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Abstract - This paper presents the study of effect of different roughness geometries used by some investigators over last few 
years on the heat transfer and friction factor in solar air heater. The presence of roughness geometry leads to increment in the 
heat transfer coefficient as compared to smooth plate. This increase in the heat transfer coefficient results in increase of 
Nusselt number that is very essential for the improvement of thermal efficiency. With the enhancement of heat transfer 
coefficient, there is always a rise in the friction factor. But the different roughness geometries do not affects the heat transfer 
and friction factor in the same manner. Therefore the study of variation in the heat transfer and friction factor for different 
roughness geometries is being present in this paper. 
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I. INTRODUCTION 
 
Out of all the methods of increasing heat transfer, one 
of the great and widely used methods is heating of air 
by passing it through Rectangular Duct over heating 
surface having roughness profile. Since the heating of 
air with smooth plate is not very efficient, the 
roughness geometries are employed to increase the 
heat transfer coefficient. The investigators used 
different roughness geometries and compared the heat 
transfer with the smooth plate, an ultimate 
improvement in the heat transfer coefficient is 
observed. The enhancement of heat transfer 
coefficient occurs due to disturbance of the boundary 
layer formation. There is slightly increase in the 
friction factor with the heat transfer coefficient. To 
minimize the unwanted friction losses, it is advisable 
the turbulence must be created near the viscous sub 
layer only. The heat transfer and friction 
characteristics of solar air heaters were investigated 
by different investigators by modeling the collector as 
a rectangular channel having an artificially roughened 
top wall. The ribs of shape like circular, semi-
circular, square and wedge shape have been applied 
in the form of arc, transverse, inclined, parallel, v and 
w pattern with or without having gaps. There are so 
many different parameters of roughness geometries 
on which investigators working like roughness shape, 
relative roughness pitch, relative roughness height, 
angle of attack, pitch, roughness height, Reynolds 
number, orientation with respect to flow direction etc. 
These system parameters are considered very vital 
and largely affecting the thermo-hydraulic 
performance and efficiency of the Rectangular Duct. 
The minor variation in the every parameter is 
observed and compared accordingly with the result of 
heat flux. 
 
NOMENCLATURE 
e = Rib height (m) 

Dh = Channel Hydraulic Diameter (m) 
g = gap width (m) 
p' = staggered rib length (m) 
p = roughness pattern pitch (m) 
w = staggered rib length (m) 
Ng = number of gap of each side of v rib 
W = width of channel (m) 
Pb = pitch of baffle channel (m) 
Lv = length of v type baffle, (m) 
Gw = gap or discrete width, (m) 
H = height of channel, (m) 
Hb = height of baffle, (m) 
r = staggered rib size, (m) 
TW = Triangular winglets 
TEF = Thermal enhancement factor 
P= Triangular winglets (TW) pitch, (m) 
 
DIMENSIONLESS PARAMETERS 
e/Dh = Relative roughness height 
g/e = Relative gap width 
p'/p = relative staggered rib position 
w/e = relative staggered rib length 
Dd/Lv = relative baffle gap distance 
gw/Hb = relative baffle gap width 
Hb/H = relative baffle height 
Pb/H = relative pitch ratio 
W/H = aspect ratio of duct 
p/e = relative roughness pitch 
W/w = relative roughness width 
e/Dh = relative roughness height 
d/w = relative gap position 
d/w = relative gap position 
P/H= Relative longitudinal pitch between the rows of 
winglet 
b/H= Relative blockage height 
c/H= Relative winglet cord length 
 
SYMBOLS 
α=angle of attack of flow (°) 
β=open area ratio, Dimensionless 
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ϕ= Number of waves on the delta 
winglet 
ψ=circularity 
 
SUBSCRIPTS 
o =smooth surface channel 
h=hydraulic 
g=gap 
b=baffle 
w=width 
 
Effect on Heat Transfer and Friction Factor 
1. Effect of multiple discrete V patterns 

combined with staggered ribs: it has been 
proposed that multiple v patterns on the 
safeguard plate encourage higher limited warmth 
exchange when contrasted with single v rib 
unpleasantness. It is seen because of 
development of auxiliary stream cells on the 
plate geometry. The Nusselt number is enhanced 
by 3.04 to 3.11 times and grating variable 
expanded by 3.6 to 3.67 times. 

2. Effect of broken V-pattern baffle solar air 
channel: Provided that a discretized broken V-
design astounds results in generous change in Nu 
of sun oriented air channel the change is a solid 
capacity of discrete width and discrete 
separation. A most noteworthy improvement 
acquired in Nusselt number, Nu and grinding 
factor, f is 4.78 and 5.64 separately for 
discretized broken V-design astound shape as 
contrasted and smooth one. 

3. Effect of Artificial roughness of S shape rib: 
Comes about demonstrate that Most extreme 
upgrade in warm exchange (Nu) and contact 
factor (f) happens for circular segment point (α) 
estimation of 60° and relative unpleasantness 
stature (e/Dh) estimation of 0.043, and it 
diminishes on either side of these qualities. Most 
extreme upgrade in warm exchange (Nu) 
happens for relative harshness width (W/w) 
estimation of 3 while the erosion factor continues 
expanding with additionally ascend in the 
estimation of relative unpleasantness width 
(W/w). 

4. Effect of artificially roughened broken arc 
ribs: The harshness parameters have awesome 
effect on Nusselt number and grinding factor. 
For instance, (i) when relative hole position was 
changed from 0.2 to 0.65, the Nusselt number 
and grinding factor expanded by 13.8% and 8.0% 
separately. (ii) For pipe roughened with broken 
circular segment rib, the greatest improvement in 
Nusselt number and contact factor over that of 
smooth channel have been observed to be 2.63 
and 2.44 times while the particular upgrades for 
constant bend rib roughened pipe have been 
observed to be 1.19 and 1.14 times, for the 
parameters run examined. These most extreme 
improvements compared to parameters mix of 

relative unpleasantness pitch of 10, relative hole 
width of 1.0, circular segment point of 30°, 
relative hole position of 0.65 and relative 
harshness stature of 0.043. 

5. Effect of discrete multi V shaped and 
staggered rib roughness on both sides of the 
absorber plate: For the Nusselt number (Nu), 
the most extreme increment of 4.52 times to the 
relating estimation of smooth twofold pass 
channel has been accomplished, in any case it 
has likewise been seen that the rubbing factor (f) 
upgraded by 3.13 creases when contrasted with 
smooth one. The rib parameters comparing to 
greatest increment in Nu and f are r/e = 3.5, p'/p 
= 0.6 and W/w = 7. 

6. Effect of W-shaped rib roughness on absorber 
plate: Most extreme upgrade of Nusselt number 
and rubbing factor as aftereffect of giving 
counterfeit unpleasantness has been observed to 
be separately 2.36 and 2.01 times that of smooth 
channel for approach of 60°. Same approach 
relates to greatest estimations of both Nusselt 
number and grinding factor. For relative 
harshness tallness of 0.03375 and at approach of 
60°, W-shape ribs improve estimation of Nusselt 
number by 2.21 times over smooth plate at 
Reynolds number of 14,000. 

7. Effect of circularity of perforation holes in V-
shaped blockages: Non-roundabout aperture 
gaps was been found to brings about higher 
warmth exchange when contrasted with round 
openings with same open region proportion; and 
there is ideal non-roundabout shape that 
compares to a circularity of 0.69. Most extreme 
upgrade in Nusselt number and contact factor is 
found to compare to an edge assault estimation 
of 60°.The most elevated increment in the 
estimation of Nusselt number has been seen at a 
relative pitch of 8, however the most astounding 
watched estimation of grinding factor relating to 
relative pitch of 4. 

8. Effect of using wavy delta winglets: The 
relative longitudinal pitch conversely influences 
the Nusselt number. The Nusselt number 
reductions with expanding relative longitudinal 
pitch by consolidating a wide range of wavy 
winglets on the safeguard plate i.e. it is most for 
relative longitudinal pitch of 3 and minimum for 
6. The Nusselt number is observed to be most 
extreme for 5 number of waves. The grinding 
factor diminishes with expanding Reynolds 
number for a wide range of winglets utilized at 
all relative longitudinal pitches. The grating 
component was observed to be slightest for 
relative longitudinal pitch of 6, trailed by 5, 4 
and most extreme for 3. The 5-wave winglet set 
at relative longitudinal pitch of 3 demonstrates a 
greatest estimation of Nusselt number upgrade 
factor of 3.2 over a smooth plate. The rubbing 
factor upgrade esteem 10.9 was most extreme for 
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7-wave winglet sets at relative longitudinal pitch 
of 3. The thermo-pressure driven execution of 
2.09 was acquired at relative longitudinal pitch 

of 3, at Reynolds number of 4000 and utilizing 
five-wave winglet course of action. 

Roughness 
geometry 

Sub 
category 

Parameters 
range Investigators Results Geometrical illustrations 

Multi V 
shape Discrete 

(e/Dh)=0.045 
(g/e)=1,  Ng=4 

(α)=60° 
(p'/P)=0.65 
(w/e)=2-5.5 

Re=3000-12000 

Sumer Singh 
patel, Atul 

lanjewar [5] 

Nusselt no. 
increased by 
3.04 to 3.11 
times and 

friction factor 
increased by 
3.6 to 3.67 

times.  

V pattern 
baffle broken 

W/H=10 
Dd/Lv=0.26-0.83 
gw/Hb=0.5-1.5 

Hb/H=0.25-0.80 
Pb/H=0.25-0.50 

α=30°-70° 
Re=3000-21000 

Raj Kumar, 
Ranchan 
Chauhan, 
Muneesh 

Sethi, Anil 
Kumar [6] 

The nusselt 
number 

improved by 
4.78 times 
and friction 
factor f rises 

by 5.64 times. 
 

wavy delta 
winglets  

P/H=3-6 
b/H=0.5 
c/H=1.4 
ϕ=3-7 
α=60° 

Re=4000-17300 
 

J.S. 
Sawhney, 

Rajesh 
Maithani, 

Sunil 
Chamoli [11] 

The Nusselt 
number 

enhancement 
was 

found to be 
223% with 
penalty in 

friction factor 
by 10.3 times.  

S shape rib continuous 

p/e=4-16 
e/Dh=0.022-

0.054 
α=30°-75° 
W/w=1-4,  
W/H=12 

Re=2400-20000 

Khushmeet 
Kumar, D.R. 

Prajapati, 
Sushant 

Samir [7] 

The max. 
increase in 
Nusselt no. 
and friction 

factor for arc 
angle 60° and 
e/Dh value of 

0.043. 
 

Arc shape 
rib broken 

p/e=4-12 
g/e=0.5-2.5 
d/w=0.2-0.8 
e/Dh=0.022-

0.043 
α=15°-75° 

Re=2000-16000 

V.S. Hans, 
R.S. Gill, 
Sukhmeet 
Singh [8] 

The nusselt 
number 

improved by 
1.19 times 
and friction 
factor f rises  

by 1.14 times. 
 

multi V 
shaped and 
staggered 

rib on both 
sides 

discrete 

p'/p=0.2-0.8 
W/w=5-8 
e/D=0.043 

α=60°,g/e=1 
p/e=10, r/e=1-4 
Re=2000-20000 

Ravi Kant 
Ravi, R.P. 
Saini [1] 

The rise in the 
value of 
Nusselt 

number and 
friction factor 

is 4.52 and 
3.13 

respectively.  
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CONCLUSION 
 
It can be concluded that by using Artificial 
Roughness in the Rectangular Duct about 20 to 30% 
increase in Nusselt Number and 10 to 15 % increase 
in friction factor in comparison to Smooth Duct. 
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W-shaped 
rib 

roughness 
 

p/e=10 
e/Dh=0.018-

0.03375 
e=0.8-1.5 
α=30°-75° 

Re=2300-14000 
W/H=8 

Atul 
Lanjewar, 

J.L. 
Bhagoria, 

R.M. Sarviya 
[2] 

Maximum 
rise of Nusselt 

number and 
friction factor 

has been 
found to be 
respectively 

2.36 and 2.01 
times.  

circularity 
of 

perforation 
holes in V-

shaped 
blockages 

 

p/e=4-12 
e/H=0.4-1.0 
ψ=0.6-1.0 

β=0.05-0.25 
α=30°-75° 

Re=2000-20000 

Tabish Alam, 
R.P. Saini, 
J.S. Saini 

[10] 

Max. increase 
in Nusselt 

number and 
friction factor 
is found  for 

an attack  
angle value of 

60°.  


