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Abstract. The article deals with the flow over a rough-
walled circular cylinder in the critical area at high Re
numbers. The subject of the paper is a comparison of
the standard calculation of the aerodynamic drag coef-
ficient with numerical modeling. Numerical tasks are
solved by the simplified geometry of the smooth cylin-
der, where the influence of the rough surface is given
by the equivalent aerodynamic roughness, and also by
the model with the real geometry of the rough casing of
the cylinder.
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1. Introduction

The purpose of this study is to show the approach
to determining sheathing roughness of flow over a
circular cylinder at high Re numbers by numerical
modeling using the finite volume method in AN-
SYS Fluent software. This is a complex problem
of flow in the critical area, the solution of which
is dealt with by many international departments,
whether in experimental [1], [2], [3], [4] or numerical
5], 6, [, [8], €], [10], [11], [12], [13] research.

The article is based on a practical task to determine
the effect of the load (aerodynamic drag coefficient c¢g)
of the flow over a smokestack, the casing of which is

formed by a shaped sheet. Calculation of the drag
coeflicient ¢4 according to the currently valid standard
depends on the value of the Reynolds number (Re)
and takes into account the roughness of the flow over
body. This study follows the previous papers [14], [15].
Drag coefficient ¢y is in standards referred to as the
coefficient forces ¢y [16]. It takes into account the
shape and quality of the body surface and thus affects
the size of the resistance force on object.

In the case of a solved smokestack, the unevenness
of the surface (roughness) is given by the height of the
sheet metal. However, according to the standard, the
specific shape of the surface of the flow over a cylin-
der cannot be distinguished. Due to the ratio of the
smokestack diameter and a wave height of the shaped
metal sheet, it can be assumed that the shape of the
wave can affect the resulting drag coefficient.

The aim of the article is to compare the standard
calculation of the drag coeflicient ¢4 with numerical
modeling with a real geometry, where the grid is de-
signed to respect the shape of the waves, and also with
the simplified geometry of the smooth cylinder, where
the influence of the rough surface is expressed by the
equivalent aerodynamic roughness with using the mod-
ified wall function in ANSYS Fluent [14], [15].

2. Near—Wall Modeling in the
Critical Area

The study deals with the task of the flow over a circular
smokestack, when the air flow rate is defined with the
Reynolds number Re = 2.4-10° which means, that the
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Fig. 1: a) cq coeflicient - Re number diagram [14],
b) eddy structures behind the cylinder [14]

fluid flow problem belongs to the critical area and fully
advanced turbulence can be assumed in the boundary
layer around the cylinder wall [9]. The effect of the
load on the cylinder is expressed by the drag coeffi-
cient c¢q4. This coefficient changes with the Reynolds
number and it is also influenced by the roughness of
the surface. This dependency is schematically shown
in Fig. [th). It is clear from the figure how the position
of the minimum of a drag coefficient is moved with
respect to the surface roughness.

In general, turbulent flows are significantly affected
by the presence of wall. The near—wall region can be
subdivided into three layers. The innermost layer is
called the viscous sublayer, buffer layer follows, the
outer layer is called the fully—turbulent layer and tur-
bulence plays there a major role. Toward the outer
part of the near—wall region the turbulence is rapidly
enlarged by the production of turbulence kinetic energy
due to the large gradients in mean velocity. Therefore,
accurate representation of the flow in the near—wall re-
gion determines successful predictions of wall-bounded
turbulent flows [17]. Fig.[Ip) is for illustrative purposes
only and it shows the formation of eddies behind the
flow around a cylinder at high Re numbers [I4].

Two basic approaches can be used in modeling the
near—wall region: using wall functions and near—wall
modeling approach [I7], see the following paragraphs.

2.1. Wall Functions

In the approach of using wall functions for modeling
the near—wall region model, the viscosity - affected in-
ner region (viscous sublayer and buffer layer) is not
resolved. With these laws it is possible to express
the mean velocity parallel to the wall and turbulence
quantities outside the viscous sublayer in terms of the
distance to the wall. The wall functions are semi -
empirical formulas and they are used to bridge the
viscosity - affected region between the wall and the
fully—turbulent region. The use of wall functions ob-
viates the need to modify the turbulence models to
account for the presence of the wall [I7]. The func-
tions are applied in the first cell at the wall, which
bridge the distance between the wall and the cell near
the wall. Bridging of inner layers reduces the mesh
size requirements of the near—wall region and it gives

a sufficiently precise solution when dealing with tur-
bulence at the fully—turbulent layer. The use of wall
function is therefore suitable for calculations where we
are more interested in the center of the system than
at the wall. These functions express the dependence
of velocity on the distance from the wall, most often
in the form dimensionless velocity to the dimensionless
distance.

Fluid flows in atmospheric boundary layers over a
rough terrain affects the drag coefficient (resistance).
It can be possible to include the wall roughness ef-
fects through the law—of-the—wall modified for rough-
ness [I4]. There can be used the simplified geometry
and the effect of the shaped casing can be expressed by
the so-called equivalent aerodynamic roughness.

2.2. Near—Wall Modeling Approach

In another approach, the turbulence models are mod-
ified to enable the viscosity—affected region to be re-
solved with a mesh all the way to the wall, includ-
ing the viscous sublayer. This approach is particularly
useful where wall flow is the most important or rec-
ommended for turbulent models for a lower Reynolds
number [I7]. In this task the influence of the rough
casing (the shaped sheathing of the smokestack) can af-
fect the resulting drag coeflicient, so a model including
near—wall modeling has also been chosen for compari-
son with the wall functions approach. Detailed mod-
eling of ineer layers means that the radial height of
the mesh cells at the wall is sufficiently reduced during
crosslinking. With the fineness of the mesh, a detailed
description of the flow over the wall including the vis-
cous sublayer is obtained. Since the fluid behavior of
the wall is often predictive, it is usually the more ef-
fective using the wall functions instead of fine mesh in
the case of near—wall modeling.

3. Task Description

The study presents the possibility to solve the ef-
fects of loads on corrugated sheet metal casing of the
smokestack with a numerical solution in ANSY'S Fluent
software. A numerical SST k-omega model was chosen
for the solution, because it is suitable for modeling of
flow in near—wall region. Length of computational area
L = 140 m, diameter of the smokestack D = 3.6 m.
The height of the wave of the shaped sheet is 18 mm.
Fig. 2] shows the dimensions of the model and the loca-
tion of the flow over the cylinder in the computational
area. Other parameters of the solved task are: veloc-
ity v = 10 m/s, turbulence intensity ¢ = 10 % and
kinematic viscosity = 1.5- 1075 m?/s.
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Fig. 2: Computational area of the solved task

Numerical tasks are solved by two approaches. One
task solves the effects of load on the simplified model,
when the geometry of the chimney is formed by a
smooth sheet and the influence of the rough casing is
expressed in the calculation by the so-called equivalent
aerodynamic roughness. In the second task, the ge-
ometry of the model is made up of the real shape of
the casing by two different grids, a tetrahedral and a
hexahedral grid. All models are in 2D. Figure 3 shows
details of the meshes of all the models being solved and
they are described in the following paragraphs.

3.1. Simplified Geometry with the

Use of Equivalent Aerodynamic
Roughness

In this option of the calculations, the real shape of
the sheathing (corrugated sheet) was replaced with a
smooth cross—section of the circular cylinder. The ef-
fect of the shaped casing is given by the physical rough-
ness height K.S and the roughness constant Cg, which
are used in the calculation for the boundary conditions
and which define the aerodynamic roughness equiv-
alent to the actual roughness of the flow around a
body [14], [15]. Physical roughness height K = 18 mm
(height of a wave of the sheet metal) and roughness
constant C's = 0.5. Roughness constant Cs depends
on the type of the roughness, in the Fluent Manual [17]
it is recommended value of 0.5 with a range of 0.5 - 1.1.
The mesh is formed by a mix of the hexahedral grid and
tetrahedral, see Fig. ) When creating the mesh, the
size of the first cell on the wall must be at least twice
as large as the roughness of the sheathing (here the
height of the sheet metal) [I7]. The hexahedral grid
forms the inner layers of the boundary layer to ensure
that the wall function works properly. The tetrahedral
grid continues further in the computational area.

a) b) <)

Fig. 3: Meshing of solved models:
a) simplified geometry - hexa/tetra mesh,
b) real geometry - tetrahedral mesh,
c) real geometry - hexahedral mesh

3.2. Real Geometry of the Cylinder

Casing—Tetrahedral Meshing

In the other two variants, the calculation of the flow
over the cylinder with the real sheet metal casing is
performed.

The first model has a tetrahedral grid and it is also
solved using the wall function in ANSYS Fluent soft-
ware, see figure Fig. ) Unlike the previous option
(simplified geometry and aerodynamic roughness), the
roughness of the sheathing is given by the real geom-
etry of the casing. Fig. [2[ shows a computational area
created by a tetrahedral meshing and it is possible to
notice the fine mesh around the wall and the enlarging
cells in the computational area, which is easily realized
in 2D using a tetrahedral grid.

3.3. Real Geometry of the Cylinder

Casing—Hexahedral Meshing

In this variant, the calculation is also performed on
the real geometry of the smokestack casing modeled
by the hexahedral grid, see Fig. ) and the task is
solved in ANSYS Fluent software as a task of near—
wall modeling approach. The created grid respects the
shape of the casing and thus the real geometry and
it was created to prepare calculations in 3D in future
research.

4. Results of the Solution

The results of drag coefficients obtained from all vari-
ants of the numerical models are compared to the stan-
dard calculation and described in the following para-
graphs.

4.1. Drag Coefficient from

Numerical Modeling

The time record of the solved drag coefficient ob-
tained from all three variants of numerical simulations
is shown in the graphs in Fig. [4] The average value of
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Fig. 4: Drag coefficient obtained from numerical simulations:
a) simplified geometry,
b) real geometry—tetrahedral mesh,

c) real geometry— hexahedral mesh
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Fig. 5: The value of the aerodynamic drag coefficient—scheme
from EN 1991-1-4 [17]

drag coefficient ¢4 in the task with simplified geometry
cqg = 0.72, in the variant based on a real geometry with
the tetrahedral mesh ¢y = 0.96 and in a real geometry
task with hexahedral mesh ¢4 = 1.31.

4.2. Drag Coefficient According to

the Standard

Determining of the drag coefficient according to the
standard depends on the size of the Reynolds number
(Re = 2.4-10%) and on the ratio of the roughness K and
the diameter D of the cylinder (K/D = 0.018/3.6 = 5-
10~2). Drag coefficient is determined according to the
standard graph from EN 1991-1-4. Scheme of the graph
can be seen on Fig. bl and drag coefficient according to
standard is ¢g = 0.95.

The graph on Fig. |5 also shows the average resul-
tant of the drag coefficients obtained by the numeri-
cal solutions of all three mentioned variants both on
the simplified and the real geometry of the jacketed
smokestack.

5. Conclusion

The study presented the possibility to solve the effects
of load on smokestack with the rough casing by numer-
ical solution in 2D in ANSYS Fluent software, which
was compared with the standard calculation. Numer-

ical tasks were solved by two approaches. The first
solution of the task was achieved on a simplified ge-
ometry, when the casing was made of a smooth sheet
and the influence of the rough casing was expressed
in the calculation by the so-called equivalent aerody-
namic roughness. In the second task, the geometry of
the smokestack was made up of a real shape of cas-
ing using two models, one of which was created by a
tetrahedral grid, and the second one by a hexahedral
grid. As it has been assumed, numerical solutions have
achieved different drag coefficient values.

The result obtained by calculating with the real
geometry modeled by the tetrahedral mesh almost
matches with the standard results and it can be evalu-
ated as the best one. However, the results obtained in
the two other variants differ from the standard calcu-
lation. In the case of the real hexa—shaped geometry
task, it is problematic to create a grid just close to the
wall (the shaped metal sheet), by adjusting the ratio
of sides in the grid may be achieved a more relevant
result.

In the case of simplified smooth geometry using the
aerodynamic roughness it is a relatively complex prob-
lem of correct setting of the physical roughness height
K S, because in the numerical solution the coefficient
K S was given only by the height of the wave and the
shape of the chimney casing could not be taken into
account. This issue will be the subject of further re-
search.
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