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This paper's numerical study, which applies the finite volume approach and
SIMPLE algorithm, aims to dynamically analyze airflow through a channel with
Z-obstacles. Three distinct models were used to place the Z-barriers inside the
channel. According to Demartini et al.'s model (2004) and as depicted in exam-
ple A from the present analysis, the first Z-barrier (fin) is attached to the top wall
(heated) and the second (baffle) to the bottom wall (insulated). The Z-barriers, on
the other hand, were positioned in the second model on the same wall (in-line ar-
rangement), either on the top surface (two fins in example B) or on the bottom
wall (two baffles in example C). With the help of these studies, fluid dynamics in
solar air collectors with barriers will be better understood and designed.
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Introduction

The effectiveness of a solar thermal receiver's channels determines how well it per-
forms overall. One of the most popular techniques when dealing with fluids that have weak
physical properties, such as air, water, etc., is channel structure optimization. Access to the
use of obstacles, such as baffles, fins and ribs, is one of the best ways to improve the heat
structure by enhancing the flow distribution inside the duct [1-5]. Some of the flows in finned,
baffled, and/or ribbed channels under various situations are shown in tab. 1. The indicated
technique leads to lengthening the flow path, enhancing turbulence, creating strong recircula-
tion regions, and increasing the heat transfer area, which leads to a good improvement in
thermal performance [6-10].
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Table 1. Fluid-flows around baffled, finned and/or ribbed surfaces
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In this study, three different channel models (A, B, and C) fitted with z-obstacles are
taken into consideration. The heated upper and insulated lower wall-mounted staggered ob-
stacles are taken into account by the first model (A). For the second model (B), hot upper
wall-attached in-line fins are proposed and for the third model (C), insulated lower wall-
positioned in-line baffles are detailed. The Reynolds number is in the 10000-30000 range.
The streamlines, dynamic pressure, mean, axial, and transverse velocities, as well as turbulent
kinetic energy, are obtained as contour plots. This work advances the design and understand-
ing of fluid dynamics in solar air collectors with obstacles.
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0.01m Modelling and simulation

This research investigates air-flows

45> 2 around rectangular z-barriers (obstacles) in a

0.08 m £ rectangular channel. Figure 1 depicts the

o 004m %™ schematic diagram of the new obstacle,

2 RO 2 complete with all of its measurements.
Wall of the channel In this investigation, the z-barriers
Figure 1. The z-obstacle schematic diagram were positioned inside the channel using

three different models. According to Demar-
tini et al.'s model [11] and as depicted in Case A from the current investigation in fig. 2(a),
the first z-barrier (fin) is attached to the top wall (hot) and the second (baffle) to the bottom
wall (insulated). The z-barriers were arranged on the same wall (in-line arrangement) in the
second model, either on the top surface (two fins in case B) in fig. 2(b) or on the bottom wall
(two baffles in case C) as illustrated in fig. 2(c).
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Figure 2. Various situations of the z-obstacles inside the channels;
(a) Case (A) — channel with upper and lower z-obstacles,

(b) Case (B) — channel with upper z-obstacles, and

(c) Case (C) — channel with lower z-obstacles

The following criteria are satisfied in every scenario that is planned:
— A 2-D aspect of an incompressible Newtonian fluid flow (air) with a specified Reynolds
number ranging from 10000 to 30000.
— The hydraulic boundary condition at the channel's inlet is a uniform 1-D velocity (U;,)
[11]. At this same section, the temperature of air was set at 300 K.
— The channel's upper wall is subjected to a thermal boundary condition that applied a con-
stant temperature of 375 K [12], with the opposite wall being thermally insulated [13].



Afif, B., et al.: Comparative Analysis of Solar Air Channels, z-Shaped ...
S204 THERMAL SCIENCE: Year 2022, Vol. 26, Special Issue 1, pp. S201-S210

— At the channel's exit, the pressure is equal to atmospheric pressure [11].

The continuity, momentum, and energy equations, which govern the simulation of
convective air in the specified computational domain, can be expressed using the following
common form [14]:

0 0 0 op| 0 op
aX(puyo)+ay(pvw) ax{r‘*’ax}ay{rg"ay}% (1)
where u, v, k, ¢ and T are the dependent variables represented by ¢, u and v — the velocity
components, k and & — the turbulent kinetic energy and its dissipation ratio, respectively, and
I', and S, — the turbulent diffusion coefficient and source term, respectively. The remaining
details can be found in Yang and Hwang's numerical analysis [14].

The mesh is non-uniform, and 2-D. All solid limits are where the mesh is refined.
For this analysis, the finite volume method, the SIMPLE algorithm, the Second-order upwind
and QUICK scheme, the standard k-& model, and the FLUENT software are used to model the
convective turbulent air-flow [15-17]. Finally, many of our previous research [2-5] demon-
strated the validity of the model by comparing with the data of Demartini et al. [11] in the
presence of the same geometrical conditions and flow characteristics.

Findings and discussions

The dynamic pressure, P, fields' contour plots are displayed in fig. 3. For the lowest
Reynolds number values and in each of the cases under study, the P values are extremely low
throughout the whole channel. In the first Case of A, P values increase as the Reynolds num-
ber values increase from 10000 to 30000. This enhancement may be seen on the upper front
sharp edge of the z-fin (first obstacle) and the upper left side of the z-baffle (second obstacle).
On the back of the baffle, close to the hot top surface of the channel, the P values are extreme-
ly high. The P values are low on the back of both obstacles towards their right sides, on the
left side of the fin, and on the lower front side of the baffle. A decrease in dynamic pressure
on the entire top part of the channel is brought on in the B second scenario by the presence of
impediments (two fins) on the heated upper wall. The gaps between each fin's tip and the
insulated bottom surface allow the P values to increase. Particularly for the highest Reynolds
number value, there are excellent P values close to the lower wall of the channel between the
two barriers, however, the P values are ignored for the smallest Reynolds number value. In
the C third instance, which is the opposite of the B second case, the obstacles (two baffles) are
fixed to the insulated bottom wall of the channel, with very high P values on the hot end of
the channel near to their upper sides and very low values on their left and right sides.

The streamlines for multiple channel models, including A, B, and C, and various
Reynolds number values, including Re = 10000 and 30000, are plotted in fig. 4. A complicat-
ed construction with lines that are distorted by the presence of impediments. At the channel's
opening, there are parallel and orderly lines. Close to the fin, these lines are distorted. A small
cell is created next to the fin's left side as a result of the current being cut off from the chan-
nel's heated top wall in the front of this same obstacle. As a result of a decline in pressure
levels in this area, this cell is a secondary stream running in the opposite direction. After pass-
ing through the front of the fin, the main stream diverges into the first space between the up-
per face of this fin and the channel's bottom surface. The current splits into two distinct cur-
rents after experiencing a second separation on the front top sharp edge of this same fin. Due
to low pressure, a very strong cell is generated for recycling in the initial current, which is
reversed and is positioned behind the fin. A recycling small cell is formed on the front side of
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the baffle by the second current, which is straight and runs towards the left side of this same
baffle before diverging at an extremely high speed toward the top section of the channel. The
current separates just above the baffle as well, where a very big second cell forms on its right
side and extends to the channel's terminus. The current lines are parallel and moving at very
high speeds in the upper part of the channel, on the rear side of the baffle. The big recycling
cells are definitely behind the obstructions, as is evident. In the figure, it is depicted that for
the first Case (A) under study, the intensity and length of recycling cells grow as the Reynolds
number values rise.
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Figure 3. Dynamic pressure fields
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Figure 4. Streamlines
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In the case of other models, two extremely powerful recycling cells are situated on
the same portion of the channel; in the case of the B second model, on its upper portion, and
in the case of the C third model, on its lower portion. Large and crammed between the two
obstructions is the first cell. This cell's extension stretches from right side of the first obstacle
to the left side of the second obstacle. Two recycling rings make up the second cell. Directly
behind the second obstacle is the small first ring. Right next to the first ring, where its exten-
sion touches the channel's edge, is the large second ring. Due to the presence of these obstruc-
tions between their top face and the opposite channel wall, the current flows through the two
gaps in horizontal lines. As predicted, the extension, intensity, strength, and size of recycling
cells increase as the Reynolds values increase, enabling the current to flow through the gaps
and in each of the two models under consideration at extremely high speeds.

As a result, in each instance, the channel has very powerful rotating cells on the
back regions of each obstacle with extremely high velocities across the gaps, where this im-
provement increases with Reynolds values. Additionally, the A first model with staggered
obstacles has very high flow velocities because, in contrast to other models, it has large and
sturdy cells that give it a very complex structure.

Figure 5 shows the distribution of mean velocity fields as a function of Reynolds
number. The velocity values vary from region to region and according to the applied Reyn-
olds values, as seen in this figure.

The velocity values are decreasing in the first area at the entry. The first obstacle
(fin) connecting to the hot top wall is to blame for this decrease in velocity. On the upper left
side of the fin, a portion of the fluid circulation has become stagnant. This obstruction causes
the current to flow from the top side of the channel to its bottom side through the opening
between its sharp edge and the lower, insulated wall. High-speed current travels through this
opening in the direction of the second obstacle (baffle) installed on the lower wall. On the left
side of the same baffle, the flow's disruption increases. This obstruction accelerates the cur-
rent to great speeds in the direction of the hot upper region of the channel. From the front
sharp edge of the second obstruction to the channel's exit, which is close to the heated top
surface, the rise in velocity reaches its greatest value. This behavior is for the A first instance
and for Reynolds' great values. The front and rear sides of each obstacles in situations B and
C have low velocity values because there is low pressure in these areas. Particularly between
obstacles, velocity values are high across gaps. Due to the high pressure values brought on by
the existence of these in-line obstructions and the reduction in flow area, particularly for high
Reynolds numbers, this acceleration is the result. A very active turbulent structure with ex-
tremely high flow velocities results from placing the baffles in accordance with the A first
model.

Figure 6 displays the contour plots of axial velocity fields for several channel mod-
els, including the A, B, and C cases, and various Reynolds number values, namely Re =
10000 and 30000. Due to the existence of particularly potent recycling cells in these regions,
the velocity values are quite low close to the left and right sides of the obstacles, especially on
their back surfaces. These cells have negative velocities and are the countercurrents to the
main stream. On the sides of the obstacles, current pressure values decreased, which led to the
formation of these cells. Due to a reduction in the flow surface and high pressure values,
which result in high velocities, there is a first gap between the bottom wall of the channel and
the upper sharp edge of the fin. From the second obstacle's front sharp edge until the channel's
exit through the hot upper section, the velocity values are very high. The dynamics of air fluid
are similarly impacted by changes in Reynolds values. In the back sections of each barrier,
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where very large cells are formed for recycling, there is a clear correlation between the rise in
Reynolds values and the improvement in flow velocity, and this is true for the A first model
under consideration. A sizable zone with extremely high flow velocities spans from the first
front sharp edge to the channel exit in the second and third models (B and C), above the first
and second obstacles. Near the opposing wall, between the right and left sides of the first and
second baffles, respectively, are where the largest velocity values are found. As the Reynolds
values rise, so do the speed values. When contrasting these two models, it can be seen that the
B second model's construction permits the current to be directed toward the thermally insulat-
ed bottom wall, but the C latter model oriented the flow field towards the hot top wall of the
channel and so made heat transfer more probable.
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Figure 5. Mean velocity fields Figure 6. X-velocity fields
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The velocity field's transverse component is seen in fig. 7. The A model offers posi-
tive large velocities on the front upper sharp edge of the baffle as it directs the current in the
direct direction from the bottom of the channel towards its hot upper wall, while there are
negative small velocities on the top left side of the fin as a result of changing the passage of
the current towards the opposite direction, from the hot part of the channel towards its ther-
mally insulated wall. As expected, the velocity values increased with Reynolds values. The B
second model gives the largest velocity values adjacent to the front point of the upper surface
of the first fin and the smallest values next to the left side of the second fin. In the C model,
the initial barrier on the channel's insulated bottom wall modifies the current's direction by
rerouting it at extremely high speeds toward the channel's heated top area, which appears on
the front tip of the same obstacle. Due to the existence of reverse flow cells between the two
baffles, the negative small velocity values are visible on the front side of the second obstacle.
This figure makes it abundantly evident that the first model with staggered obstacles, A, has
much higher velocity values than the second and third models, B and C, which have in-line
barriers. By forming highly strong and large cells for recycling on the rear areas of both the
upper and lower obstacles, this huge improvement in velocity reveals the great deviation of
flow from the initial model.

The turbulent kinetic energy, k, values are very low throughout the various sections
of the channels, as illustrated in fig. 8 (case A), and for the least Reynolds number values.
With modest Reynolds values, its values are slightly higher. This improvement is seen from
the second obstacle's front upper edge to the channel's exit section, which is slightly distant
from its hot top wall. In the case of a wide range of Reynolds numbers, a big zone with high
kinetic energy forms on the back region of the lower obstacle. The recycling cell area includ-
ed between the right and front sides of the first and second obstacles, respectively, has some-
what raised k values in the B second model. Also, for high Reynolds number values, k values
are particularly high close to the channel outlet behind the second obstacle.

The C last model shows the same behavior. It is obvious that the A first model with
staggered barriers is the best and optimal design to give the air fluid a strong turbulent struc-
ture since, as expected, there is a direct proportion between k values and Reynolds number
values.

Conclusion

The following are the key conclusions from this research:

e A complicated structure that has lines that are distorted by obstructions. As the Reynolds
values increase, the extension, intensity, strength, and size of recycling cells increase, ena-
bling the current to flow through the gaps and in each of the three models under study at
extremely high velocities. Compared to other models, the A first model with staggered
barriers has highly strong cells and a very complicated structure, which results in a very
high flow.

e The A first model with staggered z-obstacles has very high flow mean velocities because,
in comparison to other models, it has large and robust cells and a relatively complicated
structure. The z-obstacles are arranged to provide a very active turbulent structure with ex-
tremely high flow x-velocities according to the A first model.

e It is abundantly obvious from this analysis that the y-velocity values are significantly
higher in the first model with staggered z-barriers (case A) than in the second and third
models with in-line barriers (cases B and C). By forming highly strong and large cells for
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recycling on the rear regions of both the upper and lower obstacles, this huge improvement
in y-velocity reveals the great departure of flow from the initial model.

It is evident that the A first model with staggered z-barriers is the best and most ideal con-
figuration to provide the air fluid a robust turbulent structure since, as predicted, there is a
direct correlation between turbulent kinetic energy values and Reynolds number values.
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Figure 7. The Y velocity fields Figure 8. The k energy fields
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