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Abstract— There are the selection of roughness geometry 

has to be based on the parameter that  both Thermo-

hydraulic Performance of Solar air collector. Number of 

roughness elements has been investigated on heat transfer & 

friction characteristics of solar air collectors. In this paper, 

reviews of various artificial roughness elements used as heat 

transfer techniques, and improve Thermo-hydraulic 

performance of solar air collectors is reviewed by using 

CFD .There are the various results for heat transfer & 

friction factor for solar air collector by taking different 

roughness geometries are given & these correlations are 

predict the Thermo-hydraulic performance of solar air 

collector having roughened ducts. The aim of this paper is 

also the awareness of effect of various types’ roughness 

geometries on heat transfer & friction characteristics of solar 

air collectors with use of CFD  in simplified form. 
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I. INTRODUCTION 

The sun is responsible for all of the earth energy. Plants use 

the sun's light to make food. Decaying plants hundreds of 

millions of years ago produced the coal, oil and natural gas 

that we use today. Solar energy is most commonly collected 

by using solar cells. Of course solar energy can be put to use 

to heat or light up a room by simply having well placed 

windows and skylights. We can also use solar energy to dry 

our clothes in the sun. To use solar energy to power 

electrical appliances solar cells are used. With the lack of 

energy source in the world, energy source is playing an 

important role in the development of Chinese economy. So 

the renewable energy source is the best choice for China. 

We should develop the application of solar farm in China. 

II. SOLAR ENERGY - BASIC PRINCIPLES 

Solar energy is created by light and heat which is emitted by 

the sun, in the form of electromagnetic radiation. With 

today's technology, we are able to capture this radiation and 

turn it into usable forms of solar energy - such as heating or 

electricity. 

Solar energy is the sun's nuclear fusion reactions 

within the continuous energy generated. Earth's orbit, the 

average solar radiation intensity is 1367kw/m2. 

Circumference of the Earth's equator is 40000km, thus we 

can calculate the energy the earth gets is up to 173,000 TW. 

At sea level on the standard peak intensity is 1kw/m2, a 

point on the earth's surface 24h of the annual average 

radiation intensity is 0.20kw/m2, or roughly 102,000 TW of 

energy. Humans rely on solar energy to survive, including 

all other forms of renewable energy (except for geothermal 

resources) Although the total amount of solar energy 

resources is ten thousand times of the energy used by 

humans, but the solar energy density is low, and it is 

influenced by location, season, which is a major problem of 

development and utilization of solar energy. 

A. Diffuse and Direct Sunlight: 

As sunlight passes through Earth's atmosphere, some of it is 

absorbed, scattered, and reflected. The following is a general 

list of materials which cause the sunlight to become 

diffused: 

 Air Molecules  

 Water vapor  

 Clouds  

 Dust  

 Pollutants  

 Sunlight is composed of two parts - direct sunlight 

and diffuse sunlight. Solar radiation goes through the 

atmosphere and reaches the ground, due to the atmosphere 

air molecules, water vapor and dust, such as solar radiation 

absorption, reflection and scattering, not only reduction of 

the intensity of radiation, but also to change the direction of 

radiation and radiation of the spectral distribution. 

Therefore, the actual solar radiation reaching the ground is 

usually caused by direct and diffusion of two parts. Direct 

sunlight is the radiation directly from the sun and the 

direction of the radiation has not been changed. 

Diffusion is the reflection and scattering by the 

atmosphere changed after the direction of the solar radiation, 

which consists of three parts: the sun around the scattering 

(surface of the sun around the sky light), horizon circle 

scattering (horizon circle around the sky light or dark light), 

and other sky diffuse radiation. In addition, the non-

horizontal plane also receives the reflection of radiation 

from the ground. Direct sunlight, diffuse and reflected 

sunlight shall be the sum of the total radio or global 

sunlight. It can rely on the lens or reflector to focus on direct 

sunlight. If the condenser rate is high, you can get high 

energy density, but loss of diffuse sunlight. If the condenser 

rate is low it can also condense parts of the solar diffuse 

sunlight. Diffuse sunlight has a big range of variation, and 

when it’s cloudless, the diffuse sunlight is 10% of the total 

sunlight. But when the sky is covered with dark clouds and 

the sun can not be seen, the total sunlight is equal to the 

diffuse sunlight. Therefore, poly-type collector is collecting 

the energy usually far higher than the non-poly-type 

collector. Reflected sunlight is generally weak, but when 

there is snow-covered ground, the vertical reflection 

sunlight can be up to 40% of the total sunlight. 

B. Measuring Sunlight and Solar Energy: 

Scientists measure the amount of sunlight available in 

specific locations during the different times of year. They 

are then able to estimate the amount of sunlight which falls 

on similar regions at the same latitude with similar climates 

and conditions. Measurements of solar energy are normally 

expressed as "total radiation on a horizontal surface", or as 
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"total amount of radiation on a surface tracking the sun". In 

the latter case, the assumption is that one is using a solar 

panel that automatically tracks the sun. In other words, the 

solar panel would be mounted on a tracking device so that 

the panel would remain at right angles to the sun throughout 

the day. This system is primarily used for industrial setups, 

when it is used at all. 

C. Solar Energy Measurements: 

Radiation data (the amount of solar energy available at a 

given location) for solar electric (photovoltaic) systems is 

often represented as kilowatt-hours per square meter 

(kWh/m2). Direct estimates of solar energy may be 

expressed as "watts per square meter" (W/m2). Radiation 

data for solar water heating and space heating systems is 

usually represented in British thermal units per square foot. 

Solar air heaters are systems that collect solar 

energy and transfers the heat to passing air, which is either 

stored or used for space heating. The collectors are often 

black to absorb more of the sun's energy and a conductive 

material, often metal, acts as a heat exchanger. There are 

many different designs and systems may include fans to 

increase the flow rate of air. Alternatively, a passive 

collector can be built such that when the hot air rises it 

draws fresh air through the bottom. Fans can often increase 

the performance of the system, but require additional parts 

and adds complexity. Solar air heaters can compliment 

traditional indoor heating systems by providing a free and 

clean source of heat (after initial costs). While clouds effect 

the energy output of the system, the metal will store energy 

on a hot day and will reduce the impact of momentary cloud 

cover. To achieve best results, the system should be un 

shaded and facing the general direction of the sun (south for 

the northern hemisphere, north for the southern 

hemisphere)
[1]

. 

In the UK, 40% of all energy consumption was 

dedicated to space heating
[2]

. This percentage is the largest 

component of energy use and can be reduced by simply 

using solar air heaters as a means of enabling the sun to 

passively heat our in door areas without consuming the 

Earth's finite resources. 

 

The Solar Air Heating (SAH) system developed by 

Conserved Engineering is a proven system for heating or 

preheating air in various applications. The system, 

commonly known as Solar wall is most widely used to heat 

ventilation air in buildings, but it has also been applied in 

processes such as crop drying where heated air is an 

important requirement. 

The worldwide demand for this relatively new and 

unique technology has increased rapidly over the past 

decade. Years of research and testing have resulted in this 

new concept for heating air with solar energy. Solar air 

heating installations are beginning to be used more and more 

for the “cladding” of exterior walls on industrial, 

commercial and apartment style buildings (as well as for 

single-family residences. Solar air heating systems have also 

been used for drying agricultural crops such as tealeaves, 

and their potential has been demonstrated for a wide variety 

of other cultivated products. 

Typically, the most cost-effective installations of 

solar air heating systems on buildings occur in new 

construction since the solar collector cladding (or plate) 

allows the use of less expensive wall cladding material as a 

backing; and no additional ventilation fan is required. The 

second most cost-effective installation is generally for 

retrofits when there are plans to repair or upgrade an 

existing wall, improve indoor air quality, or add more 

ventilation or makeup air to balance exhaust air. Many 

existing process air heating systems can also be easily 

retrofitted to include low-cost solar air preheating. Where 

heating costs are high, solar air heating systems are often 

financially attractive, even in retrofit situations that don’t 

meet the above criteria. 

The solar air heating system consists of two parts: a 

solar collector mounted on the side of the building facing 

the equator and a fan and air distribution system installed 

inside the building, as depicted in A unique feature of the 

Solar wall solar air heating system is that it uses a perforated 

plate (or transpired-plate) as the solar collector Figure 1 

eliminating the need for a glass cover, common in most 

other solar collectors used for heating purposes. Air is 

drawn through small holes in the dark coloured solar 

collector plate and is warmed as it passes over and through 

the plate. The air collects in a cavity between the solar 

collector and building wall and is ducted into the building. 

High-efficiencies are possible because the solar collector 

plate is only a few degrees warmer than the outdoor air. 

Therefore, there is little heat loss and most of the solar 

radiation is transferred to heat the air. 

A unique feature of the Solar wall solar air heating 

system is that it uses a perforated plate (or transpired-plate) 

as the solar collector Figure 1 eliminating the need for a 

glass cover common in most other solar collectors used for 

heating purposes. Air is drawn through small holes in the 

dark coloured solar collector plate and is warmed as it 

passes over and through the plate. The air collects in a 

cavity between the solar collector and building wall and is 

ducted into the building. High-efficiencies are possible 

because the solar collector plate is only a few degrees 

warmer than the outdoor air. Therefore, there is little heat 

loss and most of the solar radiation is transferred to heat the 

air. 

Bypass dampers can be located in the face of the 

canopy. These dampers allow ambient air to be fed directly 

into the building or process when no heating is required. In 

ventilation application an adjustable thermostat that senses 

outdoor temperature controls the two-position damper. The 

http://www.appropedia.org/Solar_air_heater#cite_note-1
http://www.appropedia.org/Solar_air_heater#cite_note-2
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thermostat is typically set to open the damper when the 

outdoor temperature is warm enough to eliminate the need 

for heating (typically above 15 to 20ºC).presents a 

schematic of a typical solar air heating system. The size of 

solar air heating system collectors depends on the 

ventilation rate and wall area available for solar collector 

installation. Solar air heating systems are typically sized to 

provide either a high temperature rise or high solar 

collection efficiency. A high efficiency design objective will 

increase the annual energy savings and possibly decrease the 

solar collector size. However, the average air temperature 

rise will be reduced. 

 
The size of solar air heating system collectors 

depends on the ventilation rate and wall area available for 

solar collector installation. Solar air heating systems are 

typically sized to provide either a high temperature rise or 

high solar collection efficiency. A high efficiency design 

objective will increase the annual energy savings and 

possibly decrease the solar collector size. However, the 

average air temperature rise will be reduced. 

Solar air heaters, because of their inherent 

simplicity, are cheap and most widely used as collection 

device. The thermal efficiency of solar air heaters has been 

found to be generally poor because of their inherently low 

heat transfer capability between the absorber plate and air 

flowing in the duct. In order to make the solar air heaters 

economically viable, their thermal efficiency needs to be 

improved by enhancing the heat transfer coefficient. In order 

to attain higher heat transfer coefficient, the laminar sub-

layer formed in the vicinity of the absorber plate is broken 

and the flow at the heat-transferring surface is made 

turbulent by introducing artificial roughness on the surface. 

Various investigators have studied different types of 

roughness geometries and their arrangements. 

III. ROUGHNESS PARAMETERS 

A. Roughness Pitch (P/E): 

It is the ratio of distance between two consecutive ribs p 

height of rib e. 

B. Roughness Height (E/DH): 

It is the ratio of rib height eto diameter DH of air passage. 

C. Aspect Ratio: 

It is the ratio of duct width Wand duct height H. 

D. Angle Of Attack (α): 

It is the inclination of the rib with the direction of air flow in 

the duct. 

IV. EFFECT OF ROUGHNESS PARAMETERS 

The effect of various roughness parameters and geometry on 

heat transfer and friction factor is given below. 

A. Effect of Reynolds Number: 

Effect of Reynolds Number With the increases of Reynolds 

number, friction factor decreases due to the viscous sub-

layer, when the Nusselt number increases with increases. In 

Reynolds numbers because it is nothing but the ratio of 

conductive resistance and convective resistance of heat flow 

and Reynolds member increases thickness of boundary layer 

decreases and hence convective resistance decreases which 

in turn increases the Nusselt number. 

B. Effect of Rib: 

The  effect of rib is that produced on the flow pattern; it 

generates two separate regions of the flow, one on each side 

of the rib. The turbulence occurs by the generation of the 

vortices and hence the enhancement in heat transfers as well 

as in the friction losses takes place. 

C. Angle of Attack : 

There  are the most important parameter is angle of attack 

(α) with respect to rib position. The inclined ribs gives a 

higher heat transfer rate that compare the transverse rib 

because of the secondary flow provided by the rib in 

addition to breaking the viscous sub layer and producing  

wall turbulence. 

D. Effect of Relative Roughness Height (E/DH): 

The flow pattern downstream of a rib and effect on the 

laminar sub layer as the rib height is changed . Breakage of 

viscous sub layer due to repeated ribs increases the rate of 

heat transfer by create wall turbulence. Optimal thermo -

hydraulic performance conditions are obtained when the 

roughness height is slightly higher than the transition sub 

layer thickness (Prasad & Saini, 1991).  

E. Effect of Relative Roughness Pitch(P/E): 

Various researchers have shown the effect of a relative 

roughness pitch (p/e) on the flow pattern i.e. heat transfer 

coefficient and friction factor. the values of relative 

roughness pitch (p/e) for a maximum value of heat transfer 

coefficients for different types of artificial roughness the 

flow pattern downstream from a rib as a function of a 

relative roughness pitch (p/e). The rate of increase in friction 

factor will increase with the decrease of pitch. However, an 

increase in the relative roughness pitch (p/e) be decrease of 

heat transfer enhancement. 

V. VARIOUS ROUGHNESS GEOMETRIES USED IN SOLAR AIR 

HEATER BY CFD 

A. Arc Shape Roughness: 

Sharad Kumar et al. In the present work the performance of 

a solar air heater duct provided with artificial roughness in 
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the form of thin circular wire in arc shaped geometry has 

been analysed using Computational Fluid Dynamics (CFD). 

The effect of arc shaped geometry on heat transfer 

coefficient, friction factor and performance. 

1) Range Of Parameters: 

(1) Reynolds number (Re) 6000–18,000 

(2) Hydraulic diameter of duct, D (mm) 46.86 

(3) Duct aspect ratio (W/H) 12 

(4) Roughness height (mm) 1.4 and 2.0 

(5) Relative roughness ratio, (e/Dh) 0.0299 and 0.0426 

(6) Wire arc angle, a(degree) 30 and 60 

(7) Relative arc angle, (a/90) 0.333 and 0.666 

(8) 6. Relative roughness pitch, p/e 10 

(9) Heat flux or insolation(W/m2) 1000 

2) Results: 

An attempt has been made to carry out CFD based analysis 

to fluid flow and heat transfer characteristics of a solar air 

heaters having roughened duct provided with artificial 

roughness in arc shaped geometry. Combined effect of 

swirling motion, detachment and reattachment of fluid 

which was considered to be responsible in the increase of 

heat transfer rate has been observed during CFD analysis. 

Nusselt number has been found to increase with increase in 

Reynolds number where friction factor decreases with 

increase in Reynolds number for all combinations of relative 

roughness height (e/D) and relative arc angle (a/90). CFD 

results have also been validated for smooth duct and 

different CFD model results were compared with Dittus–

Boelter empirical relationship for smooth duct. Among all 

the models used, Renormalization-group (RNG) k-3 model 

results have been found to have good agreement. Overall 

enhancement ratio with a maximum value of 1.7 has been 

found for the roughness geometry corresponding to relative 

arc angle (a/90) of 0.333 and relative roughness height (e/D) 

of 0.0426 for the range of parameters considered. [1] 

 
Fig. 1: Arc shape roughness 

B. Helical Rib Roughness: 

Subhankar Saha, et al is defined as the experimental friction 

factor and Nusselt number data for laminar flow of viscous 

oil through a circular duct having integral helical rib 

roughness and fitted with helical screw-tape insert have 

been presented. Predictive friction factor and Nusselt 

number correlations have also been presented. The thermo 

hydraulic performance has been evaluated as shown in 

figure. 

1) Range Of Parameters; 

(1) Screw-tape parameter (p) =1, 0.41, 0.31, 0.25. 

(2) Rib helix angle (a) = 30 and 60 

(3) Rib height (e/Dh) = 0.07692, 0.1026 

2) Results: 

The major findings of this experimental investigation are 

that the helical screw-tape inserts in combination with 

integral helical rib roughness perform significantly better 

than the individual enhancement technique acting alone for 

laminar flow through a circular duct up to a certain value of 

fin parameter. This research finding is useful in designing 

tubes carrying solar thermal mass of viscous oil in parabolic 

trough solar collector used in environmentally sound and 

increasingly cost-effective solar thermal electric power 

plants.[2] 

 

Fig. 2: circular duct with helical ribs. 

C. Rib Grit Roughened Surface: 

S.V. Karmare and et al. are presents the study of fluid flow 

and heat transfer in a solar air heater by using 

Computational Fluid Dynamics (CFD) which reduces time 

and cost. Lower side of collector plate is made rough with 

metal ribs of circular, square and triangular cross-section 

with angle is 60º. 

1) Range Of Parameters: 

(1) Reynolds number range 3600–17,000. 

(2) Relative roughness ratio e/Dh = 0.044, 

(3) Relative roughness pitch p/e = 17.5 

(4) l/s = 1.72 Reynolds number range 3600–17,000. 58 

(5) Angle of attack=58º 

2) Results: 

Computational Fluid Dynamics (CFD) method is used in the 

present work for analyzing and optimizing the roughness 

under consideration. The CFD results give the good 

agreements with experimental results. Hence, CFD 

techniques can be use for analyzing and optimizing complex 

type of roughness surface. The percentage increase in the 

heat transfer for 58_ rib inclination plate over smooth plate 

is found to be about 30%.[3] 

 
Fig. 3: Rib grit roughened Surface 

D. Quilateral Triangular Sectioned Rib Roughness: 

Anil Singh Yadav et al. Are proved that a numerical 

investigation is conducted to analyze the two-dimensional 

incompressible Twelve different configurations of 

equilateral triangular sectioned rib. 

1) Range Of Parameters: 

(1) Reynolds number= 3800 to 18,000. 

(2) P/e = 7.14–35.71 

(3) e/d = 0.021–0.042 
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2) Results: 

 The average Nusselt number tends to increase as 

the Reynolds number increases in all cases. The 

average Nusselt number tends to decrease as the 

relative roughness pitch increases for fixed value of 

relative roughness height and it also tends to 

increase as the relative roughness height increases 

for a fixed value of relative roughness pitch. 

 The maximum enhancement in the Nusselt number 

has been found to be 3.073 times over the smooth 

duct corresponds to relative roughness height (e/D) 

of 0.042 and relative roughness pitch (P/e) of 7.14 

at Reynolds number (Re) of 15,000 in the range of 

parameters investigated. 

 The average friction factor tends to decrease as the 

Reynolds number increases in all cases. The 

average friction factor tends to decrease as the 

relative roughness pitch increases for a fixed value 

of relative roughness height and it tends to increase 

as relative roughness height increases for a given 

value of relative roughness pitch. 

 The maximum enhancement in the friction factor 

has been found to be 3.356 times over the smooth 

duct corresponds to relative roughness height (e/D) 

of 0.042 and relative roughness pitch (P/e) of 7.14 

at Reynolds number (Re) of 3800 in the range of 

parameters investigated. 

 A significant enhancement in the value of the 

thermo-hydraulic performance parameter has been 

found. The value of the thermo-hydraulic 

performance parameter varies between 1.36 and 

2.11 for the range of parameters investigated. 6. 

The optimum value of thermo-hydraulic 

performance parameter has been found corresponds 

to relative roughness height (e/D) of 0.042 and 

relative roughness pitch (P/e) of 7.14. The optimum 

value of thermo-hydraulic performance parameter 

has been found to be 2.11 for Reynolds number 

(Re) of 15,000 within the range of the parameters 

investigated. Hence artificially roughened solar air 

heater with equilateral triangular sectioned rib 

roughness on the absorber plate having P/e = 7.14 

and e/D = 0.042 can be employed for heat transfer 

augmentation.[4] 

 

E. V Shaped Rib Roughness: 

          Ashish Kumar Sharma etal. are used V-shaped ribs 

roughness at 600 relative to flow direction pointing 

downstream on underside of the absorber plate. 

1) Range Of Parameters: 

(1) Reynolds number  5000-15000.  

(2) (e/DH) 0.0216-0.043  

(3) pitch (p/e) 6-12.  

2) Results: 

The CFD results found in agreement with experimental 

results. Hence CFD techniques can be used for analyzing 



A  Review on Artificial Roughness for Thermo-Hydraulic Performance of Solar Air Heater by Using CFD 

 (IJSRD/Vol. 2/Issue 10/2014/105) 

 

 All rights reserved by www.ijsrd.com 482 

and optimizing complex rib geometries. Combined effect of 

swirling motion, detachment and reattachment of fluid 

which was considered to be responsible in the increase of 

heat transfer rate has been observed during CFD analysis. 

Nusselt number has been found to increase with increase in 

Reynolds number where friction factor decreases with 

increase in Reynolds number for all combinations of relative 

roughness height (e/D) and relative roughness pitch. CFD 

results have also been validated for smooth duct and grid 

independence test conducted to check the variation with 

increasing number of cells. The v shaped rib roughness 

gives high rate of heat transfer thus this type of surface 

roughness plate can be recommended to be used in solar air 

heater.[5] 

 
Fig. 5: Quilateral triangular sectioned rib roughness 

F. Square Rib Roughness: 

Dr. J. L. Bhagoriya are used  Square ribs on the Absorber 

Plate of Solar Air Collector  An attempt has been made to 

carry out CFD based analysis using FLUENT 6.2 to fluid 

flow and            heat transfer characteristics of solar air 

heater having roughened duct provided with artificial 

roughness. 

1) Range Of Parameters: 

(1) Reynolds number range 5000 -10000  

(2) Duct depth, H 50 mm  

(3) Duct width, W 50 mm  

(4) Hydraulic diameter, D
h 
50 mm  

(5) e / Dh 0.1  

(6) Plate length, L 500 mm  

(7) Rib height, e 5 mm  

(8) Relative roughness pitch, p/e 10, 12, 14  

(9) Heat Flux, I 800 W/m2 

2) Results: 

 An attempt has been made to carry out CFD based 

analysis using FLUENT 6.2 to fluid flow and heat 

transfer characteristics of solar air heater having 

roughened duct provided with artificial roughness. 

Combined effect of turbulence and reattachment of 

fluid which was considered to be responsible in the 

increase of heat transfer rate.CFD results were 

compared with Dittus- Boelter empirical 

relationship for smooth duct.  

 Nusselt number of square ribs at p/e=14 gives 

highe result as compare to smooth and other p/e. 

The efficiency of the roughened collector is more 

than 2 times the smooth collector.  

 As it is clear from results and discussion that 

because of artificial roughness Nusselt number is 

increasing but simultaneously it will also 

increasing friction factor. So performance of solar 

air heater duct can be provided on the basis of 

thermo hydraulic performance which incorporates 

both the thermal as well as hydraulic 

considerations.[6] 

 

Fig. 6: Square rib roughness 
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