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INTRODUCTION

 

 

This paper describes the development of a 

custom preprocessor for the PaRAllel Thermal 

Hydraulics simulations using Advanced Mesoscopic 

methods (PRATHAM) code based on an open-source 

mesh generator, CartGen [1]. PRATHAM is a three-

dimensional (3D) lattice Boltzmann method (LBM) 

based parallel flow simulation software currently 

under development at the Oak Ridge National 

Laboratory. The LBM algorithm in PRATHAM 

requires a uniform, coordinate system-aligned, non-

body-fitted structured mesh for its computational 

domain. CartGen [1], which is a GNU-licensed open 

source code, already comes with some of the above 

needed functionalities. However, it needs to be 

further extended to fully support the LBM specific 

preprocessing requirements. Therefore, CartGen is 

being modified to (i) be compiler independent while 

converting a neutral-format STL (Stereolithography) 

CAD geometry to a uniform structured Cartesian 

mesh, (ii) provide a mechanism for PRATHAM to 

import the mesh and identify the fluid/solid domains, 

and (iii) provide a mechanism to visually identify and 

tag the domain boundaries on which to apply 

different boundary conditions. 

 

MESH GENERATION 

 

The starting point for the Cartesian mesh 

generation in CartGen is a CAD geometry in STL 

format. An STL file essentially models the surface of 

a 3D geometry by dividing it into several triangular 

facets. The STL file lists the (x,y,z) coordinates of the 

three vertices for each triangular facet and the (x,y,z) 

components of the vector normal to the facet [2] 

using the minimum number of triangles required to 

accurately represent the geometry. This efficiency of 

representation, coupled with the format’s wide 

adoption over the past few decades, makes it a 
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convenient format to describe geometries used in 

fluid dynamics simulations. 

 

CartGen generates the mesh in either a binary 

Visualization Toolkit format or an ASCII Pre-Linked 

Transfer format. These formats can be viewed using 

any open-source visualization software (e.g., VisIt or 

ParaView). As an example, the 3D CAD geometry of 

a flange-mounted manifold is shown in Fig. 1, along 

with its STL surface mesh and its coarse and fine 

uniform mesh as generated by CartGen.  

 

  
      (a)       (b) 

 
       (c)        (d) 

 

Fig.1. A flange-mounted manifold: (a) 3D CAD 

geometry, (b) triangulated STL surface mesh, (c) 

coarse volume mesh, and (d) fine volume mesh. 

 

The CartGen meshing algorithm for a solid 

object represented by an STL surface mesh is 

described below. In CartGen, the bounding box of 

the 3D object is first determined based on the object’s 

minimum and maximum coordinates in each 

direction. The box is then filled with uniform size 

voxels (δx=δy=δz) [each element of a uniform 

Cartesian mesh is called a voxel in CartGen] and 

padded, if needed, to have at least a single layer of 

voxels separate the object from the box’s boundaries. 

A voxel coloring procedure is then implemented to 
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identify the grid points inside and outside of the solid 

object [a solid may have holes; hence internal 

surfaces, which need to be accurately captured by the 

meshing algorithm]. The approach is to convert the 

3D volume grid generation into a sequence of plane-

by-plane grid generations in two dimensions and 

similarly convert a two-dimensional plane grid 

generation into a sequence of line-by-line grid 

generations in one dimension. By sweeping across 

the z-direction and cutting several x-y planes through 

the solid object, and then sweeping along the y-

direction on each x-y plane to identify the x-

coordinates for the multiple intersections with the 

triangular surfaces composing the solid object, 

coloring is performed for the voxels to identify the 

interior and exterior points. More details of the above 

procedure are available in Sec. 3.1 of Ref. [1]. In this 

work, only the uniform meshing capability (cubic 

voxels) of CartGen is explored. More advanced 

features (e.g., octree and embedded boundary grid 

generation) will be investigated later.  

 

CARTGEN TO LBM 
 

This section describes necessary modifications in 

the CartGen code to allow preprocessing of an LBM 

simulation. 

 

 CartGen has been modified to be compatible 

with the gfortran compiler, greatly increasing its 

portability across different operating systems.  

 A more robust algorithm for reading binary STL 

files in CartGen has been implemented. The data 

from a binary STL file must be read in CartGen 

in a series of 2-byte integers assigned to a 

FORTRAN integer of type (INTEGER*2). A 

TRANSFER function is now used to convert the 

2-byte integer into a 4-byte integer 

(INTEGER*4) allowing correct allocations of 

the STL data in a form needed by the CartGen 

code.  

 Grid generation algorithms in CartGen are 

currently being improved to increase its meshing 

accuracy and to decrease the numerical errors 

caused by successive approximations. 

 A new feature has been developed in CartGen to 

identify the fluid and solid regions of a 

computational domain. This was achieved by 

incorporating a 3D integer array composed of 

zeros and ones representing the fluid (meshed) 

and the solid (unmeshed) nodes, respectively. 

Additionally, a method is being developed to tag 

the nodes lying on the boundaries of the 

computational domain. Unique integer identifiers 

corresponding to different boundary conditions 

can thus be used. The 3D integer array is stored 

in a binary file (called DATA) which is then 

exported to PRATHAM. It is planned that 

CartGen will also be able to assign a range of 

values based upon nodal characteristics such as 

boundary conditions and material properties. 

 Another feature added to CartGen is the ability to 

model flow around a solid object represented by 

an STL mesh [for example, flow around a human 

head in Fig. 2(a)]. The flow region around the 

solid object can be added to the DATA file after it 

is meshed. This is performed by embedding the 

solid object of interest in a box of fluid as shown 

in Fig. 2(a) and constructing the solution domain 

by subtracting the STL geometry from the fluid 

box. The convention for the DATA file remains 

the same (i.e., the solid nodes inside the 3D 

object are tagged as ones and the nodes in the 

surrounding fluid domain are tagged as zeros). 

Changing the array size of the integer array 

written to the DATA file and translating the solid 

mesh can control the location of the solid object 

within the flow domain. In Fig. 2(b), an example 

of this approach is presented with the fluid mesh 

visible. To control the orientation of the solid 

object, suitable rotation transformations can be 

applied to the STL file before the meshing. 

 

 
(a) 

 
(b) 

 

Fig. 2. CartGen can use STL files that describe a 3D 

solid geometry and (a) embed the meshed version of 

that geometry inside a suitably defined fluid domain. 

In (b) the mesh in the fluid part is shown in a plane 

slice through the domain. 
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BOUNDARY TAGGING  
 

An inexpensive and convenient approach to 

tagging boundaries and applying boundary conditions 

is to introduce a small algorithm (the boundary 

tagging script, or BTS) that correlates mesh elements 

to their respective STL boundary geometries. This 

will avoid introducing unnecessary file formats, 

which are often incompatible, and eliminates the 

need for specialized software because most CAD 

packages can generate STL files. As indicated in Fig. 

3, the user will read the input geometry using a third 

party CAD program, highlight the regions 

corresponding to flow boundaries, and save those 

regions as separate STL files (Fig. 4). The files will 

have names similar to the tags used in LBM solvers 

(e.g., “OutletPressureBoundary.stl”). CartGen will 

call the BTS, which will identify the mesh elements 

nearest to each boundary and tag the mesh 

accordingly. This method enables the BTS to work 

with an arbitrary mesh, but the script can also be 

extended if the need arises. Ultimately, the BTS will 

be absorbed entirely into the CartGen code. 

 

CONCLUSION 

 

Several modifications have been made to the 

CartGen code to make it more robust, accurate, and 

portable. The improved CartGen code now allows 

the PRATHAM code to simulate flow in a complex 

computational domain represented by an STL-format 

CAD geometry.  
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Fig. 3. Preprocessing flowchart. 
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Fig. 4. Geometry for a pressurized water reactor 

subchannel: (a) original STL geometry, (b) STL file 

for rod surface, and (c) STL file for fluid inlet. 
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