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Abstract 

 Heat energy plays most important role in the field of power generation which involves 

the heat transfer in domestic as well as industrial purposes. Literature shows the heat transfer 

coefficient between heat transferring surface and air is low which leads to lower thermal 

efficiency of the system. 

Therefore it is important to increase heat transfer coefficient between heat transferring surface 

and air . Literature shows a large number active and passive technique for the same. The most 

promising technique to enhance heat transfer coefficient is artificial roughness on heat transfer 

field. 

This paper covers the types of technique used in enhance heat transfer coefficient in field 

of heat transfer and review a  variety of papers dealing with artificial roughness on heat transfer 

field. 

Keywords:- w-shaped rib, solar air heater, heat transfer. 

1. Introduction 

The energy produced and radiated by the sun, more specifically the term refers to the 

sun’s energy that reaches the earth. Solar energy, received in the form of the radiation, can be 

converted directly or indirectly into other forms of energy, such as heat and electricity, which 

can utilize by man. Solar energy as we know is non conventional source of energy so because of 

that we can use this energy without any trouble. Sun it acts as a spherical black body of 

temperature around 6000°C. It radiates energy at all possible directions. The power from the sun 

intercepted by the earth is approximately 1.8 x 10
11

MW whereas the requirement of energy in the 

world is 1367 W/m
2
. Hence it is abundant in quantity. 

  Heat transfer enhancement techniques have been used to improve the performance of a solar air 

heater which is the simplest and most commonly used device in solar energy applications, 

requiring low grade thermal energy, such as drying of agricultural produce, seasoning of wood, 

space heating, curing of industrial products. The performance of solar air heater can be increased 

by roughened the absorber plate. 

2. Listing and classification of different heat transfer enhancement techniques 

Passive techniques Active  techniques Compound enhancement 

Teated surface  Mechanical aids Two or more passive and/or active techniques 

used together 

Examples: 

Rough- surface tube with twisted-tape  

Rotating internally finned tubes 

etc. 

Rough surface Surface vibration 

Extended surface Fluid vibration 

Displaced enhancement 

device 

Electrostatic fields 

Swirl flow devices Injection  

Coiled tube Suction   

Surface tension  device Jet impingement  
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Nomenclature 
Ac           surface area of collector, m2                                             ∆Pd          pressure drop across test section, Pa 

Ad          area of duct, m2                                                                        ∆Po       pressure drop across orifice meter, Pa                      

Ap          surface area of absorber plate, m2                                  Qu         useful heat gain, W 

Ao          area of orifice, m2                                                     Re      Reynolds number, VDh/υ, dimensionless 

 B/S    relative roughness length ratio,                             L/e     relative longway of mesh, dimensionless 

           dimensionless                                                        l/s      relative length of metal grit, dimensionless                

Cd          coefficient of discharge of orifice meter,              R0         rotation number, dimensionless 

           dimensionless                                                        S       shortway of mesh, m 

Cp          specific heat of air at constant pressure,                s        projected length of metal grit parallel to                      

J/kg K                                                                              flow, m  

Dh          hydraulic diameter of air passage,                        S/e     relative shortway of mesh, dimensionless 

           Dh = 2WH/(W + H), m                                           St      Stanton number 

e          rib height, mm                                                       V      velocity of air in duct, m/s 

e+           roughness Reynolds number,  

           Dimensionless                                                      

e/Dh      relative roughness height,                                    Greek symbols 

           dimensionless                                                          α        rib angle of attack, degree 

f          friction factor, dimensionless                                  β         ratio of orifice diameter to pipe diameter, 

g/p       groove position to pitch ratio,                                           dimensionless 

           dimensionless                                                          φc           chamfer angle, degree     

Gm         mass velocity of air, kg/m2s                                                    φw          wedge angle, degree 

G         momentum heat transfer function,                         ρa           density of air, kg/m3 

            dimensionless                                                         ρm       density of manometric fluid, kg/m 

G         Mass velocity of air, m/s                                        W       width of duct, m 

H         height of duct, m                                                    W/H   aspect ratio (AR) of duct, dimensionless 

I           Heat flux, W/m2                                                                         ∆ρ/ρ   inlet coolant-to-wall density ratio,   

h          convective heat transfer coefficient                                     dimensionless     

∆h        difference of liquid head in U-tube manometer,       υ      kinematic viscosity of air, m2/s 
            mm 

k          thermal conductivity of air,                                     Subscripts 
            W/m K 

L          long way of mesh, m                                                     r         rough 

l          projected length of metal grit perpendicular                 s        smooth 

           to direction of flow, m 

Lf           Length of test section for friction factor  

            Calculation, m 

m        mass flow rate of air, kg/s 

Nu      Nusselt number, dimensionless 

Pr       Prandtl number, dimensionless 

P         pitch, mm 

p/e      relative roughness pitch, dimensionless 

 

3. Concept of artificial roughness 
When the fluid flow through the duct of solar air heater, a laminar sub layer is formed 

over the absorber plate surface because of that it impedes the heat transfer to the flowing fluid, so 

it can affect the thermal performance of solar air heater. Artificial roughness’s primary work is to 

reduce the thickness of boundary layer. Artificial roughness provided in the inner side of 

absorber plate that creates the turbulent effect. Secondary recirculation flows further enhance the 
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convective heat transfer. However, energy for creating such turbulence has to come from the fan 

or blower and the excessive power required making the air flow through the duct. It is therefore 

desirable that the turbulence must be created only in the region very close to the heat transferring 

surface, i.e., in the laminar sub layer only where the heat exchange takes place and the flow 

should not be unduly disturbed so as to avoid excessive friction losses. This can be done by 

keeping the height of the roughness element small in comparison with the duct dimension. There 

are several parameters that characterize the arrangement and shape of the roughness, the 

roughness element height (e) and pitch (p) are the most important parameters. These parameters 

are usually specified in terms of dimensionless parameters, namely, relative roughness height 

(e/D) and the relative roughness pitch (p/e). 

 

 

Effect of rib parameters on flow pattern 

Artificial roughness provided on the inner side of the absorber plate creates two flow 

separation regions, one on each side of the rib, and vertices so generated are responsible for 

turbulent, which promotes heat transfer for accompanied by friction losses. Fig. 1 shows the 

effect of rib height on laminar sub layer [2]. 

Fig. 1 explains the effect of the roughness height (e ) that 

3.1. if e<<δ', roughness has no effect. 

3.2. if e>>δ', roughness has more effect on fluid pressure as compared to heat transfer, owing to 

probable interference of turbulence induced in the already turbulent core. 

3.3. if e≥δ', the intended purpose of noticeable increase in heat transfer and moderate fluid 

pressure could be served. 

 

Effect of relative roughness pitch 

 

Reattachment of free shear layer is necessary for heat transfer. As such the value of p/e 

could not be taken as less than 10, which might result in non- reattachment of free shear layer 

causing no heat transfer from the surface but some paper says it can also be done by value of 8 

The value of p/e less than 10, connotes that the roughness elements are too close to allow the free 

shear layer to touch the surface as could be seen in Fig. 4, 

Consequently there is no heat transfer gain but pressure drop increases.[1] 

 

For the same reasons, the value of e/D could not be taken beyond a value. Which might lead to 

non-reattachment of free shear layer as could be seen in Fig. 5. 

 

4. Roughness geometry used in solar air heaters 

 

Some important roughness geometries reported in literature are shown in Fig. 2.shows 

that different types of roughness used in solar air heater like inclined, inclined broken, V-shaped, 

W-shaped etc. 
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5. The different types of roughness element geometries investigated by researchers are   

   Discussed as:  

5.1. Transverse continuous ribs 

 

S.K. Verma and B.N. Prasad [1] studied the effect of protruding wires on friction factor, 

heat transfer coefficient and plate efficiency factor of a solar air heater. Parameters which used is 

like Reynolds number 5000-20000, relative roughness pitch p\e 10-40 and relative roughness 

height 0.01-0.03. Experimentally they found that if the value of relative roughness height is 

0.0145 so the Heat transfer enhancement factor (Nur/Nus) in roughened solar air heaters is 

minimum and for 0.288 is maximum.  

 

 
                                                                                                                                                                                
                                                                                           

Prasad and Saini [2] studied the effect of roughness and flow parameters such as relative 

roughness height (e/D) and relative roughness pitch (p/e) on heat transfer and friction factor. 

The type and orientation of roughness geometry used have been shown in Fig. 4. They developed 

expressions for the heat transfer and friction factor for a fully turbulent flow.  

It was observed that maximum heat transfer occurred in the vicinity of reattachment 

points and reattachment of free shear layer does not occur if relative roughness pitch (p/e) is less 

than about 8 to 10. Optimal thermo hydraulic performance is achieved for roughness height 

slightly higher than the transition sub layer thickness. For relative roughness height (e/D) value 

of 0.033 and relative roughness pitch (p/e) value of 10, maximum enhancement in Nusselt 

number and friction factor was reported to be 2.38 and 4.25 times respectively over smooth duct.    

 

 

5.2. Transverse broken ribs  

 

M.M. Sahu et al.[14] experimentally investigated the heat transfer coefficient by using 

90
0
 broken transverse ribs on absorber plate of a solar air heater. They used the following 

parameters like Reynolds number (Re) range up to 3000-12000, pitch (p)ranging from 10-30mm, 

height of the rib (e) is 1.5 mm, Relative roughness height,(e/D) is 0.0338 and duct aspect 

ratio(W/H = 8). 
 They found that the maximum enhancement of heat transfer coefficient occurs at pitch of about 

20 mm while on either side of this pitch the Nusselt number decrease. Roughened absorber plates 

increase the heat transfer coefficient 1.25–1.4 times as compared to smooth rectangular duct 

under similar operating conditions at higher Reynolds number.       
 

5.3. Inclined continuous ribs                     

 

Gupta et al. [3] experimentally investigated the effect of relative roughness height (e/d), 

inclination of rib with respect to flow direction and Reynolds number (Re) on the thermo 

hydraulic performance of a roughened solar air heater for transitionally rough flow region (5 < 

e+ < 70). The roughness geometry investigated has been shown in Fig. 6. It was reported that 

with increase in relative roughness height (e/d), the value of Reynolds number (Re) decreased for 

which effective efficiency was maximum. The effective efficiency also increased with increase 

in insulations. For a roughened solar air heater, maximum enhancement in heat transfer and 
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friction factor was reported to be of the order 1.8 and 2.7 times respectively corresponding to 

angle of inclination values of 60
0
 and 70

0
, respectively. Best thermo hydraulic performance was 

reported for relative roughness height (e/D) value of 0.023 and Reynolds number (Re) value of 

14,000. 

 

5.4. Inclined broken ribs 

 

K.R. Aharwal et al.[4] experimentally investigated the effect of width and position of gap 

in inclined split-ribs having square cross section on heat transfer and friction characteristics of a 

rectangular duct. The duct has a width to height ratio (W/H) of 5.8, relative roughness pitch (p/e) 

of 10, relative roughness height (e/Dh) of 0.0337, angle of attack (α) of 60
0
. The gap width (g/e) 

range 0.5-2 and gap position (d/W) varied from 0.1667 to 0.667 for Reynolds number (Re) 3000-

18000. For the split-rib and continuous rib roughened ducts, the enhancement in heat transfer 

was reported to be in the range of 1.71–2.59 and 1.48–2.26 times respectively over smooth duct 

under similar operating conditions. 

 

5.5. V-shaped ribs 
 

Abdul-Malik Ebrahim Momin et al.[5] experimentally investigated  the effect of 

geometrical parameters  of V- shaped  ribs on heat transfer and fluid flow characteristics of solar 

air heater duct. The investigation has covered a Reynolds number (Re) range up to 2500-18000, 

fixed relative roughness pitch (p/e) 10, relative roughness height (e/Dh) of 0.02-0.034and angle 

of attack (α) of 30
0
-90

0
. They found that the maximum enhancement of Nusselt number and 

friction factor as a result of providing artificial roughness has been found to be respectively 2.30 

and 2.83 times that of smooth duct for an angle of attack of 60
0
. It was observed that the same 

angle of attack corresponds to the maximum values of both Nusselt number and friction factor. It 

appears that the flow separation and the secondary flow resulting from the presence of V-shaped 

ribs and the movement of resulting vortices combine to yield an optimum value of angle of 

attack. It was found that for relative roughness height of 0.034 and for angle of attack of 600, the 

V-shaped ribs enhance the values of Nusselt number by 1.14 and 2.30 times over inclined ribs 

and smooth plate case at Reynolds number of 17034. 

 

5.6. W-shaped ribs             

 

 

A. Lanjewar et al. [7,8] Experimental study of augmented heat transfer and friction in 

solar air heater with different orientations of W-Rib roughness. W ribs have been tested both 

pointing in downstream W-down and upstream W-up to the flow. They found that W down ribs 

gives better thermo-hydraulic performance as compared to W-up and V- ribs. There parameters 

like Reynolds number (Re) 2300-14000, aspect ratio of air duct (W/H) of 8.0, relative roughness 

pitch (p/e) 10, relative roughness height (e/Dh) 0.03375 and angle of attack (α) of 30
0
-75

0
. They 

also found Maximum thermo-hydraulic performance for W-down ribs is 1.98 while it is 1.81 for 

W-up ribs in the range of parameters investigated. 
 

Experimentally investigated heat transfer and friction in solar air heater duct by using W- 

shaped rib as an artificial roughness. They found that maximum enhancement of Nusselt number 

and friction factor as result of providing artificial roughness has been found to be respectively 

2.36 and 2.01 times that of smooth duct for angle of attack of 60
0
. For relative roughness height 
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of 0.03375 and at angle of attack of 60
0
, W-shape ribs enhance value of Nusselt number by 2.21 

times over smooth plate at Reynolds number of 14,000. 
 

Lesley M. Wright et. al [6] experimentally investigated the thermal performance of 

angled, v-shaped, and w-shaped rib tabulators in rotating rectangular cooling channels. They 

perform their experiment in various types of geometries like angled, discrete angled, V-shaped, 

and discrete V-shaped ribs as well as W- shaped and discrete W- shaped ribs. The rib height-to-

hydraulic diameter ratio (e/D) is 0.078, and the rib pitch-to-height ratio (P/e) is 10, Raynolds 

number re =10,000-40,000. So they found that the discrete V-shaped and discrete W-shaped ribs 

have the best thermal performance in both rotating and nonrotating channels. These 

configurations are followed closely by the W-shaped configuration. And for the nonrotating and 

rotating rectangular channels, the W-shaped and discrete W-shaped ribs yield the best heat 

transfer enhancement. This comes at the cost of the greatest pressure drop. 

 

 

5.8. Discrete W-shaped ribs 
                                                                                                    

Arvind Kumar et al. [9] they experimentally investigated the effect of discrete W-shaped 

ribs in heat transfer and friction factor in solar air heater. Parameters they used are Reynolds 

number (Re) of 3000-15000, relative roughness height (e/Dh) in the range of 0.0168–0.0338, 

relative roughness pitch (p/e) 10 and angle of attack (α) 30
0
-75

0
 .They found that the Nusselt 

number increases with an increase of Reynolds number. The maximum enhancement of Nusselt 

number was found to be 1.44, 1.54, 1.67 and 1.61 times that for smooth duct for angles of attack 

of 30
0
, 45

0
, 60

0
and 75

0
 for relative roughness height of 0.0168. Whereas for relative roughness 

height of 0.0338, the maximum enhancement in Nusselt number was found to be 1.88, 1.99, 2.16 

and 2.08 times for corresponding angles of attack of 30
0
, 45

0
, 60

0
and 75

0
. The maximum 

enhancement of Nusselt number and friction factor as a result of providing artificial roughness 

has been found to be 2.16 and 2.75 times that of smooth duct for an angle of attack of 60_. It was 

observed that the same angle of attack corresponds to the maximum values of both Nusselt 

number and friction factor. It appears that the flow separation and the secondary flow resulting 

from the presence of discrete W-shaped ribs and the movement of resulting vortices combine to 

yield an optimum value of angle of attack. 

 

5.9. Multiple v-ribs 
                                                                  

V.S. Hans et al. [10] they experimentally investigated heat transfer and friction factor 

correlations for a solar air heater duct roughened artificially with multiple v-ribs. Parameters they 

used are Reynolds number (Re) 2000-20000, relative roughness height (e/D) values of 0.019– 

0.043, relative roughness pitch (P/e) range of 6–12, angle of attack (α) range of 30
0
–75

0
and 

relative roughness width (W/w) range of 1–10.They investigated that the maximum heat transfer 

enhancement has been found to occur for a relative roughness width (W/w) value of 6 while 

friction factor attains maximum value for relative roughness width (W/w) value of 10. It has also 

been found that Nusselt number and friction factor attain maxima corresponding to angle of 

attack (a) value of 60
0
. Maximum enhancement of Nusselt number and friction factor has been 

observed corresponding to relative roughness pitch (P/e) value of 8. 
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Table 1 

Correlations developed for heat transfer and friction factor for different roughness geometries used in solar air 

heaters. 
Author Types of 

rib 

Parameters Correlations 

Heat transfer Friction factor 

S.K. 

Verma et 

al.[1] 

Transverse 

continuous 

ribs 

Re: 5000-

20000, 

p/e: 10-40, 

e/Dh: 0.01-0.03, 

Nur= 0.08596(p/e)
-0.054

(e/Dh)
0.072

Re 
0.723

, for 

e
+
≤24 

Nur= 0.02954(p/e)
-0.016

(e/Dh)
0.021

Re 
0.802

, for 

e
+
>24 

Nus= 0.0731 Pr
0.4

fs
0.5

Re
0.918

 

 

fr = 0.245(p/e)
-0.206

(e/Dh)
0.243

Re
-1.25

 

Prasad and 

Saini[2] 

Transverse 

continuous 

ribs 

p/e: 10-20 

e/Dh: 0.020-

0.033 

Re: 5000-50000 

 

 

𝑆𝑡 =
f/2

1 +  
f
2

 {4.5  (e+ )Pr0.57 − 0.95  
p
e
 

0.55

 }

 
𝑓 =

 W + 2B fs + Wfr

2(𝑊 + 𝐵)
 

 

𝑓𝑟 =
2

[0.95  
p
e
 

0.53

+ 2sin  
D
2e

 − 3.75]2

 

M.M. Sahu 

et al.[15] 

Transverse 

broken rib 

Re: 3000-12000 

p: 10-30 

e:  1.5 

e/Dh: 0.0338 

α: 90
0
 

  

Gupta et al. 

[3] 

Inclined 

continuous 

ribs 

e/Dh: 0.020-

0.05 

p/e: 7.5 and 10 

α: 30
0
-90

0
 

Re: 3000-18000 

Nu=0.0024(e/Dh)
0.001

(W/H)
-0.06

Re
1.084

×exp[-

0.004(1- α/60)
2
,   

        for e
+
<35 

Nu=0.0071(e/Dh)
-0.24

(W/H-0.028Re
0.88

×exp[-

0.47(1- α/60)
2
,  

        for e
+
≥35 

 

f=0.1911(e/Dh)
0.196

(W/H)
-0.093                 

 
    ×Re

1.084
×exp[-0.993(1-α/70)

2
]

 

K.R. 

Aharwal et 

al.[4] 

Inclined 

rib with 

gap 

e/D: 0.0377 

g/e: 0.5–2 

d/W: 0.1667–

0.667 

W/H: 5.84 

α : 60
0
 

Re: 3000–

18000 

Nu =  0.002Re
1.08

(p/e)
1.87

 × exp[-0.45(ln(p/e))
2
] 

(α/60)
0.006 

               
× exp[_0.65(ln α/60)

2
] (d/W)

-0..32 

               
× exp[-0.12(ln d/W)

2
](g/e)

-0.03 

               
× exp[_0.18(ln g/e)

2
](e/D)

0.5 
 

f= 0.071Re
-0.133

(p/e)
1.83

exp[-0.44(ln (p/e))
2
]                   

    ×(d/W)
-0.43 

× exp[_0.14(ln d/W)
2
] (g/e)

-

0.052    

       
×(α/60)

0.67
 (exp[0.12(ln g/e)

2
] (e/D)

0.69 

Momin et 

al. [5] 

 

V-shaped 

ribs 

e/D: 0.01–0.03 

p/e: 10–40 

Re: 2500–

18,000 

 

Nu = 0.067Re
0.888

(e/D)
0.424

(α/60)
-0.077

exp[-

0.782(ln (α/60)
2
] 

f= 6.266 Re
_0.425

(e/D)
0.565

(α/60)
-0.093  

       
exp[-0.719×(ln a/60)

2
] 

V.S. Hans 

et al. [10] 

Multiple 

v-ribs 

 

W/w: 1–10 

e/D:  0.019– 

0.043 

P/e : 6–12 

α:  30
0
–75

0
 

Re: 2000-20000 

 

Nu= 3.35× 10
-5

 Re 
0.92

(e/D)
0.77

(W/w)
0.43

(α/90)
-

0.49
 

        ×exp[-0.1177(In(W/w))
2
]exp[-

0.61(In(α/90))
2
](P/e)

8.54
  

         ×exp[-2.0407(In(P/e))
2
] 

f=  4.47×10
-4

Re
-0.318

(e/D)
0.73

 

      × (W/w)
0.22

(α/90
)-0.39

 

      × exp[-0.52(In(α/90))2]
 
(P/e)

8.9 
 

      × exp[-2.133(In(P/e))2]
 
 

     

A. 

Lanjewar 

et al. [7] 

W-shaped 

rib 

p/e: 10 

Re: 2300-14000 

W/H: of 8.0 

α: 30
0
-75

0
 

e/Dh: 0.03375  

 

Nur =0.0613 (Re)
0.9079

(e/Dh)
0.4487 

(α/60)
-0.1331  

 

          ×[exp(-0.5307(In (α/60))
2 
)]

  

 

fs= 0.6182(re)
-0.2254 

(e/Dh )
0.4622

 (α/60)
0.0817

 

      ×[exp(-0.28(In(α/60))
2 
)] 
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Atul 

Lanjewar 

et al. [8] 

W-shaped 

rib 

p/e: 10 

e/Dh:  0.018-

0.03375  

W/H : 8.0 

α: 30
0
-70

0
 

Re: 2300-14000 

 

Nur =0.0613 (Re)
0.9079

(e/Dh)
0.4487 

(α/60)
-0.1331  

 

          ×[exp(-0.5307(In (α/60))
2 
)]

  

 

fs= 0.6182(re)
-0.2254 

(e/Dh )
0.4622

 (α/60)
0.0817

 

      ×[exp(-0.28(In(α/60))
2 
)] 

 

Arvind 

Kumar et 

al. [9] 

Discrete 

W-shaped 

ribs 

Re:  3000-

15000 

e/Dh: 0.0168–

0.0338 

p/e : 10  

α: 30
0
-75

0
  

 

Nur = 0.105 × (Re)
0.873

×
  
(e/Dh)

0.453
×(α/60)

-0.081
 

          ×exp[
 
-0.59×(ln( α/60)

2
)] 

fr= 5.68 ×(Re)
-0.40 

× (e/Dh)
0.59

 ×(α/60)
-0.081

 

      ×exp[-0.579 ×(ln (α/60))
2
) 

 

 

 

 

 

 

 
Fig.1. Effect of rib height on laminar sub layer [2]. 
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Fig2 Top view of rib configurations used by Wright 

et al. [12] 

 

 

 

 
Fig3 Transverse continuous ribs [1]. 
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Fig. 4. Flow pattern downstream the roughness as a function 

of relative roughness pitch [1]. 

                   

 
 

Fig.5. Probable flow patterns downstream the roughness as a 

function of relative roughness height. 

(e5 >e4 >e3 >e2> e1: p= constant).[1] 
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Fig.6: Transverse continuous ribs [2] 

 

 
Fig.7: transverse broken ribs [15] 

 
Fig.8: Inclined continuous ribs [3]. 

 
Fig.9: Schematic diagram of 30

0
 V shaped ribs. .[5] 

 

  

                                  

 

 
                                       Fig.10:Inclined ribs with gap [4] 

 

      

 

 
                       Fig.11: Schematic diagram of 60_ W-shaped ribs [8] 

 

 

                                                    

 
                           Fig.12: W-down roughness geometry [7]            

Fig.13: discrete W-shaped ribs [9] 
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Fig14: Effect of Reynolds number on Nusselt number different types of roughness 

 

The above graph is prepared on the basis of their Nusselt no. correlation. For different 

types of roughness correlation is also is different and due to this increment in Nusselt no. is 

vary. The above graph shows that graph between Nusselt no. and Reynolds no. 

Graph shows that the heights Nusselt no. increment is found in multiple V-shaped ribs 

and lowest value of Nusselt no. is found in transverse continuous ribs.     

 
 

 6.  Conclusion 

  In this paper we studied about performance of solar air heater having different kind of 

roughness. According to their results and conclusions we can say that the W- shaped ribs are 

better than the other types of roughness. The following conclusions are drawn: 

1. Performance of solar air heater can be increased by artificial roughness. 

2. W- shaped ribs gives better results as compare to other geometries that we studied. 

3. Maximum enhancement of Nusselt number as result of providing artificial roughness has 

been found to be respectively 2.36.[7]. 

4. The maximum enhancement of Nusselt number and friction factor as a result of    

      Providing artificial roughness has been found to be 2.16.[9]. 

5. So we can say that the W- shaped ribs are better. 

6. V-shaped ribs give better results as compare to other ribs. 

7. Nusselt no. in V- shaped ribs is 4.15 times more than the transverse continuous ribs. 

0

50

100

150

200

250

300

350

400

0 2000 4000 6000 8000 100001200014000160001800020000

Transverse continuous ribs

Inclined continuous ribs

Inclined rib with gap

V-shaped ribs

Multiple v-ribs

W-shaped ribs

Discrete W-shaped ribs

Reynolds number

N
u
ss

el
t 

n
o
.



International Journal of Emerging Trends in Engineering and Development                Issue 3, Vol.2 (March 2013)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                    ISSN 2249-6149 

 Page 146 
 

References 

[1] S.K. Verma, B.N. Prasad, Investigation for the optimal thermo hydraulic performance of artificially     

roughened solar air heaters. Renewable Energy 20 (2000) 19-36. 

[2] Prasad BN, Saini JS.  Optimal thermo hydraulic performance of artificially roughened solar air        

heaters. Solar Energy 1991;47:91–6. 

[3] Gupta D, Solanki SC, Saini JS. Thermo hydraulic performance of solar air heaters with roughened       

absorber plates. Solar Energy 1997;61:33–42. 

[4] Aharwal KR, Gandhi BK, Saini JS. Experimental investigation on heat-transfer enhancement due to    

     a gap in an inclined continuous rib arrangement in a rectangular duct of solar air heater. Renewable      

Energy  2008:33:585–96. 

[5] Abdul-Malik Ebrahim Momin, J.S. Saini, S.C. Solanki. Heat transfer and friction in solar air heater  

    duct with V-shaped rib roughness on absorber plate. International Journal of Heat and Mass     

Transfer  45 (2002) 3383–3396. 

[6] Lesley M. Wright, Wen-Lung Fu, Je-Chin Han. Thermal Performance of Angled, V-Shaped, and      

W-Shaped Rib Turbulators in Rotating Rectangular Cooling Channels (AR4:1). 614 Vol. 126,       

OCTOBER 2004 

 [7] A. Lanjewar , J.L. Bhagoria, R.M. Sarviya Experimental study of augmented heat transfer and     

friction in solar air heater with different orientations of W-Rib roughness. Experimental Thermal       

and  Fluid Science 35 (2011) 986–995. 

[8] A. Lanjewar , J.L. Bhagoria, R.M. Sarviya Heat transfer and friction in solar air heater duct with W-      

shaped rib  roughness on absorber plate. Energy 36 (2011) 4531-4541. 

[9] Arvind Kumar, J.L. Bhagoria, R.M. Sarviya Heat transfer and friction correlations for artificially       

roughened solar air heater duct with discrete W-shaped ribs. Energy Conversion and Management        

(2009) 2106–2117. 

 [10] V.S. Hans, R.P. Saini, J.S. Saini Heat transfer and friction factor correlations for a solar air heater  

duct roughened artificially with multiple v-ribs. Solar Energy 84 (2010) 898–911. 

[11] Vishavjeet Singh Hans, R.P. Saini, J.S. Saini. Performance of artificially roughened solar air         

Heaters-A review. Renewable and Sustainable Energy Reviews 13 (2009) 1854–1869. 

[12] Han JC, Zhang YM, Lee CP. Augmented heat transfer in square channels with parallel, crossed        

and V-shaped angled ribs. Trans ASME J Heat Transfer 1991;113: 590–6. 

[13] M.M. Sahu, J.L. Bhagoria. Augmentation of heat transfer coefficient by using 90
0
 broken        

transverse  ribs on absorber plate of solar air heater. Renewable Energy 30 (2005) 2057–2073. 

[14] Rajendra Karwa, Kalpana Chauhan. Performance evaluation of solar air heaters having v-down         

discrete rib roughness on the absorber plate. Energy 35 (2010) 398–409. 

 


