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Abstract— This study examines the method of intentionally 

producing roughness with repeated-ribs, or simply rib 

roughness, on the absorber plate of a solar air heater (SAH). 

Rib roughness might be transverse, circular, triangular, or 

rectangular, among other things. These ribs are thoroughly 

inspected to determine whether there has been any 

advancement in design and, as a result, whether there has 

been any change in results. Many of the elements that can 

influence SAH efficiency have been explored in this article. 

This review focuses on the physics of heat transfer and fluid 

movement along these ribs. Recent advances in SAH 

repeated-rib roughness have been comprehensively 

examined. 
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I. INTRODUCTION 

In physics, energy is the ability to execute the job. It is the 

main force in the world or universe. There are numerous 

sources of energy available, such as mechanical energy, 

electricity, chemicals, radioactivity, and many other forms. 

Radiation energy is one such kind [1, 2]. 

 It is the type of radiant energy that we receive from 

the sun that is known as solar energy. Solar energy is the 

transition of heat or radiant energy that we receive from the 

sun or that the sun provides. It is the most environmentally 

friendly and renewable form of energy that is readily 

available in large quantities. Solar energy has numerous 

advantages, including being a renewable energy source and 

having a minimal maintenance cost. Solar energy is used in a 

variety of applications such as solar water heaters, solar 

thermal power plants, solar cookers, solar pumps, and solar 

electricity generation plants, among others. The gadget Solar 

air heater (SAH), for example, is used to supply warm air for 

both home and industrial purposes and is one of its many 

applications. This warm air is utilized for preheating furnaces 

and dryers, and in the construction industry, it can be used for 

heating interior areas, heating of building walls, and other 

applications. [3-7].  

 Solar Air Heater (SAH) is a device that is frequently 

used because of its simple and economical design, as well as 

its low cost of operation (Fig. 1). This type of air heater 

operates on the principle of solar energy collection and 

storage, rather than electricity generation. Solar air heaters 

trap or capture solar energy emitted from the sun's surface 

through an absorbent surface or plate, and then use that 

energy to heat the air that passes over the surface of the 

collector. Heating up interior spaces, seasoning wood, and 

heating industrial processes are just a few of the applications 

for solar air heaters [8-11]. 

 
Fig. 1: Solar air heater 

 It is difficult to transport heat or thermal energy 

between the absorber layer and the fluid flow in a solar air 

heater because of its low thermal efficiency, which is caused 

by a low convective heat transfer coefficient that develops on 

the absorber surface as a result of the development of a very 

thin layer of laminar viscous sublayer. Overall efficiency of 

Solar air heaters is low as a result, and this may be increased 

by creating or altering the boundary layer that forms on the 

absorber surface. For the alteration of boundary layers, many 

well-known theoretical or experimental techniques for fluid, 

surface, and chemical enhancement have been devised and 

are being tested. On these strategies, a variety of research 

have been carried out, with roughening of the absorber 

surface or the use of fins over the surface being one of the 

most commonly used techniques (Fig. 2). 
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Fig. 2: Various roughness geometry 

 Surface roughness is achieved through various 

natural or artificial methods, such as the creation of ribs or 

grooves over an absorber plate or surface, to improve the 

thermal performance and efficiency of an air heater. Ribs and 

grooves are used to break or split the laminar viscous layer 

that forms at the boundary layer. Gas turbines, nuclear 

reactors, and other similar devices can benefit from artificial 

roughness. Due to flow dissociation and reattachment 

between successive ribs or grooves, the artificial roughness 

enhances the efficiency and heat transfer rate by producing 

wall turbulence (Fig. 3).  

 

 
Fig. 3: Various roughness geometry 

 When using an air heater, you may improve heat 

transfer because of increased frictional factor and increase 

heat transfer coefficient while reducing pressure drop (i.e., 

power penalty). Due to this, several tests and studies into 

different shapes, types, and sizes of ribs and their 

arrangements are being conducted in order to improve the 

overall efficiency of air heaters while reducing friction value 

and power penalty are being carried out. Artificial roughness 

for the boundary layer can be achieved by sand blasting the 

surface, developing grooves, ribs, or wire geometry in the 

surface, and fixing ribs of different shapes, sizes, and 

orientations in the surface according to the flow direction, 

such as circular, rectangular, square, V-shaped ribs, and other 

shapes and sizes. [12-31]. 

 A number of CFD research concerning roughness 

for solar air heaters are being carried out by many scientists 

in order to get an optimum arrangement of roughness element 

geometry. The purpose of this study is to evaluate various 

computational fluid dynamics (CFD) experiments done with 

the purpose of improving heat transfer in solar air heaters. 

II. LITERATURE REVIEW 

Many CFD research concerning roughness for solar air 

heaters are being carried out by many scientists in order to get 

the most optimal configuration of roughness element 

geometry. 
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 Yadav and Bhagoria [32] used computational fluid 

dynamics to estimate fluid flow and heat transmission in a 

typical solar air heater (CFD). The influence of Reynolds 

number on heat transmission and friction factor was studied. 

It has been discovered that when the Reynolds number grows, 

so does the Nusselt number, but the friction factor decreases. 

 Yadav and Bhagoria [33] provided a numerical 

prediction to investigate the heat transfer and flow friction 

characteristics of a rectangular duct from a solar air heater 

with triangular rib roughness on the absorber plate. They 

discovered that the highest value of the Nusselt number 

corresponds to a relative roughness pitch of ten. 

 Heat transmission and fluid flow behavior in a 

rectangular duct of a solar air heater with one roughened wall 

with circular transverse wire rib roughness have been 

investigated using 2-dimensional computational fluid 

dynamics (CFD) simulations by Yadav and Bhagoria [34]. 

On the heat transfer coefficient and friction factor, the 

researchers looked at the effects of the Reynolds number as 

well as the roughness height, roughness pitch, relative 

roughness pitch, and relative roughness height. 

 Yadav and Bhagoria [35] conducted a thorough 

assessment of the literature on the use of CFD in the design 

of solar air heaters A CFD research was carried out in this 

article to determine the optimum turbulence model for the 

construction of a solar air heater. 

 Yadav, et al. [36] presented the fluid flow and heat 

transfer studies using computer fluid dynamics for the 

rectangular duct of a solar air heater (CFD). Circular rib was 

utilized as a feature of roughness. The impact of rib pitch and 

the number of Reynolds on heat transfer coefficient and 

friction factor has been studied. 

 Yadav and Bhagoria [37] performed 2-dimensional 

CFD test for a square-sectional transverse-rib roughened 

solar heater with an absorber plate roughness for four distinct 

rib roughness configurations and six different values of 

number Reynolds ranging from 3800 to 18000.  

 The fluid flow and heat transmission were 

investigated using computational fluid dynamics in a simple 

rectangular conduit of a solar air heater. The impact of 

Reynolds number on the coefficient of heat transfer and 

friction factor was studied [38]. 

 Yadav, et al. [39] discussed on three techniques or 

strategies that may be utilized to address an issue of fluid flow 

and heat transmission in an artificially roughened solar air 

heater, including: With this article, we want to provide a 

comparison of various methods that may be utilized to 

address issues related to fluid flow and heat transmission in 

an artificially roughened solar air heater. 

 The two-dimensional incompressible Navier–

Stokes flows via the artificially roughened solar air heater 

were numerically studied in order to evaluate the flows for 

important Reynolds number ranges ranging from 3800 to 

18,000. Several alternative configurations of an equilateral 

triangular sectioned rib (P/e = 7.14–35.71, and e/d = 0.021-

0.042) were utilized as roughness elements, and the results 

were analyzed using the e/d = 0.021-0.042 method [40]. It 

was determined what the optimal roughness element 

configuration for an artificially roughened solar air heater 

should be. 

 Yadav and Bhagoria [41] conducted a numerical 

examination of heat transfer and fluid flow characteristics of 

the fully developed turbulent flow of a rectangular pipe, 

which repeatedly contains cross-square ribs on the absorber 

platform. CFD ANSYS FLUENT (version 12.1) commercial 

finite-volume codes were utilised to model turbulent airflow 

through an artificially raw solar-air heater. It was discovered 

that the P/e = 10.71 and e/D = 0.042 square cross-sectional 

rib provides the optimum thermo-hydraulic parameter for the 

range of parameters studied. 

 The effect of rib (circular sectioned) spacing on the 

average Nusselt number and friction factor in an artificially 

roughened solar air heater (duct aspect ratio, AR = 5:1) was 

investigated using a computational fluid dynamics (CFD) 

approach in an artificially roughened solar air heater (duct 

aspect ratio, AR = 5:1). Transverse ribs with circular sections 

were placed to the bottom of the top of the duct, i.e., on the 

absorber plate, to provide additional strength. Using a 

Reynolds number of 15000, it was discovered that the 

thermo-hydraulic performance parameter for P/e = 10.71 was 

superior to all others in the studied range of values [42]  

 Yadav, et al. [43] showed the impact of different 

factors that influence the thermo-hydraulic performance of an 

intentionally roughened solar air heater. There are many 

factors that define the roughness elements, however for solar 

air heaters, the repeating rib type was the roughness geometry 

that was most favored. 

 A computational study of turbulent flows through a 

solar air heater with semicircular cross rib ruggedness has 

been performed by Yadav and Bhagoria [44]. 

Mathematically, the physical issue was represented by a 

series of governing equations, which were solved by means 

of the finite element technique. The highest thermohydraulic 

performance parameter for the relative roughness of 0.042 

was established. 

 Yadav and Thapak [45] Presented comprehensive 

perspective of various types of rugged geometry utilised by 

experimental methods to produce the artificial ruggedness of 

solar air heaters. Thirty-eight experimental investigations on 

a solar air heater with various types of roughness geometry 

have been published. 

 Yadav and Thapak [46] assessed the turbulence 

intensity of a rectangular duct connected to a solar air heater 

and equipped with repeated ribs as roughness components on 

the wetted side of the bottom wall Using a Reynolds number 

range of 3000 to 18000, it was possible to examine the impact 

of roughness on turbulence intensity. In addition, it was 

discovered that the rib-roughened surface of a rectangular 

duct generates greater turbulence intensities when compared 

to the smooth surface of the same duct. 

 To evaluate the heat transfer and flow friction 

characteristics of an artificially roughened solar air heater 

with square-sectioned transverse ribs regarded at the 

underside of the top wall, a numerical research was 

performed by Yadav and Bhagoria [47]. Researchers looked 

at the relationship between average Nusselt number, average 

friction factor, and thermohydraulic performance parameter 

(THPP) and the relative roughness pitch. The usage of ribs 

with a P/e of 10.71 allowed for the achievement of the highest 

possible THPP of 1.82. 
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 Adopting a computational fluid dynamics approach, 

the researchers investigated the effect of relative roughness 

height on Nusselt number and friction factor in an artificially 

roughened solar air heater with circular-sectioned transverse 

rib roughness (duct aspect ratio, AR = 5:1) using a CFD 

(computational fluid dynamics) model [48]. In this study, it 

was discovered that the thermal enhancement factor for e/D 

= 0.042 is the best for the studied range of parameters, and it 

is about 1.635. 

 Heat transmission and fluid flow behaviour in a 

rectangular duct of a solar air heater with one roughened wall 

with circular and square rib roughness were investigated 

using two-dimensional computational fluid dynamics (CFD) 

analysis [49]. A study was conducted to determine the impact 

of Reynolds number and relative roughness pitch on the heat 

transfer coefficient and friction factor. Thermal enhancement 

factors for circular ribs were between 1.42 and 1.74, whereas 

square ribs ranged between 1.51 and 1.762. 

 Yadav and Thapak [50] provided a comprehensive 

perspective of different roughness geometries utilised to 

augment heat transfer in solar air heaters. The authors 

conducted a comparative investigation of the thermo-

hydraulic performance of 21 different kinds of artificial 

roughness geometries connected to the absorber plate of a 

solar air heater. 

 Yadav [51] presented the results of a study of fluid 

flow and heat transfer through a simple rectangular duct with 

artificial roughness on the absorber plate. This study looked 

at the relationship between Reynolds number and heat 

transfer coefficient as well as friction factor. The 

characteristics of the flow through the duct of a solar air 

heater was investigated and shown using a commercial finite 

volume programme, ANSYS FLUENT. In this study, it was 

discovered that the Nusselt number rises as the Reynolds 

number increases, and that the friction factor reduces as the 

Reynolds number increases. 

 Yadav, et al. [52] presented a comprehensive 

analysis of changes made to the absorber plate of solar air 

heaters in order to increase turbulence and heat transfer rate, 

thus increasing efficiency. Corrugated sheets, fins, expanded 

surfaces, wire mesh, porous media, and other changes were 

utilised to create the final product. The majority of these 

modifications to the absorber plate resulted in an 

improvement in efficiency, albeit at the expense of higher 

pumping power as a consequence of the increased friction 

factor in the plate. 

 Yadav [53] showed the impact of chamfer rib on the 

absorber plate because of its better thermo-hydraulic 

performance. The study was performed using the relative 

ruggedness range of 7,143-17,857 for a relatively high 

ruggedness of 0,042 for a relevant number of Reynolds, 

ranging from 3800-18 000. The impact of relative ruggedness 

pitch and Reynolds number for improved heat transmission 

and friction properties has been researched and reported for 

chamfered rib. 

 Prasad, et al. [54] demonstrated the enhancement in 

the rate of heat transmission by generating roughness under 

the spectator surface in a solar-powered air warmer. The 

purpose of the CFD study was to evaluate the warm course 

caused by convection and the grinding factor in a SAH pipe 

with a symmetrical triangular transverse rib. The Ansys-

Fluent CFD software was used to generate the computational 

results. The highest extreme values of Nu and f achieved in 

this study were 2.94 and 3.27, respectively. 

 Using numerical modelling, a solar air heater (SAH) 

with a transverse equilateral triangular ribbed surface is 

designed and constructed [55].  ANSYS FLUENT 12.1 is 

used to study the thermal and flow characteristics of the 

system. For the purpose of linking pressure and motion, the 

SIMPLE algorithm was employed. The discretization of the 

equations was accomplished using a second-order upwind 

technique, and the simulation was accomplished using a 

renormalization-group (RNG) k-e model. The thermal 

enhancement factor (THF) that was achieved was 1.99, which 

was the best possible. 

 The authors propose a novel CFD-based correlation 

for rib roughened solar air heaters based on their research 

[56]. The study was carried out within the parameters of 

pitch, P, ranging from 10 to 25 mm, and Reynolds number, 

Re, ranging from 3800 to 18,000 mm. Through the use of a 

linear stepwise regression method, the resultant data was 

broken down into correlations. Using the established 

correlations, all of the data for Nu and f can be predicted to 

within 5 percent relative absolute deviation. 

 Yadav, et al. [57] presented novel correlations for 

ribbed roughened solar air heaters based on computational 

fluid dynamics (CFD). The absorber plate of a SAH (solar air 

heater) with circular ribs connected was investigated in detail. 

The software ANSYS Fluent v16 was used to evaluate the 

turbulent airflow for various rib arrangements in different 

configurations. The established equations for an intentionally 

roughened solar air heater accurately anticipate all of the data 

for friction factor and Nusselt number to within 5% of the 

relative absolute deviation of the data. 

 The application of ribs on smooth plates of the solar 

air heater (SAH) in order to increase the heat-transfer 

coefficient was investigated in a 2-D numerical model [58]. 

For the purpose of numerical research, semicircular designed 

forms of ribs were examined. In the experiments, it was 

discovered that a semi-circular rib with a pitch distance of 15 

mm had the highest Nusselt number and the most progressive 

decrease in friction factor. 

III. CONCLUSIONS 

The following conclusion may be made on the basis of an 

examination of the article for roughness on solar air heaters: 

1) When compared to a smooth surface design, the 

application of the idea of artificial roughness in the 

surface of an air heater improves heat transmission and 

overall thermal efficiency of the device significantly. 

2) To improve performance, it has been discovered that 

artificial roughness geometry of varying shapes, sizes, 

and orientations may be utilized to improve performance. 

3) This study discovered that the application of artificial 

roughness increased the amount of pumping power 

required because the frictional value was increased. 

Consequently, it is important to build solar air heaters in 

such a manner that they use less pumping power while 

yet achieving higher thermal efficiency as a result of this. 

4) According to the findings of this study of the literature, a 

significant amount of work has been published on the 
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design of solar air heaters using an experimental method. 

This study also shows that a small number of studies 

have been conducted on the computational fluid 

dynamics (CFD) examination of solar air heaters. 

5) Several relations and equations have been developed by 

numerous investigators in order to forecast or calculate 

thermo-hydraulic efficiency of Solar air heater with 

roughened surface. 

6) Traverse rib shape improves heat transmission by 

separating and generating vortices in both streams (i.e., 

upstream and downstream) of the rib, as well as 

reattaching flow in inter-rib gaps. 

7) Based on the results of the calculations, it seems that the 

Renormalization-group k– ε model gives the best results 

for two-dimensional flows via a typical solar air heater. 
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