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Abstract. CT and SEM imaging often produce complex geometries, such as porous or irregular structures, 

which pose significant challenges for numerical simulations. In contrast to meshless methods like LBM or 

SPH, traditional FVM and FEM solvers require a high-quality computational mesh with consistent 

connectivity — a task that becomes particularly demanding for image-based data.This work presents a 

practical, step-by-step workflow for converting CT or SEM datasets into simulation-ready meshes for 

OpenFOAM. Two alternative meshing strategies are introduced, each discussed in terms of workflow 

complexity, mesh quality, and computational efficiency. The study aims to simplify the integration of 

experimental imaging and CFD modeling, bridging the gap between real microstructures and numerical 

analysis.   

1 Introduction 

In most research articles presenting computational 

results, the focus naturally lies on the governing 

equations used to describe the underlying physical 

phenomena, accompanied by the corresponding initial 

and boundary conditions. Computational details such as 

discretization schemes, linear solvers, and convergence 

criteria are typically summarized in a brief paragraph, 

often together with general information about the 

mesh—such as the number and type of elements or a 

comment on mesh quality. This brevity is 

understandable, as meshes are commonly generated 

using well-established commercial tools such as 

ANSYS Meshing, ANSA, or ICEM CFD, and are not 

themselves the central subject of the study. The primary 

goal usually concerns the simulation and analysis of 

physical processes rather than the meshing workflow. 

Nevertheless, it is important to recall the principle often 

summarized by the acronym GIGO—Garbage In, 

Garbage Out, originally coined by computer scientist 

George Fuechsel in the 1950s. In computational 

modeling, this adage serves as a reminder that even the 

most sophisticated numerical methods cannot 

compensate for poor-quality input data or inadequate 

mesh generation.  

It is worth noting that numerical methods beyond the 

classical finite element (FEM) and finite volume (FVM) 

formulations have been in use for quite some time. 

Approaches such as Smoothed Particle Hydrodynamics 
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(SPH) [1] and the Lattice Boltzmann Method (LBM), 

implemented for example in Palabos [2], OpenLB [3] do 

not require a computational mesh in the conventional 

sense. Instead, these meshless methods rely directly on 

the geometry—typically provided as an STL file—to 

define boundary surfaces, while the discretization of the 

volume is handled intrinsically by the method itself. 

In contrast, complex multiphysics problems are still 

most often addressed using traditional FVM or FEM 

frameworks, nowadays frequently implemented in 

widely used open-source platforms such as OpenFOAM 

[4] or SU2 [5]. In these cases, a computational mesh is 

indispensable, and researchers must rely on either built-

in meshing utilities or external mesh generators, which 

may be commercial or open-source. 

In the author’s experience, simpler geometries can 

be effectively meshed using open-source tools such as 

SALOME [6], whereas more complex or sensitive 

geometries are more reliably handled with robust 

commercial software such as ANSA. Nevertheless, even 

in commercial tools, manual intervention in geometry 

cleanup and meshing parameters is often required to 

achieve a mesh of sufficient quality. When the 

complexity of the geometry increases further—such as 

in cases where a three-dimensional image obtained from 

computed tomography (CT) represents an irregular, 

surface-rich porous medium—the meshing task 

becomes extremely demanding. 

In this work, the authors intentionally employ a fully 

open-source workflow based on OpenFOAM and 
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ParaView [7], and present a straightforward method for 

converting image data into a simulation-ready 

computational mesh. 

In [8], the authors used OpenFOAM to simulate flow 

through a 400³-voxel micro-CT image of Bentheimer 

sandstone (5 μm resolution). The image was initially 

meshed with a 200³ Cartesian grid, and voxels with 

intermediate porosity (0.01 ≤ 𝜖f ≤ 0.99) were locally 

refined, yielding a two-level mesh of 32 million cells 

with 5 μm resolution near the fluid–solid interface. 

While the refinement strategy was outlined, details of 

the overall meshing workflow were not fully discussed. 

In [9], a voxel-based workflow converted micro-CT 

stacks into a CFD-ready mesh. VoxTex [10] generated 

the voxel model, imported into Siemens Simcenter 3D 

[11], then exported as an STL for Simcenter STAR-

CCM+ to create a polyhedral volume mesh. As noted, 

“the creation of a volume mesh can take more 

computational time than the simulation itself, it is 

important to study the mesh settings especially for a new 

type of geometry” [12]. VoxTex is not publicly 

available and its licensing conditions are unclear, while 

the other tools are commercial. 

In [13], Tube2FEM provides a fully automated 

pipeline to convert 3D imaging data of tubular structures 

into a tetrahedral volume mesh for flow simulations. 

The workflow integrates image processing, graph-based 

network extraction, CAD reconstruction, and mesh 

generation using TetGen, which is free for research and 

educational use but requires permission for commercial 

purposes. The workflow also requires a commercial 

MATLAB installation, along with Python and 

ParaView, and its utilization is apparently not trivial. 

The approach minimizes manual intervention but has 

been demonstrated mainly on tubular geometries. 

In [14], the authors propose an open-source 

workflow for generating CFD-ready volume meshes 

from µCT data, employing exclusively freely available 

software. The workflow comprises four key steps: (1) 

post-processing of image stacks in ImageJ (including 

median filtering, binning, and binarization), (2) surface 

reconstruction and STL generation in ParaView using 

the Contour filter, (3) file size reduction and surface 

smoothing in Blender through decimate collapse and 

simple smoothing algorithms, and (4) volumetric mesh 

generation with snappyHexMesh. This approach 

specifically targets boundary-aligned meshes by 

sequentially engaging the Contour filter in ParaView 

and snappyHexMesh in OpenFOAM. Notably, [14] 

represents the study most closely aligned with the 

methodology presented in the present work. 

The objective of the present work is to provide 

relatively inexperienced OpenFOAM users with a 

ready-to-use solution for converting CT images into 

simulation-ready meshes without requiring the 

installation of additional software. In the following, we 

first discuss how image data can be efficiently processed 

in ParaView. Subsequently, three distinct approaches 

are presented for transforming the processed data from 

ParaView into high-quality computational meshes. The 

study is complemented with several illustrative 

examples of numerical heat transfer simulations. 

 

2 Methodology 

The objective of the proposed workflow is to enable the 

user to remain within the familiar environment of 

ParaView and OpenFOAM, without the need to rely on 

external meshing or preprocessing software. 

2.1 ParaView: Image to Scalar Field 

The simplest scenario involves 2D images in standard 

formats such as PNG, TIFF, or JPG, which are 

automatically recognized by ParaView through the 

appropriate image reader. Handling CT data, however, 

is slightly more involved, as these datasets are not 

necessarily identified automatically, requiring the user 

to manually select the correct image reader. In the 

present study, the CT data were provided as 

volumetric/voxel data in binary .vol format. The 

minimum setup then requires specifying the resolution, 

encoding style, and integer type. This information is 

typically available in a separate header file (e.g., from 

VGStudio MAX) or, in the case of binary files, can be 

determined using software such as ImageJ, myVGL, or 

other compatible tools. 

In ParaView, the image data are always attributed as 

Point Data. In the next step, the image data are mapped 

onto an OpenFOAM mesh using the Resample With 

Dataset filter, where the source is set to the mesh and 

the input to the image dataset. Since OpenFOAM fields 

are stored as cell-centered values, the Point Data to Cell 

Data filter is subsequently applied to convert point 

values to cell-centered quantities associated with the 

corresponding cellIDs of the mesh. The resulting data 

can then be exported, for example, as a .csv table for 

further use. 

In many cases, particularly for two-dimensional 

tests, a 2D image serves as input, whereas the 

OpenFOAM mesh is a 3D layer extruded from a 2D 

surface. Since the Resample With Dataset filter requires 

a 3D image, a simple workaround is to duplicate and 

slightly offset the 2D image using the Transform filter, 

and then merge both with the Group Datasets filter to 

create a thin volumetric dataset suitable for resampling. 

2.2 Approach 1: setSet 

So far, nothing has been modified in the original mesh 

generated, for example, by the utility blockMesh, and in 

some cases, this is not even necessary. Instead, the 

geometry can be divided into cell zones, within which 

different properties or physical models may be assigned. 

To achieve this, a scalar field (e.g., imageData) is first 

created in the 0/ folder by copying the previously stored 

CSV values into the internalField entry of 

imageData. Then, using the utility setSet, cell sets can 

be generated by thresholding the field, for example: 
cellSet c0 new fieldToCell imageData 

1 255 

Subsequently, the cell sets are converted into cell zones 

using: 
cellZoneSet c0Zone new setToCellZone 

c0. 
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Approach 1 is demonstrated on a 2D steady-state 

heat diffusion case through a porous oxide, as shown in 

Fig. 1. 

 

Fig. 1. Steady-state heat diffusion through porous iron oxide, 

characterized by solid (oxide) and gas (pores) cell zones 

defined using the setSet utility with the fieldToCell source.

2.3 Approach 2: splitMeshRegions 

Unlike in the previous subsection, where neither the 

geometry nor the mesh was modified and both pores and 

oxides were included in the heat diffusion modeling, 

here the pores are assumed unnecessary and can be 

omitted (Fig. 2). The OpenFOAM utility 

splitMeshRegions is recommended, typically with the 

cellZonesOnly flag. If the retained cell zone contains 

multiple unconnected regions, the -cellZones flag 

should be used, as it splits cell zones and applies the 

walking algorithm, allowing a single cell zone to be 

subdivided into multiple regions if unconnected. Once 

the desired region is identified, the remaining regions 

can be removed from the 0/, constant/, and system/ 

folders. Alternatively, the subsetMesh utility can retain 

only the desired portion of the mesh, and both utilities 

can be combined sequentially to achieve the intended 

result. 

Practical note: During this process, the original mesh 

may be split into thousands of regions. Typically, the 

largest region corresponds to the desired geometry, and 

splitMeshRegions can be safely aborted before full 

completion without affecting the usable region. The 

computational cost of Approach 2 is higher than that of 

Approach 1 and strongly depends on the number of 

regions generated. 

 

Fig. 2. Steady-state heat diffusion through porous iron oxide, 

with the gas (pores) removed from the computational mesh 

using the splitMeshRegions utility.

2.4 Approach 3: snappyHexMesh 

Among the three approaches presented, this is by far 

the most computationally demanding, although it 

produces a boundary-aligned mesh. Its computational 

cost becomes firstly apparent in ParaView when using 

the Contour filter (based on the Marching Cubes 

algorithm) to generate smooth surface meshes (.stl) 

representing interfaces between two or more distinct 

regions. The threshold value for contouring can, for 

instance, be chosen to preserve the total volume of a 

region, measurable beforehand. The resulting STL file 

often contains multiple disconnected triangular meshes, 

which can be conveniently separated using the Python 

library trimesh. To avoid excessively long geometry 

definitions in snappyHexMesh, selected STL files can 

also be concatenated using trimesh. 

In Fig. 3, a cut-out of the iron oxide on a steel sample 

is thresholded, where surface_0.stl represents the 

interface between the free surface and the oxide, and 

surface_1.stl corresponds to the interface between the 

oxide and either pores or the steel substrate. 

In the previous subsection, the staircase mesh was 

generated, which is also the first step performed by 

snappyHexMesh—commonly referred to as the 

castellated mesh. Boundary alignment of mesh elements 

is achieved in the second step through snapping to the 

STL surfaces. Snapping may be followed by the 

addition of boundary layers, which is beyond the scope 

of this work. Nevertheless, the authors note that the 

addLayers option may lead to poor-quality meshes, 

particularly for complex geometries. In contrast, 

snapping can be well controlled to achieve high mesh 

quality, with the mesh shown in Fig. 4 exhibiting a non-

orthogonality less than 50. 

Only the critical parts of the snappyHexMeshDict are 

shown here, beginning with the geometry settings. STL 

surfaces are defined individually, for example: 
geometry { s0 { type triSurfaceMesh; 

file "surface_0.stl"; }}. To enable snapping 

to interior STL surfaces, they must also be defined 

within refinementSurfaces along with parameters such 

as face zones, cell zones, and the corresponding cell 

zone orientation, for example: 
castellatedMeshControls { 

refinementSurfaces { s0 { level (0 0); 

faceZone fName; cellZone cName; 

cellZoneInside inside; }}}.  

 

Fig. 3. Generation of suitable STLs for snappyHexMesh. 
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Fig. 4. Meshed geometry after snappyHexMesh and 

splitMeshRegions of iron oxide and steel substrate. 

3 Summary and Conclusions 

This work presented a practical and fully open-source 

workflow for converting CT and SEM imaging data into 

simulation-ready computational meshes for 

OpenFOAM. The primary objective was to provide 

relatively inexperienced users with a clear, step-by-step 

methodology that avoids reliance on commercial 

preprocessing or meshing software. A key element of 

the proposed workflow is the use of the Resample 

With Dataset filter in ParaView, which enables 

direct mapping of voxel-based image data onto an 

existing OpenFOAM mesh and thus represents the 

crucial link between experimental imaging and finite 

volume discretization. Based on this mapping, three 

alternative strategies for mesh handling were presented. 

The first approach employed the setSet utility to define 

cell zones directly from image-based scalar fields, 

enabling multiphase or multi-material simulations 

without modifying the original mesh. The second 

approach used splitMeshRegions to remove undesired 

regions and retain only the relevant computational 

domain. The third and most computationally demanding 

approach combined ParaView-based surface extraction 

with snappyHexMesh to generate boundary-aligned 

meshes. The three methods were demonstrated on 

representative heat transfer problems, highlighting their 

respective advantages in terms of simplicity, flexibility, 

and mesh quality. Overall, the proposed workflow 

bridges experimental imaging and CFD modeling and 

offers OpenFOAM users a transparent and reproducible 

path from image data to numerical simulation. 
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