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Abstract: The mesh generation process as a time-consuming and computational 

effort in the numerical methods always has been paid attention to by researchers to 

provide more accurate and fast methods. In this study, an accurate, fast, and user-

friendly method of mesh generation has been developed by combining the image 

processing method with Computational Fluid Dynamics (CFD). For this purpose, a 

turbulent flow around a single square as a bluff body is simulated by homemade 

code using MATLAB software as a test case to illustrate the mentioned method. The 

conservative Equations have been discretized using the finite volume method based 

on the Power-la scheme. Utilizing useful filters on the imported gray-scale digital 

image provides edge detection of the obstacle in the computational domain. After 

the edge detection step, an orthogonal, structured, and staggered mesh is generated.  
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1 INTRODUCTION 

The numerical and experimental investigation of the 

physical phenomena in order to simulate fluid flows in 

nature and industry have always been researchers' and 

scientists' interests [1-5], [15], [17], [28], [30]. The 

experimental approach is a straightforward method of 

observing physical phenomena and the used sensor's 

accuracy is a crucial challenge in this method. With the 

comprehensive development of computing software, the 

numerical method become a more efficient and useful 

method for simulating and obtaining accurate results. 

Dividing the computational domain into finite cells 

(named meshes) or elements, is essential for numerical 

studies and always is a challenging step for researchers 

to produce suitable mesh configurations and reduce the 

time and cost of generation. Using the image processing 

method as a straightforward and efficient method for 

determining the computational field geometry and 

generating mesh by an imported digital image can 

reduce the time and cost of computation noticeably. 

Nowadays, with the widespread use of smartphones, 

digital cameras, and the Internet, utilizing digital images 

is more user-friendly.  

Hale [16] developed an algorithm to minimize the 

potential energy by combining a digital image with a 

structure of ordered points, which are called atoms. This 

method computed atom coordinates and distances, and a 

suitable mesh grid was generated to obtain further 

computations, like flow simulation. Kocharoen et al. 

[21] investigated a method for generating a mesh 

structure of image representation. An elimination 

scheme was used to remove nonessential nodes. 

Cuadros-Vargas et al. [10] presented I-mesh's algorithm, 

which automatically produced mesh from digital 

images. This method could recognize different regions 

and boundaries. Barber et al. [6] developed a method for 

generating a mesh from a medical image based on 

volumetric registration. Fang and Boas [12] used a three-

dimensional mesh generation software that contained 

several free mesh processing. It generated a quality 

tetrahedral or triangular mesh in three and two 

dimensions. Wang et al. [33] developed a new way of 

converting digital images into grids. Lassoued et al. [22] 

presented a valuable method to convert low-quality 

digital images into mesh grids for the fluid flow field. 

After generating mesh grids, the Navier-Stokes 

Equations were solved by a direct numerical scheme 

without any turbulent consumption. Bonabi and Hemati 

[36] provide a procedure (ruled, skinning, and global 

approximation) in order to model bone surface by 

extracting points from the segmentation of different 

regions of CT scan digital images. Their results showed 

that 99.74% of obtained points by their developed 

methods have a maximum difference of 0.25 to 0.75mm 

from the benchmark data and acceptable accuracy for 

medical usage. Vini and Daneshmand [37] investigated 

the asymmetric roll bonding process to obtain Al/Cu 

bimetallic laminates. The deformation of samples has 

been simulated using the finite element method. 

Additionally, scanning electron microscopy has been 

used for peeling tests of the surface.  

The aim of the present study is to develop image 

processing-based mesh generation for computational 

fluid dynamics methods. The simultaneous simulations 

of turbulent flow and image processing in a single 

developed code have not been seen in previous works. 

For this purpose, a turbulent fluid flow around a single 

square obstacle is simulated. This work's innovation is 

related to developing a new mesh generation process and 

solving the turbulent flow field Equations by a 

developed homemade code simultaneously utilizing 

MATLAB software. Additionally, the presented method 

can be used for optimum shape design. A merge of 

simulation steps and matrix operations in the present 

code helps us to combine the computational operations 

and subsequently increase the calculation time and cost. 

The developed code automatically detects boundaries by 

processing the pixels of digital images. After generating 

the mesh, the Equations of continuity, momentum, and 

turbulence are solved numerically using the finite 

volume method. A progressed version of this code can 

be used in multi-task applications in different industry 

branches such as shape optimization of the bluff body to 

drag reduction and increase the lift force. 

2 METHODOLOGIES 

2.1. Principles  

Fluid flow produces different aerodynamic forces when 

it passes over any object due to pressure gradient and 

fluid viscosity distribution. The flow field's square 

obstacle is case study research in CFD. Due to the sharp 

square corners, the passing fluid flow has been 

separated, and vortices are generated downstream. Also, 

by increasing the fluid's velocity (i.e., increasing 

Reynolds number), a turbulence flow appears. To 

simulate the numerical method's flow and solve the 

governing Equations, we need to divide the 

computational field into small cells. 

 

2.2. Image Processing Procedure 

Figure 1 illustrates a two-dimensional imported 

grayscale digital image of a square in JPEG format. Each 

pixel of this image has been examined by image 

processing. Two filters have been imposed in this 

method, contrast and brightness filters, which have been 

used to remove all imported image noises. Each color 

has a specific code for recognition in the image 

processing method. The arrangement of color codes 

differs from 0 to 255 for this grayscale image. A third 
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filter has been used to eliminate color tones and sort 

them into black and white categories. The color tone 

upper than 200 is referred to as white, and lower than 

200 is referred to as black. This range of filtered colors 

has been converted to the corresponding numeric values 

0 and 1, similar to those of black and white. 

 

 
Fig. 1 Imported gray scale digital JPEG format image of 

domain and obstacle with related geometries.  

 

The edge detection process detects each edge of the 

given square individually. Considering one of the 

obstacle nodes (with a 0 value for its I, J label, as a black 

pixel), it's left, right, upper, and bottom neighbour nodes 

indicate the type of this node of the body. If the pixel 

value of I+1, J node be equal to 1, the I, J node is a right-

side edge of the body. Other side edges and corners of 

this body can be detected using a similar procedure. 

Seeing the side of the bluff body edges is a crucial step 

in order to calculate surface tension on each node of the 

body walls. The developed code solved the governing 

Equations based on the finite volume method by 

considering the appropriate turbulence model and 

performing the matrix form calculations after creating 

grid mesh. [34-35]. 

 

 
Fig. 2 The classification of turbulence models based on 

solution types. 
 

2.3. Governing Equations 

The classification of turbulence models based on 

solution types has been illustrated in “Fig. 2”. One of the 

most common turbulent models for solving the turbulent 

flow field is the k-ε model, which exists in Reynolds 

averaged group. This model includes two different 

transport Equations (i.e. k as turbulent kinetic energy and 

ε as turbulent dissipation) to illustrate the flow's 

turbulent properties. 

The steady-state governing Equations have been 

illustrated as follows according to Einstein's notation, 

which has been solved concurrently [2]: 
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In order to solve governing Equations, Boussinesq 

approximation has been used as following [2]: 
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2.4. The Chien's Model for Low Reynolds k-ε Model 
Chien's low Reynolds k-ε model is a suitable turbulent 

model for solving this turbulent flow field [26]. This 

model has accurate and highly acceptable numerical 

properties. The dissipation rate has been split into two-

part, isotropic and anisotropic parts. In the dissipation 

rate transport Equation, the ε term has been considered 

isotropic. For the anisotropy part, an expression for 

dissipation rate close to the wall boundary condition has 

been achieved, which has been added to the dissipation 

rate appearing in the k transport Equation [9], [29]. Low 

Reynolds k-ε model can be written in a general form 

like: 
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The steady-state distributions of k and ε have been 

presented by Launder and Spalding based on the k-ε 

turbulent as follows: 
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The production term 
kP  in both of these Equations has 

been calculated as 2
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explained the standard k-ε turbulent model in through 

with false calculation for turbulent kinetic energy 

production in the stagnant region. Kato and Launder et 

al. [20], [23] introduced a modified form of the standard 

k-ε turbulent model by replacing the strain stress term 

(S) with a vorticity term 
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) in the production term of 

kinetic energy in the governing Equation 

(
k

P C S

  ). 

For the first time, the concept of eddy viscosity was 

introduced by Boussinesq in 1877. In this concept, the 

turbulence stresses are related to mean flow to represent 

the governing Equations [8]. Eddy viscosity was referred 

to the flow as a function, not to the fluid. For turbulence 

flow, this function started to amplify. The behaviour of 

eddy viscosity depends on the existence of eddies; for 

example, it has been investigated that in the convective 

mixed layer, the behaviour of eddy viscosity is weaker 

[23]. It has been considered that each component of 

velocity variables includes two terms of stable and 

fluctuated parts (i.e. u u u    and v v v   ). By 

substituting velocity component into momentum 

Equations, applying Reynolds averaging rules, and 

simplifying for a steady and incompressible flow gives: 
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. It is worth noting 

that calculating the momentum Equation in laminar 

flow, 
iuS  which has been omitted in Equation (10), P̂  

will be equal to P and 
eff  equal to   without 

considering the turbulent term in the Equation 
iuS .  

The boundary conditions for the computational field 

have been demonstrated in “Fig. 3”. At the inlet, 

constant variables have been concerned, and at the 

outlet, the gradient of variables along the x-axis has been 

neglected. The written code sets velocity components 

equal to zero behind the square. This code detects the 

inserted square downstream in the flow field as a bluff 

body. It sets all velocity components along with 

downstream-direction equal to zero at the first 

calculative iteration. This trick decreases the calculation 

time and increases the convergence chance of this 

numerical method. The inlet velocity has been chosen 

based on Lyn et al. study [24].  

 

 

Fig. 3   Boundary condition of computation field at inlet, 

outlet and at the edge of bluff body. 

The inlet turbulent kinetic energy ( 2

0 0

3
( )

2
u

k T u ) was 

calculated from the Equation of the isotropic turbulence, 

and Kolmogorov expression has been used for 

https://en.wikipedia.org/wiki/Joseph_Valentin_Boussinesq
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dissipation term (
0

1.5

0

k
C

L




  ), which was extracted 

from the eddy-viscosity relation [33]. 

3 NUMERICAL SOLUTIONS 

Generating mesh grids for the computation field in order 

to calculate the governing Equation in each cell is the 

main task in our work. The written code processes 

imported digital images, and after detecting edges, mesh 

grids based on the staggered grid have been generated. 

P, k and ɛ  have been stored at nodal points (I, J labelled 

points) as a scalar quantity and vector variables (u and 

v) have been stored at cell faces, which u-velocity has 

been stored at i, J point and v-velocity have been stored 

at I,j point. The schematic of produced mesh grids from 

image processing by our code based on staggered grid 

mesh has been shown in “Fig. 4”. In this Figure, filled 

circles illustrate edges of the body, and circled dots are 

nodal points of grid mesh in which scaler quantities (i.e. 

P, k, and ɛ ) have been calculated. Extrapolation is 

necessary for calculating any variables at nodes near 

boundaries. The artificial symmetrical nodes, outside of 

the computational domain, have been shown in “Fig. 4”. 

 

 
Fig. 4 Generated cell nodes based on stagger grid and 

illustration of produced symmetrical nodes for extrapolation 

of calculated variables at the boundary. 
 

Computational fluid dynamics as a powerful computer-

aided tool enables us to numerically solve governing 

Equations of fluid in a computational field's discrete 

space, called a cell, and simulate fluid properties. This 

simulation has been performed on the flow field, inside 

or around the modelled object. CFD provides virtual 

laboratory space and simulates all physical phenomena. 

With the considerable advancement of computer 

processing devices, very high-quality rendering can be 

seen. Our numerical method in CFD is based on the 

finite volume method, in which the integrals of the 

governing conservation Equations are discretized. The 

Finite Volume Method (FVM) is extensively used in 

fluid field calculations in addition to the finite difference 

and finite element methods. Numerous reasons, such as 

simple understanding and ease of use in structured and 

unstructured grids, have made this method very 

comprehensive. After converting the computational 

field into a set of small cells, each parameter's average 

value in the center of the cell has been considered, which 

is the main difference between the finite volume method 

and other methods. One of this method's essential 

features is that the main Equations of mass, momentum, 

and energy, after discretization, will be calculated in 

each cell, the conservation is satisfied automatically 

[19]. 

In this work, the governing Equation has been 

discretized based on the Power-law differencing scheme 

of Patankar. This scheme was developed based on the 

analytical solution of the convection-diffusion Equation. 

The Power-law scheme is useful to remove false 

diffusion error. This scheme is more accurate than the 

Hybrid scheme and has sufficient control over the Peclet 

number of cells. If cell Pe number be more than 10, the 

diffusion term will set to zero [31]. To overcome the 

checkerboard problem of pressure field and coupling of 

the pressure-velocity field, a staggered grid and SIMPLE 

(Semi-Implicit Method for Pressure Linked Equations) 

algorithm have been utilized. The decoupling between 

velocity and pressure field, named odd-even decoupling, 

is a discretization error in collocated grids and causes 

checkerboard patterns for pressure. One of the simplest 

ways to avoid this issue is utilizing the staggered grid. 

The staggered grid's main idea is to evaluate scalar 

variables (pressure, density, temperature, etc.) at nodal 

and velocity components evaluated on staggered grids 

centered on the cell faces. The mesh arrangement for 

two-dimensional flow has been shown in “Fig. 5”. 

  

 
Fig. 5 Staggered grid arrangement for calculating scalar 

and vector variables. 

https://en.wikipedia.org/wiki/Convection_diffusion_equation
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The pressure as a scalar variable has been stored at the 

nodes, but velocities have been evaluated on the grid 

nodes' cell faces. Horizontal faces store u velocity, and 

verticals store v components of velocity, whereas in a 

collocated grid, all variables of the flow field have been 

stored at the cell center. The staggered grid's most 

common usage is compressible or incompressible flow 

in a structured grid. The staggered grid produces a 

numerical error on an unstructured mesh grid with 

skewness [31]. 

The numerical solution approach in CFD produces 

numerical errors that cause oscillations in solution, and 

consequently, written code has diverged. Some 

multiplied factors have been presented as a relaxation 

factor to converge solution and increase stability, which 

plays a crucial role in stable condition. The value upper 

than one is called the over-relaxation factor, and lower 

than 1 is the under-relaxation factor. All variables have 

been corrected in any cell of mesh for each iteration in 

SIMPLE family algorithms. The correction procedure 

for pressure has been obtained by adding guessed 

pressure field with correction as 
*new

P P P    which 

star represents guessed value and prime illustrates 

correction. The under-relaxation factor, which has been 

implemented in these relations, has been written 
*new

p
P P P   . This Equation 

p  is under 

relaxation factor for pressure, and its values vary from 0 

to 1. If 1P   has been selected, guessed pressure filed 

corrected by correction value, and if 0P   will be 

selected no correction applied to the pressure field. Also, 

for other variables, under relaxation factor has been 

introduced as 
( 1)

(1 )
new n

 
    


   , where   has 

been replaced instead of velocity components (u, v), The 

turbulent kinetic energy (k), and dissipation term (ɛ ).   

is corrected value of any variables in computation field 

and 
( 1)n 

 demonstrates the obtained value of   in the 

previous iteration. The selected values for the under-

relaxation factor have been shown in “Table 1”. The 

default under relaxation parameters of Ansys-Fluent 

software [13] has been chosen for this simulation. 

Maximum 50000 iterations and minimum 10-6 accuracy 

have been considered for acceptable convergence of the 

calculated variables (i.e. u, v, P, k, and ɛ ). 

 
Table 1 Relaxation factor values for fluid flow parameters of 

domain. 

u 

velocity  

v 

velocity  
Pressure  

Turbulent 

kinetic 

energy  

Dissipation 

term 

= 0.5uα αv= 0.5 𝛼𝑝 = 0.5 𝛼𝑘 = 0.5 𝛼𝜖 = 0.5 

4 RESULTS AND DISCUSSION 

The predictions of the developed model have been 

verified using the experimental data of Lyn et al. [24], 

Durao et al. [11], and McKillop and Durst [25]. The 

calculated velocity components of u and v are the 

algebraic additions of the steady and perturbed velocity 

terms (i.e. u u u  and v v v  ).  In the used 

experimental data, perturbed ( u and v ) and steady 

velocity components ( u and v ) have been calculated 

separately. But in our mathematical solution, the values 

of velocity (u and v) have been calculated directly. 

Therefore, the calculated velocity values should be in the 

ranges of u u u u u     and v v v v v    
. Figures 6 and 7 demonstrate the velocity component of 

u and v, respectively, along the x-axis and compared 

with experimental data [11], [24-25].  

 

 

Fig. 6 u-velocity component along x-axis compared with 

experimental data and grid study results for different dpc 

values. 
 

Figures 8 and 9 show u and v velocity profiles along the 

y-axis, similarly. Figures 6 to 9 also contain the grid 

study results based on dpc (dot per centimeter unit) 

which were chosen among 0.5 to 3.5 dpc. The obtained 

results for the 3 dpc resolution are similar to the results 

of the 3.5 dpc simulation. Attending to the 3 dpc 

simulations' lower calculation cost, this resolution is 

suitable for this simulation. 

Figure 10 shows the calculated streamlines of this 

turbulent fluid flow around the square obstacle. The 

arrows illustrate the flow direction. The generated 

vortexes behind the bluff body have been observed in the 

coordinated field. 
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Fig. 7 v-velocity component along x-axis compared with 

experimental data and grid study results for different dpc 

values. 
 

 

 
Fig. 8 u-velocity component along y-axis compared with 

experimental data and grid study results for different dpc 

values. 

 

Figure 11 demonstrates the contour of the pressure field 

and velocity vectors. The higher values of pressure 

contours in the square body's front show the stagnation 

point. The velocity got closer to zero value in this zone, 

and pressure reached maximum value. In the behind of 

the square, generated vortexes reduce pressure, and 

circulation zones have been developed. Arrows have 

presented the velocity vectors and their values in the 

flow field, especially in circulation zones. 
 

 

 

 
Fig. 9 v-velocity component along y-axis compared with 

experimental data and grid study results for different dpc 

values. 
 

 

 
Fig. 10 Streamlines around obstacle as a bluff body. 

 

The variation of kinetic energy and dissipation rate 

values have been illustrated in “Fig. 12”. In “Fig. 12(a)”, 

the contour of k has been shown. In the front of the 

square obstacle, the maximum value of k has been 

reached, but in circulation zones, this value has been 

decreased, sharply. The variation of kinetic energy value 

in circulation zones is significant too. In “Fig. 12(b)”, 

the dissipation rate contour has been demonstrated. The 

lowest value of ε has been found in the front of the 

square obstacle, in the region, velocity values are closer 

to zero and in the downstream of the flow field. In 

circulation zones, the dissipation rate has been increased 

smoothly.  
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Fig. 11 Pressure contour and velocity vectors around square 

body. 
 

 
(a) 

 

 
(b) 

Fig. 12  (a): Kinetic energy contour plot around obstacle, 

and (b): dissipation rate contour plot. 

Figure 13 shows the ratio of eff



. Physically

1
eff




 explains this fact that the turbulence does not 

affect viscosity, and the flow field's viscosity is equal to 

the viscosity of the fluid. The higher value of the 

turbulence effect on the viscosity of flow demonstrates 

the strength of the turbulence effect. The variation of 

viscosity in the flow field's circulation zones has been 

obtained from this Figure. 

 

 
Fig. 13 The contour plot of effective viscosity and fluid 

viscosity rate. 
 

 
Fig. 14   Shear stress value near the wall of obstacle. 

Negative values refer to direction of velocity gradient on the 

wall. 
 

The contour of wall shear stress ( )w  on the square 

body's boundary edges has been shown in “Fig. 14”, 

which is vital for calculating skin friction drag in 



121                                  Bahador Abolpour et al. 

 
aerodynamics [18]. The variation of shear stress of the 

wall perpendicular to the boundary layer due to the 

velocity gradient along the y-axis has been calculated. 

The positive and negative values of w  are related to the 

direction of coordinates. 

5 CONCLUSIONS 

The main novelty of the present work was to provide 

simple, fast and accurate way to generate mesh 

generation procedure by combining computational fluid 

dynamics with image processing method for simulating 

the turbulent flow around any bluff bodies. 

Consequently, the developed homemade code utilized 

the image processing method to detect square obstacle 

edges as a bluff body in order to generate orthogonal, 

structured, and staggered mesh for the computational 

domain. The presented methos in this study, reduces the 

cost of calculation considerably due to the processing of 

imported images, generating meshes, and solving 

governing Equations were done automatically and 

simultaneously.  

The modified Low-Reynolds Chien's model based on the 

k-ɛ  turbulent model was used to simulate turbulent flow 

around a single square. The pressure and velocity field 

has been coupled by segregated mesh and power-law 

scheme. The governing Equations were discretized 

based on the finite volume approach. The brightness and 

contrast as an effective filter were considered to decrease 

the imported digital image noises. The results were 

verified with previous of the experimental works. The 

good agreement was seen. The shear stress over walls 

was calculated due to the viscosity effect and boundary 

layer effect. The velocity gradient perpendicular to each 

wall was estimated, for calculating skin friction drag. 

The shape optimization of bluff bodies is an ability of 

the current method that can be considered as future 

outlook.  

6 NOMENCLATURES 

Constants [9]: 

2
0.09, 1.35, 1.8C C C
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  ,  

2
, ,C C C
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Dot per centimeter dpc 

]:9[ Additional source terms 

2

2

2 0.5

2

E v exp y

y

k
D v

y




  


 

D, E 

]:9[ The damping functions 
21, ,f ff


 

2

21
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1 0.22 ( )

6

,

1,
t
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Re
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


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 




 

Acceleration caused by an external 

)2-m.s(physical force  ig 

)1-J.kg( The turbulent kinetic energy k 

Initial kinetic energy term
 0k 

]:9[ Kinetic energy near of the wall

0wallk  wallk 

The dissipation scale L 

)PaMean pressure (
 

P 

Average pressure (Pa) P 
The rate of production of turbulence 

i

k i j

j
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P u u

x


  


]: 33[ kinetic energy 

kP 

]:9[ Reynolds number of turbulence flow

2

Re
t

k
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 

Ret
 

Source term 
iuS 

]: 33[ Relative turbulence intensity

0

t

u

u
T

u
 

uT 

* wu



]: 35[ Friction velocity 

*u 

Components of the average velocity 

vector  
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Components of the turbulent velocity 
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i ju u  

]9[ Normal distance in wall coordinates

*
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y



 
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0
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    Kronecker delta 
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 Turbulent kinetic energy dissipation rate

1
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 

Initial kinetic energy dissipation rate 

term 0 

]: 9[ Kinetic energy dissipation rate
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The viscosity of fluid (Pa.s)  
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Turbulent viscosity of the flow based on 

]: 2[ )Pa.sε model (-the k

2

t

k
C f

 
 


 

t 

]: 7[ The effective viscosity of fluid

eff t
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).s2mKinematic viscosity of the fluid (  
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 ]:34[ Turbulent Prandtl numbers

1, 1.3
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Wall shear stress (Pa) 
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