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Abstract: One of the most crucial tools for the process of 

transforming solar energy into thermal energy is a solar air heater. 

Thanks to its low cost and ease of installation, solar air heaters 

have quickly become one of the most popular and widely used 

methods of harvesting solar energy. Low convective heat transfer 

coefficient values between the absorber plate and the air 

significantly reduce the solar air heater's thermal efficiency. This 

is because absorber plates are used in solar air heaters. As a 

consequence, the absorber plate heats up, releasing a great deal of 

thermal energy into the surrounding space. This article presents 

the findings of a study that used computational fluid dynamics to 

investigate how heat is transferred in a solar air heater. The work 

for this project was done by the author (CFD). Researchers are 

now investigating the impact of the Re on the Nu. Commercial 

software known as ANSYS FLUENT 20 may be used to analyse 

and visualise the flow that happens across the duct of a solar air 

heater. This programme falls under the category of finite volume 

software. Using the programme helps get the job done.  
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I. INTRODUCTION 

Solar air heaters are an essential piece of technology for 

properly converting solar energy into thermal energy. Solar air 
heaters have rapidly become one of the most popular and 
extensively used techniques of gathering solar energy due to 
the fact that they can be installed with relative simplicity and 
at a reasonable cost. The most common applications for solar 
air heaters are the heating of indoor spaces, the drying and 
curing of manufactured goods, and the seasoning of lumber; 
however, these heaters can also be put to use for drying and 
curing the concrete and clay components that are used in the 
construction of buildings. The typical components of a 
traditional solar air heater are an air flow between the absorber 
plate and the rear plate, insulation below the rear plate, a 
transparent cover on the exposed side, and a solid rear plate. 
In addition, the rear plate must be solid. Solar air heaters are 
perfect for folks who want to cut down on the amount of work 
they have to put in around the home as a result of its 
uncomplicated design that needs no maintenance. The 
absorber plate and the surrounding air both have a heat transfer 
coefficient that is very low, which is one of the factors that 
contributes to the overall inefficiency of the device. As a result 
of this property, the surfaces that are facing in the direction of 
the air current have atendency to take on a textured appearance 
[1-13]. 
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In the beginning, Joule [14] introduced the idea of artificial 
roughness with the intention of enhancing the heat transfer 
coefficients for steam condensation in tubes. Since that time, 
a number of laboratory investigations have been carried out in 
order to learn more about the advantages of utilising artificial 
roughness in a variety of applications. Some examples of these 
applications include the cooling of gas turbines, electronic 
equipment, nuclear reactors, and compact heat exchangers. 
The creation of the first flow model is credited to Nunner [15] 
according to the majority of sources. He contrasted the two in 
order to investigate the relationship between the Prandtl 
number and the temperature profile of the flow in a smooth 
tube. Because of this, Nunner's method was considered to be 
groundbreaking. According to the suggested flow model, 
roughness lowers the thermal resistance of the wall zone 
where turbulence predominates, but it has very little to no 
impact in the region where viscosity predominates. This result 
is something that the model anticipates will take place. In 
order to provide a quantitative explanation for the rationale, 
the Prandtl analogy was used, with (f/fs)Pr serving as a stand-
in for Pr. According to this model's projections, the value of 
St/Sts will decrease whenever the Prandtl number increases. 
In addition, the suggested flow model is predicated on the idea 
that there is a consistent connection between St and Sts in all 
of the different forms of roughness. Nikuradse [16] was the 
first person to do the calculation that determined the friction 
correlation for flow over sand-grain roughness. Nikuradse was 
able to articulate their results on the pressure drop by using R, 
which stands for the roughness function, and e+, which is the 
roughness Re. This presentation was built using the idea of 
wall similarity, which served as its foundation. They were able 
to identify a stunning relationship between the two sets of data 
by creating a heat-momentum transfer analogy relation for 
flow in a sand-grain roughened tube. This allowed them to 
discover the connection. This helped to shed light on how the 
two different data sets were related to one another. Both 
Dipprey and Sabersky [17] who were close to one another, 
forged this connection. Any roughness may be accommodated 
by the approach suggested by Dipprey and Sabersky as long 
as the requirement of wall similarity is fulfilled. Prasad and 
Mullick [18] proposed the idea that the amount of water that 
could be dried using solar energy could be increased by adding 
artificial roughness to the bottom of an absorber panel in the 
form of wire with a very small diameter. This would allow for 
the drying of a greater quantity of water. Several experimental 
studies of solar air heaters have been carried out in order to 
locate the geometrical configuration of roughness element that 
yields the best results. In these investigations, several 
roughness components of diverse forms, sizes, and 
orientations with regard to flow direction have been 
considered. Researchers have used roughness components of 
varied sizes, geometries, and orientations with regard to flow 
direction in their studies [19-50]. The use of CFD was used by 
Chaube et al [51]. to explore the impact that roughening had 
on heat transfer and fluid flow inside a solar air heater.  
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Kumar and Saini [52] used computational fluid dynamics 
to study the fluid flow and heat transfer characteristics of a 
solar air heater with an arc-shaped artificial roughness. Their 
research was published in the journal Solar Energy. The 
absorber plate was then given the artificial roughness to finish 
it off. Karmare and Tikekar [10] used computational fluid 
dynamics in order to analyse the flow and heat transfer in a 
solar air heater duct with metal grit ribs as the roughness 
features on the absorber plate. This was done so that they 
could find out more about the system (CFD). Yadav and 
Bhagoria [39] performed a computational examination of the 
heat transfer behaviour of a rectangular duct in a solar air 
heater. The absorber plate had a roughness in the shape of a 
triangle rib, and the duct was rectangular. The purpose of this 
project was to simplify the process of analysing the impacts of 
heat transfer in a laboratory setting. Computational fluid 
dynamics was used by Yadav and Bhagoria [12] in order to 
model the fluid movement and heat transfer that occurs inside 
a conventional solar air heater (CFD). The end result was a 
numerical prediction that was accurate. We were able to 
analyse the flow along the duct of a standard solar air heater 
by making use of a finite volume tool called ANSYS 
FLUENT 12.1 that is available for purchase on the 
commercial market. The findings of a thorough literature 
review of artificially roughened solar air heaters that was 
carried out by Yadav and Bhagoria [53] and analysed the 
outcomes of several computational fluid dynamics (CFD) 
studies were made available to the general audience [54-60]. 
As part of this investigation, attempts will be made to improve 
the model that is now used to predict the flow of air inside 
solar air heaters. A near-wall function for TKE is presently 
being developed, and its incorporation into the computational 
fluid dynamics system Fluent is expected to take place within 
the next few weeks. In order to discretize the governing 
equations, both the second order upwind approach and the 
SIMPLE algorithm were used. The following set of 
mathematical equations, which regulate fluid flow, heat 
transfer, and related processes, may be solved with the help of 
the FLUENT programme, which can be used to get the 
appropriate answers. 

II. CFD MODELING AND ANALYSIS 

The primary objective of computational fluid dynamics is 
the numerical calculation of the flow field (CFD). This is 
accomplished, in the case of fluid flows, by first getting a 
numerical solution to the governing equation, and then 
propagating that solution either in time or space. This equation 
may be used to model non-ideal and reactive fluid behaviour, 
in addition to steady and unsteady flows, compressible and 
incompressible flows, viscous and incompressible flows, and 
so on and so forth. It is possible to use it to simulate flows that 
are either constant or variable. The specific format that is used 
will be different from one academic field or subject to another. 
Processing time, the difficulty of the flow mechanics, and the 
complexity of the geometry are now utilised as criteria to 
determine what constitutes the state of the art in a particular 
field of research. The computational domain that was used for 
the CFD investigation may be shown in Figure 1. This domain 
had dimensions of 461 millimetres in length, 100 millimetres 
in width, and 20 millimetres in height. The computational 
domain for this investigation is a two-dimensional model of a 
solar air heater that has been purposefully roughened in order 
to simulate real-world conditions. 

 

 

Figure: 1  2-D computational domain 

After the computational domain has been selected, the 
construction of the non-uniform mesh may begin. In order to 
resolve the turbulent boundary layer, which is relatively thin 
in comparison to the height of the flow field, it is best to have 
more cells near the plate while designing this mesh. This is 
because the turbulent boundary layer is narrow. This is due to 
the fact that the plate is to blame for the generation of the 
turbulent boundary layer. The very turbulent boundary layer 
at such a low thickness is the cause of this phenomenon. After 
the mesh was produced, the boundary conditions were decided 
upon and stated. The first thing that has to be established is 
that the point of entrance will be located on the left side of the 
duct, and the point of exit will be located on the right side of 
the duct. The solar plate, the outflow length, and the intake 
length all act as restraints on the structure where they meet at 
the base. The peak is perilously situated on the very edge of 
the precipice. When speaking about a rectangular duct that 
only exists in two dimensions, the term "turbulator wall" is 
used to refer to all of the interior sides that comprise the duct 
as a whole. The application is helpful in bringing together the 
many components of the domain that were previously distinct. 
ICEM CFD 12.1, which was developed by ANSYS. In order 
for low-Reynolds-number turbulence models to be used, very 
fine grids will need to be constructed. Each cell in the original 
non-uniform quadrilateral mesh was 0.19 millimetres in size, 
and there were a total of 107,121 distinct quadrilateral cells in 
the mesh. It is not necessary to have a scale of this magnitude 
in order to resolve the laminar sublayer. During the course of 
the five steps that comprised the process of getting ready for 
the grid independence test, the total number of cells increased 
from 107,121 to 207,411. It has been shown that after the 
number of cells exceeds 161,568 cells, the value of either the 
Nu or the friction factor changes by less than one percent. The 
self-sufficiency of the grid may be measured in respect to 
these figures. In order to duplicate the results of a previous 
experiment, a large number of low Re turbulence models are 
used. The Standard k-model, the Renormalization-group k-
model, the Realizable k-model, and the Shear stress transport 
k-model are some examples of these types of models. The 
results of the numerous experiments as well as the conclusions 
drawn from the various models are compared and contrasted 
here. As a consequence of the fact that the RNG k- model's 
predictions were more in line with the outcomes of the 
experiment when it was carried out in its intended manner, this 
option was chosen as the superior choice. Because of the 
limited space available for operation, it is likely that air, which 
is not subject to compression, is being used as the working 
fluid. The Re was used in the process of determining the flow's 
average entrance velocity so that we could compute it.  
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Although the velocity boundary condition is compatible 
with the entry and might be used instead, the outflow 
boundary condition is the one that is preferred. In order to 
discretize the governing equations, both the second order 
upwind approach and the SIMPLE algorithm were used. The 
following set of mathematical equations, which regulate fluid 
flow, heat transfer, and related processes, may be solved with 
the help of the FLUENT programme, which can be used to get 
the appropriate answers. 

III. RESULTS AND DISCUSSION  

The relationship between the Re and the average Nu is 
seen in Figure 2. This effect is shown by varying amounts of 
relative roughness height (e/D), while maintaining the same 
roughness pitch (P). A higher average Nu, which is a measure 
of turbulence intensity, is the result of an increase in the kinetic 
energy of turbulence as well as the pace at which it dissipates. 
It's possible that the progression might be explained by the fact 
that the Nu rises with the Re. 

  

 
Figure: 2 Nu vs Re 

There is a correlation between the Re and the difference in 
temperature that exists between the roughened and smooth 
ducts, and this temperature differential widens as the Re 
increases. If the roughness pitch is maintained fixed, then an 
increase in the ratio of the relative roughness height (e/d) will 
lead to a higher Nu. This is true even if the relative roughness 
height is decreased (P). This is due to the fact that the rib's heat 
transfer coefficient is highest at the following edge of a 
circular wire rib and lowest at the leading edge of the rib. 
When the relative roughness height was high, conditions that 
led to the formation of strong secondary flows included an 
increase in the frequency with which free shear layers 
reattached to one another. At a Re of 200000, a roughened duct 
with a relative roughness height of 0.06 may achieve a 
maximum Nu of 145. This is the greatest number that can be 
achieved. The roughened duct that has an e/d ratio of 0.021 
generates the lowest Nu when the Re is 4000. It was 
demonstrated that with a relative roughness height of 0.06, the 
average Nu was amplified to its greatest extent at a Re 2.97 
times greater than that of a smooth duct. This was the case 
because the Re is a measure of the resistance of the fluid 
moving through the duct. The evidence presented showed that 
this was really the situation. 

Observing and analysing the contour plot of turbulence 
kinetic energy might help improve one's comprehension of the 
process that underlies the transfer of heat. A contour map 
displaying the observed turbulence may be seen in Figure 3, 
as is appropriate given the context of the figure. The flow field 
is rather turbulent between the rib and the wall, but between 
neighbouring ribs that are near to the main flow, there is a lot 
of turbulence. Therefore, there is a substantial association 
between the severity of the turbulence and an expanded ability 
to transmit heat. 

 

 

 

Figure: 3 Contour plot of Turbulence Intensity 

IV.  CONCLUSION  

We examined the movement of fluid and the transmission 
of heat in a rectangular duct of a solar air heater that had a 
roughened wall composed of circular transverse wire ribs. 
This wall was designed to provide a textured surface. This 
objective was fulfilled with the assistance of a computational 
fluid dynamics (CFD) research that consisted of just two 
dimensions. Both the heat transfer coefficient and the friction 
factor have been the subject of research that investigates what 
happens when the Re and relative roughness pitch are 
changed. The predictions made by this numerical model were 

validated by comparing them to experimental data collected 
under flow circumstances that were comparable to those 
expected by the model. Computational fluid dynamics 
analyses were carried out on a flow with a Re ranging from 
40000 to 20,000, and the results were discussed. 

To begin, the CFD analysis that was utilised in this 
research may be believed since the findings that were 
predicted by the Renormalization-group (RNG) k- turbulence 
model are compatible with the data.  
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This shows that the model is accurate. This result was 
highlighted in the most recent issue of the Journal of 
Computational and Fluid Dynamics (CFD). In addition to 
demonstrating that the RNG k- turbulence model is valid for 
usage in smooth ducts, we carried out a grid independence test 
in order to investigate the variance that was brought about by 
using a more extensive grid size. Second, when the Re 
increases, the average Nu increases as well. When the Re is 
larger than 200,000 and the relative roughness height is 0.06, 
the average Nu that may be determined is 145. When 
compared to a duct that is fully smooth, a rough duct results in 
an increase in the average Nu of 2.97 times for a roughness 
height of 0.06. 
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