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Abstract— Solar air heaters are being used to heat the air with 

the use of renewable energy source and thus preventing the 

environment. Artificial roughness when developed on the 

surface of the absorber plate, the heat transfer through the 

absorber plate in air flowing over it improves. Several 

experimental and numerical studies have been performed by 

the researchers to improve the performance of the solar air 

heaters by this artificial roughness.  The objective of this 

paper is review the previously done work in this field so that 

further scope of work in the enhancement of heat transfer 

through absorber plate could be found. The review results 

show that the researchers have mainly worked upon the type 

of the roughness element, their arrangement and the physical 

dimensions of the absorber plate and the roughness elements. 

Several studies reveals the heat transfer enhancement and 

shown the variation in Nusselt number with the change in 

Reynolds number. It is found that the CFD technique is being 

mostly used for the analysis and simulation purpose. The 

CFD results have also been validated by the experimental 

results.  
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I. INTRODUCTION 

Energy is the major source of development of any nation. Its 

generation by the conventional methods involve consumption 

of natural and non-renewable sources. Major drawback of this 

lies in degradation of our environment and cost of production 

of energy. It has been now established that the solar energy 

could be used in many application as free energy and 

available abundantly. Solar air heaters are being used to heat 

the air with the help of naturally available solar energy. The 

heating system therefore involves absorption of solar 

radiations falling over the absorber plate and the transfer of 

absorbed heat energy to the air flowing over it and shown in 

figure 1. 

 
Fig. 1: Solar Heat Collector for Heating Air 

The thermal performance of the solar air heater 

depends upon the absorption of the solar radiations and then 

its transfer from the surface of the absorber plate. The 

physical and flow parameters are therefore involved in 

determining the performance of the heat transfer and thus the 

solar air heater [1]. Researchers are always keen to find the 

best possible performance of the system by finding the 

alternatives of the system design and flow arrangements.  

The performance of a solar air heater can be 

improved by using artificial roughness on the absorber plate. 

This provides enhancement of forced convective heat transfer 

and requires turbulent flow at the heat-transferring surface 

[4][5]. A blower or fan is used for creating such turbulence. 

To reduce the power requirement, turbulence is desirable only 

in the region very close to the heat transferring surface[10]. 

Some dimensionless geometrical parameters are 

needed to be mentioned here which are used to characterize 

roughness such as Relative roughness pitch (p/e, Relative 

roughness height (e/d, Angle of attack, Shape of roughness 

element and Aspect ratio.[9]. The geometries of the 

roughness are shown in figure 2. 

 
(a) Roughness by jaurkar et al 

 
(b) Dimple shape roughness 

II. LITERATURE REVIEW 

Literature on artificial roughness and thermal performance of 

the solar air heater with artificial roughness has been 

reviewed and the findings obtained are presented in the paper. 

CFD based analysis using FLUENT 6.2 to show the 

fluid flow and heat transfer characteristics of solar air heater 

having roughened duct provided with artificial roughness 

show the combined effect of turbulence and reattachment of 

fluid which was considered to be responsible in the increase 

of heat transfer rate [1], [6],[8]. CFD results were compared 
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with Dittus- Boelter empirical relationship for smooth duct. 

By using artificial roughness the Nusselt number is increases 

as the Reynolds number increases. 

CFD based performance analysis of solar air heater 

duct provided with artificial roughness in the form of square 

type protrusion shape geometry has been reported [2]. Effect 

of square type protrusions on heat transfer and friction has 

been investigated for Reynolds number range of 4000-20000 

and relative roughness pitch of 38.8-61.1 at fixed relative 

roughness height of 0.016. Nusselt number and friction factor 

correlations have been developed by utilizing the data 

generated under present CFD based investigation. 

The thermal efficiency of a solar air heater is 

significantly low because of the low value of the convective 

heat transfer coefficient between the absorber plate and the 

air, leading to high absorber plate temperature and high heat 

losses to the surroundings [3]. The study of heat transfer in a 

solar air heater by using Computational Fluid Dynamics 

(CFD) gives the effect of Reynolds number on Nusselt 

number and friction factor as investigated by the researchers 

[7].  

The increment in heat transfer also leads to increase 

in friction factor which leads to increase in pumping power. 

M shape geometry has been studied which is having different 

orientation. The effect of roughness parameters relative 

roughness height (e/D), relative roughness (P/e) and angle of 

attack (α) on Nusselt number and friction factor have been 

observed [4] The range of Reynolds number 3000-22000, 

e/D, P/e and α are 0.037-0.0776, 12.5-75 and 30-60° 

respectively have been taken into consideration. The help of 

experimental study and numerical study. It is also reflected 

from the review of literature that the CFD is being used as a 

modern tool for many of the studies.  

III. METHODOLOGY 

A. Basic Equations for Solar Air Heater 

1) Heat gain of the air is calculated as:  

Qu= m’Cp(Tf0-Tfi) 

Where  

m’= mass flow rate of air through the test duct (kg/sec) , 

Cp = specific heat of air , 

Tfo is fluid temperature at exit of test duct,  

Tfi is fluid temperature at inlet of test duct. 

2) The heat transfer coefficient for the test section is: 

h = Qu/A . (Tpm – Tfm) 

where,  

Tpm is the average value of the heater surface temperatures, 

Tfm is the average air temperature in the duct = (Tfi + Tfo)/2 

3) The Nusselt number:   

Nur= h. Dh /Kair 

Where 

Dh = hydraulic mean diameter of test duct,  

h is convective heat transfer coefficient,  

Kair = thermal conductivity of air. 

4) The friction factor was determined from the measured 

values of pressure drop across the test length:  

Fr = (∆P)Dh / (2ρairLv2
air) 

P = pressure drop in the test duct,  

ρ = density of air, 

L = test duct length,  

Vair = average velocity of air 

Thermal Performance (overall enhancement ratio) 

(Nur/ Nus)/ (fr/ fs) 1/3 

Where fs and Nus (friction factor and nusselt number for 

smooth duct) can be calculated as fs = 0.085Re−0.25    and Nus 

= 0.024Re0.8Pr0.4 

IV. CONCLUSION 

The solar air heaters are using solar energy to heat the air by 

transferring the heat absorbed in the absorber plate. The 

performance of the heater depends upon the heat transfer rate 

from the absorber plate to the air flowing over the absorber 

plate. The main factors affecting the performance are the 

physical property of the absorber plate and the properties and 

conditions of the air flowing over the absorber plate. The 

review of literature shows that the major work carried out in 

this field is to improve the performance of the solar air heater 

with the help of experimental study and numerical study. It is 

also reflected from the review of literature that the CFD is 

being used as a modern tool for many of the studies.  
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