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Abstract

In this study, the turbulent flow behavior in a horizontal channel containing elliptical
cylinders with aspect ratio 0.45 and 0.5 and Reynolds number 5000 has been studied.
Also, by using the finite element method to solve heat and fluid equations, the effect of
parameters such as heat transfer rate, Nusselt number, temperature distribution and
velocity distribution on fluid flow has been investigated. The results of this study show
that the presence of cylinders increases the vortices and changes the flow patterns from
symmetrical to asymmetrical. Also, as the Reynolds number increases, the flow
becomes increasingly turbulent and the rotating mechanics of the cylinders contribute
to a different distribution of temperature and velocity. In the investigation of the flow
around elliptical cylinders, it has been observed that the temperature maximum point
occurs between the third and fourth cylinders in the case of constant properties and
behind the fifth cylinder in the case of variable properties. Also, the fluid velocity has
a greater effect on the heat transfer rate than the heat exchange surface. Reducing the
aspect ratio leads to a decrease in the amount of heat transfer in the turbulent flow,
and the temperature contours in this flow are more uniform, which is due to the mixing
and transverse vibrations of the turbulent flow. These findings can help to improve the
design of heat transfer and flow control systems in engineering applications.
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1- Introduction

The results and discussions section provides a
comprehensive analysis of the simulation outcomes.
It is noteworthy that non-dimensional time is
employed in this study to standardize results and

elliptical cylinder arrangement on turbulent flow
and heat transfer within the channel.

According to the findings, the highest temperature

facilitate direct comparison between different
conditions. By non-dimensional time, the effects of
time and velocity measurement units are
neutralized, making the simulation results
comparable. Time is defined as a non-dimensional
variable using the equation where t represents real-
time in seconds, Uco is the free-stream velocity in
m/s, and L is the channel length in meters. The
selected time intervals range uniformly from t=0 to
t=1 second, chosen to effectively capture the
dynamic temperature changes and the effects of

point under constant properties was found between
the third and fourth cylinders, whereas variable
property considerations indicated this peak
occurring behind the fifth cylinder. It was observed
that the fluid velocity exerted a more profound
impact on the heat transfer rates compared to the
heat exchange surface area. A notable decrease in
the aspect ratio resulted in an overall reduction of
heat transfer significantly within the turbulent
regime; however, the temperature contour displayed
a more uniform distribution due to the mixing and
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crossflow oscillations prevalent in turbulent flows.
The analysis of the results yielded from simulations
demonstrated that the configuration of the elliptical
cylinders considerably influenced the
characteristics of turbulent flow and heat transfer
efficiency within the horizontal channels. Notably,
the aligned arrangement of cylinders led to
increased interactions and mixing, resulting in the
highest heat transfer coefficients. In contrast, more
arbitrary arrange bearings exhibited lower thermal
performance, underpinning the critical role of
geometric configuration within turbulence.

2- The problem study

In the turbulent flow scenario with an aspect ratio
of 0.5, dynamics showcased significant variations.
A Reynolds number set at 5000 established a state
of fully turbulent flow, prompting an examination
of how the arrangement of elliptical cylinders
impacted the formation of vortices, lift coefficients,
local and mean Nusselt numbers, as well as
temperature and velocity distributions over time.
The simulation yielded distinct velocity contour
variations reflecting a non-symmetrical flow due to
the dominance of inertial forces over viscous forces,
thereby fostering the occurrence of flow separation.
The velocity contour results indicated the highest
velocity beneath the fifth cylinder, marked by
increased vortex formation, which correlates with
the dynamic increase in fluid speed and the
diminishing influence of viscous forces leading to
flow separation. This distribution revealed a stark
contrast behind the cylinders where velocity
significantly decreased, attributed to the pressure
drops and drag forces generated.

3- Result

The findings further emphatically illustrated that, as
the Reynolds number rose, the flow transitioned
from a temporarily symmetrical state to an unsteady
and asymmetric behavior behind the cylinders.
Notably, low Reynolds numbers yielded
symmetrical vortex formations, but as values
increased, vortices transitioned into a turbulent
chaotic state. Furthermore, the interactions due to
cylinder rotations and increased spacing resulted in
diminished fluid speeds in certain regions,

particularly between the fourth and fifth cylinders,
with a minimal overall impact on heat transfer rates,
as the reductions in speed were not sufficiently
substantial to alter thermal dynamics significantly.
In contrast, when assessing turbulent flow within a
channel using an aspect ratio of 0.45, a comparative
examination concerning heat transfer parameters—
such as temperature distribution, Nusselt numbers
(local and averaged), and fluid velocity
distribution—was executed. Although the Reynolds
number remained fixed at 5000, outcomes indicated
that increasing this dimensionless number mitigated
some aspect ratio influences. In broad strokes,
parameters such as speed, temperature distribution,
and Nusselt numbers were diminished compared to
the 0.5 aspect scenario, revealing that the rotary
motions of the cylinders adversely influenced the
flow dynamics behind subsequent cylinders.

Evidently, the investigation into the turbulent
flow indicated that increased velocity engendered
flow separation over the cylinder clusters, leading to
the formation of larger vortices. However, cylinder
rotations and spacing inversely correlated with flow
speed, resulting in smaller vortices and reduced
turbulence, thereby lessening heat transfer rates due
to diminished momentum exchange across fluid
layers. The aspect ratio of 0.45 emerged as a
geometric parameter significantly shaping flow
patterns and vortex formations. The temperature
distribution in a turbulent regime also demonstrated
elevated heat transfer rates compared to steady-state
conditions. However, this was less pronounced
when set against the 0.5 aspect ratio scenario,
showcasing how the flow behind cylinders was
influenced adversely by the lower aspect ratios
considered. In summary, changes in the aspect
ratios meticulously affected flow fields and thermal
dynamics, paving the path for optimization in the
design of cooling channels and heat exchanger
systems. The findings indicate that the interplay
between geometric shapes, arrangements, and flow
conditions are pivotal in determining heat transfer
efficiency across engineering  applications,
underscoring the importance of optimizing aspect
ratios for enhanced thermal performance. Thus,
investigation of turbulent flows around elliptical
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cylinders in a controlled environment delineates
critical insights underlying the importance of
geometry in fluid dynamics and heat transfer
evaluations. The cascading effects of aspect ratios
and Reynolds number influence significantly
necessitate further studies aimed at comprehensive
understanding and application in engineering
designs. The overall revelations from the present
study contribute invaluable knowledge to the
ongoing efforts in optimizing thermal systems,
ultimately enhancing the functionality and
efficiency in various practical settings across
industrial domains.
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