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MASK GENERATOR FOR ORTHOGONAL REGULAR MESH 
 

Existing mesh generators are focused mainly on obtaining non-orthogonal irregular grids designed to describe 

the curved boundaries of streamlined bodies. However, the thickening of the grid leads to an increase in the 

calculation time, and the non-conformity of the grid leads to unphysical effects. The software package (SP) de-

veloped by the authors for the simulation of gas-thermodynamic processes is oriented toward a much simpler 

description of the geometry, i. e., uses a different principle of increasing the smoothness of the solution in 

places with a complex surface structure. This principle consists in superimposing on the flow such sources of 

momentum and energy, which are equivalent in their effect on the flow to the interaction with the solid wall. SP 

contains a mask generator of an orthogonal regular grid. The initial data for building the mask is a 3D model 

created in any CAD application, which is saved in the STL format and placed in the project directory. Each 

cell contains information about the presence of a three-dimensional solid, the permeability of each face of the 

hexahedron, and the direction of the normal vector to the streamlined surface. In this regard, the generator 

creates three types of masks: volumetric, surface full and incomplete permeability, as well as a mask of guiding 

cosines. To obtain a volume (solid) mask from the center of each cell along the axes, a straight line is drawn 

and its intersection is checked with each triangle approximating the surface of the body under study. An odd 

number of intersections of triangles and a straight line indicates the presence of a volume mask in the cells. A 

surface impermeable mask is formed in three directions at the free cell section and the occupied volume mask. 

If it is necessary to introduce a semipermeable mask, its localization and measure are assigned by the user. 

The mask of the guiding cosines is assigned in the cell, which is adjacent to the surface impermeable mask. The 

values of the guiding cosines are assigned equal to the corresponding values of the nearby triangle approxi-

mating the surface of the 3D model. The generated masks are formed as separate files. A SolidWorks applica-

tion has been developed that allows for volumetric visualization. In the decisive program, the information 

about the presence of the volume mask is used as follows: the volume mask is excluded from the solution area, 

self-similar problems are solved near the surface, and if there are guiding properties, an isentropic flow rota-

tion is performed. 
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Introduction 
 

In modern conditions, the creation of new competi-

tive models in the field of critical technologies based on 

outdated approaches is unproductive. And the use of 

standard gas-dynamic packages (Flow Works, ANSYS 

Fluent, etc.), which are widely used even among spe-

cialists, is unsuitable for modeling due to the specificity 

of the tasks. In this regard, self-respecting organizations 

that develop complex technological objects or are en-

gaged in the training of specialists of the corresponding 

profile should independently provide themselves with 

an adequate modeling technology [1]. 

Often, developers of their own gas-dynamic pack-

ages are limited to creating only the crucial programs 

(the so-called “solvers”), using open grid generators (for 

example, gMesh, EasyMesh, etc.) and graphical inter-

faces (for example, Tech Plot 360, VisIt, etc.). Howev-

er, adapting your own software algorithm to other peo-

ple’s modules deprives the first of its autonomy, signifi-

cantly slows down and complicates the debugging of the 

“solver”, and binds the developer to a specific version 

of the external application. 

The well-known mesh generators [2-5] are mainly 

focused on the creation of non-conformal tetrahedral 

(TETRA), quadrangular (QUAD) or hexahedral 

(HEXA) grids with an irregular step. The use of such 

grids and a combination of various geometric types of 

elements (TETRA, QUAD, HEXA) is justified for ap-

proximating objects with curved borders [6-8]. Howev-

er, if it is necessary to solve problems with moving 

boundaries, the logic of rebuilding such a grid on a new 

time layer is extremely complicated, which forces the 

developer to switch to more simple forms. In addition, 

manipulations to bring the “alien” grid into the form 

necessary for the developer seem to be unproductive. 

Thus, the creation of a full-fledged software pack-

age (SP) that provides a closed loop modeling of an 

object of technology is impossible without an integrated 

grid generator and graphic module integrated into the 

software. This article presents an example of the grid 

generator implementation for SP, which uses proprie-
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tary methods for solving the system of equations of gas 

dynamics and, accordingly, special types of masks are 

used. 

 

Materials and Methods 
 

Cell Structure Description. In the author’s calcu-

lation complex [9, 10] S. K. Godunov’s difference 

scheme is used for boundary nodes. The scheme is im-

plemented on a hexahedral computational grid with a 

regular spatial step without using fractional or curvilin-

ear cells in the Cartesian coordinate system. With this 

approach, questions related to the non-conservative na-

ture of the pulse balance equation, the manifestation of 

unphysical grid effects [11], and the decrease in the time 

step according to the Courant-Friedrichs-Lewy condi-

tion are eliminated. 

Three types of masks are used (see Fig. 1),  

which have the following purpose for displaying the 

corresponding effects. A surface mask  

(surface[NX][NY][NZ][3]) is used to reproduce “thin” 

partitions of zero thickness, with full or partial permea-

bility between cells. The volume mask  

(volume[NX][NY][NZ]) is used to model the “solid” 

structural elements. To display the smooth nature of the 

guiding properties of curved surfaces in the model, a 

mask of guiding cosines is used  

(cosine[NX][NY][NZ][3]) [12]. 

 

 
Fig. 1. Mask types for circle approximation  

on orthogonal regular mesh 

 

The initial data for masks generation is the geo-

metrical model of the object under study, which can be 

obtained in any external CAD application. Due to the 

fact that today in the field of CAD applications (Solid-

Works, Pro/ENGINEER, CATIA, AutoCAD, etc.), 

some progress has been achieved and sufficient inter-

changeability, the development of our own integrated 

CAD module in the software seems to be impractical. 

In most modern CAD applications, the main repre-

sentation of the modeling object is, so-called boundary 

representation of figures – BREP [13]. In this case, a 

solid body is a set of interconnected surface elements – 

triangles, whose position in space is determined by an 

array of coordinates of the triangles vertices  

(vertex[NT][3]) and unit normals (normal[NT][3]) to 

them (see Fig. 2). Therefore, the geometry of the object 

under study can be obtained in any external CAD appli-

cation, followed by saving in high quality STL format 

and ASCII encoding. 

 
Fig. 2. BREP representation surface of objects  

in CAD-systems 

 

The grid generator is created independently in two 

programming languages C++ and FORTRAN in the 

standards C’11 and F’90, respectively. To visualize the 

created mesh, the WinBGIm graphic library is used, 

which is built into the development environment (Ap-

proximatrix Simply Fortran 2 and DevC++). Ready 

masks are saved as three text files (Solid.msh, Are-

al.msh, Cosin.msh) for subsequent import into the cal-

culation module. For spatial visualization of masks, a 

separate application to SolidWorks design environment 

in the C# programming language has also been devel-

oped. 

Mask Generation Algorithm. At the preparatory 

stages of the grid generator, the number of lines in the 

STL file determines the number of triangles NT that 

approximate the surface of the simulated object (see 

Fig. 3). Afterwards, arrays of coordinates of the vertices 

of the triangles (vertex[NT][3]) and normals to them 

(normal[NT][3]) can be declared. Arrays of the main 

masks (volume[NX][NY][NZ], sur-

face[NX][NY][NZ][3], cosine[NX][NY][NZ][3]) are set 

according to user-defined dimensions of the computa-

tional domain (NX, NY, NZ). Next, the arrays filling is 

conducted according to the following algorithm. 
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Fig. 3. Block diagram of the mesh generation algorithm 

 

When generating masks, the volumetric mask is 

primary, which subsequently determines the boundaries 

of the solid (surface mask) and the direction of the nor-

mal vector to it (cosine mask). To obtain a three-

dimensional mask through the center of the current cell 

 333 z,y,xD  and the next  444 z,y,xE  a straight line 

DE, is drawn along each axis, the equation of which is 

given as: 

 
 
 














.zzztz

;yyyty

;xxxtx

334

334

334

                        (1) 

Then, in turn, we consider the planes to which all 

NT triangles ∆ABC belong, approximating the 3D mod-

el under consideration. By the known coordinates of the 

vertices at points  111 z,y,xA ,  222 z,y,xB , 

 333 z,y,xC , which are taken from the array ver-

tex[NT][3], the equations of the planes are sequentially 

compiled: 
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(2) 

The joint solution of the system of equations (1) 

and (2) gives the coordinate of the point  z,y,xO  of 

the intersection of the plane and the line. The fact that 

the point O belongs to the triangle ∆ABC indicates its 

intersection with the line. An odd number of intersec-

tions [14-17] indicates the presence of a volume mask in 

the cell (see Fig. 4). In the section 2.3 shows an algo-

rithm for determining whether a point belongs to a tri-

angle. 
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Fig. 4. Scheme for understanding location  

of volume mask in cell 

 

If a volume mask is present in cell number i, j, k, 

then a digit other than zero is written to the array vol-

ume[i][j][k]. If the three-dimensional mask displays 

solid objects, then the value “1” is assigned to the array. 

If features are placed in the cell, the value is assigned to 

the array, for example, “2”. If a “reactive” mask is re-

quired to determine the integral parameters, then “3” is 

assigned to the array. In general, the values of the quan-

tities are not important and can be any. 

Then, at the interface between volume and free 

cells, an array of surface mask sur-

face[NX][NY][NZ][3] is generated. The surface mask 

can simulate incomplete permeability of the wall, i. e. 

display holes in the wall smaller than the grid spacing. 

Permeability in the range 0…1 is set by the user, 

with “0” denoting a fully permeable wall, and “1” – 

completely impervious. The value of the guide cosine 

mask cosine[i][j][k][3] is assigned to a free cell (i, j, k) 

near the surface mask if the plane of the triangle ∆ABC 

approximating a solid is not parallel to the planes XOY, 

XOZ, YOZ. 

The distance from the center of the cell adjacent to 

the surface mask to the nearby triangle is determined, 

and the corresponding cosine mask is assigned to the 

mask of the guiding cosines in this cell. The mask of 

guiding cosines is a set of cosines of the angles that the 

normal vector normal[NT][3] forms with positive coor-

dinate axes. 

When calculating a mask for thin-walled shells 

(for example, a jet engine shell), a similar algorithm is 

used, with the only difference being that the direction of 

the normal is taken with the opposite sign for cells in-

side a false volume mask. In this case, the volume mask 

is not used by the calculation module. 

Algorithm Speed Comparison. Three methods 

were considered for determining whether the point O 

belongs to the triangle ∆ABC. According to the first 

(see Fig. 5), the sum of the areas 
1S , 

2S , 
3S  of the tri-

angles ∆COB, ∆COA and ∆BOA formed by the inter-

section point was compared O with vertices of the main 

triangle ∆ABC and the area 
S  of this triangle. 

Belonging to a point is determined by the equality: 

 SSSS 321
.                          (3) 

 
Fig. 5. Scheme for understanding determination  

of point belonging to arbitrary triangle 

 

According to the second, compare the sum of the 

angles 
1 , 

2 , 
3  at the vertex O of the same triangles 

∆COB, ∆COA and ∆BOA with a value of 360º. The fact 

that the point O belongs to the triangle ∆ABC approxi-

mating the surface is determined by the equality: 

 360321
.                       (4) 

According to the third, the signs a, b and c of 

pairwise vector products COCB , BOBA   and 

AOAC  of the triangle ∆ABC and the vectors from 

the vertex to the point O, respectively. The affiliation of 

the point O is determined by the equality of one sign of 

all vector products: 

   0c0b00c0b0  .   (5) 

To compare the methods, we estimated the time to 

obtain a three-dimensional mask of a sphere whose sur-

face is approximated by 6162 triangles. The most eco-

nomical is the third method (see Table 1 – set off), 

which does not require the use of the resource-

expensive functions sqrt() [18] and acos(). This algo-

rithm is implemented in the current version of the soft-

ware. 

Comparison of two floating-point values (according to 

(3) and (4) with their inaccurate rounding can lead to 

incorrect results. Instead of using the equality operation, 

it is more rational to use a function that determines how 

close these two quantities are to each other (differ by a 

small amount of epsilon 
610 
). Therefore, the third 

method is characterized by higher accuracy and speed, 

because it defines the sign of the values. 
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Table 1 

Comparison of time spent on obtaining volume mask using various methods 

Applied method Calculation time, s 

Comparison of the sum of the areas of the triangles 100,171 

Comparison of angles between segments 93,625 

Definition of the sign of a vector work 31,969 

 

Results 
 

In the figure (see Fig. 6) shows the results of the 

software for a grid of 20×20×20 cells using an example 

of a sphere. The mask of cosines is displayed as a plane 

bounded by a cell, tangent to the initial surface of the 

3D model and adjacent to the surface mask. The error in 

constructing the volume mask does not exceed the cell 

step. 

Masks are imported into multi functional software 

for solving unsteady spatially heterogeneous problems 

of gas thermodynamics. The software includes a grid 

generator, a calculation module and a graphical inter-

face. The entire software package is also independently 

implemented in C++ and Fortran. 

In the figure (see Fig. 7) shows the working win-

dow of the grid generator when constructing a mask of 

an infinite cylinder in the computational domain with 

dimensions of 100×40 cells. In the enlarged area, the 

resulting masks are displayed: dark gray – volume, light 

yellow – surface, and light turquoise – guide cosines. 

In the figure (see Fig. 8) presents a color map of 

the speed when calculating the external flow around the 

cylinder on a coarse orthogonal regular grid at a blow-

ing speed of 30 m/s. An increase in the smoothness of 

the solution in the near-wall zones of the flows [19] on 

such a relatively coarse grid is achieved by using the 

method of singularities of the form of sources-sinks of 

momentum and energy. 

 

  

  
 

Fig. 6. Example of obtaining masks: a) initial geometric model of sphere; b) BREP representation  

of model in STL file; c) hexahedral mesh with volumetric and surface masks; d) mask of averaged normal surfaces 
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Fig. 7. Example of generating computational grid of size 100×40 

 

 

Fig. 8. Example of blowing endless cylinder at speed of 30 m/s 

 

When simulating the flow, a cell with a volume 

mask value volume[i][j][k]=1 is excluded from the solu-

tion area of the boundary value problem. Near the sur-

face mask surface[NX][NY][NZ][3]=1 the problem of 

gas interaction with the obstacle is solved. 

If the value of the surface mask sur-

face[NX][NY][NZ][3]=0…1 the problem of the decay 

of an arbitrary discontinuity and the interaction of the 

gas with the obstacle are simultaneously solved. In cells 

with the cosine mask cosine[i][j][k][3]≠0 an isentropic 

rotation of the flow is used (i. e. surface forces do not do 

work). However, a “percussion” rotation mechanism 

may be used depending on the dissipative signature of 

the physical original. 

 

Conclusion 
 

Existing mesh generators are focused mainly on 

obtaining non-orthogonal irregular grids designed to 

describe the curved boundaries of streamlined bodies. 

However, the thickening of the grid leads to an increase 

in the calculation time, and the non-conformity of the 

grid leads to unphysical effects. The software package 

developed by the authors uses a different principle of 

increasing the smoothness of the solution in places with 

a complex surface structure. This principle consists in 

superimposing on the flow such sources of momentum 

and energy, which are equivalent in their effect on the 

flow to the interaction with the solid wall. 

The presented orthogonal regular grid generator al-

lows you to speed up and simplify the construction of 

grids that can be effectively used in a CFD solver. The 

grid generator uses its own adaptive conformal algo-

rithm for constructing specific masks. This algorithm 

generates volume and surface masks, as well a mask of 

guiding cosines in a Cartesian coordinate system. To 

build a mask, a geometric model is used, which is lim-

ited by the “closed” surface. To obtain a 3D model, any 

third-party CAD application can be used. 

Calculations on a relatively coarse grid are eligible 

due to another method of describing the flow near the 

walls. The essence of this approach is that groups of 

features of the form of sources-sinks of momentum and 

energy are superimposed on the flow, which are equiva-
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lent in their power to the interaction of the flow with a 

wall of complex geometry. The relative simplicity of the 

mask generation algorithm allows to reduce the labor 

costs of the software developer, which is an important 

factor in reducing the technical risk and the cost of re-

search. 

The modeling method cultivated by the authors [9, 

12, 19], for which a generator of masks on a regular 

rectangular grid has been developed, in contrast to the 

MCO [10] and FEM [11] on unstructured grids, allows: 

use ordinary computers for modeling without using par-

allelization; display the characteristics of the internal 

flow of the medium with an accuracy of 10%; it is much 

easier and more economical to implement dynamic 

meshes; does not require changing the logic of the cal-

culation near geometry of complex shape. 
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ГЕНЕРАТОР МАСОК ДЛЯ РЕГУЛЯРНОЇ ОРТОГОНАЛЬНОЇ СІТКИ 

В. О. Середа, М. В. Амброжевич  

Існуючі генератори сіток орієнтовані в основному на отримання неортогональних нерегулярних сіток, 

призначених для опису криволінійними межами обтічних тіл. Однак згущення сітки призводить до збіль-

шення часу розрахунків, а неконформність сітки – до нефізічних ефектів. Розроблений авторами пакет про-

грам (ПП) для моделювання газотермодинамічних процесів орієнтований на істотно більш простий опис 

геометрії, через те що використовує інший принцип підвищення гладкості рішення в місцях зі складною 

структурою поверхні. Цей принцип полягає в накладенні на потік таких джерел імпульсу і енергії, які екві-

валентні за своїм впливом на потік взаємодії з твердою стінкою. ПП містить масковий генератор ортогона-

льної регулярної сітки. Вихідними даними для побудови маски є створена в будь-якому CAD-додатку 3D-

модель, яка зберігається в форматі STL і розміщується в каталозі проекту. Кожна комірка містить в собі ін-

формацію про наявність тривимірного твердого тіла, проникності кожної грані гексаедру й напрямок векто-

ра нормалі до обтічної поверхні. У зв’язку з цим генератор створює три типи масок: об’ємну, поверхневу 

повної і неповної проникності, а також маску напрямних косинусів. Для отримання об’ємної (тілесної) мас-

ки з центру кожної комірки уздовж осей проводиться пряма і перевіряється її перетин з кожним трикутни-

ком, що апроксимує поверхню досліджуваного тіла. Парна кількість перетинань трикутників і прямої свід-

чить про наявність у комірці об’ємної маски. Поверхнева непроникна маска формується в трьох напрямках 
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на розділі вільної комірки зайнятої об’ємної маскою. При необхідності введення напівпроникною маски її 

локалізація і міра призначається користувачем. Маска напрямних косинусів призначається в комірці, яка 

примикає до поверхневої непроникної маски. Значення напрямних косинусів присвоюються рівними відпо-

відним значенням довколишнього трикутника, що апроксимує поверхню 3D-моделі. Зґенеровані маски фор-

муються у вигляді окремих файлів. Розроблено додаток для середовища SolidWorks, що дозволяє виконува-

ти об’ємну візуалізацію. У вирішувальній програмі інформація про наявність об’ємної маски використову-

ється наступним чином: об’ємна маска виключається з області рішення, поблизу поверхневої вирішуються 

автомодельні завдання, а при наявності напрямних властивостей – проводиться ізоентропічний поворот по-

току. 

Ключові слова: розрахункова сітка; об’ємна маска; поверхнева маска; маска косинусів. 

 
ГЕНЕРАТОР МАСОК ДЛЯ РЕГУЛЯРНОЙ ОРТОГОНАЛЬНОЙ СЕТКИ 

В. А. Середа, М. В. Амброжевич  

Существующие генераторы сеток ориентированы в основном на получение неортогональных нерегу-

лярных сеток, предназначенных для описания криволинейными границами обтекаемых тел. Однако сгуще-

ние сетки приводит к увеличению времени расчетов, а неконформность сетки – к нефизичным эффектам. 

Разработанный авторами пакет программ (ПП) для моделирования газотермодинамических процессов ори-

ентирован на существенно более простое описание геометрии, т. к. использует иной принцип повышения 

гладкости решения в местах со сложной структурой поверхности. Этот принцип заключается в наложении 

на поток таких источников импульса и энергии, которые эквивалентны по своему воздействию на поток 

взаимодействию с твердой стенкой. ПП содержит масочный генератор ортогональной регулярной сетки. 

Исходными данными для построения масок является созданная в любом CAD-приложении 3D-модель, ко-

торая сохраняется в формате STL и помещается в каталог проекта. Каждая ячейка содержит в себе инфор-

мацию о наличии трехмерного твердого тела, проницаемости каждой грани гексаэдра и направление вектора 

нормали к обтекаемой поверхности. В связи с этим генератор создает три типа масок: объемную, поверх-

ностную полной и неполной проницаемости, а также маску направляющих косинусов. Для получения объ-

емной (телесной) маски из центра каждой ячейки вдоль осей проводится прямая и проверяется ее пересече-

ние с каждым треугольником, аппроксимирующим поверхность исследуемого тела. Нечетное количество 

пересечений треугольников и прямой свидетельствует о наличии в ячейки объемной маски. Поверхностная 

непроницаемая маска формируется в трех направлениях на разделе свободной ячейки занятой объемной 

маской. При необходимости введения полупроницаемой маски ее локализация и мера назначается пользова-

телем. Маска направляющих косинусов назначается в ячейке, которая примыкает к поверхностной непрони-

цаемой маске. Значения направляющих косинусов присваиваются равными соответствующим значениям 

близлежащего треугольника, аппроксимирующего поверхность 3D-модели. Сгенерированные маски форми-

руются в виде отдельных файлов. Разработано приложение для среды SolidWorks, позволяющее выполнять 

объемную визуализацию. В решающей программе информация о наличии объемной маски используется 

следующим образом: объемная маска исключается из области решения, вблизи поверхностной решаются 

автомодельные задачи, а при наличии направляющих свойств – производится изоэнтропический поворот 

потока. 

Ключевые слова: расчетная сетка; объемная маска; поверхностная маска; маска косинусов. 
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