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Abstract - The Flow past a 2-D cylinder is one of 
the areas where extensive research has been carried out. 
Computational fluid dynamics (CFD) simulation has become 
a powerful tool for analysis of the Flow induced vibration 
characteristic cross flow over the circular Cylinder. The 
Flow induced Vibration is depends on to Overall Sound 
Pressure Level (OASPL), Strouhal Number, Pressure Drop 
and Frequency. 

The heat exchanger tubes are subjected to 
vibrations due to high pressure stream passing over it. The 
porous media is a material containing pores and generally 
characterized by the porosity. By using porous media in 
between cross flow tubes such induced vibrations and 
pressure drop can be reduced. In the present work, 2-D 
circular inline cylinder CFD models i.e. model- 1 (without 
porous media) and model-2 (porous media) were simulated 
and results were reported.  The distance between two 
cylinders is (1.5D, 2.0D, and 2.5D) and thickness of the 
porous media was (0.25D, 0.5D, 0.75D and 1D).  

In CFD model-2, significantly reduction in the velocity and 
OASPL then the model-1 is observed. The model-2 exhibits 
higher frequency then the model-1, thus Strouhal number 
increases with which the vibration over the tube 
significantly reduces. The pressure drop across the model-2 
is less and more linear then model-1. 

Key Words:  CFD, Cross Flow, porous media, OASPL, 
Strouhal Number,pressure drop 

 1. INTRODUCTION  

High Speed Compressible Flows past open cavities 
induced complex unsteady aerodynamic characteristics. 
The flow past a 2-D cylinder is one of the areas where 
extensive research has been carried out. It has numerous 
industrial and engineering applications such as in the 
design of speed trains, airplanes and road vehicles, cooling 
towers, oil and gas pipelines, tubular and compact heat 
exchangers, cooling of electronic components, and flow 
dividers in polymer processing applications and so on. 

 Boundary layer remains laminar from the 
stagnation point at the front of the cylinder to the point 
where it separates. The noise is generated due to various 

reasons such as vortices in the wake region, turbulent 
nature and so on. Most previous numerical investigations 
have focused only on the flow fields of the circular 
cylinders. So our interest turns towards. The technology 
based on CFD (computational Fluid Dynamics) Become 
capable of analyzing aerodynamic problems.  
 
 The prediction of acoustic fields on flow past a 
circular cylinder using CAA models in ANSYS Fluent 15. In 
this model, the acoustic source data is extracted from a 
transient Computational Fluid Dynamic (CFD) analysis 
based on an unsteady Shear stress transport (SST) 
turbulence model. Most of modern CAA models are based 
on this FW-H analogy [1]. In order to solve the flow over 
the cylinder more appropriately taking into account its 3D 
effects, a second three dimensional simulation was carried 
out using the filtered incompressible Navier-Stokes 
equations of the Large Eddy Simulation (LES) model.  
 
 An understanding of the physical mechanisms 
involved in sound generation is a crucial step for reducing 
or controlling the sound emission. The sound generated by 
a flow over a circular cylinder is simulated numerically. As 
a benchmark based on the experimental data of Revell et 
al [2], a flow with a Reynolds number Re = 90,000 and a 
free stream Mach number M = 0.2 was simulated. Most of 
noise is generated by the unsteady pressure fluctuations 
on the cylinder wall. Thus, the flow which is the source of 
noise can be computed separately from the acoustic field. 
Under this assumption, an acoustic analogy is employed to 
solve the acoustic field. The far-field sound is computed 
from integral solutions of the wave equation which uses as 
source term the flow field obtained from the CFD solution. 

 The Reynolds number is within the range of the 
Subcritical flow regime that is characterized by a laminar 
boundary layer separation with turbulence transition 
occurring downstream in the wake. Unsteady Reynolds 
Average Navier-Stokes (URANS) equations are solved 
using the FLUENT CFD code. Despite the fact of the flow 
being inherently 3D for Re = 90,000, a two-dimensional 
numerical simulation can capture the main physical 
aspects of the flow dominated by an alternate and 
periodical vortex shedding. 
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Nomenclature 

D Diameter of the tubes 

L  Distance Between The two tubes. 

t Thickness of the Porous Media. 

V Velocity of the fluid 

μ  The Dynamic Viscosity of the fluid. 

ρ  Density of the fluid 

1.1. CFD Conservation Equation 

Commercial CFD code Fluent solve appropriate volume 
averaged conservation equation that given fluid flow for 
flow field of complex definition like flow through micro 
porous media. The external body force term F in 
momentum conservation equation accounts for viscous 
and initial losses of the fluid within the porous media and 
is defined by fluent as  

 

 

 (1) 

Where F is External body force term for the momentum 
equation, D is the viscous Resistance matrix, C is the 
inertial resistance matrix as defined by fluent. This 
external body force terms is the drag force imposed by the 
pore wall and contributes to the pressure drop across the 
regenerator matrix. It is proportional to the physical 
velocity of fluid v. therefore, for a homogeneous matrix 
with steady flow without internal axial body force, the 
axial pressure drops becomes, 

 

 

(2) 

1.2. Preliminary efforts 

Preliminary work has been studied to understand the 
process methodology of CFD ANSYS. The problem deals 
with a circular cylinder in the airflow in a 2D 
simplification. The free Stream velocity U = 69.20 m/s and 
the cylinder diameter is 1.9 cm. The domain Extends 2.5D 
in upstream and 17.5D in downstream direction and 2.5D 
above as well as below the cylinder. The domain is 
sketched in figure 1. The near field unsteady flow result is 
important to obtain the sound source and be used as the 
input data to the wave equation in order to obtain the 
acoustic far field. Thus the noise prediction depends 
directly on the accuracy of the flow results. The turbulence 
models of two dimensional circular cylinder flow field is 

Large Eddy Simulation (LES) model to obtain the time 
history of the near field flow over a circular cylinder at 
Re=90,000. 

In this set of numerical simulations, the boundary 
conditions are (I) no-slip and no penetration conditions on 
the cylinder surface, (II) a uniform free stream velocity 
with no perturbations at the inlet boundary, (III) a 
constant free stream pressure on the outlet boundary (IV) 
free-slip conditions on the upper and lower boundaries of 
the computational on the unstructured grids. The 
numerical solver in Fluent CFD software is used for the 
present study. 

The noise of the cylinder flow field is resulting from the 
unsteady pressure alternative and fluctuation and periodic 
vortex shedding. The accuracy of the numerical 
simulations is generally evaluated by comparing it with 
available experimental and computational results. 
Microphone has located at 35D and 128D away from the 
circular cylinder axis and at angle of 90 degree from the 
cylinder stagnation point [2]. 

1.3. Grid Independent Study 

Table: - 1 Grid Independent Test (Without Porous 
Media) 

Element 
size 

Nodes Element
s 

OASPL-
1 

% Deviation OASPL-
2 

% Deviation 

0.004 2871 2738 20.1886 ---- 14.6545 --- 

0.003 4323 4154 82.3562 3.079341807 71.5521 3.882602614 

0.002 1008
2 

9842 100.501 0.220320996 89.674 0.253268597 

0.001 3659
0 

36104 115.328 0.14753087 104.504 0.165376809 

0.00098 4253
1 

42065 114.337 -
0.008592883 

103.506 -
0.009549874 

0.00095 4524
7 

44782 114.866 0.004626674 104.031 0.00507217 

0.0009 5164
0 

51149 114.988 0.001062107 104.167 0.001307303 

0.00085 5939
8 

58875 115.535 0.004757018 104.709 0.005203183 

 

 
Figure 1 Compare OASPL vs Number of Nodes 

The grid independent study was carried out for the test 
section. The different meshing schemes were created and 
simulations were done on each grid for velocity to 
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determine how mesh schemes affects variables. For each 
case, the test section was created using unstructured 
tetrahedral cell. Evaluation of unsteady flow simulation 
focused on how mesh discretization altered the OASPL of 
the test section. The table (1) shows the comparison 
between the present OASPL and previously published 
OASPL results for each mesh at the velocity of 69.2 m/s. 

The figure represents the grid independency study for 
the test section. It was found that mesh model with 42000 
nodes performed mesh faster to its out significant less in 
solution accuracy. 

1.4. CFD Modeling and simulation Procedure :Model-1   
( Without Porous Media) and Model-2 (With Porous 
Media) 

To study effect of porous media on vibration and pressure 
drop for cross flow in-line tube, we have attached porous 
media between two cylinders. A two dimensional circular 
cylinder CFD models i.e. model- 1 (without porous media) 
and model-2 (with porous media) were created in ANSYS 
15. Free stream velocity (U) was applied as the inlet 
boundary condition over a cylinder diameter (D) is 19 mm 
and other boundary conditions are adopted as reported by 
Revell et al. [2].  

The distance between the two circular cylinders in both 
the models i.e. model-1 and model-2 are L (1.5D, 2.0D, and 
2.5D). CFD simulations were conducted for four different 
size of the porous media attached between the tubes i.e. 
thickness, t (0.25D, 0.5D, 0.75D and 1D). The 
hydrodynamic parameters viz. viscous resistance (D) 
1.531 X 109 m-2  and inertial resistance values are C= 
12600 m-1  and porosity 0.662 were taken from the 
previously published paper [16] and kept constant for all 
the cases. The domain extends 2.5D in upstream and 
17.5D in downstream direction and 2.5D above as well as 
below the cylinder as shown in figure 2. 

   

Figure – 2  Computational Geometry (A) Without Porous 
Media 

 

Figure – 2 Computational Geometry (B) With Porous 
Media 

 

Figure 3 (A) Velocity Vs Overall Sound Pressure level 
(OASPL) for L=1.5 D 

 

Figure 3 (B) Velocity Vs Overall Sound Pressure level 
(OASPL) for L=2.0 D 

 

Figure 3 (C) Velocity Vs Overall Sound Pressure level 
(OASPL) for L=2.5 D 
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Figure 3.a through figure 3.c display the OASPL over a 
range of velocity across two test section i.e. model-
1(without porous media) and model-2 (porous media) at 
receiver-1 and receiver-2. Both models, represents the 
gradually increase in OASPL at receiver-1 and receiver-2 
with increase in velocities. The receiver-2 shows lower 
value of OASPL then the receiver-1.From the graph, it is 
clearly observed that model-1(with porous media), OASPL 
at both receiver-1 and receiver-2 is less than the model-2, 
which is due to the porous media, attached between the 
test sections. 

 

Figure – 4 (A) Reynold’s Number Vs Strouhal Number for 
L=1.5 D 

 

Figure – 4 (B) Reynold’s Number Vs Strouhal Number for 
L= 2.0D  

 

Figure – 4 (C) Reynold’s Number Vs Strouhal Number for 
L= 2.5 D 

Figure 4.a through figure 4.c displays the Reynold’s 
number vs Strouhal number for model-1 and model-2. 
Both model-1 and model-2, shows that, Strouhal number 

gradually increases with the Reynolds number. It is clearly 
observed that the model-2 represents larger Strouhal 
number then model-1. The Model-2 exhibits higher 
frequency and thus Strouhal number increases with which 
the vibration over the tube significantly reduces.  

 

Figure – 5 (A) Frequency Vs Overall Sound Pressure Level 
(OASPL) for L= 1.5D  

 

Figure – 5 (B) Frequency Vs Overall Sound Pressure Level 
(OASPL) for L= 2.0D  

 

Figure – 5 (C) Frequency Vs Overall Sound Pressure Level 
(OASPL) for L = 2.5D 

The figure 5 (A) through Figure 5 (C), represents the 
Overall Sound pressure level (OASPL) over a range of 
frequency across two section i.e. model- 1 (without porous 
media) and model-2 (porous media) at receiver-1 and 
receiver-2. Both the Models, shows gradually increase in 
OASPL at receiver-1 and receiver-2 with increase in 
frequency. The receiver-2 shows lower value of OASPL 
then the Receiver-1. From the graph, it is clearly observed 
that model- 1 (without porous media), OASPL is less than 
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the model-2, which is due to the porous media attached 
between the test sections. 

   
 

Figure – 6 Velocity Vs Pressure drop per length 

From the Figure 6, shows the pressure drop per unit 
length over a range of velocity. It is observed that the 
pressure drop per unit length increases for both the model 
with the increase in the velocity. In model-2 (with porous 
media) shows gradually increase in pressure drop over a 
range of velocity, while the model-1 shows more 
fluctuation in pressure drop per unit length.  Model-2 
(with porous media) is simulated with varying thickness 
shows more pressure drop among all. 

CONCLUSION 

CFD has emerged as a powerful tool for analysis and 
predicting the unsteady turbulent flow fields and the 
generated aerodynamic noise and vibration. To study the 
effect of porous media on pressure drop and vibration of 
circular cylinder, two- dimensional CFD Models i.e. model-
1(without porous media) and model-2 (with porous 
media) were created using tetrahedral mesh. The CFD 
model-2 was simulated with changing the size of porous 
media attached between the tubes i.e. 0.25D, 0.5D, 0.75D 
and 1D. The grid independent study shows that the 
medium mesh grid model i.e. with 42000 nodes provides 
good agreement between present OASPL and previously 
published result of OASPL. The model-1, OASPL at both 
receiver-1 and receiver-2 is less than the model-2, which 
is due to the porous media attached between the test 
sections. When porous media is attached between the 
cylinders, the pressure drop across the test section 
reduces over a range of velocity. The model-2 also 
represents larger Strouhal number then compared to 
model-1 and thus increases the frequency; eventually 
reduces the vibration induced in the tube bank.  
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