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ABSTRACT

In the present work, numerical simulations are conducted for external flow
through a double rectangular cylinder with different inclinations at Reynolds
number (Re) 50 to 200 based on free stream velocity. The cylinder aspect ratio
is considered to be fixed at 0.25. During the numerical simulations, one cylinder
is kept fixed, and the other cylinder is inclined at ‘4 = 20°” first clockwise and
then in an anticlockwise direction alternatively for both cylinders. Because of
the inclined cylinder, the vortex dynamics lead to significant changes in flow-
induced forces. In this article, the focus is given to how Re and inclination in the
cylinder influence the flow structures and associated aerodynamic properties. It
is shown that when any of the cylinders are inclined, a significant decrease in
the average drag coefficient is noticed as compared to the parallel cylinder case.
In a similar manner, the lift coefficient also decreases when any one of the
cylindersis inclined at 8= 20° either clockwise or counterclockwise as compared
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to the parallel cylinder case.

1. INTRODUCTION

In the subject of fluid dynamics, fluid flow through a
rectangular cylinder is a typical and much-researched
phenomenon. Analyzing the flow structures, forces, and
thermal properties surrounding a rectangular item exposed
to a fluid stream is necessary. Numerous technical
specialities, including aerospace, civil engineering, and
the automobile industry, use this kind of analysis. A fluid
(such as air or water) flows through a rectangular cylinder
and interacts with it in a sophisticated way. One of the
variables that can change how a flow behaves is Re, which
is a dimensionless quantity that links the flow's inertial
forces to its viscous forces. The flow regime is determined
by the Reynolds number, which also has a big impact on
the flow characteristics.

The flow through a rectangular cylinder is typically
laminar at low Re, with smooth and well-organized
streamlines. The flow changes to a turbulent phase at
higher Re, which is characterized by chaotic and erratic
flow patterns as the Reynolds number rises. Due to the
significance of flow around rectangular cylinders in
offshore engineering applications, this topic has received

much study. For instance, semi-submersible pontoons and
columns of tension-leg platforms.

In a tandem cylinder layout, two cylinders are
arranged in a straight line, one after the other, along the
flow direction. This shape is frequently used in technical
applications such as bluff body aerodynamics, heat
exchangers, and aerofoil designs. Below are some earlier
studies relevant to this issue. Mashhadi et al. (2021)
performed numerical simulations of unconfined flows
through rectangular cylinders in two and three dimensions
at Reynolds numbers between 30 and 200. The range of
the cylinder's cross-sectional aspect ratio, or L/W, is 0.25,
0.5,1.0, 2.0, 3.0, and 4.0. The influence of AR and Re on
the flow structure and related aerodynamic parameters is
highlighted. Sharma and Eswaran (2004) assessed the
cross-flow properties and flow structure of a single square
cylinder in 2D domain for Re ranging from 1.0 to 160 in
both steady and unsteady periodic laminar flow. Tian et al.
(2013) investigated the flow around rectangular cylinders
with various aspect ratios using the k-w shear stress
transport turbulence model. The flow separation of
an incompressible fluid around a square cylinder was also
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NOMENCLATURE
AR length-to-width aspect ratio
C»  time-mean drag coefficient

Ci lift coefficient

D width of cylinder cross-section
f vortex shedding frequency

Fq drag force

FL lift force

Re Reynolds number
St Strouhal number

Uin Incoming fluid velocity in x direction
T Time in seconds

W length of cylinder cross-section

u dynamic viscosity of the fluid

p fluid density

assessed by Jiang and Cheng (2020). Sen et al. (2011)
simulated the flow through a stationary square cylinder at
zero incidences low Re of 150, and the results are given.
Using a stable finite-element model, the equations for
incompressible fluid flow in two dimensions are
discretized. The cylinder with square sections is bluffer
than the one with circular sections. Of all the cylinder
shapes tested, the square cylinder with sharp corners
generates the highest drag. The aim of the study
conducted by Khademinezhad et al. (2015) is to
investigate the vortex forms and lift and drag coefficients
in flows around a square cylinder in contrast to a circular
cylinder using the commercial Fluent software.
Additionally, the influence of Re on the growth of the
vortex structures and the velocity field is investigated and
contrasted for both circular and square cylinders at
different times. Islam et al. (2017) conducted a numerical
analysis to use smaller control  cylinders
upstream/downstream of the main cylinder to prevent
vortex shedding and decrease drag trailing a square
cylinder. Liu et al. (2019) observed at the flow through
two nearby inclined circular cylinders at low Re. The
primary findings of this investigation are discussed, along
with the impact of the inclination angle on the force
coefficients and flow field. The inclination angle was
shown to have a considerable effect on the instantaneous
and mean flow fields. The axial flow pattern is
significantly influenced by the inclination angle. Wang et
al. (2020) used numerical analysis to examine the flow
around two parallel, identical trapezoidal cylinders.

The flow properties of two cylinders put side by side
on a free surface were studied in 2019 by Subburaj and
Vengadesan. In flows with low Froude numbers and deep
submergence, vortex shedding is observed. Short inter-
cylinder lengths allow the vortices to synchronize in the
two cylinders and shed at a certain distance from the
cylinders. Balachandar and Parker (2002) investigated the
beginning of the vortex shed in an array of staggered
cylinders. It is noteworthy that with extremely high
transfer spacing, a crucial Re of 46 is regained. After
peaking at around 52.5 at LY = 3, the critical Reynolds
number first rises as the transfer distance between
neighbouring circular cylinders reduces and then rapidly
falls as LY declines. Rahman et al. (2007) utilized the 2-D
finite volume technique to investigate the unsteady flow
across a circular cylinder. The 2-D finite volume method
has been shown to be very efficient in calculating
hydrodynamic forces and capturing vortex shedding. Even
at very high Re, the method continues to function well
without sacrificing accuracy. Tu et al. (2015) examined
the vibrations caused by flow across two circular cylinders
that are positioned in tandem and are elastically mounted
at low Re of 160. Abdollahpour et al. (2023) studied the

structure of the recirculating flow over the BFS in both
laminar and turbulent regimes. Lekkala et al. (2022)
studied the flow characteristics of bluff structures
at varying geometries. Various flow regimes occur behind
the circular cylinder, each of which is influenced by the
effects of gap ratio, rotational rate and span-wise length.
Hu et al. (2015) investigated a LES of flow across an
inclined finite square cylinder and found that the mean
drags coefficient of the cylinder dropped as the inclination
increased both forward and backwards. Abbasi et al.
(2021) utilized the lattice Boltzmann method to simulate
the flow through two parallel square cylinders with a flat
plate located in their wake at various gap ratios (L/d = 0.5-
10) between the cylinders and plate. They determined that
the control plate reduces the average drag force to a
maximum of 19%. For L/d > 2.5, the influence of the
control plate on the reduction of fluid forces appears to
decrease.

Numerous researchers have examined fluid flow
around a variety of forms, including square, rectangular,
and circular, according to the extensive literature study
that was previously indicated (Sohankar et al., 1997;
Rajani et al., 2016; Zhou, 2021; Mashhadi & Sohankar,
2022; Tahir et al., 2023). One arrangement type that has
been intensively studied is tandem arrangements.
However, no studies on the double rectangular cylinder
with varying slopes have been conducted up to this time.
It's important to comprehend how the aerodynamic
properties of inclined cylinders change since many
constructions are inclined. Regarding this, fluid flow over
a rectangular double cylinder with cylinders inclined at a
20° angle and Reynolds numbers ranging from 50 to 200
is now being studied. The aspect ratio AR = W/D has a
substantial effect on the formation of the hydrodynamic
forces and vortex. The present numerical simulations
employ an aspect ratio of 0.25. The estimates from the
current study may be used to create constructions like
bridges, chimneys, towering buildings, phone towers,
aeroplanes, offshore structures, and more.

2. COMPUTATIONAL METHODOLOGY

2.1. Computational Methodology and Description of
Computational Domain

ANSYS, a computational fluid dynamics (CFD)
program, is used in the current study to simulate laminar
flow numerically over two rectangular cylinders. The
finite volume method (FVM), as implemented in ANSYS,
is used to solve the governing equations for the
incompressible laminar flow, including the continuity
equation and the Navier-Stokes equations. A central
differencing scheme for the diffusive terms and a second-
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Fig. 1 Computational domain for the flow around a
rectangular cylinder used for the code validation and
the associated parameter

order upwind scheme for the convective terms are used in
the discretization of the governing equations. The
SIMPLE algorithm handles the pressure-velocity
interaction. There is no use of a turbulence model because
the flow is laminar. The next part contains more
information on the numerical approach, including the grid
independence study and convergence criteria. Figure 1
depicts the computational domain, including the
rectangular cylinder. A uniform flow (uin) is applied to the
rectangular cylinder. The width and length of the
rectangular cylinder's sides are D and W, respectively. AR
= W/D is the formula for the aspect ratio of a cylinder's
cross-section. The upstream distance Li = 9D,
downstream distance L, = 20D, and lateral width R = 18D
are selected as the computational domain size. The domain
is unaffected by obstructions since the distances are
suitably large enough.

2.2. Governing Equations

Conservation of mass:

ou  du
=0 1)

Conservation of momentum

x-direction:

ou ou ou 10p 2%u . 9%v

LI A X i 2
6t+ 6x+v6x p ox v 6x2+6y2) ( )
y-direction:

B0 1 (o)

at +u ax T ax  pay ax% = 0y? (3)

2.3. Parameters

The lift and drag coefficients are calculated as:
FL

CL=Cp+Cy= % (4)
Cp = Cpp+Cpy = LPTTER: (5)
The Strouhal number is formed as,
FD
St = Vs (6)

Mathematically, Vorticity is the curl of flow velocity
defined as:

w=VxXuU (7

Fig. 2 Code validation computational domain meshing
for a single rectangular cylinder

2.4. Meshing and Implemented Boundary Condition in
the Computational Domain

Using the commercial software ANSYS, an
extremely fine mesh can be implemented in the
computational domain. To better capture the vortex
shedding behind the cylinders, fine mesh is used around
the cylinders, and the mesh size increases from the
cylinder surface to the wall boundaries.

In the present case of numerical methodology
validation, the mesh has a 1.8 x 10° total number of nodes,
as presented in Fig. 2. At the entry boundary, a uniform
flow velocity is applied corresponding to the flow Re from
50 to 200. At the outlet boundary pressure outflow, i.e.
gauge pressure = 0.0. The top/bottom boundary of the
computational domain are taken as symmetry. The
detailed implemented boundary condition in the
computational domain that is used for code validation is
presented in detail in Fig. 2.

2.5. Numerical Methodology Validation

The Strouhal number (St) and drag coefficient (Cq) for
the uniform flow through an isolated rectangular cylinder
are calculated at an aspect ratio of 0.25 in order to validate
the numerical methodology wused in the current
investigation. Validation of data is first performed for
transient flow through a rectangular cylinder at Re = 150.
The geometric and boundary conditions are considered
exactly the same as those used by Mashhadi et al. (2021).
The average Cq4, C., and St are compared between the
present case and by Mashhadi et al. (2021) and presented
in Table 1. The percentage of deviation between the
present study and Mashhadi et al. (2021) is about 5% or
less, which is quite reasonable. Thus, the same numerical
methodology is adopted for the present research work of
two tandem cylinder arrangements with different
inclinations.

2.2 Numerical Settings

After doing numerical methodology validation for a
single rectangular cylinder, the current research work,
which uses two rectangular tandem cylinders, is
considered for numerical calculations. The arrangement
is presented in Fig. 3. This representation is of the case
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Table 1 Comparison of results for Cq, CLmax, and St obtained with the present numerical method with the data
available in the literature

S.no. Parameter Present numerical values | Mashhadi et al. [2]
1. Drag coefficient (Cq) 24 2.3235
2. | Maximum Lift coefficient (Cimax) 0.570 0.52710
3. Strouhal number (St) 0.187 0.178

T da v

Tin g dx

—y

Velocity inlet Pressure outlet

11
11

i ¥1) I i
Fig. 3 Computational domain of a rectangular tandem
cylinder arrangement with implemented boundary
condition

when cylinders are parallel and perpendicular to inlet
velocity. The width and length of each rectangular
cylinder are D and W, respectively, and the separation
between them is set at 2.5D. The computational domain
size is set to be the upstream distance L; = 10.25 D,
downstream distance L, = 21.25D, and the lateral width =
21.5D in order to reduce the impact of the domain borders
on the flow around the cylinder. The implemented
boundary condition is the same as the briefly mentioned
boundary condition in section 2.1.2 for the numerical
simulations of the tandem cylinder configuration.

For analysis of flow structure in rectangular tandem
cylinder arrangements, a total of 5 cases are considered
and depicted as Case 1 to Case 5 and represented in Fig.
4. Case 1 is considered for the cylinder arrangement when
both the cylinders are parallel to each other represented in
Fig. 4a. In Case 2 and Case 3, cylinder-1 is fixed, and
cylinder-2 is inclined at 20° degrees clockwise and
counter-clockwise, respectively and represented in Figs.
4b and 4c, respectively. When cylinder-1 is inclined at 20°
degrees counterclockwise, and cylinder-2 is fixed, this
arrangement of cylinders is defined as Case 4. A cylinder
arrangement in which cylinder-1 is inclined at 20°
clockwise, and cylinder-2 is fixed is defined as Case 5.

2.3 Mesh Independency

To check the mesh independency on obtained results
from the numerical simulations, two meshes are used. The
mesh around the cylinder is taken highly dense with
inflation having a growth rate of 1.2, while away from the
cylinder, a smaller number of mesh elements are
considered. For the meshing of the computational domain,
quadrilateral mesh elements are considered with 9.3x10*
and 1.6x10° number of mesh elements for Mesh 1 and 2,
as depicted in Fig. 5a and 5b. In Mesh 2, the quadrilateral
method has been used by taking the number of divisions
between 30 to 200. The cylinder has inflation around its
boundaries with 5 layers, a growth rate of 1.2 m and a
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(e) Case 5
Fig. 4 Different geometrical considerations for the
rectangular cylinders in tandem arrangements: (a)
when both the cylinders are parallel to each other,
defined as Case 1, (b) when cylinder-1 is fixed, and
cylinder-2 is inclined at 20° clockwise and defined as
Case 2, (c) when cylinder-1 is fixed, and cylinder-2 is
inclined at 20° counter-clockwise and defined as Case
3, (d) when cylinder-1 is inclined at 20° counter-
clockwise and cylinder-2 is fixed and defined as Case
4, and (e) when cylinder-1 is inclined at 20° clockwise
and cylinder-2 is fixed and defined as Case 5
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(b)
Fig. 5 Quadrilateral mesh used in the present
computational domain for Case 1, (a) Mesh 1 (Low
number of mesh elements), and (b) Mesh 2 (High
number of mesh elements)

maximum thickness of 0.1m. The results of the average
drag coefficient for Mesh 1 and Mesh 2 are compared and
presented in Fig. 6. In the figure, the findings are nearly
equal; hence, the results are no longer significantly
affected by the number of nodes on the mesh as a result of
the results. Furthermore, the St number at Re = 100 is also
compared for Mesh 1 and Mesh 2 and for Cylinder 1 and
Cylinder 2 at Mesh 1 and Mesh 2, and the St numbers are
0.0562, 0.0569 and 0.0571, 0.0575, respectively. The
change in the St number for Mesh 1 and Mesh 2 is less
than 2%. As a result, for all numerical simulations, the
same set of characteristics and mesh creation approach is
used.

3. RESULTS AND DISCUSSION

In this section, instantaneous vorticity contours and
instantaneous streamlines for all five cases are presented
and discussed.

3.1. Instantaneous Vorticity and Streamlines

The instantaneous vorticity contours and streamlines
for are plotted at point A, as mentioned in Fig. 7a, i.e.
lowest peak point of the lift evolution curve. The local
spinning of fluid components in a flow is referred to as
vorticity. Due to the existence of the cylinder's surface,
vorticity is created when a fluid flows over it. Knowledge
of the flow patterns around the cylinder requires a
knowledge of the distribution and behavior of vorticity. It
provides a useful foundation for comprehending a range
of complex flow phenomena, including the formation and

n Mesh 1
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(b)
Fig. 6 Mesh independency test for meshes, i.e. Mesh 1
and Mesh for average values of drag coefficient, (a)
Cylinder 1, and (b) Cylinder 2

behavior of vortex rings, which makes it a key number
in fluid dynamics.

The aforementioned contours in Fig. 7 display the
instantaneous vorticity contours at various inclinations
illustrated in Cases 1 through 5. Positive and negative
vortexes are represented by the hues red and blue. We can
tell from the contours that there is excessive complexity in
the vortex pattern and strong turbulence close to the
cylinder walls. While the positive vortices depicted by the
red pattern in the graph arise from the cylinder's bottom
wall, the negative vortices depicted by the blue pattern in
the graph originate from the top surface. Further
investigations show that the vortices in the case of parallel
cylinders are more homogeneous and develop more
quickly. We see that additional examples, other than the
initial cylinder, show strong vorticity. The results
demonstrate an increase in the wake length for every
inclined cylinder from Case 2 to Case 5. In general,
spinning is unexpected when the initial cylinder
is inclined, as in Cases 4 and 5. The existence of
powerful vortices or share zones is indicated by regions with
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(e) Case 5
Fig. 7 Instantaneous vorticity contours at the point A,
i.e. the lowest peak of the lift curve

sparsely spaced contours, which show a sharp gradient in
vorticity. This occurs in Cases 3 and 5, respectively, when
the incline causes the distance cylinders to be smaller.
When the distance between the two cylinders is left
unchanged, as in Cases 1, 2, and 4, widely spaced contours
depict areas where the vorticity is more uniform or
weaker. Further, for Case 1, the shear layers that were
detached from the wupstream cylinder rejoin the
downstream one, causing a circulation area to develop in
the gap. In this case, a vortex core forms in between the
cylinders. The formation of a stronger vortex core in
between the cylinders, in other cases, is lagged due to the
inclination of either cylinder.

The instantaneous streamlines for Cases 1 to 5 are
presented in Fig. 8 at the same negative peak point on the
C. time history curve marked with the symbol ‘A’. It is
seen from Fig. 8a for Case 1 that a stronger vortex behind
cylinder 1 is observed. This is associated with more flow
blockage and shifting of stagnation point towards the back
side of the cylinder. Furthermore, with the inclination
of either cylinder, there is still an insufficient the space

(e) Case 5
Fig. 8 Instantaneous streamlines at point A, i.e. the
lowest peak of the lift curve

between the two cylinders. The gap flow is irregular in
Figs. 8b to 8e because the upstream split shear layers
reattach to the downstream cylinder's leading edge and
alternately roll up and down rather than being shed in the
space between the cylinders. For Cases 2 to 4, the
interaction and combination of the upstream and
downstream separated shear-layers result in shedding of
vortices in the wake.

3.2. Average Streamlines for Wake Representation

A fluid flows across a cylinder in a certain pattern. The
Reynolds number, a dimensionless metric that describes
the kind of flow, as well as the flow conditions affects
streamline patterns. The flow around the cylinder is
normally constant and laminar at low Reynolds numbers.
The fluid flows easily around the cylinders in this instance,
resulting in a curving streamline that is uniformly spaced
and parallel to one another. The streamlined pattern is
symmetrical and smooth. Laminar to turbulent flow is
observed around the cylinder as the Re rises. In this study,
the fluid flow for Reynolds numbers 50, 100, 150, and
200 are examined. The streamlines in the aforementioned
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(e) Case 5

Fig. 9 Avearge streamlines behind cylinder 1 and
cylinder to represent the wake regime

illustrations demonstrate the fluid's erratic behavior
around the rectangular cylinders.

The fluid flows uniformly as it approaches the cylinder
from a great distance upstream. At first, the streamlines
are straight and parallel to one another. The fluid breaks
into two different streams as it approaches the cylinder,
one flowing above and one below. Due to the existence of
the obstruction, the streamlines swerve around the
cylinders. A region of high velocity known as the
"stagnation point™ is created near the front of the cylinders
where the streamlines condense closely. The fluid slows
down and changes course at this point. The streamlines
then split apart once more as they round the cylinder. The
lift force is produced as a result of the pressure differential
between the cylinder's upper and lower sides, and it is this
lift force that causes the negative vortices to deflect
downward. From the five situations i.e. mentioned above
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and presented in Fig. 9, we saw that vortices are tightly
produced when one cylinder is inclined towards the other
cylinder. The wake length is reduced with the inclination
of either cylinder, i.e. for Cases 2 to 4.

3.3. Evolution of Lift Forces

The lift coefficient time history for cylinders 1 and 2
at Re = 150 for Case 1 to Case 5 is represented in Figs. 10a
to 10e. It can be indicated that the magnitude of the
maximum lift coefficient is highest for Case 1, and the
magnitude reduces with either cylinder inclination.
Further, for Case 1, both the cylinders represent the same
pattern of lift evolution as for the parent single cylinder,
as the wake of both cylinders is unaffected by each other.
For Case 2 and Case 3, the first cylinder shows a similar
pattern, but the second cylinder depicts an entirely
different pattern than for the case of the single isolated
cylinder. Because of how much gap there is between the
two cylinders in this area, the upstream cylinder's wake
may totally develop there with only minimal input from
the downstream one. When compared to the lift
progression of Cases 2 and 3, respectively, the trend for
Cases 4 and 5 is the opposite.

3.4. Average Drag Coefficient

The influence of Re on the average drag coefficient for
Cases 1 to 5 is represented in Figs. 1la to 1le,
respectively. Itis seen from Fig. 11 that the maximum drag
coefficients for Cylinders 1 and 2 are observed for Case 1.
The reduction in the drag is observed with the inclination
of either cylinder. Thus it seems to be an effective
technique to control the drag for cylinders arranged in
tandem fashion. The average drag coefficient
monotonously increases with the increase of Reynolds
number for Cylinder 1 in Case 1. The steep dwell or hump
observe in other cases. It has been claimed that a
comparable phenomenon occurs in the cases of square
cylinders (Bao et al., 2012) and two tandem circular
cylinders (Mizushima and Suehiro 2005).

3.5. Frequency of Vortex Shedding

The amplitude of vortex shedding for Cylinder 1 and
Cylinder 2 for Cases 1 to 5 is presented in Fig. 12. It is
clearly seen that the magnitude of a frequency
significantly reduces for the inclination of either cylinder.
Furthermore, an additional small amplitude vortex
frequency is also observed for Case 1. In addition, for
cylinder inclination in Cases 2 and 3, a high magnitude of
vortex shedding frequency is observed for cylinder 2. In a
similar manner, alternative peaks are observed for Cases 4
and 5 in comparison with Cases 2 and 3.

3.6. Average Strouhal Number

It can be observed in Fig. 13 that for Case 1, the
Strouhal number for both cylinders reduce with the
increase of Re. The pattern is similar, as reported by many
researchers for the isolated or tandem cylinder
arrangement in the open literature. Further, a different
pattern is observed for the inclined cylinder cases. The
average Strouhal number value first increases up to Re of
100 and then starts decreasing for Cases 2 and 3. The
values of the average Strouhal number monotonously
increase with the greater of the Re for Cases 4 and 5.
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Fig. 10 Time history of lift forces evolution represented in terms of lift coefficient for cylinder 1 and cylinder at
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Fig. 11 Average drag coefficient variation with Reynolds number for cylinder 1 and cylinder

4. CONCLUSIONS

Laminar flow (Re = 50-200) around two rectangular
cylinders with a fixed aspect ratio of 0.25 and an angle of
20° is studied through a sequence of numerical
simulations, both in clockwise and counterclockwise
directions. The emphasis is on flow-induced forces and
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pressures, such as Cp and C. on the cylinders, as well as
fluid properties, including vorticity, vortex shedding, and
Strouhal number. An investigation into the impacts of
Reynolds number and geometry variations on these
variables is the main objective.

It is discovered by looking at graphs of the lift
coefficient that the highest lift for cylinder-1 occurs

o
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Fig. 13 Average Strouhal number variation with Reynolds number for cylinder 1 and cylinder

o for Case 4. Further, for Case 1 lift for cylinder 2 is
greatest. Additionally, it is discovered that, with the
exception of Case 4, cylinder-2 has a larger
coefficient of lift than cylinder-1.
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o By examining the average drag coefficient graphs for
Case 4, it is discovered that cylinder 1 has the lowest
drag. For Case 3, drag in cylinder 2 is at its lowest.
Additionally, it is discovered that the average drag is
always greatest in cylinder one and least in cylinder
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two. When the Reynolds number reaches 50 in Cases
2 and 3, the drag coefficient is negative. The average
increase in drag for cylinder-1 in all scenarios other
than Case 4. The total average drag is at its lowest
point in Case 3 at Reynolds number 100 and its
highest point in Case 1 at Reynolds number 200.

o For cylinders 1 and 2, the average drag coefficient
fluctuation between Reynolds numbers between 50
and 200 varies between 23% and 92%, respectively.

o Itis seen from Instantaneous Vorticity graphs that the
vorticity is minimal for parallel cylinders. The
vorticity is often high when one cylinder is inclined
towards the other cylinder.

o Where the cylinders are angled towards one another in
Case 3 and Case 5, the average streamlined graphs
show a high rate of recirculation and a greater number
of densely packed vortices.

o By viewing all of the aforementioned cases aside from
Case 4 and Case 5, cylinder 2's amplitude value is at
its highest. While the lower frequency is obtained at
the point where the highest amplitude is found.

o In Case 1 and Case 3, the minimum and maximum
values of Strouhal numbers, respectively, occur at the
Reynolds number of 50.
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