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Abstract 

In order to enhance rate of heat transfer to flowing air inside the duct of a solar air heater, artificially roughened surface of 

absorber plate is taken into consideration to be an powerful approach. Investigators reported various roughness geometries in 

literature for studying warmth transfer and friction traits of an artificially roughened duct of solar air heaters. Out of various 

types of solar collectors, the flat-plate collectors are most economical and popular, since they are fixed 

permanently in position, involve simple construction and require little maintenance. Flat plate solar collectors 

used in modern domestic hot water systems have not changed significantly in the past few years. These types of 

absorbers typically have high heat losses through convective and radiative heat transfer. This paper has a review 

on number of design investigated which explores the recent advancements and efforts made in improving the 

performance of the flat plate collector. 
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I INTRODUCTION 
As all of us know that the herbal assets of fossil power are restricted this is available in the form of oil and stable substance 

like crude oil, coal and plenty of others. They are used at very big scale because of this they are depleting a good deal faster 

charge. Hence is the need of the current situation to discover opportunity source of electricity. Solar energy is finding as the 

one of the most easily available, maximum promising and crucial renewable supply of electricity. It is to be had in 

considerable shape at anywhere in earth. It is also very smooth to capture and utilized it. The simplest way to applied and 

save solar electricity is to transform it in to heat power which is basically applied for heating purposed. Heating air through 

sun electricity form the most important component of sun power exercising gadget. After burning the fossil fuels harmfully 

greenhouse gases (CO2, SO2, NOx) can stay as byproduct, which causes better degrees of acid rain throughout the rainy 

season, it additionally will increase the amount of harmful atoms in air which create air pollutants, because of the increase of 

chlorine atom in ecosystem depletion of ozone layer is also occurring and additionally causing worldwide warming. It is 

predicted that globally it's miles going to increase very quicker fee in future because of expectancies of a good sized growth in 

power and heat call for. The heated air electricity call for relates with specific area is pretty substantial. Solar electricity air 

warmers were used with the intention to decreasing the proportion of consumption of traditional fuels to a totally huge extent. 

The residential and commercial sectors are larger purchasers of fossil electricity. Therefore, the heating device and air con 

devises of residential and industrial buildings generate an huge amount of CO2 and many other gases that is responsible for 

worldwide warming. Fossil energy required to warmness and strength required to preserve air-conditioning of the homes also 

can be reduced by the use of renewable assets as alternative to fossil electricity (Sanjay and Vilas, 2014)[14]. Heating of air 

the use of sun radiation is a generation where the radiation coming from the sun, this is solar radiation, is entrapped through 

an absorbing medium and utilized for air heating. It is a generation that uses inexhaustible power for conditioning of air or 

keeping the temperature of homes or for exceptional other purposes (Omajaro and Aldabbagh, 2010) [2]. 

Solar heater is the most most economical and green solar technologies, which is widely used due to their easiness in area 

heating, getting rid of the moisture from wooden, used for drying the industrial products, vegetables and culmination. They 

may be extensively utilized in combination with photovoltaic solar absorber panels which is used to fabricate photovoltaic 

thermal hybrid sun strength collectors (hybrid PV/T structures or PVT) to produce heating impact or to generate electricity. 

The fundamental advantages of sun energy collectors are: the fluid that's flowing inside the creditors does not get freeze or 

boil, they cannot create noise at some stage in flowing, the working of sun panel device may be very secure and the running 

price is likewise very less, system cannot produce any kind of harmful wastes and the jogging existence of sun machine is 

likewise long sufficient lifestyles cycle (Abdullah and Bassiouny, 2014).[5] but sun energy creditors have some following 

drawbacks: low density, the thermal absorption ability of solar panel is low and the thermal conductivity of air is likewise 

low which lead to low thermal efficiency, excessive value gadget set up and non-uniform rate of heat technology 
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USE OF ARTIFICIAL ROUGHNESS ON ABSORBER PLATE 

Use of an artificial roughness on a surface is an effective technique to enhance the rate of heat transfer to fluid flow in the 

duct of a solar air heater. 
 

Artificial roughness can be produced on a surface by: 
 

(a) Blasting sand/grain over it. 
 

(b) Fixing grooves and ridge. 
 

(c) Fixing wires and ribs of different geometry such as round, rectangular, V-shaped or broken ribs etc. 
 

Use of artificial roughness within the kind of perennial ribs of various geometry on the absorbent material plate has been 

found to be an economical technique of enhancing the performance of solar air heater. 
 

The low worth of convective heat transfer coefficient is usually attributed to the presence of laminar sub-layer on the heat- 

transferring surface. A roughness component is employed to enhance the heat transfer constant by making turbulence within 

the flow. the factitious roughness (ribs) on heat transfer surface breaks up the laminar boundary layer of flow and makes the 

flow turbulent adjacent to the wall and enhance the heat transfer. However the utilization of ribs leads to a better friction loss 

resulting in higher excessive power demand for the fluid to flow through the duct. So as to stay the friction losses at an 

occasional level, the turbulence should be created only within the region very near the duct surface, i.e. in laminar sub layer. 

This could be done by keeping the peak of the roughness parts to be small as compared with the duct dimensions 

 

II SOLAR DUCT 
Ducts are used in HVAC system and ventilation method in industries ,offices ,homes they includes an plate assembled in 

circular rib with one of a kind relative hole width or square form with roughness for higher conductivity to increase heat 

transfer charge during operation. Most appropriate way to analyze the solar heater air duct with unique Geometry is to 

investigate every of the geometry on CFD and examine the results acquired with the consequences of experimental 

investigation executed via Rajesh Maithani and J.S.Sainiand find out the pleasant geometry having extra warmness transfer 

of air in solar heater air duct. 

III LIQUID HEATING COLLECTORS 

The liquid heating collector, as shown in Fig. consists of a tumbler included steel container containing an absorber plate to 

which a number of tubes are attached and has thermal insulation underneath. Liquid (e.g. Water) from garage tank passes via 

the tubes product of metallic and embedded in the absorber plate, where it selections up heat and flows returned to the 

storage tank. Liquid heating collector are typically used for heating water. Thickness of absorber plate in such collector, 

which are in the main made from copper, aluminum or metal, is ready 1.Zero to 2.Zero mm. Metallic tubes within the 

diameter variety of 1.Zero to one.5 cm are attached to the lowest facet of the absorber plate by soldering, brazing or 

clamping. Copper is maximum suitable steel because of its desirable thermal conductivity and corrosion resistance. Spacing 

among the tube degrees from 5 cm to 15 cm. 

IV AIR FLAT-PLATE COLLECTORS 
 

Air flat-plate collectors as shown in Fig. Are used mostly for solar space heating and agriculture produce design. The 

absorber plates in air collectors can be metallic sheets, layers of display, or non-steel substances. The air flows past the 

absorber by using natural convection or a fan. Because air conducts heat a whole lot less with ease than liquid does, less heat 

is transferred from an air collector's absorber than from a liquid collector's absorber, and air collectors are normally much 

less efficient than liquid collectors. 

V LITERATURE SURVEY 

Yadav and Bhagoria [1] - A numerical research on the warmth switch and fluid glide traits of absolutely developed turbulent 

flow in a square duct having repeated transverse rectangular sectioned rib roughness on the absorber plate has been done.The 

two-dimensional fluid float and heat transfer processes in a rectangular duct of a solar air heater with one synthetic 

roughened wall having square sectioned transverse rib roughness are analyzed numerically, and an in depth description of the 

average warmness switch and float friction issue, i.E. Nusselt wide variety and friction traits, are obtained. Further, we 

determined the Nusselt number has a tendency to growth because the Reynolds wide variety will increase in all instances. 

Lau et al. [2], In this examine we analyzed turbulent Heat exchange and grinding variable impacts had been broke down via 

improving an technique and it turned into perceived that in round rib with unique relative gap width channel with inverse 

dividers the exam changed into executed on 5 awesome forms of perspective attack i.E. Forty°, 60°, ninety°, one hundred 

twenty°, 135° and predicted that 60° factor offers a higher warmth trade and much less contact parent. 

J.C. Han and Y.M Zhang [3],This paper gives the experimental research of damaged rib profiles on the community heat 
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exchange circulations. The weight drop in a round rib with distinct relative gap width channel by means of thinking about 

two inverse inline ribbed divider was investigated for Reynolds quantity 15000 to 90000.Further we that the enhancement of 

perspective of attack is 60° broken ribs withrelative unpleasantness pitch P/e=10 offers more warm temperature change. 

Jaurkar et al. [4] investigated approximately Experimental setup on the warmth switch and friction traits of rib-grooved 

artificial roughness on one huge heated wall of a massive thing ratio. Duct suggests that Nusselt quantity can be similarly 

greater beyond that of ribbed duct even as maintaining the friction aspect enhancement low. The experimental investigation 

encompassed the Reynolds wide variety range from 3000 to 21,000; relative roughness height zero.0181–0.0363; relative 

roughness pitch four.Five–10.Zero, and groove position to pitch ratio 0.Three–zero.7. The effect of vital parameters on the 

heat switch co-efficient and friction aspect has been discussed and the effects are as compared with the results of ribbed and 

clean duct beneath similar float situations. The gift investigation truely demonstrates that the heat transfer coefficient for rib- 

grooved arrangement is better than that for the transverse ribs, while the friction thing is barely better for rib-grooved 

arrangement in comparison to that of square transverse ribs of comparable rib peak and rib spacing. 

Tabish Alam, R.P. Saini, J.S. Saini [5],This paper affords the experimental research of V-rib unpleasantness became 

considered with technique to decide warm alternate price to build turbulence and less grinding variable. 

Rajendra Karwa [6], The trial examination was performed on this study to perceive heat change and erosion calculate a 

circular rib with different relative hole width pipe with ribs on one lengthy divider in a transverse slanted in V-discrete 

instance by using considering six hundred technique and by means of differing Reynolds no. 

Dhananjay Gupta, S.C. Solanki, J.S. Saini [7],In this study we analyzed the Thermo-water pushed execution of Solar 

powered air radiators with roughened protect plates were broke down via converting relative hole width and no. of hollow. 

We discovered that increasing nusselt number for higher warmth change rate and Reynolds wide variety also are increases. 

R Karwa, S.C solanki, J.S Saini [8],This paper provides the experimental research of of heat exchange and grinding variable 

for the circulate of air in a circular rib with unique relative gap width shaped pipe with chamfered ribs with unpleasantness on 

one huge divider by way of evolving no. Of holes to increment turbulent electricity for higher warm temperature 

exchangeFurther we observed Nussult no. Are increases. 

P.R. Chandra, C.R Alexandra, J.C.Han [9],In this paper research of floor warmth alternate and grating qualities of a 

completely created turbulent air flown over a round rib with one of a kind relative hole width channel with transversal ribs by 

using one, , three, and four dividers. By converting Reynolds no. Furthermore, relative harshness pitches to discount grating 

component. We determined that increasing nusseltnumberfor higher warmth exchange rate and Reynolds number are also 

increases. 

J.L. Bhagoria, J.S.Saini, S.C. Solanki, [10], The test examination was executed by using a trial to collect heat change and 

grinding mastering for constrained convection stream of air amid a celeb air warmer with rectangular channel on one 

expansive divider unsmooth through the wedge formed transversal crucial ribs. By changing rib setting apart in longitudinal 

and in transverse course. 

Abdul-Malik EbrahimMomin, J.S. Saini, S.C. Solanki [11], In this look at the exploratory examination that makes a manage 

of geometrical parameters on framed ribs and on warm temperature change and liquid stream characteristics with rectangular 

pipe of star air warmer with permeable plate having fashioned ribs on that base are distinctive. 

M.M. Sahu, J.L. Bhagoria [12], The investigation have been performed it is been observed to test and have a look at the glow 

alternate regular via exploitation ninety°, and along these traces the damaged transversal ribs is on permeable plate applied 

for star air warmer by means of an impact of fluctuating Reynolds variety. 

 

References 

[1] Prashant Singh, YongbinJi, Srinath V. Ekkad, Experimental and numerical investigation of heat and fluid flow in asquare 

duct featuring criss-cross rib patterns, Applied Thermal Engineering 128 (2018) 415–425. 

[2] K. K. Matrawy, Theoretical Analysis For An Air Heater With A Box-Type Absorber, Solar Energy Vol. 63, No. 3, pp. 

191–198, 1998. 

[3] A. Flores-Irigollen, J.L. Fernandez, E. Rubio-Cerda, F.T. Poujol, Heat transfer dynamics in an inflatable-tunnel solar air 

heater, Renewable Energy 29 (2004) 1367–1382. 

[4] Hikmet Esen, Filiz Ozgen, Mehmet Esen, Abdulkadir Sengur, Artificial neural network and wavelet neural network 

approaches for modelling of a solar air heater, Expert Systems with Applications 36 (2009) 11240–11248. 

[5] A.A. El-Sebaii, H. Al-Snani, Effect of selective coating on thermal performance of flat plate solar air heaters, Energy 35 

(2010) 1820–1828. 

[6] K. Mohammadi, M. Sabzpooshani, Comprehensive performance evaluation and parametric studies of single pass solar air 

heater with fins and baffles attached over the absorber plate, Energy 57 (2013) 741-750. 

[7] Anil Kumar, Man-Hoe Kim, Convective heat transfer enhancement in solar air channels, Applied Thermal Engineering 

89 (2015) 239-261. 

[8] E. R. G. Eckert, R. J. Goldstein, E. P fender, W. E. Ibele, S. V. Patankar, J. W. Ramsey, T. W. Simion and N. A. Decker, 

Heat Transfer-A Review Of The 1982 Literature, Int. J. Heat Mass Transfer, Vol. 26. No. 12. pp. 1733-1770. 1983. 

http://www.ijsrem.com/


        International Journal of Scientific Research in Engineering and Management (IJSREM) 
           Volume: 07 Issue: 08 | August - 2023                              SJIF Rating: 8.176                                       ISSN: 2582-3930                         

 
 

© 2023, IJSREM      | www.ijsrem.com                                                                                                                    |        Page 4 

[9] 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. 

[10] Anil Singh Yadav, J.L. Bhagoria, Heat transfer and fluid flow analysis of solar air heater: A review of CFD approach, 

Renewable and Sustainable Energy Reviews 23 (2013) 60–79. 

[11] K.Raja rajeswari, A.Sreekumar, Matrix solar air heaters – A review, Renewable and Sustainable Energy Reviews 57 

(2016)704–712. 

[12] Ravi Kant Ravi, Rajeshwer PrasadSaini, A review on different techniques used for performance enhancement of double 

pass solar air heaters, Renewable and Sustainable Energy Reviews 56 (2016)941–952. 

[13] Sanjay K. Sharma , Vilas R. Kalamkar, Computational Fluid Dynamics approach in thermo-hydraulic analysis of flow in 

ducts with rib roughened walls – A review, Renewable and Sustainable Energy Reviews 55 (2016)756–788. 

[14] Satyender Singh, Prashant Dhiman, Thermal performance of double pass packed bed solarair heaters – A comprehensive 

review, Renewable and Sustainable Energy Reviews 53 (2016)1010–1031. 

[15] Hamdi E. Ahmed, Mirghani I. Ahmed, Thermal performance of annulus with its applications; A review, Renewable and 

Sustainable Energy Reviews (2016). 

[16] Tabish Alam, Man-Hoe Kim, A comprehensive review on single phase heat transfer enhancement techniques in heat 

exchanger applications, Renewable and Sustainable Energy Reviews 81 (2018) 813–839 

[17] Abdul-Malik EbrahimMomin, 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 

[18] M.M. Sahua, J.L. Bhagoria “Augmentation of heat transfer coefficient by using 90degree broken transverse ribs on 

absorber plate Of solar air heater” Renewable Energy 30 (2005) 2057–2073 

[19] AlokChaube, P.K. Sahoo, S.C. Solanki “Analysis of heat transfer augmentation and flow characteristics due to rib 

roughness over absorber Plate of a solar air heater” Renewable Energy 31 (2006) 317–331 

[20] RajendraKarwa, B.K. Maheswari, NitinKarwa “Experimental study of heat transfer enhancement in an Asymmetrically 

heated rectangular duct with perforated baffles” International Communications in Heat and Mass Transfer 32 (2005) 275– 

284 

[21] A.R. Jaurker, J.S. Saini , B.K. Gandhi “Heat transfer and friction characteristics of rectangular Solar air heater duct 

using rib-grooved artificial  roughness” Solar Energy 80 (2006) 895–907 

[22] K.R. Aharwala, B.K. Gandhi, J.S. Saini “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 33 (2008) 585–596 

[23] R.P. Saini, Jitendra Verma “Heat transfer and friction factor correlations for a duct having dimple-shape artificial 

roughness for solar air heaters” Energy 33 (2008) 1277– 1287. 

[24] S.V. Karmare, A.N. Tikekar “Heat transfer and friction factor correlation for artificially roughened duct with metal grit 

ribs” International Journal of Heat and Mass Transfer 50 (2007) 4342–4351 

[25] S.K. Saini a, R.P. Saini “Development of correlations for Nusselt number and friction factor for solar air heater with 

roughened duct having arc-shaped wire as artificial roughness” Solar Energy 82 (2008) 1118–1130. 

[26] 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 50 (2009) 2106–2117. 

[27] Sukhmeet Singh , SubhashChandera, J.S. “Saini Heat transfer and friction factor correlations of solar air heater ducts 

artificially roughened with discrete V-down ribs” Energy 36 (2011) 5053-5064. 

[28] Rajesh Maithani , J.S. Saini “Heat transfer and friction factor correlations for a solar air heater duct roughened 

artificially with V-ribs with symmetrical gap” Experimental Thermal and Fluid Science 70 (2016) 220–227. 

[29] Anil Singh Yadav, J.L. Bhagoria, A CFD based thermo-hydraulic performance analysis of an artificially roughened solar 

air heater having equilateral triangular sectioned rib roughness on the absorber plate, International Journal of Heat and Mass 

Transfer 70 (2014) 1016–1039. 

[30] Anil Singh Yadav, J.L. Bhagoria, A numerical investigation of square sectioned transverse rib roughened solar air 

heater, International Journal of Thermal Sciences 79 (2014) 111-131. 

http://www.ijsrem.com/

