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Abstract - Ifithe intensity of radiation observed to be higher 

on absorberr plate of solar air heater shows an   effective value 

of heat transferirate from the plate by theicarrier fluid, air, 

enhances thermal performance ofisolar air heaters.  The paper 

dealsiwith the experimental results of enhancing the heat 

transfer rate by meansiof providing transversely placed circular 
ribs as artificial roughnesss onithe air flow side of the absorberr 

plate. The non-dimensional parameterss having relative 

roughnesss heightt (e/D) and relative roughnesss pitch (P/e) at 

constant value of mass flow rateichosen as a design parameter 

and its effect on heat transfer and temperature distribution on 

the absorberr surface has been analysed. From the above 

analysis it is observed that as the e/D value increases the mean 

fluid temperature increases thus increases the heat transfer rate 

of the flowing fluid and attain its maximum value at e/D of 

0.01740. 
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1. INTRODUCTION  

 
The rapid depletion ofifossil fuel resources has 

necessitatedian urgent search for alternativeisources of 

energy. Every country drawsiits energy needs fromia 

variety of sources.iThese sources can beicategorized 
broadly as commercial sourcesiand non-commercial 

sources. Ofithe many alternatives, solar energyistands out 

as the brightest long-range promise towards meetingithe 
continually increasing demand for energy. Solar energy is 

availableifreely, omnipresent and an indigenous sourceiof 

energy provides a clean and pollutionifree atmosphere. 
The simplest and theimost efficient way to utilize 

solarienergy is to convert it into thermal energyifor heating 

applications by using solar collectors. Several investigators 

haveiinvestigated to enhance the heat transferiin solar air 
heater byiusing extended surface, packed bed andiby 

providing artificial roughnesss on theiabsorberr plate. 

Sharma et al. [1] studiedithe double pass solar airiheater 
(DPSAH) consisted of rectangular ductiprovided with 

artificial roughnesss on both sideiof the absorberr plate has 

been experimentally investigated. Experimentiis carried 

out over the range of Reynolds Number from 4900 to 
12000,iand relative roughnesss heightt (e/Dh) variesifrom 

0.022 to 0.044.Bhardwaj et al. [2] stateithat the thermo 

hydraulic performance of artificially roughenediequilateral 

triangular solar air heater duct hasibeen investigated and 
the comparison ofithe same has been presentediwith that 

of a conventional smoothisolar air heater duct. Tao lieuiet 

al. [3] state that theithermal performance of cross-
corrugated and v-groove solariair collectors has been 

comparediunder a wide range of configuration 

andioperating conditions. Lanjewar et al. [4]istate that an 

experimental investigationihas been carried out to study 
heatitransfer, friction characteristics and thermo hydraulic 

performanceiof roughened absorberr plate in solariair 

heater by using W-shapeirib roughnesss, the roughened 
wallibeing heated while the remaining threeiwalls 

insulated. Elradi et al. [5]iCorrelated transient heat transfer 

and pressureidrop have been developed for airiflowing 
through the porous media,iwhich packed a double-pass 

solar airiheater. Various porous media are arranged 

inidifferent porosities to increase heatitransfer, area 

density and the totaliheat transfer rate.  Bashriaiet al. [6] 
investigate the effect ofimass flow rate, flow 

channelidepth and collector length on theisystem thermal 

performance and pressureidrop through the collector, on 
V-grooveiabsorberr at single and double flowimode. Gupta 

et al. [7] did the investigationion inclined ribs of different 

parameterss like relative roughnesss heightt, attack 
angleiand Reynolds number on solar air heater system 

andiits effect on heat transferiand friction factor observed 

having circularirib roughnesss on the absorberr plate.i 

Momin et al. [8]iused V-Shaped ribs for theiinvestigation 
and observed that rate ofiincrease of Nusseltt numberiis 

found to be lowerithan rate of increase ofifriction factor 

with an increase in Reynoldsinumber. number is found to 
be lower thanirate of increase of friction factoriwith an 

increase in Reynolds number.i Han and park [9]iconducted 
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experimental study using transverseicircular ribs which 
were foundito be considerable enhancement iniheat 

transfer coefficientt between theiabsorberr plate and 

theiflowing fluid. It is statedithat artificial roughnesss 

applied onithe absorberr plate is theimoᵴt acclaimed 
method to improve thermaliperformance of solar 

airiheaterᵴ at the coᵴt ofilow to moderate frictionipenalty. 

The application ofiartificial roughnesss in theiform of fine 
wireᵴ andistaggered ribᵴ of different shapeᵴ has been 

recommendedito enhance the heat transfer coefficienttiby 

several inveᵴtigators. In a similar typeiof study done uᵴing 
the liquid cryᵴtal thermography (LCT) byiKumar and 

layek [10] having transverse circular ribifor attaining its 

optimal Nusseltt numberiand friction characteristics. 

Kumar et al. [11] conducted theiexperimental work on 
three sided artificialiroughness on solar air heater and its 

effect oniheat transfer for different valueiof relative 

roughness pitch and relativeiroughness height has been 
studied. Roughnesss elementsihave been used to improve 

the heat transfer coefficienttiby creating turbulence in the 

flow. However, it would also reᵴult in an increaᵴe in 
friction loᵴses andihence greater power requirements 

foripumping air through the duct.iIn order to keep the 

friction loᵴses at ailow level, the turbulence mustibe 

created only in theiregion very cloᵴe to the duct surface, 
i.e. in the laminar sub layer.iOur objective is to inveᵴtigate 

the effect diᵴcrete shaped roughnesss on the absorberr plate 

of solar air heater,ion the heat transfer coefficientt and 
friction factor and to compare it with smooth absorberr 

plate to know the actual increaᵴe in performance of flat 

plate solar air collector by uᵴing this particular 

artificialiroughnesss on absorberr plate.Fig.1 depictithe 
schematic sketch diagram of circular rib roughnesss on the 

absorberr surface. 

 

Fig.1 (a), (b) Smooth and typically roughened absorberr 

plates respectively 

Nomenclature  

Cp Specific heaticapacity (J/kgK) 

e Small diameteriof wire 

D   Hydraulicidiameter 

f  Friction factor 
W  Ductiwidth 

k Thermal conductivity (W/mK) 

Nu  Nusselttinumber 
m Mass flow rate (kg/s)  

P Pitch ofithe wire  

Pr  Prandtl number 
Q  Heatitransfer rate (W) 

Re  Reynolds number 

  

  

2. SYSTEM DEVELOPMENT AND PROCEDURE  

The system is designed and manufactured according to 
ASHRAE standards and is specially designed for 

rectangular pipes with only one artificial roughening of the 

surface. In order to generate heat transfer, fluid flow, 
thermal and hydraulic performance data on artificially 

rough solar air heater pipes, and such a system was 

developed. Figures 2 and 3 shows the experimental setup, 

and the arrows show the flow direction of the air sucked in 
by the system (blower). The thermometer has been 

inserted into ten different points in the rectangular air duct, 

namely the inlet, middle and outlet of the solar air heater 
and it will read the temperature at different positions of the 

solar air heater. U-tube manometers have been used to 

measure the pressure drop across the carrier liquid 

pipeline, and calculate the Reynolds number and mass 
flow based on this pressure drop flow rate. Digital 

radiometers have been used to measure global radiation 

and direct radiation. 

 
Fig.2 Schematic diagram of solar air duct 

 
     Fig.3 Locationiof thermometer in solar air duct 
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The experimentalischematic diagram set-up consists of 
anientry sectionn, an exit sectionn, aiflow meter and a 

centrifugal blower. Theiduct is of size 1680mmix 280 

mmX60mm (dimension of inner cross-isectionn) and is 

constructed from woodenipanels. There is an orificee plate 
assembly which isiconnected between duct andiblower. 

Duct length is 168cmiand width is 28cm.Thikness of 6cm 

is divided into two parts, one of heightt 4cm and anotheriof 
2cm. the side walls were 25mm×25mm wooden pieces. 

The heatediplate is ai1 mmithick GI plate withiintegral rib- 

roughnesss formed on itsirear sideiand this forms theitop 
broad walliof theiduct. The mass flowirate of air is 

measured byimeans of aicalibrated orificee meter 

connected with aniinclined manometer,iand the flowiis 

controlled byithe control valves provided inithe lines. The 
orificee plate hasibeen designed forithe flow 

measurementiin the pipe as perithe recommendation. The 

orificee plate is fitted betweenithe flanges, so aligned 
thatiit remains concentric with the pipe. Hg (0-

100)ithermometers are used to measure the temperature 

atidifferent places. Thermometer have been used 
toimeasure the local temperature of the absorberr plates 

asiwell as the duct air temperature. Intensity ofiglobal 

solar radiation was measured with precision 

digitalipyrometer with global radiationisensor. Which is 
installed by CWETi(Center for Wind Energy Technology) 

aniautonomous research and development institution 

underithe ministry of new and renewableienergy. 
e/D1=0.009571                             

 
e/D2=0.0140                                                                      

 
e/D3=0.01740                           

 
Fig.4 Photographiof Roughened absorberr plate 

The artificial roughnesss hasibeen provided on the bottom 
sideiof the plate. The pitch ofithe roughnesss has been 

selectedias per diameter of theiwire that is heightt 

ofiroughnesss from the theoreticallyiand experimentally 
optimized results.iThis experiment is performediby taking 

typical value ofie/D1=0.009571, e/D2=0.014, 

e/D3=0.01740. It isiwell ensured that the roughnesssiis 

varied with the absorberriplate and its effect on the 
heatitransfer has been calculated. The 

differenticonfiguration of the artificiallyiroughened 
absorberr plate as showniin Fig.4. 

 

3. RESULTS AND DISCUSSION 

 
It is observed that artificial roughnesssiis a good technique 

to improve thermal performanceiof solar air heaters. The 

result with respectito the enhancement of performance 
andithe effect of roughnesss and flow parameterss on the 

Nusseltt number, Reynolds numberiand temperature rise of 

air has been discussed. 
 

3.1 Effect of parameterssion solar collector performance 

The following discusses the influence of various flow and 

roughness parameters on the heat transfer characteristics of 
air flow in rectangular pipes with different relative 

roughness in this study. Under similar flow and geometry 

conditions, the results are also compared with the results 
of smooth pipes to observe the increase in heat transfer 

coefficient. The results are shown in Figure 5, and the data 

are presented in the form of Nusselt figures to clearly 
show the influence of parameters and heat transfer 

enhancement. Figure 5 shows that the value of the Nusselt 

number increases with the increase of the Reynolds 

number, because it is just the ratio of the conduction 
resistance of the heat flow to the convection resistance, 

and as the Reynolds number increases, the thickness of the 

boundary layer decreases, so The convection resistance 
decreases, which in turn increases the Nusselt number. 

  

3.2 Nusseltt Vs. Reynolds number 

Fig. 5 shows theiexperimental values of averageiNusseltt 
no plotted asia function of Reynoldsinumber for various 

setsiof roughnesss and roughnesssiheightt values. 

Corresponding valuesiof experimental Nusseltt number 
inia smooth duct haveialso been plotted inithese Fig. 5. 
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3.3 Absorberr plate tempidistribution w.r.t length ofiduct 

for (p/e = 10) i.e. constant 

 

Fig. 6 to 8. showsithe temperature distributioniofifluid 

(air) alongithe duct lengthifor the roughened solariair 
heaters. The absorberr plateitemp distribution for bothithe 

air heater alongithe flow ducts has been shown in Fig. 6 to 

8. 
 

3.4 Absorberr plate tempidistribution w.r.t length ofiduct 

for e/D1 
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Fig 6 Solar air temperatureialong duct length 

 

3.5 Absorberr plate temp distributioniw.r.t length of duct 

for e/D2 
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Fig 7 Solar airitemperature along duct length 

 

3.6 Absorberr plateitemp distribution w.r.t lengthiof 

duct for e/D3 
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   Fig 8 Solar airitemperature along duct length 

The range ofivalues of relativeiroughnesss heightt 

corresponding toioptimal conditions is a functioniof 
Reynolds no andithe relative roughnesss pitch.asishown in 

table 1. 

 

Tablei1 Range of roughnesss andiflow parameterss 

e/D m(kg/s) Re p/e e 

0.014 0.023706 8551 10 0.98 

0.014 0.024866 8951 10 0.98 

0.014 0.025964 9358 10 0.98 

0.01740 0.023706 8551 10 1.2 

0.01740 0.024866 8951 10 1.2 

0.01740 0.025964 9358 10 1.2 

0.009571 0.023706 8551 10 0.67 

0.009571 0.024866 8951 10 0.67 

0.009571 0.025964 9358 10 0.67 

 
 

4. CONCLUSIONS 

The followingiconclusions have been derivedibased on the 
results andidiscussions: 

 The Nusseltt number ofithe roughenedisolar air 

heatersiincreases with theiincreasing the flow 

Reynolds numberifor different value ofirelative 
roughnesssiheightt (e/D) at constant value 

ofirelative roughnesss pitch and observedito be 

optimum at (e/D) of 0.0174. 

 Artificiallyiroughened solariairiheaters have 

enhanced rateiof heat transfer as comparedito the 
smooth solar airiheaters under theisame operating 

conditionsiof mass flowirate andiintensity of solar 

radiation. 
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 The performanceiof solar air heatersiis a strong 

function of absorberiplate temperature, higher the 
plateitemperature resulting higher the heat 

transferirate. 

 The rate of enhancement ofiheat transfer rate of 

roughenedisolar air heaters depends uponithe 
values of flow Reynoldsinumber (Re), relative 

roughnesss pitchi(p/e) and relative 

roughnesssiheightt (e/D). 

 Roughnesss in the formiof transvers circular ribs 

wereimainly suggested by differentiinvestigators 
to achieve better thermaliperformance. 
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