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Abstract - This paper deals with the exergetic analysis of the artificially roughened duct of a solar air heater in the form of 
different Arc shaped ribs. Exergy efficiency is the method used to evaluate the performance of solar air heater as it takes into 
consideration the energy that has been successfully converted into useful work. The absorber plate of the solar air heater is 
roughened in or plate which carry ribs. In this paper a literature review is done on various types of Arc shape rib geometries 
incorporated in solar air heater duct. It is found that protrusion on Arc shape ribs give the maximum exergetic efficiency. 
 
Index Terms - Solar Air Heater, Arc Shape Roughness, Effective Efficiency, Exergetic Efficiency
 
I. INTRODUCTION 
 
The solar energy extraction from a rectangular duct 
encounters major factors that reduce the thermal 
efficiency. Artificial roughness is the commonly used 
technique to enhance the heat transfer, thus making a 
solar air heater efficient. Many investigators used 
different types of roughness geometries viz. transverse 
ribs [1], multiple V ribs[2,3,4], V-ribs with 
symmetrical gaps[5], for increasing the heat transfer 
rate and improve the performance of solar air heater. 
In this paper we review the different types of Arc 
shaped geometries and their effect on the heat transfer 
rate. nSaini and Saini [6] investigated on arc shaped 
ribs on a rectangular duct with Reynolds number (Re) 
from 2000 to 17000, relative roughness height (e/D) 
from 0.0213 to 0.0422 and Relative Arc angle (α/90) 
from 0.33 to 0.66. He found that Nusselt number (Nu) 
is inversely proportional to α while friction factor was 
directly proportional. Yadav et al. [7] investigated the 
heat transfer and friction factor of protrusion on Arc 
on a rectangular duct. It was observed that maximum 
exergetic efficiency was found at α= 60°. According to 
the exergetic efficiency value the protruded absorber 
plate was suitable up to Re 20000 and above that 
smooth plate was more suitable.  
Pandey et al. [8] experimentally investigated on 
multiple arc shaped ribs on a rectangular duct with 
parameters such as Re ranging from 2100 to 21000, 
Relative gap distance (d/x), Relative gap width (g/e), 
Relative roughness width (W/w), Relative roughness 
pitch (P/e), Relative roughness height (e/D) and angle 
of attack (α). It was observed that maximum exergetic 
efficiency was for α= 60°. 
Anil Singh et al. [9] investigated on rectangular duct 
having multiple Arc shaped ribs placed on it. He took 
parameters for his investigation, such as Re from 2200 
to 22000 e/D from 0.018 to 0.045, W/w, P/e from 4 to 
16, α. He observed that the 60° arc shaped ribs had 
maximum exergetic efficiency. 

Hans et al. [10] investigated on broken Arc shaped 
ribs placed on the Solar air duct using parameters P/e, 
Relative gap position (d/W), g/e, e/D, α. It was 
observed that the 30° Arc shaped ribs give the 
maximum exergetic efficiency It was also observed 
that the value of Nu and f is maximum for P/e= 10 and 
both decrease either side of this value. 
The present investigation deals with the exergetic 
analysis of the roughness used in the solar air heater 
duct to augment the heat transfer rate. A MATLAB 
program has been developed to determine the required 
parameter values and thereafter comparative results 
are drawn in the form of graphs.   
 
II. RESULT AND DISCUSSION 
 
Fig 1 shows the variation between Nu and Re. The 
maximum Nu was obtained for Re up to 28000, which 
was further followed by Multiple Arc with gap for Re 
above 28000, and was minimum for smooth duct. 

 
Fig. 1 Variation of Nu with Re for different roughness 

geometries 
 
Fig 2 shows the variation between f and Re for various 
selected arc shaped geometries. The maximum 
friction factor was obtained for Protrusion on arc and 
the minimum was for smooth duct. 
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Table: Artificial roughness in various arc shape. 

 
Fig. 2 Variation of f with Re for different roughness geometries 
 Fig. 3 shows the variations between effective 
efficiency (ղ eff) and Re. The maximum effective 
efficiency for Re ranging from 0 to 17000 was 
obtained for Protrusion  on arc, then for Re 17000 to 
33000 the maximum efficiency was for Arc shaped 
ribs and further followed by Smooth duct.  

 
Fig.3 Variation of ղeff with Re for different roughness geometries 

 
Fig. 4 shows the variation of effective efficiency for 
different temperature rise parameters. The maximum 
effective efficiency was for Protrusion on Arc and was 
minimum for Smooth duct. 
 

 
Fig.4 Variation of ղeff for different Temperature Rise 

parameters for different geometries 
 
Fig. 5 shows Variations of Exergetic efficiency (ղ exe) 
and Re. The maximum exergetic efficiency for Re up 
to 8000 was for Protrusion in Arc shape, then for Re 
ranging from 8000 to 11000 was for broken arc shaped 
ribs and further followed by Smooth duct. 
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Fig. 5 Variation of ղexe with Re for different roughness 

geometries 
 
Fig. 6 sows the variations between exergetic efficiency 
and temperature rise parameter. The maximum 
exergetic efficiency was obtained for Protrusion on arc 
and was minimum for smooth duct, further arc 
shaped. 

 
Fig. 6 Variations of ղexe for different temperature rise 

parameters 
CONCLUSION 
 
The following conclusions have been derived on the 
basis of Results and discussions: 
1. The maximum friction factor for different Re was 

found to be for Protrusion on arc and was 
minimum for smooth duct 

2. The maximum effective efficiency for different Re 
was found to be maximum for Protrusion on arc 
and was minimum for smooth duct with 
increasing range of Re. 

3. The maximum effective efficiency for different 
temperature rise parameter was found to be for 

Protrusion on arc and was minimum for smooth 
duct. 

4. The maximum exergetic efficiency for certain 
range of Re was initially found to be for 
protrusion on arc, further followed by Smooth 
duct with increasing range of Re. 

5. The maximum exergetic efficiency for different 
temperature rise parameter was found to be for 
Protrusion on arc and was minimum for smooth 
duct. 

6. The maximum Nu for different range of Re was 
found to be for Protrusion on arc, further followed 
by Multiple Arc with gaps with increasing range 
of Re and was minimum for smooth duct. 
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