeatureAngle is also converted into a curvature 
parameter that is used during Snap mesh generation.       

Castellated 

Mesh 

element
Surface 

Normal



Snap Mesh Parameters
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 tolerance: Factor use in calculating the distance between the Castellated 
mesh points and the STL surface geometry. Can be view as a sort of weight 
factor.   

 implicitFeatureSnap: This method finds the nearest points of the Castellated 
Mesh to the STL surface geometry. The surface faces normal are compare to 
the normal of the triangle faces in the STL file.   

 explicitFeatureSnap: This method will read the file that contains all the 
features (such as convex angles) of the STL surface geometry.

STL surface 

Surface 

Feature

Castellated  

Mesh



Addlayer Mesh Parameters
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 relativeSize: By setting the value to true, the parameters that control the 
Addllayer mesh such as minThickness become relative to the length of the 
extrude face. 

 featureAngle: The value of the angle will control if the surface face feature is 
extruded or not.

Snap mesh 

Addlayer

mesh 

Extruded

face



Parameter Influence-snappyHexMeshdict
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Parameter Castellated 
Mesh

Snap Mesh Layer Mesh

Cases Cases Cases

resolveFeatureAngle 4.5 5.0

tolerance 1.0 1.0

implicitFeatureSnap false false

explicitFeatureSnap true true

relativeSizes true true

nSurfaceLayers 4 10

expansionRatio 1.1 1.08

finalLayerThickness 0.1 0.08

minThickness 1E-6 1E-5

featureAngle 359 330
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Mesh generation difficulties for Case 1
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 The first case is the diffuser from the Francis-99 workshop. This geometry 
was used to test the Snap and the AddLayer mesh generation.

 The Castellated mesh had a uniform refinement at the surface level.   

 The Snap mesh captured all the features of the inlet, wall and outlet patches.

 The value of the resolveFeatureAngle was set to 4.5 to permit the outlet patch 
edge to be capture. 

 STL Francis-99 geometry  Outlet Snap mesh 
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Mesh generation difficulties for Case 1
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 The Snap mesh capture all the features of the inlet, wall and outlet 
patches. 

 The Addlayer mesh collapse at the inlet and the outlet patches. 

 The Addlayer mesh had split Layer elements due to a split elements in 
the Snap mesh along the high angle surface with respect to the initial 
mesh.

 AddLayer Mesh Collapse Inlet  AddLayer Mesh Element Split
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checkMesh results for Case 1
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 The checkMesh utility was used to check the topology and the geometry 

quality.
Mesh Parameters Initial Mesh (blockMesh) Castellated mesh Snap mesh Layers mesh

Total number of cells 125 132,821 132,821 233,662

Total number of faces 450 422,099 414,871 728,763

Hexahedra cells 125 129,685 124,898 209,321

Polyhedra cells 0 3,136 6,635 2,3049

Prisms 0 0 1,288 1,292

Problems Cells Total Total Total Total 

Concave cells 0 2,529 834 5,147

Concave faces 0 0 3 188

Low quality tetrahedral faces 0 0 0 0

Non orthogonal faces 0 0 0 792

Undetermined cells (cells with 

small determinant)

0 0 0 18

Skew faces 0 0 0 0

Warped faces 0 0 0 45

Faces with small interpolation 

weights

0 0 0 0

Faces with small volume ratio 0 0 0 45

Edge faces 0 0 0 0
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Mesh generation difficulties for Case 2
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 The second case is the diffuser from the Turbine-99 workshop. This 
geometry was used to test the Castellated, Snap and the AddLayer mesh 

generation.

 The Castellated mesh generate in the transition section created an 
irregular pattern of cells along the top edges.     

 The Snap mesh captured well the inlet and the outlet patches.  

 STL Geometry Turbine-99 diffuser  Castellated Mesh at the transition 
section.  
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Mesh generation difficulties for Case 2
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 The Snap mesh had problems capturing the transition edge between the 
cylinder and rectangular part of the geometry.  

 The value of the featureAngle was set to 330 to prevent the collapse of 
the Layer at the corner.    

 The Addlayer mesh collapse at the inlet, the outlet and at certain 
intersection between high angle surfaces. 

 Snap Mesh Transition Edge capture  AddLayer Mesh Element Collapse 
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checkMesh results for Case 2
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 The checkMesh utility was used to check the topology and the geometry 
quality.

Mesh Parameters Initial Mesh (blockMesh) Castellated mesh Snap mesh Layers mesh

Total number of cells 27 708,497 708,497 2,291,732

Total number of faces 108 2,385,693 2,385,693 7,645,844

Hexahedra cells 27 630,892 593,487 2,291,723

Polyhedra cells 0 77,605 82,828 139,310

Prisms 0 0 32,180 35,047

Wedge 0 0 0 36

Tet wedge 0 0 0 94

Problems Cells Total Total Total Total 

Concave cells 0 66,132 30,683 88,562

Concave faces 0 0 341 5,352

Non orthogonal faces 0 0 0 97

Undetermined cells (cells with small 

determinant)

0 0 0 11

Skew faces 0 0 4 0

Warped faces 0 0 9 9

Faces with small interpolation 

weights

0 0 0 0

Faces with small volume ratio 0 0 0 4

Edge faces 0 0 0 0
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Conclusion

 Best practises when creating the STL geometry file and the initial 
block mesh were propose.

 The quality of the meshes generated with snappyHexMesh varies 
depending on the complexities of the geometries. 

 The snappyHexMesh algorithm is highly dependent on the 
previous step.   

 The following comments :

 The resolveFeatureAngle was set to a low value to permit that the 
projection of Castellated Mesh on the edges was successful.     

 The ExplicitFeatureSnap method was found to be more effective in 
capturing the features of the geometries for the Snap mesh.  

 The AddLayer mesh parameters values were set to become relative 
values.

 The featureAngle was set to the maximum value to force the extrusion 
of all the surface faces. 

 In order to generate a high quality mesh for hydraulic turbine 
components, further work is necessary.    
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Future work

 Investigate further the interaction of various parameters 
use by snappyHexMesh and propose a method for 
evaluating the quality of the meshes.

 Complete numerical simulation with the simpleFoam solver 
using the meshes generated with snappyHexMesh.

 Fixed the problems found with the two cases either by 
proposing a different work flow method or tracking down 
the problem within the algorithm.  
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Questions 

Any questions ? 
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