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Abstract. Subsea pipelines which present free 

Induced Vibration (VIV), which can damage and cause possible failure by 

this work, Computational Fluid Dynamics (CFD) is used to evaluat

shedding forces. Seabed effects are also 

(D) is used to build two-dimensional numerical 

wall are carried out for the Reynolds number around 20000. Drag and lift forces are evaluated. 

circular section and the wall were considered

An open source code (OpenFOAM
®

) 

Simulation results were compared with the literature. 

e/D>1. For 1<e/D<0.5, even though 

0.3<e/D<0.1, vortex shedding is not observed. In general, the procedure here presented has shown good results for 

drag and lift forces.  
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1. INTRODUCTION  
 

Oil and gas from offshore oil fields are transported from seabed to floating production units and oil storage terminals 
through risers. They are subjected to corrosion due to the external environment, internal attack 
produced oil and gas, current forces, motion 
Free span can appear throughout its length 
pipeline with the sea current may shed vortices on the outside surface of the cylinder (riser).

Vortices can give rise to two forces: one parallel (
vibration on the pipe in a phenomenon known as Vortex Induced Vibration (VIV), which in turn lead to an early fatigue 
of the riser, reducing the expected lifetime
Morooka, 2010), drag and lift forces increases when 
decrease. Severity of the VIV on free span portion of subsea pipelines is function 
also of the distance between pipeline to
the pipe and the wall is (e/D), where D is the 

Many experimental studies (Bearman and Zdravkovich, 1978
have been conducted in the past, regarding a cylinder close to a wall, under the incidence of a water current. One of the 
main conclusion of those studies is that regular vortex shedding 
a value defined as the critical gap.  

The vortex shedding usually disappears when
Re=2.104 presented suppression of the vortex shedding for 
approximately. Suppression of the vortex shedding is associated to changes 

23rd ABCM International Congress of Mechanical Engineering
December 6-11, 2015, Rio de Janeiro, RJ, Brazil

CURRENT FORCES ON A SUBSEA PIPELINE WITH FREE

USING COMPUTATIONAL FLUID DYNAMICS
 

Rua Mendeleyev, 200, Barão Geraldo. CEP: 13083.860 Campinas,SP, Brazil. 

rtima, 240, sala 5, Barão Geraldo. CEP: 13084-791. Campinas, SP, Brazil.

Barão Geraldo. CEP: 13083-852. Campinas,SP, Brazil. 

Rua Mendeleyev, 200, Barão Geraldo. CEP: 13083.860 Campinas,SP, Brazil. 

which present free span portions suffer actions from the sea current. It can result 

which can damage and cause possible failure by several values for the 

this work, Computational Fluid Dynamics (CFD) is used to evaluate hydrodynamic current forces, in particular 

also investigated. A circular cross section for the pipeline with external diameter 

dimensional numerical model. Simulations of the flow past the circular section near

for the Reynolds number around 20000. Drag and lift forces are evaluated. 

were considered and results were tested with different turbulence models (SST an

) and a free software (Salome) was used to create the geometry and mesh. 

Simulation results were compared with the literature. Results show that almost no effect from the wall is observed for 

even though vortex shedding still happen and wall effects were

<0.1, vortex shedding is not observed. In general, the procedure here presented has shown good results for 

free span, circular cylinder, vortex shedding.  

fields are transported from seabed to floating production units and oil storage terminals 
to corrosion due to the external environment, internal attack 

motion of the platform due to the wave, wind and directly action of sea waves.
throughout its length as a result of seabed unevenness, and the interaction

may shed vortices on the outside surface of the cylinder (riser). 
rise to two forces: one parallel (FD) and another one transversal (FL) to the flow 

the pipe in a phenomenon known as Vortex Induced Vibration (VIV), which in turn lead to an early fatigue 
lifetime. As shown in a previous study by numerical 

drag and lift forces increases when velocity is increasing while the values of these force 
on free span portion of subsea pipelines is function not only of 

o the sea bottom. If the bottom is considered as a wall
is the pipeline diameter. 

(Bearman and Zdravkovich, 1978; Tanigushi and Miyakoshi, 1990
have been conducted in the past, regarding a cylinder close to a wall, under the incidence of a water current. One of the 

that regular vortex shedding is suppressed when the cylinder approaches the wall, at 

ortex shedding usually disappears when e/D<0.3. Experiments conducted by (Roshko
vortex shedding for e/D<0.2, and the wall effect can be neglected

vortex shedding is associated to changes of the position of 
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span portions suffer actions from the sea current. It can result in Vortex 

several values for the fatigue processes. In 

e hydrodynamic current forces, in particular vortex 

ircular cross section for the pipeline with external diameter 

of the flow past the circular section nearby a plane 

for the Reynolds number around 20000. Drag and lift forces are evaluated. Gap (e) between the 

rbulence models (SST and k-ε). 

and a free software (Salome) was used to create the geometry and mesh. 

lmost no effect from the wall is observed for 

were observed. Finally, for 

<0.1, vortex shedding is not observed. In general, the procedure here presented has shown good results for 

fields are transported from seabed to floating production units and oil storage terminals 
to corrosion due to the external environment, internal attack of contaminants from 

latform due to the wave, wind and directly action of sea waves. 
and the interaction of this portion of the 

) to the flow responsible for 
the pipe in a phenomenon known as Vortex Induced Vibration (VIV), which in turn lead to an early fatigue 

 simulations by (Saito and 
the values of these force coefficients 

of the Reynolds number but 
wall (e), or gap ratio between 

and Miyakoshi, 1990; Price et al., 2002) 
have been conducted in the past, regarding a cylinder close to a wall, under the incidence of a water current. One of the 

nder approaches the wall, at 

Roshko et al., 1975) with 
can be neglected when e/D>1, 

of the position of the stagnation point on the 
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cylinder outside surface, which moves to a position closer to the wall, and the angular position of the separation point 
(free-stream side of the cylinder moves upstream and wall side moves downstream). 

Thus vortex shedding are suppressed when cylinder is close to the wall due to the asymmetric shear layer 
development since the free-stream side grows larger and stronger than the opposite side. Therefore, interaction between 
those two vortices is highly inhibited or totally inhibited for small values of e/D, leading to partial or complete 
suppression of regular vortex shedding. 

Average flow around the cylinder is asymmetric, and the average lift coefficient has non-zero values. For e/D=0.2-
0.3, lift coefficient assumes low values increasing considerably for e/D<0.2 (Fredsoe and Hansen, 1987). 

Two main approaches usually are available to estimate the drag and lift coefficients, respectifully, on a cylinder, and 
they are: (1) Computational Fluid Dynamics (CFD) and (2) semi-empirical models (Morooka et al., 2006). The first one 
directly solves the Navier-Stokes equations, and the second one is based on experiments with risers and cylinders. As an 
alternative approach, CFD results can be used as an input for semi-empirical methods (Caire et al., 2014) or to 
investigate hydroelastic problems in marine risers (Yamamoto et al., 2004). 

In this work, computational simulations have been developed by the application of a free and open CFD source 
code, the OpenFOAM®. This software applies the finite volume technique to discretize the transport equations. In order 
to evaluate hydrodynamic current force coefficients in the cylinder close to a wall, Re number of 2.104 was chosen, and 
the turbulence model SST is taken for the stationary cylinder for a fixed current value. The standard solver pimpleFoam 
and a transient solver for incompressible flow by using the PIMPLE algorithm have been employed. 
 
2. NUMERICAL METHOD 

 
Vortex shedding is a function of Reynolds number as in Eq. (1) and the frequency is proportional to the cylinder 

diameter and the incoming flow velocity (U) as in Eq. (2): 

�� � ���  
(1) 

�� � 	
��  
(2) 

      
where, ν is the kinematic viscosity, fs the vortex shedding frequency and St is the Strouhal number, which is 
approximately 0.2 for fixed and isolated cylinders in the range 10³<Re<105. 

Lift force oscillates according to the vortex shedding frequency. The drag coefficient oscillates each time a vortex is 
shed from one side to another in the perpendicular direction of the current, from outside the surface of the stationary 
cylinder. Therefore, the frequency of the drag force is twice the lift force for stationary cylinders. Mean drag and lift 
coefficients are defined by Eqs. (3) and (4): 

 

��
 � ��
�1/2����² 
(3) 

  

��� � ����1/2����² 
(4) 

in which, ρ=fluid density, ��
 and ��� are mean drag and lift forces, respectively. 
As a general rule the coefficient value decreases when the gap ratio decreases. Several experimental results found 

that ��
 increases with the increasing of the ratio e/D, but only up to a certain value and remains constant for higher 
values of e/D. 

This behavior is associated with boundary layer thickness of the incoming flow (Zdravkovich, 1985). When cylinder 
is totally under potential flow ��
 assumes constant value.  

In this study, the thickness of the boundary layer (δ) over the flat wall without considering the cylinder is estimated 
by simulating the flow without the cylinder. A value at the order of δ/D=0.01 was obtained. 

Average flow around the cylinder is asymmetric leading to a non-zero mean lift force. Average pressure distribution 
around the cylinder is symmetric when e/D=1, which means that lift is negligible. This symmetry disappears when 
e/D=0.1 or 0, resulting in non-zero mean lift coefficient and directed outwards the wall (Sumer and Fredsøe, 2006). 

The pressure distribution also shows that when e/D is reduced, there is a mean force acting on the cylinder repelling 
it from the wall and this force decreases very rapidly when the cylinder is moved away from the wall, as observed by 
(Roshko et al., 1975). 
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2.1 Equations of motion 
 

The governing equations for a Newtonian, incompressible viscous flow in two-dimensions are the conservation of 
mass and momentum (Navier-Stokes equations): 

���
��� � 0           � � 1,2 

(5) 

  

� �����  �
����!��! � " �#���  $

�²����!��! (6) 

in which, �� are the velocity components in x and y directions. 
When using a turbulence model, the Navier-Stokes equations are replaced by RANS (Reynolds Averaged Navier-

Stokes) equations. In order to obtain the RANS equations, instantaneous properties are split up into a mean (time-
averaged) component and a fluctuating component, as in eq. (7): 

 �� � ���  ��%    (7) 
 
Where ��� is the time-averaged component and ��% the fluctuating component. 
Replacing the instantaneous properties in the Navier-Stokes equations, results in RANS equations: 
 

� ������  �
������!��! � " �#����  

�
��! &$

������!  ��'′�(′��������) (8) 

 
Where, the term ��'%�(%��������� is referred as the Reynolds stress tensor and represents an additional stress tensor due to 

fluctuating velocities. In order to numerically solve the equations above the Reynolds stress tensor has to be 
approximated by a model. 

 
2.2 Turbulence model 

 
Turbulence model, mesh generation and the algorithm to solve the equations are essentially the main parameters in a 

CFD program. Although there is not a universal turbulence model that can solve all possible flow conditions, several 
researches have been made an effort to assess the most appropriate model for a specific situation.  

The k-ω and k-ε models are common turbulence models in CFD simulations. These two equations models provide 
not only computation of k (kinetic energy of turbulent fluctuations) but also for the turbulence length scale. 
Consequently, two-equations models can be used to predict properties of a given turbulent flow (Wilcox, 1994) 

In industrial applications the k-ε model is commonly used due to a good convergence rate and relatively low 
memory requirement but when flow fields exhibits adverse pressure gradients this model is not accurate. The k-ω model 
is similar but uses wall functions and has more difficult convergence. Equation of ω can be solved in viscous sublayer 
without stability problems as in the case of the ε equation, so k-ω model performs better when accuracy near wall is 
needed (Saltara and Pedrão, 2012). Nguyen and Temarel (2014) evaluated different models for a stationary cylinder for 
different values of Re (3900 and 10000) and concluded that k-ε model has a good agreement for the lift coefficient 
when Re=3900 and the k-ω model for the drag coefficient when Re=104. 

The model chosen for these simulations was the SST, implemented in OpenFOAM® and developed by (Menter, 
1994). This model is a combination of the k-ε in the free stream and the k-ω near walls and has proved to be a good 
turbulence model for flows with adverse pressure gradients. The maximum y

+ value (distance from the wall to the 
centre of the first cell) recommended for this turbulence model must be around two, and all the simulations were carried 
out in compliance with this value.  

Approximations of the initial parameters for this model are required in order to perform the numerical investigation, 
such as turbulent kinetic energy (k), dissipation rate of specific turbulence (ω) and dissipation rate of turbulence (ε). 

* � 32 ��,�² (9) 

- � √*/  (10) 

0 � �1 *
2/3
/  (11) 
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in which, I (=0.05) is the turbulence intensity, l (=0.007D)is the turbulence length scale and Cµ (=0.09) is a constant of 
the model (Silva et al., 2013). 

2.3 Geometry, mesh and boundary conditions 
 

Figure 1 presents the computational domain with e ranging from 0.1D to 3D to assess the wall effect and dimensions 
in x, y and z axis are 34D, 14D and 0.1D respectively. The diameter was 0.0635m, ρ=996 kg/m³ and µ=10-3 Ns/m².  

 
Figure 1. Computational domain.   Figure 2. Refinement near wall and cylinder. 

 
The dimensions were chosen so that the top, inlet and outlet have no influence in the region of interest. 

Computations are performed only in axis x and y due to the high computational costs associated with the tri-
dimensional case. 

Inlet velocity (axis x) is set to U=0.315m/s (Re=2.104), and outlet pressure specified is set to zero.  
A fine mesh with tetrahedrals was employed in order to obtain a high resolution at the boundary layer. Seabed and 

riser are represented as simple geometries (rectangular for the seabed and a circle for the riser). To this end, the free 
software Salome® is chosen, so mesh can be created and exported to OpenFOAM®.   

The O-type grid around cylinder is employed, to avoid element distortion. In the boundary layer area hexaedrical 
elements with a growth gradient were employed for a proper discretization, as represented in Fig. 2. 

A key issue to determine numerical accuracy is the grid insensitivity (mesh independence) of the results and the 
most common way to assure grid independence is to repeat the computation on a grid with twice as many grid points. 
The mesh independence study was realized comparing the values of mean drag for each mesh density. 

 
3. RESULTS 
 

3.1 Mesh generation and grid independence 

Several grids were made and the mesh independence test was carried out, with a maximum y+ value of 2 near wall 
and cylinder. When the gap ratio decreases, the distance between cylinder and the bottom of the domain (wall) also 
decrease and the cells became smaller, reducing y+ value as presented in Figure 4, summarizing some simulation cases. 
The number of volumes or cells also increased when a more refined mesh was required. Figure 3 presents the grid 
independence test. 

 
Figure 3. Grid independence. 

 

 
Figure 4. Number of elements and y+ values. 

3.2 Comparison of the different turbulence models used. 

Simulations were carried out using two turbulence models (SST and standard k-ε) and the same initial conditions for 
different gap ratios: 0.3, 0.5, 0.8 and 1. 

The results for the mean drag and lift coefficients were compared with experimental data extracted from plots of 
(Roshko et al., 1975) and are summarized in Tab. 1. Values for mean drag in SST model are closer and apparently 
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followed the pattern of the experimental curve unlike the k
similar results.  

Considering an initial estimative from th
turbulence model SST. The SST model 
ε and k-ω models, minimizing the deficienc
and k-ε model in free shear flows.  

Table 1. Comparison of turbulence models
 

e/D 
k-ε 

 Error (%)  

0.3 0.96 13 0.23 
0.5 0.96 20 0.12 
0.8 0.79 38 0.04 
1 0.82 35 0.06 

 
3.3 Drag and lift in a turbulent flow with 
 

Simulations using OpenFOAM® were carried out in the range 0.1<
considered taking the average of time-history values of drag and lift coefficients and compared with experimenta

• e/D=1, 2 and 3. 
The flow in this range of e/D represents 

occurs due to the alternate interaction between 
expected for this flow. In these cases there is not wall effect
al., 1975). In accordance with experimental results from several authors
the same behavior as the cases e/D=2 and
lift coefficients for e/D=1 are represented in 

 

                   Figure 5. Flow visualization for 

• e/D=0.8 
When e/D<1, the wall may influence the flow around the cylinder, decreasing the value of 

lift. These results are very close to the previous one.
expected. Figure 7 and Fig. 8 are the velocity magnitude contour
Likewise, the alternating vortex wake may be seen in this flow 

 
             Figure 7. Flow visualization for 
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the pattern of the experimental curve unlike the k-ε model. For the lift coefficient, both models presented 

Considering an initial estimative from these results, all of the following simulations were carried out 
SST model properly solves flows with adverse gradient pressure 

 models, minimizing the deficiencies of both models. It essentially uses the k-ω model 

 
. Comparison of turbulence models with (Roshko et al., 1975)

SST (Roshko

Error (%)  Error (%)  Error (%) 

4.5 1.14 3.6 0.32 45 
33 1.2 0 0.15 17 
60 1.31 3 0.10 0 
0 1.32 4.7 0.09 50 

urbulent flow with Re=2.104 for different values of e/D. 

were carried out in the range 0.1<e/D<3. Results for mean force coefficients were 
history values of drag and lift coefficients and compared with experimenta

represents the same flow as an isolated cylinder. At ratios e/D

occurs due to the alternate interaction between the shear layers around the cylinder. Also, the vortex 
here is not wall effect on the cylinder, as experimentally verified by 

experimental results from several authors and the simulations, the case 
=2 and e/D=3. Thus only velocity magnitude contours and time history of drag and 

represented in Fig. 5 and Fig. 6. 

 

. Flow visualization for e/D=1.  Figure 6. Time history of drag (continuous
 (dashed line) for 

1, the wall may influence the flow around the cylinder, decreasing the value of 
the previous one. Again, the dominant frequency of the drag is twice the lift, as 

velocity magnitude contour and time history of the drag and lift coefficients.
he alternating vortex wake may be seen in this flow as in the previous case. 

 

. Flow visualization for e/D=0.8. Figure 8. Time history of drag (continuous
(dashed line) for 
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lift coefficient, both models presented 

all of the following simulations were carried out using the 
 and is a hybrid between k-

ω model in near wall regions 

1975). 

Roshko et al., 1975) 

  

1.1 0.22 
1.2 0.18 

1.27 0.10 
1.26 0.06 

Results for mean force coefficients were 
history values of drag and lift coefficients and compared with experimental data. 

e/D>1, the vortex shedding 
cylinder. Also, the vortex wake also occurs as 

as experimentally verified by (Roshko et 

simulations, the case e/D=1 presented 
and time history of drag and 

 

. Time history of drag (continuous line) and lift 
) for e/D=1. 

1, the wall may influence the flow around the cylinder, decreasing the value of the drag and increasing 
frequency of the drag is twice the lift, as 

drag and lift coefficients. 

 

Time history of drag (continuous line) and lift 
) for e/D=0.8. 
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• e/D=0.5 
Vortex shedding is not suppressed for

leading to a weaker interaction between the layers as the distance from the wall decreases.
magnitude contour and Fig. 10 presents the time history of drag and lift coefficients.

 

 
             Figure 9. Flow visualization for 

• e/D=0.3 
The boundary layer of the lower face

the vortex shedding at the near wall side. 
region upstream the cylinder, as experimentally observed by 
Figure 11 is the velocity magnitude contour

             Figure 11. Flow visualization for 

• e/D=0.1 
The interaction between the layers ceases to exist

contour plot and indicates that vortex shedding 
large vortex upstream the cylinder, as noticed by 
the wake is around six times the cylinder diameter
Re=4.8.104. In this study, a wake of around 
the reported experimental wake value and the simulated one. For sure, the Reynolds number contribute to the difference 
between experimental and simulated values. 
constant value in accordance with the suppressing 

 
             Figure 13. Flow visualization for 
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for this gap ratio. The wall side shear layer is less developed than the other side 
leading to a weaker interaction between the layers as the distance from the wall decreases.

presents the time history of drag and lift coefficients. 

 

. Flow visualization for e/D=0.5. Figure 10. Time history of drag (continuous
(dashed line) for 

The boundary layer of the lower face of the cylinder and that of the flat wall interact with
the near wall side. The frequency for the drag and the lift are the same.

, as experimentally observed by (Price et al., 2002) for the gap ratio
velocity magnitude contour and Fig. 12 is the time history of the drag and lift coe

 

. Flow visualization for e/D=0.3. Figure 12. Time history of drag (continuous line) and lift
(dashed line) for 

layers ceases to exist and vortex shedding is suppressed. 
that vortex shedding is suppressed and there is almost no flow below the cylinder, 

large vortex upstream the cylinder, as noticed by (Price et al., 2002). When the pipe is placed at the seabed the length of 
the wake is around six times the cylinder diameter, according to studies from (Bearman and Zdravkovich

around 12D was obtained. Many factors may contribute to the difference between 
the reported experimental wake value and the simulated one. For sure, the Reynolds number contribute to the difference 
between experimental and simulated values. Figure 14 is the time-history of the drag and lift.
constant value in accordance with the suppressing of the vortex shedding.     

 

. Flow visualization for e/D=0.1. Figure 14. Time history of drag (continuous line) and lift
(dashed line) for 

layer is less developed than the other side 
leading to a weaker interaction between the layers as the distance from the wall decreases. Figure 9 is the velocity 

 

Time history of drag (continuous line) and lift 
) for e/D=0.5. 

with each other, suppressing 
the same. There is a separation 

gap ratio of e/D=0.25 and 0.375. 
drag and lift coefficients.  

 

 
. Time history of drag (continuous line) and lift 

(dashed line) for e/D=0.3. 

. Figure 13 is the velocity 
there is almost no flow below the cylinder, creating a 

When the pipe is placed at the seabed the length of 
Bearman and Zdravkovich, 1978) for 

Many factors may contribute to the difference between 
the reported experimental wake value and the simulated one. For sure, the Reynolds number contribute to the difference 

. The drag and lift tend to a 

 

of drag (continuous line) and lift 
for e/D=0.1. 



Figures 15 and 16 summarize the results simulated with 
both for the same Reynolds number. The results agree well with experimental data from 
of the mean lift coefficient are slightly higher 
turbulent flow around a cylinder (Neto, 2012)

 
          

 
Figure 15. Results for mean drag coefficient and

comparison with (Roshko et al

3.4 Strouhal number 
 
The vortex shedding frequency is determined by time history of 

Transformation (FFT). The dominant frequency of 
the vortex shedding frequency. Figures 
e/D=1 and e/D=0.3.The cases 3<e/D<0.5 presented the same behavior
With the decreasing of e/D, the value of the peak 
decreases, as experimentally observed by 

 

Figure 17. FFT of drag (continuous line) and lift
                               (dashed line) for e/D

The simulated values of the Strouhal number 
observation of (Bearman and Zdravkovich
e/D<0.3. Further investigation for gaps lower than 0.3 
 
4. CONCLUSIONS 

 
Computational fluid dynamics was used 

plane wall. Time dependent drag and lift were obtained and compared with available experimental data
A free and open source code (OpenFOAM

From the results, the mesh grid has a great
surface and neaby the bottom of the domain.
so the gap ratio, rather than the thickness of the boundary layer 
results in the literature (Huang and Larsen, 2010).

The simulated results indicated that the SST turbulence model is more suitable than the k
represented both the drag and lift coefficient.
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the results simulated with the OpenFOAM® software for the 

. The results agree well with experimental data from (Roshko
lift coefficient are slightly higher than the experimental data. This overestimation

(Neto, 2012). Turbulence parameters may also contribute for these deviations.

  

. Results for mean drag coefficient and 

et al., 1975) 
Figure 16. Results for lift coefficient and comparison 

with (Roshko et al

The vortex shedding frequency is determined by time history of the lift using the algorithm of Fast Fourier 
he dominant frequency of the drag is twice the lift and the peak point

ures 17 and 18 show the FFT of the drag and the lift coefficients
<0.5 presented the same behavior as e/D=1, except for the value

, the value of the peak decreased, indicating that shedding becomes weaker as the gap ratio 
decreases, as experimentally observed by (Lei et al., 1999). 

 

drag (continuous line) and lift 
e/D=1. 

Figure 18. FFT of drag (continuous line) and lift
(dashed line) for 

 
The simulated values of the Strouhal number (St) were 0.28 for e/D=1 and 0.25 for e/D

Bearman and Zdravkovich, 1978). They observed that St is constant for e/D

s lower than 0.3 would be needed to confirm their observation

omputational fluid dynamics was used in this work to evaluate the force coefficients in a circular cylinder near a 
plane wall. Time dependent drag and lift were obtained and compared with available experimental data

(OpenFOAM®) was employed. 
esh grid has a greater influence on the calculations, especially in regions 

the bottom of the domain. Simulations were carried out in a thin boundary layer over the plane wall
rather than the thickness of the boundary layer has influence on the force coefficients

(Huang and Larsen, 2010). 
simulated results indicated that the SST turbulence model is more suitable than the k

represented both the drag and lift coefficient. 

23rd ABCM International Congress of Mechanical Engineering 
11, 2015, Rio de Janeiro, RJ, Brazil 

the drag and lift coefficients, 
Roshko et al., 1975). Values 

his overestimation is expected for a 2D 
contribute for these deviations.  

 

. Results for lift coefficient and comparison  
et al., 1975) 

lift using the algorithm of Fast Fourier 
g is twice the lift and the peak point of the lift frequency is 

lift coefficients for the cases of 
except for the values of the peaks. 

, indicating that shedding becomes weaker as the gap ratio 

 

FFT of drag (continuous line) and lift 
(dashed line) for e/D=0.3. 

e/D=0.3, which follows the 
e/D>0.3 and decreases for 

their observation. 

force coefficients in a circular cylinder near a 
plane wall. Time dependent drag and lift were obtained and compared with available experimental data in the literature. 

regions around the cylinder 
in a thin boundary layer over the plane wall, 

force coefficients. This agrees with 

simulated results indicated that the SST turbulence model is more suitable than the k-ε model for it better 



Arakaki Junior, H., Fontoura, D. V. R., Nunhez, J. R., Morooka, C. K. 
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OpenFOAM® predicted with accuracy the force coefficients (hydrodynamic forces) of subsea pipelines. Observation 
of the velocity contours plot helped to better understand experimental results such as these by (Bearman and 
Zdravkovich, 1978) and (Price et al., 2002). 
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