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Abstract: Considering the global energy crisis since the last two centuries, heat transfer and Improving its
process and reducing the losses have become the most important issues of our time. Therefore, improving the
heat transfer functioning from the viewpoint of reducing manufacturing costs by using fewer materials or
reducing operating costs by reducing energy losses, is of economic and ecological importance. For some
economic and ecological reasons, it 1s Important to achieve effective heat transfer in many industries involving
a transfer of heat from gas to gas or from gas to liquid. Hence, free convection heat transfer and enhanced
thermal efficiency have attracted the attention of many researchers in recent years. The present work studies
free convection heat transfer around a cylinder near the adiabatic wall. Modeling results were well consistent
with the experimental results, indicating the accuracy of the present modeling process. To optimize heat
transfer in the cylinder, vanes of different shapes were placed in the flow path. The shape, size and position of
these vanes and their thermal efficiency were other parameters studied in this dissertation.
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INTRODUCTION

The important role of heat transfer and fluid flow is always seen in our lives and in many practical respects
(Gebhart et al., 1988; Holman Jack et al., 1992; Park and Chung, 1999; Park and Jung, 2001). Almost all
power generation methods including fluid flow and heat transfer are focused attention as the main processes
used in important sectors including chemical and metallurgical industries to be applied in furnaces, heat
converters, condensers and thermofield processes reactors. These processes also contribute greatly to the
heating and air-conditioning of buildings. The way airplanes and rockets operate is based on fluid flow, heat
transfer and chemical interactions. Heat transfer is often the limiting factor in designing electric machines
and circuits (Sparrow and Bahrami, 1980; Sparrow and Azevedo, 1985).

One of the most important processes in heat transfer is created by this buoyancy force. These processes,
known as free convection heat transfer, have many applications in industry. For example, they are widely
used in air conditioning systems, power transfer transformers, nuclear reactors (melt cooling flow), electronics
industry, meteorology, etc. To display the high capacity of this type of heat transfer in industrial applications,
one can refer to the cooling tower of the 2,000 MW Shahid Rajaei Power Plant in Qazvin. where water cooling
used in the cycle of this large power plant is performed by four cooling towers of more than one hundred
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meters in height and under the influence of the free convection transfer phenomenon (Shokouhmand and
Hesami, 1993; Levy, 1971; Anand et al., 1992; Bejan and Sciubba, 1992).

The application of heat transfer principles is of high importance in designing specific engineering equipment
and the application of heat transfer principles is aimed at heat transfer in designing and achieving the goal of
production development for economic profitability. In reality, recognizing the type of converter based on the
fluids it passes through has an important role in designing and calculating heat converters economically.
Many researches have been done on increased heat transfer, but most of the work done is experimental in
nature because of the complex nature of the flow structure created. In this chapter, previous works in
different fields will be described separately (Morrone et al., 1997; Onur and Aktas, 1998).

In 2004, Das and Dalal (Fu and Huang, 2006) investigated a numerical study of slow free convection in a
sloped enclosure with three flat walls and a wavy vertical wall. The operating fluid in this research was air.
The variable parameters in their study included Rayleigh number, enclosure's placement angle, change in
amplitude to wavelength ratio and change in the number of wavy wall waves from one to three waves. The
boundary conditions were in the form of three walls (including a vertical wavy wall) at a fixed cold
temperature and an upper wall temperature of a sine function. The findings of their work can be stated as
follows:

In all types of wavy plates (plates including one, two and three waves), the maximum mean Nusselt value is
at a 300-degree angle.

In small Rayleigh, the mean Nusselt value can be increased by increasing the amplitude.

In large Rayleigh, increasing the sine wave amplitude causes the mean Nusselt value to fall.

As the wave amplitude increases, the heat transfer in the three-wave wall decreases relative to the one- and
two-wave wall. In 2006, Ajlut et al. (2002) performed a numerical study of free convection on an enclosure
with a wavy wall. The vertical wavy, the opposite wall and the adiabatic vertical walls formed their boundary
conditions at fixed hot temperature and fixed cold temperatures respectively. The operating fluid in this study
was air and the studies performed in the range of Rayleigh number ranging from 19 to 10!2. The findings
revealed that in contrast to the smooth flow of the enclosure, the presence of a wavy wall increases the local
Nusselt value at all angles of the chamber as well as at all Rayleigh numbers under the influence of the hot
wavy wall. Besides, a linear relationship was noted between the local Nusselt number and the Rayleigh
number. The angle at which the lowest local Nusselt number was seen was reported to be 144 degrees.

The study of free convection heat transfer method is of great importance in many industrial fields and natural
processes. Free convection in many cases where heat transfer is not feasible in any other way, restricts heat
transfer. Under such circumstances, it is key to increase the heat transfer rate by free convection method to
increase the safety factor. The free convection heat transfer process over vertical plates is observed in
industrial applications. One of the most important areas where free convection heat transfer occurs from over
the plates is the electronic boards inside the computer parts.

The heat dissipated from such electronic circuits has a great impact on their performance. In other
applications where the heated plates are smooth, it is necessary to raise the heat dissipation rate to reach the
intended temperature level. A common way for this is to add vanes to the plates to increase the heat transfer
rate. Included in the heat transfer process by free convection is the condenser of home refrigerators. In such
systems, the condenser pipes can be modeled as an uneven vertical plate onto which heat is transferred via
free convection.

In many cases, the heat converting plate stands against another plate where heat transfer occurs in one
channel.

In these cases, the front panel will have a great impact on the heat transfer rate from the main plate, and the
distance between the two plates increases or decreases the heat transfer rate from the main plate. In this
study, attempts were made to investigate the free convection heat transfer from over a vane in the vicinity of
adiabatic plates.
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Materials and Methods

Problem geometry

To model the problem, a two-dimensional problem schema is considered as an element of the above
converters.

For a reference mode, a mode introduced by Mr. Sedaghat et al. (2015) and studied in the laboratory is taken
into account. The 3D scheme of the problem and the effective parameters are seen in Figure 1:

Vertical
Adiabatic Plate

Pipe (Ts)

Horizontal
Adiabhafic Plate

Figure 1: Three-dimensional scheme of a pipe near two adiabatic walls

According to Figure 1:

S: Distance of the cylinder from the vertical wall

L: Distance of the cylinder from the horizontal wall

D: Diameter of the cylinder

TS: Temperature of the outer surface of the cylinder

W: The length of horizontal and vertical walls

The calculation range for this project is a square of 1320 mm in diameter. A cylinder with a diameter of 80
mm is positioned in the lower left corner at a distance of 40 mm from the vertical wall and also at a distance
of 80 mm from the horizontal wall. These conditions are in line with the S/D = % and L/D = 1 state, tested
experimentally in the article (Aounallah et al., 2006) with the relevant results reported.

Boundary conditions

Boundary conditions are summarized in Table 1.

Table 1: Boundary conditions of the problem

Boundary condition name Conditions imposed
Cylinder It has an outer surface temperature of 13 ° C
Vertical side wall Adiabatic
Horizontal side wall Adiabatic
Far vertical and horizontal walls Pressure outlet

Network production
Producing a proper grid is one of the most important parts of a numerical solution, as an unsuitable network
is associated with divergence of the solution trend and even a wrong answer. As known, to mesh this range,
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we first select each individual edge and network it, so that the areas of greater computational importance
yield a finer networking. To have a proper focus and to create a proper connection among the mesh of these
small volumes, an unorganized mesh designed for this purpose is used. For a higher computational accuracy,
approximately the number of 7,500 to 8,500 meshes is used for the entire computational range. This change in
the number of networks is due to the change in volume in different stages of the research. This is while that
for larger volumes, the number of networks increases also. Because of the complexity of the flow near the
obstacles, a finer network is used.

Numerical solution of governing equations

After defining the geometry of the problem and its networking by Gambit 2.3.16 software, the numerical
solution of equations governing the problem in the computational range was addressed by ANSYS-Fluent 17
software via the finite volume method. After defining the boundary conditions and selecting the air (=Pr =
0.71) of fixed properties as the operating fluid, (Sedaghat et al., 2015) the solvent is implicitly selected on the
basis of pressure and steady flow.

The discretization of convection and energy terms due to higher accuracy is performed using the second-order
method, and the SIMPLEC algorithm is used to make velocity and pressure be attached. Laminar model was
used for the laminar flow range.

Governing equations

As noted, because of the low velocity of the fluid flow and the nature of the free convection, the flow occurs
slowly. Since the velocity is slow the Mach number is lower, air is considered as an incompressible fluid with
fixed physical properties. The flow is assumed to have been two-dimensional, stable and without loss of
viscosity. The equations governing this flow, including mass conservation and the magnitude of motion and
energy (Levy, 1971; Onur and Aktas, 1998; Turk and Junkhan, 1986), are stated as follows:

Mass conservation equation:

du du b
Fraiy

»

Momentum equation:

du - ou T—T.)+ d%u
“ax Y dy 9k il dy? @

Energy equation

oT  oT _ 0°T
“ox "ay B “ayz
(3)

Where v and a represent the kinematic viscosity and the heat dissipation coefficient of air, respectively.
Because the governing equations are elliptical in spatial coordinates, a boundary condition is required for all
the borders of the computational range.

The heat transfer coefficient is defined using Newton's Convective heat transfer as follows:
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h=% -QAT
(4)

Where Q is the amount of heat transferred and A is the surface area onto which the heat is transferred in a
convective way, AT is the discrepancy between the surface temperature and the temperature of the fluid flow.
The Nusselt number is a dimensionless number which, in heat transfer, indicates the ratio of heat transferred
through convection to heat transferred through conduction at the system's boundary and is stated as follows:

(5)

Independence of the solution depends on the number of elements

To achieve acceptable results, we need to first investigate the networking independence. By networking
independence, it is meant that no significant change is made in the answer as the number of elements rises.
To do this, we first guess an initial network with a relatively small number of elements. Then, by reducing the
distance between the elements and comparing the answers, we will perform the best networking by trial and
error.

Initial networking starts at a distance of 30 mm from the input wall and it is networked based on the initial
Ansys-Mesh presumption. As well, the total number of elements is 118. However, as the appearance of the
mesh shows, no acceptable results will be made using this mesh. Therefore, we increase the number of points
to yield a better networking.

In the next stage, we solve the flow field and compare the results with the results from the testing. This
networking is not acceptable because of the substantial differences. Therefore, we make the networking finer
and in addition, we use several finer layers of square elements near the wall and to better simulate the
boundary layer. To reduce the computational cost and to avoid increasing the rounding error, triangular
networking is outside the boundary layer. As the elements become finer and at the same time the number of
layers of square elements increases with then the answers being compared, finally the vertical and horizontal
adiabatic walls are divided into 150 parts with a factor of 419 and the cylinder is also divided into 100 parts.
Also, 12 swelling layers with an initial thickness of 1 mm and a growth factor of 1.1 are responsible for
simulating the created boundary layer. This part is divided by a square mesh. Thus, 6331 nodes and 7431
elements with 12 swelling layers are formed. After the flow field is solved, an acceptable answer is obtained.
To better reveal the number of layers and the shape of the elements, a close-rage view of this networking is
illustrated in Figure 2. By making the elements finer and increasing the number to 9756, no noticeable
change is seen in the answer. Therefore, to reduce the computational cost, the number of elements 7431
seems reasonable.
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Figure 2: Final meshing

Finally, the effect of the number of elements on the results and the temperature meter in the cylindrical
range are also illustrated in Figure 3. As shown no change was seen in the results for elements greater than
8000. Therefore, to reduce the computation time, this number of elements is used for different geometries.
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Figure 3: Temperature meter in the cylindrical range

Validating the code used

Considering the fact that the geometry of the problem is the same as the model used by Sedaghat et al. to
validate the code in the slow flow, the results were compared with the reported results for inside-enclosure
flow.

As reported in the article, the Nusselt number around the cylinder is 12.618. Calculating the weight average
of the Nusselt number of the cylinder in this simulation is12.923. By comparing these two numbers as well as
the temperature and flow function meters, it becomes clear that the obtained results enjoy an acceptable
accuracy.

Results

Investigating the optimal position of the vanes/blades
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After the optimal shape and size were obtained from the introduced models, it is time to determine the
optimal position of the vane. Thus, the initial position of the vane, placed in the right corner of the cylinder, is
rotated by 30 degrees, and after the flow field solution is networked, the mean Nusselt number is calculated.
This process is repeated until the blade reaches its original position. In other words, it is rotated 360 degrees.
Then, the optimal position of the vane is obtained. In this section, to save time, only the velocity vectors and
the Nusselt number diagram for each mode are illustrated.

In this step, we rotate the vane by 30 degrees in a positive trigonometric direction (anti-clockwise). After the
flow field is solved, the velocity vectors can be observed in Figure 4a.

The rotation of the placed vane changes the flow structuring around the cylinder and increases turbulence.
Due to the presence of a vane on the right wing of the cylinder, the current turbulence increases and as a
result the Nusselt number rises also (Figure 5a).

By investigating the results obtained from numerical modeling and comparing them with the unobstructed
state, one can conclude that by placing the vane in a triangular form at a 30-degree angle to the horizon, the
mean Nusselt number rose to 0.133 after 0.96%.

Then we rotate the same vane again by 30 degrees in a positive trigonometric direction (anti-clockwise) so
that the vane will be at a 60-degree angle to the horizon. After the flow field is solved, the velocity vectors in
Figure 4 can be seen.

The rotation of the placed vane changes the flow structuring around the cylinder and increases turbulence.
Because of the presence of a vane on the right wing of the cylinder, the current turbulence increases and as a
result the Nusselt number also rises (Figure 5 b).

By investigating the results obtained from numerical modeling and comparing them with the unobstructed
state, one can conclude that by placing the vane in a triangular form at a 60-degree angle to the horizon, the
mean Nusselt number rose to 13.033 after a rise of 0.85%.

In the next step, we rotate the same vane again by 30 degrees in a positive trigonometric direction (anti-
clockwise). Thus, the vane will be at an 120-degree angle to the horizon. After the flow field was solved, the
velocity vectors are seen in figure 4c. The rotation of the placed vane changes the flow structuring around the
cylinder and increases turbulence. Because of the presence of the vane on the wing of the cylinder, the current
turbulence increases and as a result, the Nusselt number also rises (Figure 5 c).

By investigating the results obtained from numerical modeling and comparing them with the unobstructed
state, one can conclude that by placing the blade in a triangular shape at a 120-degree angle to the horizon,
the mean Nusselt number rose to 1.484 after 1.244%.

In the next step, we rotate the same vane again by 30 degrees in a positive trigonometric direction (anti-
clockwise). Thus, the vane will be at an angle of 150 degrees to the horizon. After the flow field was solved,
the velocity vectors can be seen in figure 4d. As seen, the rotation of the placed vane changes the flow
structuring around the cylinder and causes the turbulence to rise. Because of the presence of the vane on the
wing of the cylinder, the current turbulence increases and as a result, the Nusselt number also rises (Figure
5d).

By investigating the results obtained from numerical modeling and comparing them with the vane-less state,
one can conclude that by placing the vane in a triangular shape at an angle of 150 degrees to the horizon, the
mean Nusselt number increases to 13,044 after 1.11.

By investigating the results obtained from numerical modeling and comparing them with the vane-less state,
one can conclude that by placing the vane in a triangular shape at a 180-degree angle to the horizon, the
mean Nusselt number increases to 13.0638 after 1.0897 percent.

In the next step, we rotate the same vane again by 30 degrees in a positive trigonometric direction (anti-
clockwise). Thus, the vane will be at an angle of 120 degrees to the horizon. After the flow field is solved, the
velocity vectors can be seen in figure 4e. The rotation of the placed blade changes the flow structuring around
the cylinder and causes the turbulence to rise. Because of the presence of the vane on the wing of the cylinder,
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the turbulence of the current rises and as a result, the Nusselt number also rises (Figure 5e). By investigating
the results obtained from numerical modeling and comparing them with the vane-less state, one can conclude
that by placing the vane in a triangular shape at an angle of 210 degrees to the horizon, the mean Nusselt
number rises to 13.0636 after 1.088%. In the next step, we rotate the same vane again by 30 degrees in a
positive trigonometric direction (anti-clockwise). Thus, the vane will be at an angle of 330 degrees to the
horizon. After the flow field is solved, the velocity vectors are seen in figure 4f. The rotation of the placed
blade changes the flow structuring around the cylinder and increases the turbulence. Because of the presence
of the vane on the wing of the cylinder, the turbulence of the current rises and as a result, the Nusselt
number also rises (Figure 5e).

By investigating the results obtained from numerical modeling and comparing them with the vane-less state,
it is concluded that by placing the blade in triangular shape at an angle of 330 degrees to the horizon, the
mean Nusselt number increases to 13.0859 after 1.02606.
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Figure 4: Velocity vector around the cylinder after the vane is placed
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Figure 5: Changes in the Nusselt number of cylinders

After this step, by increasing the position of the vane by 30 degrees, the same zero-degree position is obtained,
which will not be repeated as discussed in the previous section. To better understand the results, the mean
Nusselt number of each position and its rise compared to the baseline is provided in Table 2.

Table 2: Different positions of the triangular vane angles studied

Angle | Mean Nusselt number Percentafsrzizzze:i}zz :)};Zi\}izifjf number

0 13.135 1.640485955
30 13.012997 0.696409502
60 13.033286 0.853408651
90 13.087747 1.274835564
120 13.083802 1.244308597
150 13.066466 1.11016018
180 13.063825 1.089723748
210 13.063603 1.088005881
240 13.062094 1.076329026
270 13.066729 1.112195311
300 13.066082 1.107188733
330 13.085909 1.260612861
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Also, the percentage of change to the mean Nusselt number in terms of a function of the position of the
triangular vane around the cylinder is plotted in Figure 6

difference

perce

0 50 100 150 200 250 300

degree

Figure 6: Percentage of the mean Nusselt number variation as a function of the triangular vane angle around
the cylinder

Investigating Table 2 and Figure 6, it becomes clear that the vane in the zero-degree position will have the
highest efficiency and can improve the heat transfer performance of the cylinder by 1.64%. It also descends to
the lowest efficiency at an angle of 30 degrees, and in this position, we see only a 0.7% rise in free convection
heat transfer.

Conclusion

In the present study, we studied the free convection heat transfer around the cold cylinder near two adiabatic
walls. The results from modeling the studied geometry were found to be in good agreement with the
experimental results, indicating the accuracy of the modeling.

In this study, in order to optimize the free convection heat transfer around the cylinder, vanes were installed
around the cylinder to improve the heat transfer process. The geometry (shape and size) of these vanes and
their position are the items investigated in this study. For this, first three geometric shapes with low
manufacturing costs were considered to play the role of the vane. Then each of them was examined in two
different sizes, small and large, in the right corner of the cylinder. Of course, in order to find the optimal
state, we must consider an increased mean Nusselt number, which is a criterion for evaluating the
performance of free convection heat transfer. Therefore, the model with most percentage in heat transfer was
considered as the optimal mode. After the best shape and size of the vane was found in a fixed place next to
the cylinder, the position of the vane was examined. Thus, the blade was rotated 30 degrees in a positive
trigonometric direction each time (anti-clockwise) to reach its original position. For each of these 12 possible
states, the mean Nusselt number was calculated and reported in the corresponding diagram. This again
showed the best position with the highest increase in the free convection heat transfer compared to the
baseline state. The general results obtained in this study are as follows:

1- The geometry of the studied vanes are: triangle, rectangle and quasi-rectangle. It should be noted that each
of these shapes is modeled in different dimensions.
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2- The small triangular obstacle creates the largest increase in the mean Nusselt number. Then there are

large triangular vanes and small square blades.

3- Large rectangular vane is least improved in heat transfer performance compared to other vanes.
4- The best place for the vane is between -0.3 to +0.3 degrees (to the right of the cylinder).
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