Journal of Naval Architecture and Marine Engineering|

December, 2016
http://dx.doi.org/10.3329/jname.v13i2.29994 http://www.banglajol.info

DES OF THE TURBULENT FLOW AROUND A CIRCULAR
CYLINDER OF FINITE HEIGHT

A. H. Elbatran

Marine Engineering Department, College of Engineering and Technology, Arab Academy for Science and Technology and
Maritime Transport, 1029, Alexandria, Egypt, E-Mail: a.elbatran@aast.edu

Abstract

The current research work investigates numerically the turbulent flow field characteristics
around three dimensional circular cylinder of finite height at Reynolds number of 43000 using
Detached Eddy Simulation (DES) turbulence model. The numerical results have been compared
with the experiment and theoretical results obtained by other researchers. The results reveal that
the DES turbulence model is superior to LES for predicting the flow past the circular cylinder of
finite height at this Reynolds number. The numerical results of the current study show the great
potential of the presented DES for investigating the complicated flow structure in this case. DES
is very accurate for predicting the flow characteristics in many sophisticated cases and can
reduce the computational efforts during the simulation process in comparison with Large Eddy
Simulation (LES) turbulence mathematical model.
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1. Introduction

The flow around circular cylinder is one of the most important fundamental phenomena in fluid mechanics fields
(Strelets, 2001; Zhang and Guo, 2006; Rostamy et al, 2012; Javadi and Kinai, 2014). Moreover, the flow over
cylinder have a wide applications in engineering such as heat exchanger, nuclear cooling system, cooling towers,
subsea pipelines and offshore platforms (Javadi and Kinai, 2014). Hence, vortex and recirculation flow was altered
because of trailing vortices formed at free ends (Frohlich and Rodi, 2004). Therefore, this kind of flow is very
interesting to be studied from the engineering point of view especially the effects of the vortex shedding on the
cylinder.

The simulation of this flow is a big challenge because the flow domain is complex and moving boundary should be
used at this case (Bai et al, 2016). Nowadays, CFD is used to handle the flow over 2D or 3D cylinders for saving
cost and time. Many researchers studied numerically the flow field characteristics around circular cylinder using
different turbulence models (Javadi and Kinai, 2014, Frohlich and Rodi, 2004, Bai et al, 2016, Frederich et al.,
2008; Chen et al., 2015; Hu et al., 2015; Chung, 2015; Kumar et al., 2016; Zhang et al., 2016; Nguyen and Nguyen,
2016; Hsu et al., 2016; Alonzo et al., 2015; Kappler, 2002). However, most of them used large eddy simulation
(LES) turbulence models in their study.

LES represents the most accurate results especially for high Reynolds numbers. It also predict accurately the flow
near wall for turbulence structures. Then, Frohlich and Rodi (2004), Javadi and Kinai (2014), Zhang et al., (2016),
and Hu et al., (2015) used LES to predict the flow characteristics around cylinder. Recently, many of researchers
mainly depend on DES to predict flow over cylinders. DES reduced computational capabilities compared to LES
however retaining much of the physical accuracy of the method. Consequently, computational results obtained by
Frederich et al., (2008), Nguyen and Nguyen (2016), and Bai et al., (2016) showed that numerical simulations with
DES model is in a good agreement with experimental studies.

The previous studies used DES to predict the flow past cylinder, however, the flow around cylinder of finite height
is not studying yet using DES. Hence, the present study continues their works for investigating numerically the flow
around circular cylinder of finite height using DES turbulence model of the finite volume CFD code ANSYS Fluent.
In addition, in this study unstructured tetrahedral grid was used for the CFD solver to study the ability of such grid
type on predicting the complex flow pattern in this case accurately. Comparison between the numerical results of the
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current study and the available experimental data had been made and very good agreement was found between the
two results.

2. Numerical Method and Modelling

2.1 Flow domain

The present study of the flow around a circular cylinder of finite height corresponds to an experiment performed by
Kappler (2002) in a water tunnel. The experiment conditions in this case were Re = 43000, cylinder height to
diameter ratio H/D = 2.5, the boundary layer thickness of the approaching flow 6/H = 0.1 and the width of the tunnel
= 7D, the height of the tunnel = 5D, the blockage of the tunnel = 7.3%. The base of the cylinder located at the origin
of the coordinate system and x, y, z, representing the streamwise, wall normal and lateral directions respectively as
described in Fig. 1(a). The computational domain specifications are diameter of the cylinder (D) = 0.05 m, height of
the cylinder (H) = 2.5D, the inlet boundary condition is located at x/D = -7.5, the outflow boundary condition is
located at x/D = 12.5 as shown in Fig. 1(b) and 1(c).
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Fig. 1: Cylinder computational domain dimensions.

2.2 Grid generation

A grid generator ICEM CFD of the Reynolds-Averaged Navier-Stokes Equations (RANSE) code Ansys Fluent was
used for meshing the system with unstructured tetrahedral grid as shown in Fig (2). The mesh elements were packed
over the surface of the cylinder with 15 layers in the region of the boundary layer as illustrated in Fig. 3(c).

Four computational grids had been tested in this section study for determining the number of grid cells required to
establish a grid-independent solution. The specifications of grid cells are described in Table 1. Fig. 3 shows the
mean streamwise velocity determined numerically by the current DES turbulence models in X direction which
determined by four grids. It was observed that grid 3 and grid 4 gave acceptable and similar results while grid 4
required more time for solution. Hence, grid 3 was chosen to carry out the analysis of the current study.
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Fig. 2: Computational domain with unstructured tetrahedral mesh elements.

Table 1 Grid specifications
Grid No. of cells
1 507114
2 622587
3 711696
4 831225

2.3 Boundary conditions

The circular cylinder surface was treated as a viscous wall with no slip boundary condition. The inflow boundary
condition was set at the left end of the computational domain while the right hand side boundary was set as opening
(the outflow boundary condition was used also and it give the same results as the opening boundary condition, but it
cause some problems and affect the results in case of transient solution). The turbulence level at the inlet boundary
condition was 5%. The top and the sides of the computational domain were treated as symmetry plans. The bottom
of the computational domain was taken as a wall of free slip.
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Fig. 3: Cylinder streamwise mean velocity distribution in X direction at different grid.

2.4 Computational method

The velocity inlet and the pressure outlet boundary conditions were assigned to the inlet and outlet boundaries of the
computational domain. The two sides of the 3D computational domain were defined as planes of symmetry at the
different numerical simulations. The flow was considered as unsteady (transient) flow, the time step in all transient
simulations was taken 0.001 sec, and the total time was 12 seconds. A second order upwind numerical scheme was
used for discretizing the advection terms (Driver and Seegmiller, 1985). DES turbulence models have been used in
this study to investigate its ability for predicting the complex flow characteristics for the given case. The solution
convergence at the different simulations was monitored by dimensionless residual sum for all variables across the
computational points and checking the drag coefficient of the circular cylinder. The residual absolute criteria were
set to the value of 10™ for checking the convergence of the solution.

3. Results and Discussion

The flow over circular cylinder with finite height is investigated numerically in this part. The numerical results
obtained by using DES turbulence model are compared with experiment and other numerical turbulence model for
the present case. Moreover, the flow characteristics are analyzed using current DES model.

3.1. Model experiment and numerical comparisons

This section discusses the impact of the current DES model on the results compared with experiment and LES
model. Fig. 4 shows the mean streamwise velocity determined experimentally and numerically by LES and the
current DES turbulence models in directions of X and Z. The companion experiment is for Kappler (2002) where the
LES model results are for Frohlich and Rodi (2004). It was noticed that the present DES turbulence model detected
efficiently the mean streamwise velocity along and around the cylinder in comparison with experiment and LES
numerical results. Although, the unstructured grid has been used in the current study, the model gave a confident
results which are closer to the experimental data. This can save the time and computational efforts in comparison
with the use of other turbulence models especially LES mathematical turbulence model with structured mesh.
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Fig. 4: Cylinder streamwise mean velocity distribution in X and Z directions

e — e — A, o S
5 il — W —
..____..a--"‘ ——————
e ..‘_ -_‘.'-. e= (= -‘-‘."_-‘-
I s i R ——

_’,("' —
Iy e “:"" ~—— T——
P s Nt
""/ \ \ .\‘\

— / ~..\‘t"—a- . 2
B ol B e 2
1 0 1 2 3
X
(b) LES mathematical turbulence model results (Frohlich and
Rodi 2004)

(c) DES turbulence model results

Fig. 5: Plan view for the streamlines over the cylinder of finite height

The streamlines of the flow around cylinder of finite height for the present DES turbulence model in comparison
with experiment and numerical LES model results are showed in Figs. 5 and 6. The DES can detect sufficiently the
flow over the cylinder of finite height especially the vortices formed behind the cylinder. Good agreement between
the current numerical results of this study and experiment, which can be noticed in the streamlines of the flow.
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(a) Experimental results (Kappler, 2002) (b) LES mathematical turbulence model results (Frohlich
and Rodi 2004)
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(c) DES turbulence model results
Fig. 6: Side view for the streamlines over the cylinder of finite height.
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Fig. 7: Streamlines colored by velocity contours for DES model numerical results in two planes.
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Fig. 8: Cylinder surface streamlines
3.2 Numerical results

Fig. 7 shows streamlines colored by flow velocity of the current DES turbulence model results around the circular
cylinder of finite height. Fig. 8 illustrates the surface streamlines on the cylinder. From the previous figures, it can
be seen that, the flow is highly complex and vortices are formed in the region behind the cylinder with pronounced
separation in the cylinder wake region. In addition, the vortex shedding pattern concentrated at the tip of the
cylinder.

Velocity vectors in the internal flow field over the circular cylinder in two planes are shown in Fig. 9. It was
observed that the flow velocity was decelerated in the front when passing the cylinder, and then, the velocity of the
flow was accelerated at the cylinder tips, producing jet flow. Later the velocity began to decrease behind the
cylinder, where recirculation area can be formed.
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Fig. 9: Velocity vectors showing the flow pattern over the circular cylinder of finite height at two planes.

The flow around circular cylinder is complex flow case, therefore, turbulence measurement is an important factor to
be considered when studying the flow pattern in the current case. Turbulence kinetic energy (TKE) is one of the
most important formulas for measuring turbulence which expressed about the velocity variations with respect to
time. Hence, Fig. 10 displays the contours of turbulence kinetic energy. The results indicate that the turbulence
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kinetic energy increased behind the cylinder and along downstream. Furthermore, the area at the upper edge of the
cylinder becomes more highly turbulent due to the formation of the vortices at this region.

(@) Side view (b) Plan view

Fig. 10: Turbulence kinetic energy (TKE) contours in two planes.

Fig. 11 gives the drag coefficient c = Fx/o.spufoHD with the simulated time which can be considered as a first

criterion for assessment of the drag force (Fy) of the circular cylinder in x direction. The average drag coefficient
obtained in the current study is 0.67. It is closer to the experimental date was determined by Kawamura et al., (1984)
and Okamoto and Sunabashiri (1992) where drag coefficients Cp were 0.78 and 0.73 respectively in these studies.
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Fig. 11: Drag coefficient Cp, for the circular cylinder with finite height using DES turbulence model

4. Conclusion

DES turbulence model with unstructured tetrahedral grid have been presented in this study to investigate the flow
field characteristics around circular cylinder of finite height. Comparison to experiment and numerical LES model
proved that the results obtained with the present DES predicted efficiently the main characteristics of the complex
flow around the cylinder of finite height. The results showed that the vortices, recirculation and massive separations
are formed in the wake region behind the cylinder. The results gave acceptable value for the drag coefficient in
comparison with experimental results.
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