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Effect of the absorber surface roughness on the performance of a solar air collector: an
experimental investigation

Abstract:

Solar air collectors (SAC) convert the availabléasaenergy into useful thermal energy for
different heating applications such as drying, spheating, hot water etc. The study aims to
enhance the thermal performance of a flat plate ®Gnodifying the absorber surface. The
experimental performance of two variant SACs (adsanated absorber to increase surface
roughness and a conventional plain absorber) waspaced under controlled laboratory
conditions The experimental tests were performetkum solar simulator for radiation levels of
400, 600, and 800 W/mand variable air mass flow rate ranging from 0t610.02 kg/s/m
Results indicated that increasing the air flow faye90% enhanced the thermal efficiency on a
plain absorber SAC by almost 68%, and the ratenofease was higher for the sand coated
absorber. SAC with the sand coated absorber provailitional surface area resulting in an
increase in the effective heat transfer. The théafiiency of the collector was improved by up
to 17% for the sand coated absorber compared topldia absorber. The absolute thermal

efficiency of the SAC varied from 19% to 41% untlex different tests conditions.

Keyword: Solar air collector; sand coated absorber; thermal efficiency; effective thermal
efficiency; correlation

1. Introduction

Solar air collectors (SACs) convert the availabtdas energy into useful thermal energy
commonly for drying and space heating. SACs carlassified based on the characteristics of
the collector cover plate, absorber plate matetiaks surface configuration, integrated or hybrid,
number of flow-passes, flow pattern and applicatibhe purpose of the design variation is to

increase the heat transfer inside the SAC.

Hegazy [1] investigated SACs to evaluate it perfamge using variable width and fixed
length collectors. Results indicated that a trapE#absorber plate is far better than a concave
absorber. Herndndez and Quifionez [2] presentedlelgmass parallel and counter flow SACs
through an analytical study. It was observed tiat performance of SACs for counter and
parallel flow remained the same at higher flow safiéhe performance of a perforated glazed solar
collector with mass flow rates between 0.017 afid® kg/s was evaluated by Vaziri et al. [3].
The maximum and minimum collector efficiency for SAvith black and white coloured absorber

was found to be 85% and 54%, respectively. Aissabal. [4] studied the performance of a flat
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plate SAC both experimentally and computationallge thermal efficiency was found to vary
between 22% and 40%. Soriga and Badescu [5] ligfeld that the thermal inertia of a solar air
heater ranged between 0.4 to 0.7. Sun et al.rfgemted a mathematical model for SACs by
varying the mass flow rate from 0.02 to 0.05 kgrel a solar radiation between 100 and
1000W/nf. Thermo-hydraulic efficiency was found to varyween 35% and 55%. Abdullah et
al. [7] determined that the thermal efficiencyao$emi-circular plastic SAC was 80% which was
higher than a flat (35%) and triangular (25%) cov@aliskan [8] performed a techno-economic
investigation of a SAC and found the energy efficie and exergy efficiency of 25.4% and
0.73%, respectively. Kabeel et al. [9] reported fioa a double pass flow SAC with nickel-tin
selective coated absorber provide 29.23% highésieficy than only black paint. Debnath et al.
[10] reported that the efficiency of a flat platAG was 37.55% at a mass flow rate of 0.014 kg/s
for solar radiation between 300 and 900 \W{mder North-East (NE) Indian climatic conditions..

The performance enhancement of SACs through sunfexckfication has been studied by
many researchers. The main aim is to break thedtom of boundary layer, to increase the rate
of redistribution of the flow and to reduce lossésdetailed review of earlier studies was

presented by Lanjewar et al. [11] and Alam and Kig2j.

Prasad and Saini [13] investigated the effectrbfi@al roughness on the pressure drop
and heat transfer of a SAC. Results indicated lkat transfer was enhanced by up to 2.4 times
whilst the friction factor increased by 4.25 tim&$-Sebaii et al. [14] investigated double pass
SACs with flat and V-corrugated absorber platese Vhcorrugated collector provided 11-14%
better efficiency than the flat plate SAC. Ho et[&b] investigated theoretically an upward type
SAC having a finned absorber with externally reewchir. It was found that the externally
recycled air strengthened the heat convection amgtaved the thermal performance. Ho et al.
[16] also compared a double pass SAC with fins laaiffles and reported that the baffles had a
greater impact when compared to the fins. Benli] [@Fncluded that a corrugated absorber
provided an efficiency of 55% at a flow rate of ®.Kg/s from five different shapes of absorber

surface (flat, corrugate, reverse corrugate, trape reverse trapeze).

Ravi and Saini [18] performed an experimental itigasion on double pass SAC with flat
and V-corrugated absorber to obtain Nu and frictamtor. Results showed a 4.5 times increment
in Nu number for the V-corrugated absorbers conptwehe flat plate, whilst the friction factor
increased by 3.1. An experimental investigationdeated by Kabeel et al. [19] on SACs using
flat and V-corrugated absorber with PCM based gnstgrage showed that a collector with V-

corrugated absorber with PCM storage was 12% to @b¥e efficient than a flat plate SAC with
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and without PCM. Effectively Ho et al. [20] repattéhat for a V-corrugated SAC with double
pass recycling, the collector performance improaedigher recycle ratios and mass flow rates
compared to a conventional SAC. Kabeel et al. [Btestigated SAC with flat plate, finned,
baffled, and baffled fin absorber and found that tieximum efficiency of a baffled fin absorber
was 83.8% at flow rate of 0.04 kg/s. A comparastedy conducted by Sevik and Abuska [22]
on SACs having flexible aluminium foil absorber lwiand without glass covers showed that a
maximum efficiency of 81.3% was obtained for amahium foil absorber at a flow rate of 0.044
kg/s. Debnath et al. [23] compared the performasfcBACs with plain and wavy absorbers in
NE India with variable flow rates, tilt angles,danumber of glazing layers, the efficiency of the

wavy absorber was 14% higher than the flat plat€ SA

Boukadoum and Benzaoui [24] carried out a CFDystoddetermine the enhancement of
the heat transfer rate using rectangular transuwgpseribs inside the collector. Results indicated
that the rate of heat transfer is increased withoge losses in friction. A correlation between the
Nusselt numbers and friction factor for a triang&C having rectangular chamfered ribs were
proposed by Kumar et al. [25] based on the CFDyshydSharma and Kalamkar [26] conducted
an experimental study on SAC having four differ¢hin rib configurations under forced
convection to estimate the thermo-hydraulic pertomoe, friction factor, and heat transfer. A
computational analysis of a flat-plate SAC opemtivith a recycled working fluid (0-7 times)
showed that the efficiency was increased by 118% tdurecycling of the working fluid by 7
times [27-28]. Naphon [29] performed an analytisaldy to determine the effect of fin height,
number of fins, and air flow rate on the performanta SAC.

Mohamad [30] observed that by minimizing the cdlidedosses especially losses through
the glass cover, the collector thermal efficien@svaround 75%. Ozgen et al. [31] found that the
collector efficiency increased by up to 45% at psalar conditions by attaching aluminium cans
with a flat absorber. Omojaro and Aldabbagh [32d&d the performance of single and double
pass SACs with finned and wire mesh absorbers. Bopass collector provided up to 19%
higher efficiency than that of plain absorber. Aximaum efficiency of a conical spring attached
to a flat plate SAC was around 68% as reported byska and Akgul [33] and Akka [34].
Ansari and Bazargan [35] reported that a ribbed $#A@ided up to 9% higher overall thermal
efficiency compared to a flat plate SAC. Velmurugard Kalaivanan [36] studied a single pass
SAC with different geometrical configurations. Tmeaximum efficiency was found to be

76.46%. Ahmadi et al. [37] reported that the thdrperformance of a collector enhanced by



18.87% by using graphene nanoplatelets. Table Irmsuises the thermal efficiency of different

configurations of SAC.

Previous studies indicate that the design enhantsnseich as the incorporation of fins,
baffles, vortex generator, nanopatlets, etc. oratseorber enhances the performance of the SAC.
However, these methods are expensive and compiextthas limited commercial applications.
To the best of knowledge of the authors the onlykwavailable on solar collector with sand
coated absorber has been reported by Lati et&l. ifBwhich air flow under the absorber plate at
a fixed mass flow rate. This study aims to imprdkie thermal performance of a SAC by
augmenting the absorber surface with a sand coatieg the absorber surface, offering a more

cost-effective enhancement.

2. Experimental Set Up

The experimental setup of the SAC including terapee sensors position is shown in Fig. 1.
The cross-sectional area of the collector was m#4vith a space for absorber plate of 0.97 m
x0.97 m. Other than the absorber plate, the teahsjoecifications of both the SACs were the
same. The sides and back of the collector werdateshiwith thermocol of 0.02 m thick, and the
whole system was made up of plywood with the thésdenof 0.015 m. Both absorber plates were
coated with black paint to increase the absorptiHbr the sand coated absorber, first the black
paint and preheated sand of 35-371 micron were anixg agitating until the sand got a
homogeneous mixture and then coated sand wereedaiwer the aluminium absorber and let to
dry up. The size and spatial distribution of thedusand is shown in Fig. 2. To reduce the top
losses and to drive the air over the absorberaairgd cover made of acrylic perspex sheet of
0.005 m thick was used. At the inlet section of WG DC fans powered from a DC source were
used to force air over the absorber. The speetheoffan was controlled by varying the input

power supply.

Tests were performed under a solar simulator aCt&€ laboratory at Ulster University.
In the present study the radiation level was vafteth 400 W/ni to 800 W/m. A pyranometer
was used to measure the radiation level at nirferdiit points on the collector surface to check
the uniformity of radiation on the surface befoeele set of tests. Radiation level was observed to
vary by 10%. The average intensity on the collectorface varied between +15 WiniThe
inclination of the SAC and the solar simulator lamuwpay were kept fixed at 45°. A digital
anemometer was used to measure the exit air welob@mperature readings from the T-type

thermocouples were recorded by a data logger (tader, DT85) at 30 sec intervals. The



accuracy of the instruments and corresponding teioges are calculated using the following

equation and for each of the parameters are pexséeniTables 2 & 3.

Wy = [(;Tiwl)z + (:—:ZWZ)Z + (:_:;Wg)z F o + (;Tin)z] (2)

3. Thermal modelling

Energy balance (Analysis)

The instantaneous thermal efficiency) (of the SAC is defined as the fraction of the heat

transferred to the working fluid (Pto the total solar radiation incident on the abso surface

(Qan), [23]:
n = )

T Qw

The amount of heat absorbed by the air is estunate
Qu= mcy, (Ta,out - Ta,in) (3)
where,c, is the specific heat capacity of am,is the air flow rateT, i, andT, o ¢ are the inlet and

outlet temperatures of air, respectively.
The amount of radiation incident on the absorbenlsulated as:

Qap = Al (4)
where,l is the irradianced is the collector aperture area.

By applying the net energy balance to the collectbe thermal energy lostUf) from the
collector to the surroundings can be evaluated hbragtically, the net thermal loss is the product
of a heat transfer coefficiebl times the difference between the temperature oébiserber plate
(T,ps) and the ambient temperatyf®,,,,). By applying this energy balance, the thermal loss

coefficient Q) can be evaluated as:
Qu = All = U, (Tgps — Tamp)] (5)

The physical property of the fluid is determinedatige to the average air temperature. The
average air temperature is calculated as:

Ta,in"'Ta,ou
Ty = (Z—t) (6)

The effective heat transfe@{;) is evaluated by subtracting the energy consumptiothe DC

fans (Wan) from the extracted heat, and evaluated as:
Qeff =Qu— (Wfan) (7)



Thus, the effective efficiency is evaluated as:

Qe
Merr = r (8)

4. Resultsand discussion
A series of tests were conducted to evaluate tHenpeance of the SAC with and without a sand
coated absorber under controlled laboratory camuti The experiments were performed at three
different mass flow rates (0.01, 0.015, and 0.0&/kg) and three different radiation intensities
(400, 600 & 800 W/rf) over a 2-hr period.
4.1. Temporal variation of temperature

Collector and air temperatures for the sand coab=wrber at different positions for mass flow
rate m) and radiation intensity Y of 0.01 kg/s/mand 400 W/rfy respectivelare shown in Figs.
3(a) and (b). The ambient temperatulg{) was maintained nearly constant during the test
period by using air conditioning units. Fig. 3acalpresents the temperature of back side
insulation [Ting) and glazing Tgaz), inlet air temperature to the absorb@g;{) and outlet air
temperature Toor). After a rapid initial increase, the temperatteads toward a quasi-steady
state. Variation in the average absorber temperaatirthree different locations (inleTafsin),
middle (Tapsmia), and outlet Tapsour)) are shown in Fig. 3(b). It can be seen thati¢neperature of
the absorber near the inlet is low due to higher odheat transfer. Further, the magnitudes of the
absorber temperature keep on increasing along élegtream, indicating lower rate of heat
transfer since air temperature increases due tbehigbsorbance of heat near the inlet. For
m=0.01 kg/s/miand atl=400 W/nf the typical values oTins, Tgaz Tabs and Toy, are 26.6°C,
47.5°C, 63.2°C, and 46.4°C, respectively.

To have a better idea on the absorptivity/reflestiof the absorber plate, a test was
conducted under natural convection mode, by kedpatly the absorber plate (plain, sand coated)
under solar simulator (Fig. 3c). In general reflatt of the sand is high. However, it is assumed
that the reflectivity of the sand coated absorlsereduced due to the black paint and the non-
uniform surface of the absorber. For a period didirs tests, the variation of temperature
indicate that, solar absorber plate with sand ngahas always at higher temperature, which
varies from 1-3 °C. This indicates that lower eefivity and higher absorptivity of sand coated
absorber. This is in order with the results of ledtal. [38].



4.2. Variation of average temperature difference

Variations in the temperature difference for cdbeavith and without sand coated absorber with
respect to air mass flow rate for three differextiation levels are shown in Figs. 4a to 4c. & th
figuresAT,;, represents the temperature difference betweemlairand outletAT,,, represents
the temperature difference between the glazingasarnd the ambient, and,,; represents the
temperature difference between the absorber sudiagdeambient. Results indicated that with the
increase in air mass flow rate all the valuesABfdecreases. The reduction in the value of
AT,;, is due to the lower retention time of the travelituid. Further, the heat removal capacity
of the working fluid increases with increasing te mass flow rate thus reduce the values of
AT,ps andATg,,,. The slope of the curves indicate that the ratéleafrease QhT,is slightly
higher than the others; this further reduces thelgweemT,, andAT,;,., especially at higher
values ofm, indicating better thermal performance of the isalacollector. A comparison of the
trend ofAT indicates thaAT,;, is always higher for the sand coated absorbeifloradiation
levels, with heat transfer rates as high as 17%tgreConformity of higher heat transfer for sand
coated absorber may also be seen in the trendiTfgg. Values of AT, for the sand coated
absorber are always lower than that of the plasodier. The maximum reduction 5T, for

the sand coated absorber is as high as 11% comigatieel plain absorber.

The higher heat transfer rate for the sand codbsdrber was attributed to three factors;
(i) sand provides higher effective heat transferagper unit volume and thus increase the heat
transfer capacity; [38] (i) due to the artificimdughness extended by the presence of the sand
particles, this helped to break the developmerthefthermal boundary layer by allowing better
recirculation of flow; and (iii) due to the addmial surface area provided by the sand particles,
this allowed better heat transfer coupled with tbduction of reflection losses due to non-
uniformity of the absorber surface. Increases ifiation power 600 to 800 W/(Fig. 4(b-c))
increasedT by 65-80% for both the SACs.

4.3 Variation of pressure drop
The variation of pressure dropR) for both plain and sand coated absorbers is pteden Fig.
5. It can be seen that the magnitud@Bfincreases continuously with the increase in aiwvftate
(m). This might be due to higher frictional resistanahich in turn increases the requirement of
fan power. Furthermore, it is relevant to mentibwatt due to inclination of the channel, a
difference of potential head between the inlet andet plays a crucial role, even though part of

this is overcome by the chimney effect. Increasmthe value oim by 90%, theAP is found to



increase by around 50% for the plain absorber ti®isand coated absorber, the pressure drop is

8-11% higher than the plain absorber.

4.4 Variation of effective heat transfer
Figs. 6 (a-d) highlight the temporal variation béteffective heat transfe@{;,) calculated using
Eq (7) for the collectors with and without sandtomg After 60 min, the system tends to reach its
steady state, after which the rate of ris&@gf; is insignificant. Furthermore, it can be seen that
Qe is higher at higher flow rates for each radiatlewel. For the SAC with the sand coated
absorber (Fig. 4(a-b)) with the increases in tlevfrates from 0.01 to 0.02 kg/s%’n@eff IS
enhanced by around 77%. For the SAC with the @hbsorber, the enhancement is 57% and 70%
at the radiation level of 400 and 800 W/mespectively.

4.5 Variation of overall heat loss coefficient

Temporal variations of overall loss coefficiet ) are depicted in Fig. 7(a-d) for the collectors
with and without the sand coating. The overall Heas consists of losses through the back and
side insulation, and through the glazing. Top lpssluding convection and radiation) through
the glazing is much higher than the back lossews iight be the reason for a steady state value
of overall loss coefficient after a typical valuktione period even though the back losses tend to
increase continuously with time (refer the tempa®tariation of glazing and insulation in Fig.
3).

In general, with an increase in the air flow rdie value oU; decreases monotonically
indicating better thermal performance. This is thua better heat extraction rate at a higher mass
flow rate which in turn reduces the heat loss. yhbr heat extraction rates by the working fluid,
the system temperature remains lower resultinglowar rate of heat loss from the top and back.
It was found that by increasing the air mass flate rfrom 0.01 to 0.02 kg/sfmesulted in a
decrease in the heat loss coefficient by about206-at 400-800 W/ffor SAC with sand coated
absorber and 4-9% for the plain absorber.

4.6 Variation of thermal efficiency and output temperature
The performance of the SAC with respect to thereffatiency ) and the corresponding output
air temperatureT(, ,,¢) IS shown in Fig. 8(a-c). The thermal efficiendytlee SAC increases with
the increase in mass flow rate under all conditiohgher heat extraction rate by the working
fluid (due to higher thermal capacity of air) isetlheason for the same. Thermal efficiency
increases at higher mass flow rates for betweeh ar@® 0.015 kg/s/f after that the rate of

increase decreases. This may be due to the insreaseakage losses in the SAC and the lower
8



retention time of the fluid. Overall by increasitige flow rate by 90%, at a radiation level of 400
W/m?, the thermal efficiency for the SAC with plain ardnd coated absorber is found to be
enhanced by about 25% and 17%, respectively. Ttbugbtain a similar rate of rise in thermal

efficiency, the SAC with a sand coated absorbel redjuire a higher fan power to overcome

higher frictional losses.

For all values ofm, the sand coated absorber provides higher thezfficilencies than that
of the plain absorber and is as high as 17%, aatiad level of 400 W/rh This is due to better
mixing of the fluid and higher absorption and enaissof heat. In this case, the higher rate of
required fan power for SAC with a sand coated dieomay be overlooked due to the better

thermal efficiency.

In general, due to lower retention time of the wagkfluid for a higher flow rate, the
output air temperatureT( ,,.) decreases even though the value of total exttabtat is
increased. Results showed that the efficiency o€S38r the plain and sand coated absorber
varies from 17-22% and 20-24%, respectively at 480n®> and the corresponding output
temperature variation is between 30 and 32°C anan8134 °C. Increases in the radiation level
from 400 to 600 and 400 to 800 W/mesulted in enhancements in thermal efficienc3863%
for the plain absorber and 30-68% for the sandezbabsorber (Fig. 8(b-c)). The maximum value

of thermal efficiency for the plain and sand cod®&Cs is found to be 34 and 41%, respectively.

4.7 Variation of effective thermal efficiency

Performance of the collector with thermal rise paster is shown in Fig. 9(a-b) in the
conventional Hottel-Whillier-Bliss type format. Ré&s indicated that the effective efficiency
(ness) decreases with the increase in performance parai@éié), indicating better operation at
lower performance parameter value. For a fixedlaism (1), the lower value ofi T is obtained at
higher air mass flow rates similar to the trendepbed for the variation of thermal efficiency
with respect to air mass flow rate. On the contrdoy a similar range o#fT, increases in
insolation () will result in lower values oAT/I. However, higher levels of insolation is limited
with the metrological constraints, thus the formesthod of increase in effective efficiency may

be preferred.

The magnitude o, for the sand coated absorber (Fig. 9(a)) incretises 0.19-0.24
with decrease inT/I from 3.3x1(F to 2.6x10° at a mass flow rate of 0.01 kg/$/nwhile the
same is increased from 0.31-0.38 with decreaad'jti from 2.7x1(0" to 2.0x1(" at a mass flow

rate of 0.02 kg/s/fa Thus, a lowenT/I is preferred to obtain better efficiencies andthe
9



present study the same is obtained by both inergabe magnitudes dfand the air mass flow
rate. For a SAC with plain absorbey,r, and AT /I vary between 0.15-0.33 and 1.5-3.2%10
respectively (see Fig 7 (b). The sand coated abs@rovided better effective thermal efficiency

for the same mass flow rate.

A linear correlation betweem,;randAT/I is proposed for the SAC with and without
absorber using the experimental results. The acguwhthe correlation is determined with the
help of a correlation coefficient (CC) and the diméfnt of determination (. It is well known
that the higher the value of CC and, Rhe correlation is more accurate. Along with the
experimental data the correlated data are alsteplat Fig. 9. The CC varies between 0.992 and
0.996, and the Ries within 0.8-0.98. The proposed correlations &mel coefficient values are

presented in Table 3.

5. Conclusion
The thermal performance of solar air collectors C3Avith plain and sand coated absorbers was
been carried out under controlled laboratory caowlé for radiation levels of 400, 600, and 800
W/m? and air flow rate ranging between 0.01-0.02 kgfsfhe following observations are made:

» The difference of air temperature between inlet antlet increases by 66% for increases
in radiation levels from 400 to 800 Wror a sand coated absorber.

* The surface temperature of the sand coated absmbe7% lower than that of plain
absorber due to a larger surface area at the sadiedion level, indicating higher rate of
absorption and emission. Furthermore, the temperatifiference of the air between the
inlet and outlet for the sand coated absorber ghdri by 11% compared to the plain
absorber, despite a lower absorber surface temyperat

* The increase in the surface roughness due toath@ coating on the absorber increases
the pressure drop by around 8-11% compared toltie @bsorber thus requiring higher
fan power input.

* The effective heat transfer of the sand coatedrabsas always higher than that of the
plain absorber and the difference increases witHaw rate. The magnitude of difference
ranges between 21-24%.

* Overall the heat loss coefficient for the sand edabsorber is slightly higher than the
plain absorber and tends to decrease with increiaséise air flow rate and level of

radiation.
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The thermal efficiency of the SAC increases witbr@ases in the air flow rate, and the
rate of increase for the sand coated absorbergbehithan the plain absorber. The
maximum increase of 20% and 24% are observed ®plhin and sand coated absorber,
respectively at 800W/m

The thermal efficiency of the SAC varies from 18@84nd 20-41% for plain and sand
coated absorbers, respectively.

The sand coating on the absorber improves the tiezfficiency of the SAC. Overall at
radiation levels of 800 W/frand mass flow rate of 0.02 kg/$/nthe sand coated absorber
provides 17.6% higher thermal efficiency compauethe plain absorber.

The effective efficiency of SACs tends to be enleahavith the decrease in the
temperature rise parameter. In general the sanea@dsorber provides better effective

efficiency than the plain absorber.
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Table 1. List of earlier works on solar air collect

Authors

M ass flow
rate

Flow pass

Glazing no. and
material

Dimensions
of the
collector

Air gap

Absorber

Remarks

Thermal
efficiency

Hernandez ang
Quifionez [2]

1 0.01-0.1
kgls

Single and
double pass,

Double flow:
parallel and

counter

02,
Polycarbonate

2mx0.9m

0.025

Flat plate

For double flow SAC, with same inlet
condition, mass flow rate of air in the
channel between the absorber and the
glazing is higher than at the bottom
channel between the absorber and
insulation.

At higher mass flow rate double paralle
flow is better than double counter flow
collector.

0.49-0.62

Vaziri et al.

[3]

0.017-
0.036 kg/s

Single pass flow

01,
Plexi glass
perforated with
0.003 m hole

0.9mx0.9 m

0.03m

Flat
black, green, blue
red, violet, light
yellow and white
colour

plate  withe

Thermal efficiency of perforated glazed
solar air heaters (PGSAH) increases w
mass flow rate.

Black colour absorber provided highest
efficiency than other 6 colour.
PGSAH provided better performance th
unglazed one.

0.55-0.85
th

an

Aissaoui et al.

[4]

0.1324
kgls

Single pass
between the
absorber and
bottom plate

01,
glass

2mx1im

Flat plate blac
coated

Thermal efficiency increased with the
solar intensity (400-900W/H
Computational and experimental
convection coefficient compared

0.22-0.4

Sun et al. [6]

0.02-0.03
kgls

Single pass

2mx2m

0.08m

Flat plate bl
coated

10K

During experimentation with radiation g
800W/nf thermal efficiency varied from
0.56 to 0.64, increases with increase in
mass flow rate.

Computational study is performed for
mass flow rate of 0.02-0.05 kg/s.
Maximum efficiency of 0.54 was obtain
at 0.04 kg/s at radiation of 700 W/m
Beyond mass flow rate of 0.04kg/s,
efficiency did not increase significantly.
Also tend to reduce at lower intensity o
radiation.

f Experiment:
0.56-0.64
Computational:
0.35-0.55

Abdullah et al.

0.05-0.25

[7]

kgls

Single pass

Single (flat,
triangular, semi

5m x1.25m

Semi-circular

having$1.25m

The highest efficiencies of 80% were

achieved for the circular configuration

0.45-0.85
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circular)

(semi-circular absorber and semi-circul

ar

transparent cover) with a flow rate of 0J18

kg/s and average solar radiation of 925

W/m?.

Debnath et al.
[10]

0.0039 to
0.0118
kgls

Single pass

01-02, glass

152 m
0.52 mx

R.045-
0.055

Flat plate & wavy
plate

Double glazing provided better thermal
performance

Optimum performance was predicted
through expert system at mass flow of
0.00785 kg/s, inclination 45°, radiation
level of 583 W/,

Wavy absorber provided better therma
performance than flat plate SAC.

26-38%

Benli et al.
[17]

0.02-0.05
kgls

Single pass

Single glass

0.70 m x

D -7

Flat,  corrugate
reverse corrugate
trapeze, ang
reverse trapeze

Efficiency of the collector varied from 5
55% for corrugate, from 22-46% for
reverse corrugate, from 20-42% for
trapeze, from 15-28% for reverse trape
and between 7% and 17% for flat plate

absorber under similar working conditign

Increase in mass flow rate from 0.02-0.
kgls, friction coefficient increased by 2.
fold, 6-fold, 7.6-fold, 9.6-fold and 11.6-
fold, for flat-plate, trapeze, reverse
trapeze, corrugate, and reverse corrug
collector.

- 5-55%

@ o1

ate,

Ravi and Saini
(18]

Re=2000 -
20000

Double pass

Single glass

1m x0.3m

0.02

5V-shaped,
Stagger,
Ribbed

Nusselt number was found to enhance
4.52 times compared to that of smooth
duct.

Friction factor (f) enhanced by 3.13 fold
Correlation proposed to predict the botl

by

S
h

Kabeel et al.
[19]

0.009-
0.062 kg/s

Single pass

Single glass

1.0 m x??

0.0(

Flat and V-
corrugated

Efficiency of the conventional collector
was 47% and 40.7%, with and without
PCM at a mass flow of 0.062 kg/s.
With PCM, the highest efficiency of the
corrugated solar heater was 62%, at flg
rates 0.062 kg/s.

Flat plate with
PCM: 18-47%
V-corrugated
wvith PCM: 27-
V2%

Kabeel et al.
[21]

0.013 -
0.04 kg/s

Single pass

Single glass

2m x 1m

0.01

m Flat, Baffin

Thermal efficiency of flat, baffled and

finned SAC found to be 57.07, 43.1 an
32.12%, respectively.

Baffles fixed with fin provided highest

0.15-0.83
)

efficiency of 83.8%.
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Sevik and 0.013- Single pass No glass, singlg 2m x 1m 0.013- | Flat, Flexible duct The highest thermal efficiency of 81.3% 0.23-0.83
Abuska [22] 0.044 kg/s glass 0.1m was obtained with flexible duct.
Collector with flexible duct provided
15.9-41.2% higher thermal efficiency.
Increase mass flow rate from 0.013 to
raised the Nusselt number by 1.7 times.
Yeh and Ho 0.01 - Single pass ( Single 0.6 m x 0.05m | Fin Compare to external recycle, internal | 0.35-0.62
[27] 0.02 kg/s | internal 0.6m recycle enhance the thermal performarnce
recycleflow) at higher rate.
Recycle up to 7 nos. increase the
efficiency up to 118%.
Yehand Ho | 0.01 - Single pass Single 0.6 mx 0.05m | Fin Recycle up to 5 nos. increase the 0.24-0.45
[28] 0.02 kg/s | (external 0.6m efficiency up to 83% compare to
recycle) traditional no recycle SAC.
Naphon [29] 0.02-0.1 | Double (counter)| Single glass 2.4 m x 0.15m | Fin Increase in mass flow rate from 0.02 to| 0.3-0.58
kgls pass flow 1.2m kg/s enhances the thermal efficiency up to
100%.
Increase in fin height from 0.05 to 0.08|m
increases the efficiency up to 50%.
Ozgenetal. | 0.03- Double pass Single 2.14 m x Canned absorber provided efficiency o] 0.21-0.72
[31] 0.05 kg/s | flow 0.84m to 72% as for the flat plate SAC up to
51%.
Omojaro and | 0.012 - Single pass, Single glass 1.0mx1.5| 0.03- | Fin The highest efficiency of single and 0.18-0.63
Aldabbagh 0.038 kg/s| double pass m 0.07m double pass collector were 59.62% andg
[32] 63.74%, respectively, at mass flow ratg of
0.038 kg/s.
Ansari and Re=1.9- | Single pass Single glass 1.6m %.073 | Flat and ribbed At lower flow rate (Re=0.5x1{ ribs Flat: 0.42-0.54
Bazargan [35] | 39x1C° 0.073m m improve the efficiency up to 20%. Ribbed: 0.2-0.58
At around Re=2.0x10optimum thermal
efficiency was observed
At higher flow rate (Re=2.0xfpthe
performance of thélat absorber was bet
than ribbed.
Velmurugan | 0.01- 0.04 | Single pass, dual Double glass 2m x 0.46m - Flat, Experimental results indicated that that 0.32-0.76
and kgls pass Fin, wire meshed double pass SAC provided
Kalaivanan Wire mesh 13.71-22.86% higher efficiency than
[36] traditional SAC.
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Table 2a: Accuracy and percentage errors for various instrime

Instrument Accuracy Range % error
T-type thermocouple +0.5°C 0-300C 1.25
Pyranometer +5W/Mm 0 - 4000 W/rh 2.5
Anemometer +0.01m/s 0-25m/s 0.5
Differential +0.05hpa 0-100 hpa 5
manometer

Table 2b: Uncertainties of different measurement

Parameter % Uncertainties
Temperature 0.5
Solar Radiation 2.5
Velocity +0.5
Pressure drop 5
Efficiency +2.6
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Table 3. Correlation coefficient (CC) and coefficient of dehination (R) for correlation of
effective efficiency.

Flow rate cC R?

Sand coated absorber

m=0.01 kg/s/h  0.987 0.8916
m=0.015 kg/s/rh  0.984 0.8455
m=0.02 kg/s/m  0.982 0.8093

Plain absorber

m=0.01 kg/s/m  0.995 0.9665
m=0.015 kg/s/rh  0.994 0.8653
m=0.02 kg/s/m  0.996 0.9874
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Fig. 2 SEM image of used sand.
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Highlights:

» Performance of solar air collector (SAC) with sand coated absorber is presented

* Increasein air flow rate by 90% enhance efficiency by 68% for plain absorber

» SAC with sand coated absorber provides 17% higher efficiency than plain absorber
» The absolute thermal efficiency of the SAC varied from 19% to 41%

» Low cost addition of alayer of sand coating improves thermal performance of SAC
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