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ABSTRACT 

A numerical study of flow characteristics around eight elliptic cross-section cylinders in an 
octagonal configuration is presented. The axis ratio of elliptic cylinder is taken as 1:2. Three 
spacings between the cylinders (0.07 m, 0.14 m and 0.2 m), two angles of attack (α=0° and 
α=15°) and two Reynolds numbers (Re=4060 and Re=45800) are considered to investigate 
the parametric influences. The flow is modelled using three-dimensional large eddy simula-
tion. Simulations are performed by utilizing ANSYS Fluent software. The results comprise of 
flow patterns and force coefficients (drag and lift). It is seen that both the drag and lift forces 
acting on the cylinders vary with the spacings values, angle of attack and Reynolds numbers. 
The lift force peaks at α=15° and Reynolds number 45800. The drag force on the upstream 
cylinder reaches its peak at α=0° and Reynolds number 4060. It is observed that the drag on 
the upstream cylinders decreases as the value of the Reynolds number increases. Contours of 
velocity and subgrid turbulent viscosity are also presented. Moreover, it is concluded from the 
present study that the effect of change in the Reynolds number on flow characteristics is more 
significant as compared to the change in the spacing between the cylinders.
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INTRODUCTION

Fluid interaction with multiple bluff bodies has gained 
much significance because of its various applications in 
diverse fields of engineering. Some familiar examples are 
nuclear rods, heat exchangers, condensers, boilers etc. 
Drummond and Tahir [1] found the solutions for fluid past 
arrays of cylinders with different arrangements of cylinders. 

The different arrangements of cylinders taken were square, 
triangular and rectangular. The direction of flow taken was 
perpendicular to the cylinder axes. Donald and Anthony 
[2] investigated the pressure drop required for the fluid to
flow through arrays of randomly aligned cylinders. Zou and 
Lin [3] found that the cylinders in the downstream direc-
tion experience lower forces than the cylinders which are
placed in the upstream direction of the fluid flow. Alternate
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wide and narrow wakes are generated at different instants 
of time. Different values of drag and lift force coefficients 
values were obtained for the arrays of cylinders considered 
for the numerical simulation. 

Liu et al. [4] conducted a visualization study for the vari-
ation in fluid flow characteristics and behaviour of a plate 
placed at a certain angle to the fluid flow direction. They 
investigated the flow for various values of angle of attack and 
found changes in the flow characteristics with the change 
in the angle of attack. Han et al. [5] studied numerically 
flow over four cylinders arranged in square configuration. 
The method used for the study was the spectral element 
method. The simulation results obtained showed that the 
effect on the force coefficients is high with the changes in 
the flow patterns. Liu et al. [6] studied experimentally flow 
past arrays of four square cylinders in a square arrangement 
at subcritical Reynolds number. They found the values of 
drag and lift coefficients for various spacing ratios and 
angles of attack. 

Qadi et al. [7] presented three-dimensional large-eddy 
simulation (LES) of flow around two circular cylinders in 
tandem placed in an open channel. The three-dimensional 
flow characteristics were investigated with the help of the 
results obtained from LES. Chang and Constantinescu [8] 
numerically investigated circular cylinder arrays. Various 
ways were presented for explaining the changes in the for-
mation of the wake regions formed. Tong et al. [9] investi-
gated numerically flow over two similar circular cylinders 
arranged in various configurations. They conducted their 
study at a low Reynolds number, Re=1000. Two different 
vortex shedding frequencies were identified, which were 
caused due to the gap differences in the wake region formed 
when the fluid flows across the array of cylinders. Islam et 
al. [10] studied the effect of the spacing between the cyl-
inders numerically. Three cylinders were arranged in tan-
dem configuration. The values of the mean drag and lift 
coefficients were found. A critical value of gap spacing was 
found. Koide et al. [11] numerically studied the flow over 
two cylinders with different cross-sections. They studied 
the vortex shedding characteristics for the fluid flow across 
the cylinders. They observed different frequencies of vor-
tex shedding for the case investigated. Fayed et al. [12] did 
the visualization and simulation studies for the two-dimen-
sional flow of fluid over a foil. They compared the visualiza-
tion results with the numerical simulation results. Alizadeh 
et al. [13] numerically investigated the dynamic behaviour 
of the beams under impulsive fluid force. A commercial 
finite element code is applied for the investigation. 

Islam et al. [14] numerically simulated flow over sev-
enteen square cross-section cylinder array using lattice 
Boltzmann method in two-dimensional flow configuration. 
The cylinders were arranged in a staggered arrangement, 
and the investigation was done at different spacings between 
the cylinders. Kim et al. [15] performed a numerical simu-
lation of flow past a cylinder inclined at an angle of 45°. 

The value of Reynolds number used was 11,800. Chamoli 
et al. [16] investigated numerically for the flow across a 
cam shaped cylinder. It was found that the heat transfer 
increases and drag decreases for the investigated shape of 
the cylinder when compared with other bluff bodies. 

Zhou et al. [17] experimentally investigated for the vari-
ations of drag coefficients with and without splitter plate 
were investigated. Sun et al. [18] investigated the interac-
tion between the vortex and surface experimentally in the 
streamwise direction. Various contours of vortex formation 
were obtained. The vortex generated near the wall surface 
known as a primary vortex causes secondary vortex forma-
tion. The parameters which affect the flow field characteris-
tics are the distance between the surface and the vortex core 
and the strength of the primary vortex formed. Gao et al. 
[19] performed numerical simulations in two-dimensional 
of the flow over six cylinders arranged in a configuration 
of a 2×3 matrix and a configuration of a 3×2 matrix. The 
simulations were presented at a low Reynolds number. The 
power spectral density plots were observed having mul-
tiple peaks. The Strouhal numbers values were obtained 
from the power spectral density plots for the six-cylinders 
array investigated. Sefiddashti et al. [20] numerically stud-
ied flow over an airfoil at a subcritical value of Reynolds 
number. Riblets were also attached with the airfoil. It was 
found that the size of the wake changed with the size of 
the riblets. Ferrari et al. [21] obtained a new approach for 
visualizing the vortex formation characteristics. The visual-
ization was done for various vortex shedding cycles. They 
found the approach helpful for making further compari-
sons which were not available in the traditional visualiza-
tion techniques. Yun et al. [22] experimentally studied for 
the flow past two spheres placed in tandem configuration. 
Grioni et al. [23] numerically simulated flow past two cir-
cular cross-section cylinders in a tandem arrangement. The 
turbulence model used for performing the numerical sim-
ulations was Scale-Adaptive Simulations (SAS). The high 
sub-critical value of Reynolds number used was 2×105. The 
simulations were performed for various values of the dis-
tance between the cylinders. The spacing ratio L/D varies 
from the range of 1.1 to 7, where D is the cylinder diam-
eter. A critical value of the spacing ratio between the cyl-
inders was obtained at L/D=3. The present study aims to 
numerically simulate the flow over eight elliptic cylinder 
arrays placed in octagonal arrangement using large-eddy 
simulation.

METHODOLOGY

Computational Flow Domain
The geometry of the problem studied is shown in Fig. 1 

which is created in ANSYS 19R1 Design modeller. It con-
sists of a rectangular flow domain having eight elliptic cyl-
inders of hydraulic diameter De, 0.029 m and axis ratio a/b, 
1:2 arranged in an octagonal configuration. Three spacings 
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domain is meshed by hexahedral grid elements. A control 
volume approach is used for the discretization of the gov-
erning equations. A refined mesh near the elliptic cylinder 
wall was created to capture details of the hydrodynamic 
boundary layer. The selected mesh grid had about 2.1 mil-
lion of elements. Figs. 5, 6 and 7 show the quality of the 
mesh used for the three spacings, L (i.e. 0.07 m, 0.14 m and 
0.2 m) and two angles of attack, α (i.e. 0° and 15°) respec-
tively. Figure 8 shows the grid created around an elliptic 
cylinder.

Numerical Details
A uniform inlet velocity is used, and for the walls of 

the cylinders, the no-slip boundary condition is applied. 
All axial derivatives are considered to be zero at the exit of 
the flow domain, i.e. the fully developed flow assumption is 
used. The side surfaces of the flow domain are considered 
to be symmetric. A constant turbulence intensity of 0.7% is 
employed. The commercial software ANSYS (version 19R1) 
was used to conduct all the computations. The SIMPLE 

between the cylinders, i.e. length of the side of the octag-
onal, L=0.07 m, 0.14 m and 0.2 m, two array attack angle, 
α=0°, 15° and two Reynolds number, Re=4060, 45800 are 
considered for the numerical investigation. Effect of the 
spacing (L) is explored via the creation of three geometries, 
which are L=0.07 m, 0.14 m and 0.2 m. Also, the effect of 
the arrays attack angle (α) is investigated by altering the 
angle of attack in the geometry from 0° to 15°. Moreover, 
the effect of the Reynolds number (Re) is also studied by 
increasing the Reynolds number from 4060 to 45800. The 
working fluid used is air which has the following properties: 
density, ρ=1.225 kg/m3, kinematic viscosity, 𝜈 = 1.48×10–5 
m2/s. The computational domain for the investigated 
parameters is shown in Figs. 2, 3, and 4, respectively.

Governing Equations of Flow
Three-dimensional Continuity Equation

 0u v w
x y z
∂ ∂ ∂

+ + =
∂ ∂ ∂

 (1)

Three-dimensional Momentum Equation
x-momentum equation:

2 2 2

1 z z zu u u u p u u uu v w v
t x y z x x y zρ

 ∂ ∂ ∂ ∂ ∂ ∂ ∂ ∂
+ + + = − + + + ∂ ∂ ∂ ∂ ∂ ∂ ∂ ∂ 
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y-momentum equation:

2 2 2
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z-momentum equation:
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1 z z zw w w w p w w wu v w v
t x y z z x y zρ

 ∂ ∂ ∂ ∂ ∂ ∂ ∂ ∂
+ + + = − + + + ∂ ∂ ∂ ∂ ∂ ∂ ∂ ∂   

  (4)

Meshing- Grid Generation
The geometry of the problem studied is created by 

the computer tool ICEM CFD (Integrated Computer 
Engineering and Manufacturing). The computational Figure 1. Computational flow domain dimensions.

 
(a) (b)

Figure 2. Geometry for 0.07 m spacing, (a) α = 0° and (b) α = 15°.
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(a) (b)

Figure 3. Geometry for 0.14 m spacing, (a) α = 0° and (b) α = 15°.

 
(a) (b)

Figure 4. Geometry for 0.2 m spacing, (a) α = 0° and (b) α = 15°.

(a) (b)

Figure 5. Mesh created for 0.07 m spacing, (a) α = 0° and (b) α = 15°.

    
(a) (b)

Figure 6. Mesh created for 0.14 m spacing, (a) α = 0° and (b) α = 15°.
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Figure 7. Mesh created for 0.2 m spacing, (a) α = 0° and (b) α = 15°.

  
(a) (b)

 
(a) (b)

Figure 8. Grid created near the surface of the cylinder, (a) α = 0° and (b) α = 15°.

(Semi Implicit Method for Pressure Linked Equation) 
algorithm was used to perform pressure-velocity coupling. 
Least squares cell-based technique is utilized for gradient 
evaluation. Pressure interpolation is done with the help of 
a second-order interpolation scheme. For obtaining preci-
sion of the transient formulation, bounded second-order 
implicit scheme was adopted. To ensure the convergence, 
the following under-relaxation factors were set for the pres-
sure, density, body forces and momentum respectively: 0.3, 
1, 1 and 0.7. The residual target was set to 10–6 for the con-
tinuity, x, y and z momentum equations. The time histories 
of drag and lift coefficients were monitored for the onset 
of periodicity in the flow calculations. In the present study 
simulation is done at two Reynolds number, i.e. 4060 and 
45800. The time step size chosen for Reynolds number 4060 
is 1×10–5 and for 45800 is 1×10–7.

Validation
To confirm the reliability of the computer code, and the 

accuracy of the numerical method undertaken, validation 
of some obtained results was carried out. For this purpose, 
the experimental work of Liu et al. [6] was referred. The 
experimental work was done on four cylinders arranged in 
a square configuration. Figure 9 shows the comparison of 
the mean drag and lift coefficients found experimentally by 
Liu et al. [6] and numerically in the present work for each 

of the four cylinders. The experiment was carried out in a 
closed low speed wind tunnel with 0.7% turbulence inten-
sity. Our predicted results for the mean drag and lift coef-
ficients are presented in Fig. 9. As observed, the validation 
shows a satisfactory agreement.

RESULTS AND DISCUSSION

The effect of different spacings between the cylinders, 
variation in the array attack angle and altering the Reynolds 
number is examined in this section. Contours of various 
quantities were obtained from the numerical simulation 
performed such as velocity magnitude contours, subgrid 
turbulent viscosity contours, velocity contours in stream-
wise and transverse directions. The effect of flow domain 
dimensions on the time histories of the drag coefficient and 
lift coefficient is also discussed in this section.

Effect of Spacing Between the Cylinders (L)
In this section, an investigation into the effects of the 

spacings between the cylinders is made. Three spacings are 
considered which are: L=0.07 m, 0.14 m and 0.2 m. It was 
observed that the mean force coefficients vary for different 
spacings between the cylinders. Mean drag and lift coeffi-
cients are shown in Fig. 10 and Fig. 11 for Reynolds number 
4060 and 45800, respectively.
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 (a) (b)

Figure 9. Comparison of numerical results from the present work with experimental data of [6] for (a) mean drag coeffi-
cient (b) mean lift coefficient.

 
(a) (b)

Figure 10. (a) Average drag coefficient, (b) Average lift coefficient [Re = 4060].

(a) (b)

Figure 11. (a) Average drag coefficient, (b) Average lift coefficient [Re = 45800].
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component of velocity with the increase of the arrays attack 
angle. Non-symmetrical vortex formation is observed on 
upward and downward sides of the cylinders at α=15° com-
pared to the symmetrical vortex formation at α=0°. More 
observations on the discussed effects can be seen from the 
various contours of velocity and viscosity at both the angles 
shown in Figs. 12, 13 and 14 obtained from our numerical 
investigation. The time histories of the drag coefficient and 
lift coefficient are also shown in Fig. 15.

CONCLUSIONS

The present study has allowed a three-dimensional 
visualization of hydrodynamic fields around the array of 
cylinders. Effect of the spacing (L) between the cylinders 
has been explored. It is found that the cylinder which is in 
side-by-side position in an octagonal configuration experi-
ences approximately similar mean drag and lift forces as the 
spacing ratio increases. The array attack angles (α) used for 
the investigation were 0° and 15°. It was found that at α=0°, 
the drag force on the downstream cylinders is moderately 
less than that on the upstream cylinders. The downstream 
cylinder reaches its maximum lift force and experiences 
lower drag at α=15°. Concerning the effect of the Reynolds 
number, which plays a major role in the variation of flow 
features, it was found that at higher Reynolds number 

Effect of the Reynolds Number (Re)
The effect of the Reynolds number on the force coeffi-

cients is discussed in this section. The values of the mean 
force coefficients at two different Reynolds number 4060 
and 45800 obtained in our numerical simulation are shown 
in Table 1 and Table 2. The value of the drag coefficient 
for upstream cylinders is higher when compared with 
the downstream cylinders. The reason for this is that the 
fluid directly impinges on the upstream cylinders and has 
more pressure drag. Another observation is that the drag 
is decreasing with the increase of the Reynolds number. It 
is due to the flow separation that moves towards the down-
stream side of the cylinders. Moreover, it was also observed 
that the effect of Reynolds number is higher on the flow 
characteristics compared to the effect of spacing between 
the cylinders.

Effect of the Angle of Attack (α)
The impact of another geometrical parameter is ana-

lyzed in this section; it concerns the arrays’ attack angle (α). 
Two geometrical configurations were realized to carry out 
the study, which are: α=0° and α=15°. The results for the 
investigated angles are shown in the form of contours. It 
was observed that the size of the vortices developed behind 
the cylinder is greater for α=0° as compared with the size at 
α=15° because of the decrease in the intensity of the axial 

Table 1. Mean force coefficients at Re = 4060 and α = 0°

Spacings, L (m) Cylinder (CD)avg. (CL)avg.

L = 0.07 1 0.610 –0.101
2 0.555 –0.005
3 0.565 0.750
4 0.510 0.405
5 0.499 –0.164
6 0.477 0.787
7 0.532 –0.182
8 0.547 0.161

Table 2. Mean force coefficients at Re = 45800 and α = 0°

Spacings, L (m) Cylinder (CD)avg. (CL)avg.

L = 0.07 1 0.590 –0.104
2 0.552 –0.008
3 0.561 0.625
4 0.490 0.399
5 0.497 –0.184
6 0.475 0.675
7 0.530 –0.199
8 0.545 0.152

(a) (b)

Figure 12. Velocity magnitude contours at (a) α = 0°, (b) α = 15°.
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(a) (b)

Figure 13. Subgrid turbulent viscosity contours at (a) α = 0°, (b) α = 15°.

(a) (b)

Figure 14. Streamwise velocity magnitude contours at (a) α = 0°, (b) α = 15°.

(a) (b)

Figure 15. (a) Time histories of drag variation with flow time, (b) Time histories of lift variation with flow time.

mean drag force on the cylinders decreases but resulted 
in the enhancement of the mean lift forces. The compar-
ison of effects of Reynolds number and the gap spacing 
shows that the impact of the Reynolds number on the vor-
tex shedding mechanism dominates the effect of the gap 
spacing. The obtained results confirm that the mean drag 
coefficient reduces in the streamwise direction for a fixed 
Reynolds number and gap spacing. Moreover, the chaotic 
flow regime is the most observed flow regime for the inves-
tigated configuration.

NOMENCLATURE

AP  area projected (m2)
a, b  elliptic cylinders major and minor axes (m) 
a/b  axis ratio
CD  coefficient of drag (= Fx/ (0.5*ρ U∞

2AP))
CL  coefficient of lift (= Fy/ (0.5*ρU∞

2AP))
Cs  model constant (Smagorinsky)
De  hydraulic diameter (m)
Lc characteristic length (m)
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