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1. Introduction

Different methods have been suggested for enhancing the
heat transfer rate, one of the newest of which is using an
elastic vibrating surface. Examining the previous studies
shows that theoretically and from simulation perspective,
heat transfer issues in fluid-solid interaction flows have
rarely been examined. Hence, considering fluid flow and
a channel with a vibrating elastic wall, one can examine
the effect of the vibrating elastic surface on the rate of heat
transfer in various geometries and conditions. Thus, by
considering fluid flow and a channel with an oscillating
elastic surface, one can study the effect of the vibration of
the elastic surface on the rate of heat transfer in various
geometric combinations. The study considered a conduit
with solid and elastic surfaces, where the solid surface is
accompanied by heat transfer and the elastic surface is
oscillating and insulating. The study tried to examine the
effects of elasticity and the maximum vibration amplitude
of the surface on the rate of heat transfer by considering
the elastic surface and developing the design.

2. Geometry and the governing equations

Figure 1 illustrates the physical model of the geometry of
the elastic channel, where the elastic wall has replaced the
rigid wall of the basic geometry in a part of the upper
boundary. In the problem in question, the working fluid is
air that enters the two-dimensional channel at a uniform
speed. The circular cylinder inside this channel is kept at
a constant temperature of 343.15 K and all the surfaces of
this channel are insulated. The inlet uniform flow
temperature is 293.15 K, the height of the channel 4D, the
length of the channel 30D, the distance of the cylinder
from the inlet of the channel 12D, and the uniform
velocity of the inlet has been determined based on various
Reynolds numbers examined. The length of the replaced

elastic surface is 10D, its thickness %, and its Young's

modulus is 50 MPa, and the rest of the conditions are like
those of the rigid channel.
Investigated physics are simulated COMSOL 5.5

software. The base of this software is the finite element
method (FEM), solved by the direct LU method.
Furthermore, Galerkin method was used to solve the
nonlinear equations and all the equations were coupled
together. Moreover, moving meshing was used due to the
change of the problem boundaries and the optional Euler-
Lagrange method was used for solving its equations.
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Figure 1. Geometric and boundary conditions of rigid and
elastic physics

The optional Euler-Lagrange method is as follows and
given the slow, two-dimensional, unsteady, and
incompressible flow with forced displacement heat
transfer in the horizontal channel and regardless of the
effect of gravity, the governing equations of continuity
(1), momentum (2), energy (3) for the fluid, and the elastic
surface (4).
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3. Results

The results are compared with each other and the results
of the rigid channel. Two parameters of vibration
amplitude and frequency were considered for the elastic
channel, each of which is examined in three various
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modes. Thus, three different frequencies were checked
and this check was done at Reynolds numbers of 100 and
200 in the first, second and third vibration modes in each
domain. The obtained results become stable after a certain
period of about 30 seconds in the periods corresponding
to the vibration frequency.

The domains examined are 1D, 0.75D, 0.5D with
frequencies of 0.5, 1, and 2 HZ considered for simulation
where the temperature distribution along the channel at 1
HZ frequency is shown below for better understanding.
Ultimately, the diagram of Nusselt number, average outlet
temperature and cylinder drag coefficient at each speed
and each mode was calculated in terms of frequency and
compared with the results of the rigid channel to
summarize the findings. Nusselt number diagrams show
that heat transfer increases with increase in frequency in
all modes. Moreover, as expected, the average Nusselt
number in the third mode, especially the second mode, has
the lowest increase, and the vibration of the oscillator in
the first mode brings a significant increase in the average
Nusselt number.
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Figure 2. The average Nusselt number of the elastic channel

at A1=0.5D, and Re=100
Furthermore, the results indicated that increasing the
amplitude and frequency increases the average Nusselt
number and the average outlet temperature. Indeed, by
increasing amplitude, more fluid is affected by the
oscillator, and because of more changes in the channel
cross-section, the flow velocity increases and leads to an
increase in the average Nusselt number and the average
outlet temperature. On the other hand, the elastic wall
vibrates faster with increase in frequency and the fluid is
more affected by the oscillator, and the average Nusselt
number and the average outlet temperature increases
more.
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Figure 3. The average temperature of the outlet of the
elastic channel at A1=0.5D, and Re=100

It is also seen that the drag coefficient of the cylinder
increases with the increase of the oscillation range, which
results in severe pressure changes along the channel. On

the other hand, the drag coefficient is close to the drag
coefficient of the cylinder enclosed in the rigid channel in
the low oscillation range. Additionally, the results
indicate that the drag coefficient of the cylinder increases
with increase in frequency.

4. Conclusion

The study examined fluid-solid interaction by Galerkin
FEM and using arbitrary Euler-Lagrange equations in a
two-dimensional horizontal channel with air as the
operating fluid. A cylinder is placed in the center of the
insulated channel at a constant temperature.

20
—e- - MD1
-=&=-MD2
Cd 10 e
g 3
0
0.5 1 f(Hz) 15 2

Figure 4. Drag coefficient of cylinder enclosed in elastic
channel at A1=0.5D, and Re=100

A part of the upper surface of the channel was replaced
with an elastic surface. The amplitude, frequency and
vibration mode of the elastic surface were examined in
various Reynolds numbers. The vibration of the elastic
wall leads to a change in the flow behavior, the results
obtained from the numerical solution are presented below.
1. Fluctuation of the elastic surface leads to the flow lines

to be unstable, unlike the rigid channel, and they

change every moment, and vortices with various
strengths are created along the channel,

2. By increasing the range and increasing the cross-
section area, the downstream fluid moves upstream
because of the increase in the volume inside the
channel and the decrease in pressure near the elastic
wall, causing a return flow inside the channel. On the
other hand, with the movement of the domain in the
direction of reducing the cross-sectional area because
of the constant flow rate entering the channel, the flow
speed increases and by passing the surface of the hot
cylinder, besides receiving heat again, it causes the
creation of new vortices in the channel. The results
indicate that the Nusselt number and the average outlet
temperature increase with increase in the maximum
amplitude and frequency;

3. The creation of return currents due to the fluctuation of
the elastic surface causes more flow interference and
in addition to the uniformity of the temperature
distribution inside the channel, it increases the rate of
heat transferred from the surface to the flow. This
value increases continuously with the increase of the
maximum frequency range;

4. Because of the existence of the transverse component
of the flow velocity caused by the vibration of the
elastic wall and the diagonality of the flow lines, the
descaling of the surfaces could be stated as one of the
advantages of replacing the elastic surface in the rigid
channel.
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Numerical Study of the Effect of Elastic Wall Vibration Mode on Internal Flow Parameters
Hojjat Danandeh Oskuei Seyed Esmail Razavi Seyed Faramarz Ranjbar Zhaleh Azhdarzadeh

Abstract In this study, the effect of replacing the elastic wall in a two-dimensional channel for forced convection flow
around a circular cylinder surrounded by an incompressible flow has been studied numerically. As the current passes
around the hot cylinder and the elastic wall oscillates, the rate of heat transfer changes at any time, which is a function
of the vibration conditions of the elastic oscillator. Amplitude, frequency and vibration mode are the main parameters
affecting the current passing through the channel. The2refore, in this study, the effect of oscillator vibration in the first,
second and third modes has been investigated and in each mode, three different amplitudes and in each amplitude three
different frequencies have been investigated and the calculations for two Reynolds numbers 100 and 200 have been
solved. Rigid channels are compared. The results show that in the first mode, unlike the second and third modes, the
elastic wall oscillation has a great effect on the average Nusselt number, average output temperature and cylinder drag
coefficient. in all modes, with increasing amplitude and frequency, the average Nusselt number, the average output
temperature and the drag coefficient of the cylinder increase.

Keywords Fluid-Solid interaction, Navier-Stokes equations, Forced convection, Incompressible flow
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