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Abstract 

Artificial roughness in the form of repetitive ribs is one of the effective methods for improving the performance 

of a solar air heater ducts. Various studies have been carried out to determine the effect of different artificial 

roughness geometries on heat transfer and friction characteristics in solar air heater ducts. The objective of this 

paper is to review various studies, in which different artificial roughness elements are used to enhance the heat 

transfer coefficient with little penalty of friction factor. Now a days, CFD analysis is considered to be relative 

tools to analysis the fluid flow and heat transfer characteristics in various systems. Investigators, carried out CFD 

based analysis in artificially roughened duct. 
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1. Introduction 

In the present world of limited resources, increased pollution and fast degradation of conventional energy 

sources have made an urge to concentrate on the use of renewable energy sources such as Wind, Hydro and Solar 

as shown in Figure 1.1. There is a progressive contribution around the world in utilization of these resources as 

energy sources which help in the growth of a country economically and also preserving the environment. 

 

Figure 1.1 Energy Resources 
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Of these non-conventional resources, solar energy is the one which is widely used for various applications. 

Heating air is one such activity that consumes energy from this source. The heating of air has wide applications 

in many areas, especially in colder regions for warming of houses, to prevent the ice formation and rusting of 

equipment, medical purposes, etc. 

Solar energy has been nurturing the lives of millions of species on the planet for millions of years. Unlike 

fossil fuels, solar energy is more abundantly available. The planet receives 10,000 times more energy in the form 

of sunlight than the annual consumption of entire humanity in all possible forms. The solar energy that is being 

received on the Earth’s surface in enormous quantity can be converted into a form which is useful to us. Solar 

energy, being a renewable source of energy is totally cost free, highly sustainable, inexhaustible and is available 

throughout the year. Using solar radiation as energy source can reduce the energy and cost bills up to a great 

extent. 

SAHs are used to heat up the air by trapping and absorbing the solar radiation using a glass glazing and an 

absorber plate. It’s an established fact that the heat transfer from solar air heater having a smooth absorber plate 

is poor due to the formation of laminar sub-layer over the heated surface which inhibits the heat transfer. Re-

searchers have also experimented with various cross section of the solar air heater duct such as triangular ducts, 

rectangular ducts, square ducts, and triangular ducts with rounded corners. 

 

Figure 1.2 Schematic of Solar air heater 

2. Literature Survey  

Solar absorber are important components for solar energy utilization. Development of appropriate technologies 

for conversion of solar radiation to thermal energy is essential. A review of various designs, construction, opera-

tional principles and various aspects of SAH duct with various applications is presented in this chapter.  

Chan et al. (2001) investigated to quantify the effect of viewing angle when the light source and recording 

video camera (on the same axis) are displaced up to 72° from the normal in the present thermochromic liquid 

crystal calibration set-up. To facilitate the present study, a liquid crystal calibration (LCT), which has been widely 

used for the determination of surface heat transfer distribution.  
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Wenxian et al. (2006) studied on the thermal performance of cross-corrugated solar air collectors. For the Type 

1 collector, the wavelike shape of the absorbing plate was along the flow direction and that of the bottom plate 

was perpendicular to the flow direction, while for the Type 2 collector, it was the wavelike shape of the bottom 

plate that was along the flow direction and that of the absorbing plate was perpendicular to the flow direction.  

Schmitt (2007) studied to discretize the modelled equations on a grid of adequate size, so that the processing 

time will not be too large. This was a way to decrease the number of degrees of freedom. Thus, the idea is not to 

use a theory to provide an instantaneous turbulent solution, but to provide a mean numerical solution on a rough 

grid, using a model.  

Tao et al. (2007) presented that the v-groove collector had considerably superior thermal performance to the 

flat-plate collector. It was also found that, to achieve better thermal performance, it was essential to use a small 

size of the v-groove absorber for the v-groove absorber collector and to maintain a small gap between the absorber 

and the bottom plate for the flat-plate collector to use selected coatings that have a very high absorptivity of solar 

radiation but a very small emissivity of thermal radiation on the absorber and glass cover to maintain an air mass 

flow rate above 0.1 kg/m2 s and to operate the collectors with the inlet fluid temperature close to that of the 

ambient fluid. 

Farahat et al. (2009) developed a SAH duct to determine the optimal performance and design parameters of 

the solar to thermal energy conversion systems. A detailed energy and exergy analysis was carried out for evalu-

ating the thermal and optical performance, exergy flows and losses as well as exergetic efficiency for a typical 

flat plate solar collector under given operating conditions. In this analysis, the following geometric and operating 

parameters were considered as variables.  

Franz et al. (2009) gave a simulation program for a flat-plate solar air heater, used to estimate the potential to 

preheat drying air, given the conditions of several drying facilities. Results showed that solar collectors could 

replace up to 19.6% of the thermal energy demand during the drying season.  

Deniz et al.(2010) designed and compared three different types of designed flat-plate solar air heaters, two 

having fins (Type II and Type III) and the other without fins (Type I).One of the heaters with a fin had single 

glass cover (Type III) and the others had double glass covers (Type I and Type II).The energy and exergy output 

rates of the solar air heaters were evaluated for various air flow rates (25, 50 and 100 m3 /m2 h), tilt angle (0oC, 

15oC and 30oC) and temperature conditions versus time.  

Karwa and Chauhan (2010) presented results of a study on the performance of solar air heaters with 60° v-

down discrete rectangular cross-section repeated rib roughness on the air flow side of the absorber plate.  

Krishnananth et al. (2012) studied the performance of this heater for different configurations. The solar heater 

integrated with thermal storage delivered comparatively high temperature. The efficiency of the air heater inte-

grated with thermal storage was also higher than the air heater without thermal storage system.  

Karwa and Chitoshiya (2013) performed the experimental study of thermal efficiency for both smooth duct 

solar air heater and air heater with v-down discrete rib roughness and compared with the predicted values from a 

mathematical model to validate the proposed model. The standard and average deviations of the predicted and 

experimental data of thermal efficiency are about ?11% and 8%, respectively.  
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Bharadwaj et al. (2013) was experimental study carried out on an equilateral triangular solar air heater duct 

having continuous inclined ribs on the absorber plate. The increment in the heat transfer and friction factor has 

been observed. 

Singh et al. (2015) presented a 3-dimensional CFD analysis has been carried out to determine the effect of 

non-uniform and uniform cross-section transverse rib on Nusselt number and friction factor of roughened solar 

air heater. The non-uniform cross-section rib included saw- tooth cross-section whereas uniform cross-section rib 

included circular, square and trapezoidal. The Reynolds number was varied from 3000 to 15,000. 

Saxena and El-Sebaii (2015) studied the various literature and presented that all the elements of a solar air 

heater such as; an absorber tray, the ducts, glazing, insulation, extended surfaces, as well as the tilt angle, have a 

significant effect on the thermal performance of the system. On the developments that has followed round the 

globe in various aspects of solar air heating systems since 1877 up to now, with a glimpse of some novel patents 

of SAHs.  

Singh and Singh (2018) studied in another non-uniform cross-sectioned transverse rib in configuration of 

square wave profile. It is anticipated that in non-uniform rib, eddies be- hind the rib will be broken, thereby 

increasing local Nusselt number behind the rib. This study is expected to provide a better understanding of the 

heat transfer and fluid flow phenomena inside the SAH duct with square wave profiled transverse rib. 

Kumar et al. (2018) studied to carried out the heat transfer augmentation and friction factor in roughened 

absorber plate SAH by using Computational fluid dynamics (CFD). The effect of roughness parameters such as 

relative roughness height (e/D; defined as the ratio of rib height to hydraulic diameter of the passage) and relative 

roughness pitch (P/e; defined as the ratio of distance between two successive ribs to rib height) has been studied 

to estimate the  

Kumar and Layek (2018) studied on LCT technique offered reasonable less expensive and adequate in-for-

mation about the flow topology over a roughened surface. From the investigation it was found Nusselt number 

and fluid flow characteristics are studied over a surface roughened by twisted rib roughness using LCT technique.  

Patel and Lanjewar (2019) reported that the effect of as absorber plate and roughness is applied on back side 

of absorber the ratio of rib pitch to height (p/e) on novel V-rib roughness geometry plate. The air is extracted over 

the duct by centrifugal blower and the has not been reported. This paper presents the effect of ratio of rib pitch 

flow rate of the air through the duct is controlled by gate valve.  

Singh et al. (2019) carried out the an experimental and CFD for two novel ribs arrangement namely square 

wave shaped ribs and multiple broken transverse ribs for performance enhancement in solar air heaters. The ther-

mal and fluid flow characteristics of both rib arrangements were studied using experimental as well as CFD ap-

proach.  

Qader et al. (2019) presented that THPP was better than those in previous works which under- taken at various 

roughness geometries. This expected outcome demonstrates that the inclined fins on the underneath the absorber 

plate are realistic for practical applications.  
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Parwez and Kumar (2019) focused on the use of spherical dimple roughness in the airflow side of the absorber 

plate of a SAH having dimple roughness is designed, fabricated, and analyzed. The experiments are conducted, 

and the thermal performance of SAH by employing dimple roughness is com- pared with the FPSAH.  

Kumar et al. (2019) presented the experimental stud for a SAH to see the effect of roughness parameters on 

Nu and f over absorber plate. Experiments were designed with Design Expert Software based on response surface 

methodology. The effect of Re, g/e, d/x and Ng is investigated on Nusselt number and friction factor. 

Kumar and Layek (2019) studied based on the comparative analysis of a solar air heater using LCT technique 

and computational method to investigate the heat transfer and its enhancement due to circular rib roughness placed 

on the absorber plate subjected to heat flux at the uniform condition. The main findings are: The detailed heat 

transfer and its distribution have been investigated for rib height (e=1.2 mm) at a Reynolds number of 8551–

11149.  

Jain et al. (2019) conducted a CFD simulation on a validated geometrical model of a SAH duct and extensive 

parametric analysis had carried out to investigate the effect of discrete V-shaped perforated baffles used as rough-

ness element on absorber plate of SAH. Performance of discrete V-shaped perforated baffles roughened SAH has 

been compared with that of smooth SAH and also with the roughened SAH investigated by other researchers in 

recent past.  

Jain and Lanjewar (2019) investigated to achieved the effect of relative roughness pitch for different Reynolds 

number on Nusselt number, friction factor and thermo-hydraulic parameter and compare it with results of smooth 

plate to ascertain enhancement level for proposed geometry.  

Jain et al. (2019) performed the experimental investigations to carried out the THP of a SAH having its ab-

sorber plate roughened with arc-shaped ribs with multiple gaps. Heat transfer and friction characteristics have 

been determined for the considered roughness parameters and Reynolds number ranging from 3000 to 18000.  

Debnath et al. (2019) studied numerically on the 2-dimensional heat transfer and fluid flow characteristic of a 

roughened rectangular duct with pentagonal ribs. The influences of the Reynolds number, non-dimensional rela-

tive height, and non-dimensional relative pitch on heat transfer and friction factor determined.  

Ambade and Lanjewar (2019) investigated concerned with use of small height ribs for improving thermal 

performance of solar air heater. As per literature concerned with use of rib roughness in solar air heater provision 

of gap in arc rib enhances heat transfer over continuous arc and providing staggered rib further enhances heat 

transfer over gap in arc rib due to flow scattering.. 

Baissi et al. (2020) studied on introducing holes in longitudinally curved delta shaped baffles is made. In 

particular interest is in investigation of heat transfer rate and characteristics of air flow in rectangular channel. 

The influence of the inserted baffle on flow regime changing from laminar to turbulent and the intensity of turbu-

lent was investigated.  
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3. Conclusion 

Energy is extremely important to human life for economic development, technological development, and in-

dustrial application. Every day fossil fuels are depleted all over the world. Solar energy is freely available and 

infinite in quantity. Solar energy can be used in applications such as crop drying, wood drying, heating buildings, 

fruits, and vegetables, etc. Solar air heater converts solar energy into heat energy. The efficiency of solar air 

heaters is low due to the development of a laminar sublayer. The turbulence created by the roughing rib element 

in the absorbent plate of the rough duct breaks the laminar sublayer, resulting in a higher rate of heat transfer.  

Many researchers have used a variety of rib geometries to improve heat transfer in which the rough wall is 

heated evenly and the remaining three walls are completely insulated. The artificial roughness ribs provided on 

the absorber plate create a high rate of heat transfer. Solar air heater performance is generally improved through 

the use of various heat transfer enhancement techniques. Providing artificial roughness is one of the most efficient 

heat transfer enhancement techniques employed in the design of solar air heaters. The major parameters affecting 

the heat transfer behavior in the greater power duct required by the blower for fluid flow are rib geometry, rib 

height, pitch, and rib arrangement. 
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