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Abstract - This paper deals with the thermal analysis of the artificially roughened duct of a solar air heater duct in the form of 
V shaped ribs and arc shaped ribs. The absorber plate of the solar air heater is roughened to enhance the heat transfer 
coefficient by providing turbulence. In this paper a thermal analysis of various type rib geometry used as turbulent promoters is 
done by determining the Nusselt number and friction factor of solar air heater duct. It is found that multiple V ribs with gaps 
give the maximum heat transfer rate as well as thermal performance. 
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I. INTRODUCTION 
   
The heat transfer rate of solar air heater is low due to 
lower heat transfer coefficient between the moving 
fluid and the absorber plate. At laminar sub-layer there 
is zero slip condition due to which conductive heat 
transfer rate increases. Thus in order to improve the 
heat transfer rate a turbulence is created between the 
absorber plate and moving fluid., there are many 
methods investigated for increasing the heat transfer 
rate. Different roughness geometries have been used 
on the absorber plate of solar air heater. In this paper 
the analysis different types of V shape and arc shaped 
geometries and their effect on heat transfer rate is 
analyzed. 
 
Tanda[1] investigated with V shaped ribs having an 
angle of attack (α) of 45° and 60° with aspect ratio 
(W/H) 5 and rib pitch to height ratio (P/e) 8. The 
concept of Liquid Crystal Thermography was used 
which shows that the feature of inner rib distribution 
on heat transfer coefficient are strongly related to the 
shape and geometry of the ribs. 
 
Wang and Sunden [2] investigated the effect of broken 
V shaped ribs placed on the absorber plate. They found 
that the heat transfer rate was higher for broken V ribs 
in comparison to continuous V ribs. 
 
Gupta et al [3] investigated the effect of V broken ribs 
with α of 60° on local heat transfer rate for Reynolds 
Number (Re) ranging from 10000 to 30000. On the 
basis of local temperature distribution it was found that 
60° V broken ribs has the highest heat transfer. 
 
Momin et al [4] experimentally investigated the V 
shaped ribs on the absorber plate of solar air heater 
over a Re range of 2500 to 18000, Relative roughness 
height (e/D) 0.02 to 0.034 and α 30° to 90°. It was 
found that the Nusselt number (Nu) and friction factor 
(f) for artificially roughened absorber plate was 2.3 and 

2.83 times respectively higher than that from smooth 
absorber plate. 
 
Hans et al [5] studied multiple V ribs for Re ranging 
from 2000 to 20000, e/D from 0.019 to 0.043, P/e from 
6 to 12, α 30° to 75° and Relative roughness width 
(W/w) 1 to 10. It was found that, for W/w of 6 the Nu 
got enhanced by 6 times as compared to smooth 
channel. 
 
Maithani and Saini [6] investigated the effect of V ribs 
with symmetrical gap roughness on the absorber plate 
on Nu. It was found that the maximum enhancement in 
Nu and f  was for Ng = 3, Relative gap width (g/e)= 4 
and α = 60°. 
 
Saini and Saini [7] investigated the arc shaped 
roughness on the absorber plate on the rectangular duct 
with Re from 2000 to 17000, e/D from 0.0213 to 
0.0422, Relative arc angle (α/90) from 0.33 to 0.66. it 
was found that Nu was inversely proportional to α 
while f  was directly proportional. 
 
Yadav et al [8] investigated the effect of protrusion on 
arc on rectangular duct on heat transfer and f. It was 
found that for α= 60° the heat transfer rate was 
maximum. 
 
Pandey et al [9] experimentally investigated the effect 
of multiple arc roughened absorber plate with Re from 
2100 to 21000, relative gap distance (d/x), g/e, W/w, 
P/e, e/D and α as parameters. It was found that the 
maximum heat transfer was for α = 60°. 
Anil Singh et al [10] investigated t6he effect of 
multiple arc shaped roughened absorber plate. The 
parameters used for the investigation was Re from 
2200 to 22000, e/D from 0.018 to 0.045, W/w, P/e from 
4 to 16 and α. It was observed that the heat transfer rate 
was maximum for α= 60°. 
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Table1: Various V-shape and arc shape geometries investigated. 
 

II. PROBLEM FORMULATION 
 
The roughness geometries in the form of V shape are 
considered for thermal analysis. The artificial 
roughness in the form of V shape has been considered. 
Apart from this the effective efficiency is also 
considered. The data reduction using the correlation 
developed for the artificial roughness has been utilized 
to draw out the data in terms of Nusselt number and 
friction factor. The calculation was calculated as 
follows.  
 
Effective Efficiency (ηeff) 
Cortes and Piacentini, (1990) evaluated the real 
performance of the collector in terms of the effective 
efficiency (ηeff) that takes into account the useful 
thermal gain and equivalent thermal energy that will be 
required to provide corresponding mechanical energy 
for overcoming friction losses, and is expressed as: 

η =
Q − P

C
IA                                     (1) 

where ‘C’ is the conversion factor to account for the 
conversion of thermal energy to mechanical energy 
and is given by: 

C = η η η η  
 Where η  is the efficiency of the fan, η   is the 
efficiency of the electric motor, η   is the efficiency of 
electrical transmission from the power plant, η   is the 
efficiency of thermal conversion of the power plant. 
 
III. RESULT AND DISCUSSION  
 
In this section, the results obtained from the 
comparative investigation on heat transfer and friction 
factor in a rectangular duct using various V shaped and 
arc shaped ribs one broad wall of solar air heater is 
discussed and presented in the forms of graphs. 
Fig.1 shows the variations between Nu and Re. the 
maximum value of Nu was obtained for multiple with 
gap and minimum was obtained for the smooth duct. 

Fig.2 shows the variations between f and Re for various 
selected shape geometries. The maximum value of 
friction factor was obtained for multiple arc with gap 
and minimum was obtained for smooth duct. 
 
Fig.3 shows the variations between thermal efficiency 
(ηth) and Re. the maximum value of overall thermal 
efficiency was maximum for multiple arc with gap and 
the minimum value was for smooth duct. 
 
Fig. 4 shows variations of effective efficiency (ηeff) and 
Re ranging upto 21000 was obtained for multiple arc 
with gap, further followed by V shaped upto 32000 and 
finally for smooth duct. 
 

 
Fig.1 Variation of Nu with Re for different roughness geometries 

 
Fig.2 Variation of f with Re for different roughness geometries 
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Fig.3 Variation of ηth with Re for different roughness geometries 
 

Fig.4 Variation of ηeff with Re for different roughness geometries 
 
CONCLUSIONS 
 
The following conclusions have been derived on the 
basis of result and discussions 

1) The maximum Nu for different Re was found 
to be for multiple arc with gap and minimum 
for smooth duct. 

2) The maximum f for different Re was found to 
be for multiple arc with gap and minimum for 
smooth duct. 

3) The maximum ηth for different Re was found 
to be for multiple arc with gap and minimum 
for smooth duct. 

4) The maximum effective efficiency for a 
certain range of Re was initially found to be 
for multiple arc with gap followed by V 
shaped ribs and smooth duct with increasing 
range of Re. 
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