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Introduction

This report demonstrates automatic hex-dominant mesh generation on a model of industrial
importance, carried out by using cfMeshPRO. Furthermore, many cfMeshPRO features and
settings were shown and explained by examples. In addition, the quality of the generated mesh
was tested by performing a numerical simulation of a flow around a car.
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2.1

Test Case
Introduction

The goal of this Chapter is to show the capabilities of cfMeshPRO utilization for purposes of
detailed automatic hex-dominant mesh generation. cfMeshPRO is the core product of Creative
Fields Ltd. The study is conducted on a 16 GB RAM machine with 3.20GHz x 4 Intel Core i5
processor.

2.2

Geometry Preparation

cfMeshPRO requires geometry represented in a surface triangulation as an input. This could
be: FMS, FTR or STL file format. Within this study a detailed STL model of Ferrari F1 car
(Figure 1a) is used. This model is created by Art Iskander and published on GrabCAD, a digital
manufacturing hub. As one can notice, on the wheel rim (Figure 1b) the geometry is modified to
generate a mesh suitable for CFD analysis. To accomplish this, we firstly defined the wheels as
subsets using cfMeshPRO. More information about facet subsets and their importance is given
in the Section 2.3. Then we extracted the wheels as separate STL files with copySurfaceParts
utility. An extraction of back left wheel is shown in Listing 1.
Listing 1 Part extraction from the model
1:

copySurfaceParts
FormulaOneCar . fms

backLeftWheel . stl

backleftWheel

After this is done, the modification of the STL is carried out utilizing:
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• OpenSCAD for generation of truncated elliptical cone which is embedded into wheel to
complete the wheel rim.
• Meshmixer for adjusting the generated truncated cone in the wheel.
• MeshLab for merging the wheel and the truncated cone.
Still the truncated elliptical cone’s base and top have to be removed. Prior to removing process,
they should be defined as subsets in cfMeshPRO. The removal is done via removeSurfaceFacets
utility. An example of removing the base on the back left wheel named backLeftWheel_outer
is given in Listing 2.
Listing 2 Removing parts from added geometrical entity
1:

re mo v e Su r f ac e F ac e t s
ba c k L e f t W h e e l _ m e r g e d . fms
ba ck L e ft W h ee l _ ou t e r

b a c k L e f t W h e e l _ m e r g e d M o d i f i e d . fms

The next step is to merge the modified parts with the original geometry. This is done utilizing
joinSurfaceMeshes utility and is shown in Listing 3.
Listing 3 Joining modified parts with the original geometry
1:

joi nSurfa ceMesh es FormulaOneCar . fms
- surfaceNames ’(
b a c k L e f t W h e e l _ n o W a l l s A t A l l . fms
b a c k R i g h t W h e e l _ n o W a l l s A t A l l . fms
f r o n t L e f t W h e e l _ n o W a l l s A t A l l . fms
f r o n t R i g h t W h e e l _ n o W a l l s A t A l l . fms
FormulaOne . fms
)’

Furthermore, the connection between the ground and the wheels is established by introducing the small boxes with round corners. This modification task is also done using the
aforementioned software. Accomplishment of this task results in the model shown in Figure 2.
In order to make a stringent test of cfMeshPRO capabilities, the geometry modification is done
without forcing perfect alignment of the added part with the base part as depicted in Figure 3.

(a)

(b)

Figure 1: A view on the car (a) and the wheel (b).
An emphasis is put on taking into account all the details provided with the original CAD
model. The details are highlighted with different colors in Figure 4 and, among others, include
wheel rims, rear-view mirrors and steering wheel. The colors refer to different facet subset
entities.

2

(a)

(b)

Figure 2: A view on the car (a) and the wheel (b) after modification is done.

(a)

(b)

(c)

Figure 3: Yellow color denotes elements which are merged to the original geometry (a). Not
perfect alignment of the merged cone at its top and base (b). At the back right wheel the
geometry is not watertight due to existence of a small passage (c).

2.3

Mesh Generation

The mesh generation settings are defined within a meshDict file located in a system folder. The
meshDict file can be nicely modified via a cfMeshPRO graphical interface. Prior to meshing
process, one should import the car geometry and generate appropriate bounding box as shown
in Figure 5. The following patches are assigned to the sides of the defined bounding box: inlet
(marked red), outlet (marked green), sides (marked blue) and floor (marked gray). Also, the
car geometry is included into car patch.
After the bounding box is defined one can focus on the mesh generation within car region.
Since the geometry posses a high level of detail, the use of facet subsets comes in handy.
The facet subsets are user-defined entities located on the surface mesh where the user wants to
have the greater control of the refinement level. The process of subset generation is depicted
in Figures 6 and 7. In this manner the subsets are defined on the all areas of interest. Some
of those subsets are shown in Figure 4. Furthermore, the facet subsets can overlap as depicted
in Figure 8. In the case of overlapping subsets the one with higher refinement level has the
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(a)

(b)

(c)

(d)

Figure 4: A closer view on the subsets: (a) front spoiler, (b) front suspension, (c) steering
wheel, rear-view mirrors, part of engine cover and (d) rear suspension. To establish better
contrast, the car is marked red.
greater priority (Figure 8d). The final surface of the volume mesh is shown in Figure 9. Figure
10 gives insight in the surface of the volume mesh of front wing and wheel rim as well as the
mesh of the wheel interior and the front suspension’s cross section.

Figure 5: The bounding box with the associated patches: inlet (red), outlet (green), sides
(blue), floor (gray) and car.

Although the elements added within the surface mesh modification process intersect the
input geometry (Figure 3a and 3b), this was not a problem for cfMeshPRO and it also achieves
sharp feature representation (Figure 10c).
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(a)

(b)

(c)

(d)

Figure 6: Choosing the rectangular selection for taking the complete wheel (a). Selection of the
wheel (b). Additional captured parts are consequences of the input geometry STL triangulation
(c). Removing the extra parts with Remove from selection option (d).

(a)

(b)

Figure 7: Additional triangles are removed and the subset is made from the selection (a). 3D
view of the generated subset (b).
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(a)

(b)

(c)

(d)

Figure 8: Rear spoiler (a). Subset which takes into account rear suspension part (b). Rear
spoiler subset overlaps with the rear suspension subset (c). The subset with higher level of
refinement is kept in overlapping region (d).

Figure 9: Surface of the volume mesh.
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(a)

(b)

(c)

(d)

Figure 10: Detailed view of the front spoiler surface of a volume mesh (a). Discretized front
left wheel with increased resolution at the rim (b). The front right wheel’s interior (c). Cross
sectional view at the front suspension (d).

(a)

(b)

Figure 11: Geometry (a) and discretization (b) of the rear view mirrors, steering wheel and a
part of engine cover.
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(a)

(b)

(c)

(d)

Figure 12: Input geometry (a) and the surface of the volume mesh (b) of the rear part. Cross
section of the original (c) and discretized (d) rear suspension.
In the last Section, the existence of the small passage at the rear right wheel is shown
(Figure 3c). Because of this, the wheel geometry is not watertight. However, if the selected
cell size in the gap region is larger than the gap, the gap is closed (Figure 13b). The cell size,
given by the refinement level, can be inspected in advance via cfMeshPRO graphical interface.
An example is shown in Figure 14.

(a)

(b)

Figure 13: The small gap in the original geometry (a) is resolved by cfMeshPRO (b).
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Figure 14: Defining refinement level via cfMeshPRO graphical interface. The red box denotes
the cell size corresponding to the currently selected refinement level.

The complete mesh (Figure 15) consists of 11192766 cells where 10848792 cells (96,93%)
are hexahedral cells. In addition, there are 333898 (2,98%) polyhedral cells and 10076 (0,09%)
prisms. In order to capture gradients which occur in the vicinity of the analysed car, the mesh
is refined via refinement boxes (dark blocks in Figure 15) defined with objectRefinement
dictionary. A closer view on the clipped domain (Figure 16) shows applied mesh refinement in
the car region as well as three-layered boundary layer at the floor (Figure 16c) and five-layered
boundary layer at the car (Figure 16d). Furthermore, the mesh resolution at the different parts
together with the cfMeshPRO visualization capabilities are demonstrated in Figures 17, 18 and
19.

(a)

(b)

Figure 15: Discretized domain (a) and a transparent view on the domain (b). The dark parts
belong to refinement boxes.
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(a)

(b)

(c)

(d)

Figure 16: A clipped view on the domain while keeping the input geometry (a-b). The mesh
refinement in the immediate neighbourhood of the car (c). The boundary layers are generated
on the whole geometry and even on a highly curved small parts such as the steering wheel (d).

(a)

(b)

(c)

(d)

Figure 17: A detailed view on the mesh adjacent to the front spoiler (a-b) and the rear spoiler
(c-d). The five layers of boundary layer at the car and the three layers at the floor are visible.
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(a)

(b)

(c)

(d)

Figure 18: The volume mesh of the wheels and front suspension (a-b) together with the mesh
of the right rear view mirror (c-d). The dark part near the geometry is five-layered boundary
layer. Also, in (a-b) one can recognize three-layered boundary layer at the floor. Note that
clipping in cfMeshPRO is by default followed with visualization of the entire cells.

(a)

(b)

(c)

(d)

Figure 19: The details of the volume mesh at the engine cover top (a-b) and the rear left wheel
(c-d). The boundary layers are completely adjusted to the geometry.

11

3

Numerical Simulation

3.1

Introduction

The automatically generated hex-dominant mesh presented in the last Chapter, is used for a flow
simulation. The aim of the simulation is to test the quality of the mesh with the OpenFOAM
solver.

3.2

Simulation Setup and Results

A three-dimensional isothermal incompressible turbulent air flow is considered within this analysis. Turbulence is modelled using the k-ω turbulence model with standard coefficients. Table
1 presents the boundary conditions applied on boundary patches presented in Figure 5.
Table 1: Applied boundary conditions.
Patch
inlet

p

U
fixedValue
zeroGradient
uniform (40 0 0)

k
fixedValue
uniform 6

ω
fixedValue
uniform 12.24

νt
calculated
uniform 0.489

outlet

fixedValue
uniform 0

zeroGradient

zeroGradient

zeroGradient

zeroGradient

sides

zeroGradient

zeroGradient

zeroGradient

zeroGradient

zeroGradient

floor

zeroGradient

fixedValue
uniform (0 0 0)

kqRWallFunction omegaWallFunction
uniform 6
uniform 12.24

zeroGradient

car

zeroGradient

fixedValue
uniform (0 0 0)

kqRWallFunction omegaWallFunction
uniform 6
uniform 12.24

zeroGradient

The numerical computation is done in two steps. Firstly, an initial flow-field is obtained utilizing the potentialFoam solver. Then, a steady-state solution is obtained using simpleFoam.
The solver was run for 800 iterations, and the results from the final iteration are visualized in
Paraview and presented in Figures 20 and 21. The applied equation solvers and their tolerances
are listed in Table 2, while the utilized numerical schemes are given in Table 3.
Table 2: Applied equation solvers and their tolerances.
Quantity
U, k, ω
p

Preconditioner
DILU
GaussSeidel (smoother)
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Solver
PBiCG
GAMG

Tolerance
10−7
10−8

Figure 20: The flow streamlines together with the pressure distribution on the car surface. As
expected, the areas perpendicular to the main flow direction posses the highest values of the
pressure.

(a)

(b)

(c)

(d)

Figure 21: The contours of the velocity magnitude on x-z (a) and x-y plane (c). The pressure
distribution in the flow on x-z (b) and x-y (d) plane.
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Table 3: Numerical schemes used in computation.
Term
Time
Divergence
Gradient
Laplacian

4

Scheme
steadyState
Gauss
Gauss
Gauss

Interpolation
linear/Gamma V 1/vanLeer
linear
linear corrected

Conclusion

This report demonstrate a process of mesh generation for a detailed geometry in cfMeshPRO.
An emphasis is put on fast mesh generation from a given STL surface. To accomplish this,
among other cfMeshPRO features, the key role is played by the facetSubset entities that allow
for simple definition of refinement regions. Furthermore, the usage of geometry preparation
utilities is shown by examples as well as the cfMeshPRO visualization capabilities. Finally, the
performed numerical simulation has shown that the generated mesh is usable for flow analysis
around detailed geometry.
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