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Inthis study, the effects of fluid-solid interaction with an elastic rubber
baffle in an inclined cavity were modelled numerically. In the upper
and lower walls of the insulated chamber, the left wall is hot and the
right wall is cold. The goal of the present research was to investigate
the rate of heat transfer from the hot wall by calculating the Nusselt
number and the von Mises stress at the root of the baffle at different
slopes of the cavity. For this purpose, the solution geometry was
modelled in the workbench software environment. k-€ method was
used to solve the turbulent displacement flow (Ra>107). First, the
effect of the presence of an elastic baffle compared to arigid baffle was
investigated. The values of the Nusselt number as the heat transfer
rate from the hot wall for the elastic Baffle were 5% higher than the
rigid Baffle. Then, the effect of the Inclined Cavity on the heat transfer
rate, Nusselt number and von Mises stress in the root of the baffle was
investigated. The heat transfer in the hot wall increased by
approximately 4% with an increase in the slope of the cavity from
a=0.01 to a=0.035. The maximum Nusselt number was obtained at
slope a=0.035, and its maximum value was 40. It was also observed
that the von Mises stress in the vane root in the cavity with a slope of
a=0.035 was 40% higher than the von Mises stress in the vane rootin
the cavity with a slope of a=0.01. The Von Mises stress value of the root
of the baffle underwent severe fluctuations tending towards a
constant number and reaching a steady state after a few seconds.
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EXTENDED ABSTRACT

Introduction

In this study, the effects of fluid-solid interaction with an elastic rubber baffle in an
inclined cavity were modelled numerically. In the upper and lower walls of the insulated
cavity, the left wall was hot and the right wall was cold. The goal was to investigate the rate
of heat transfer from the hot wall by calculating the Nusselt number and the von Mises stress
at the root of the baffle at different slopes of the cavity. The coupled method was used to
simultaneously solve the equations governing the fluid, and the intersection algorithm was
used to solve the solid and fluid domain simultaneously using the finite element method and
the Newton-Raphson iteration technique. In the first step, the effect of the presence of an
elastic baffle compared to a rigid baffle was investigated and it was found that the elasticity
of the baffle leads to an increase in the rate of heat transfer inside the cavity. Then, the effect
of the Inclined Cavity on the heat transfer rate, Nusselt number and von Mises stress in the
root of the baffle was investigated. The obtained results indicated that the amount of heat
transfer and Nusselt number increases with increasing the slope of the cavity. It was also
observed that the amount of von Mises stress at the baffle root is a function of the cavity
slope. The Von Mises stress value of the root of the baffle undergoes severe fluctuations
tends towards a constant number and reaches a steady state after a few seconds.

Methodology

As shown in Figure 1, this cavity is placed on the side and comes in contact with the cold
source with cool temperature and the hot source with ambient temperature. A Baffle of
length L and constant thickness is located on the bottom wall of an inclined cavity.

Due to the temperature gradient in the Cavity, the fluid in the Cavity starts to move due
to buoyancy forces. This movement creates a pressure gradient in the Cavity. The pressure
gradient exerts a force on the flexible Baffle and causes deformation and tension in the
Baffle. On the other hand, changing the shape of the blade causes the air to move and
produce a secondary flow. This interaction continues during the heat transfer until the strain
energy in the Baffle reaches a balance with the air pressure force and the system reaches a
stable condition.

hot wall cold wall

elastic baffle

Figure 1. Problem geometries.
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Results and discussion

First, a comparison was made between the displacement heat transfer performance
inside the cavity for the cases with rigid and elastic fins, in which the Nusselt number on the
hot wall was chosen as a comparison criterion. For this purpose, the base case (a = 0.01) was
considered. The results on the hot wall are shown in Figure 2. It seems that the heat transfer
mechanism from the bottom side of the wall to the top starts to decrease from a maximum
value. This investigation showed that the values of the Nusselt number as the rate of heat
transfer from the hot wall are higher for the elastic Baffle than the rigid Baffle. This effect is
due to the creation of non-Bayan movements in the fluid due to the oscillating movement of
the blade. Furthermore, in the maximum value, the difference between the two Nusselt
numbers is greater and this difference decreases above the hot wall.

In Figure 3, the Nusselt number on the hot wall is displayed for cavity s with different
slopes, and as it is clear in the diagram, the amount of heat transfer in the cavity with a
greater slope increased; this is because the greater the slope of the cavity, the distance from
the wall becomes less elastic than the Baffle and more turbulent with the increasing slope
of the flow cavity near the wall.
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Figure 2. Comparison between the average Nusselt number on the hot wall for cases with rigid and
elastic baffle.
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Figure 3. Nusselt number of the hot wall in the Cavity with different slopes.
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The amount of heat transfer from the hot wall for the cavity with different slopes at
different times is shown in Figure 4. It seems that the heat transfer mechanism reaches a
steady state after 3 seconds. This investigation demonstrated that the values of heat transfer
from the hot wall increased for the cavity with a greater slope.

Another noteworthy point is that the heat transfer reaches a maximum value from zero
at the beginning and then reaches a constant value due to the fixed temperature difference
between the wall and the fluid.
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Figure 4. Heat transfer of the warm wall over time in the cavity with different slopes.

Conclusion

The obtained results indicated that the amount of heat transfer and Nusselt number
increases by increasing the slope of the cavity. It was also observed that the amount of von
Mises stress at the baffle root is a function of the cavity slope. The Von Mises stress value of
the root of the baffle underwent severe fluctuations and tended towards a constant number,
reaching a steady state after a few seconds.
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