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Evaluation of The Experimental Performance of an Asphalt Solar Air Collector
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PAPER INFO ABSTRACT

Paper history: In this research, the performance of an asphalt solar air collector was experimentally tested and the daily therm

Received 727777227 2020 and exergy efficiencies of the collector were analyzed. The sadiant engérgy is absorbed by asphalt and

Accepted in revised form 7722222 2020 converted into thermal energy. Then, it is transmitted to alyminumipipes buried under the asphalt and, finally
to the air passing through the pipes. A suction fan induc bient air to the collectopeFimeeexal

results show that the daily thermal efficiencies at mass, flow'ratesjof 0.007 (kg/s) and 0.014 (kg/s) are 11.989

Keywords and 24.10% and daily exergy efficiencies are 0.349 b, respectively, showing the increase in dail
Asphalt collector LT - : ; .

Air energy and exergy effluera_xs with increasing the rate. In addition, resu_lts show that as the fIc_Jw
Solar energy rate increases, the outlet air temperature decreases.\Ihe presence of temperature difference between the inlet
Efficiency outlet of the collectoin the last hours of the d 's radiation is low, indicates that asphalt acts as a

thermal energy storage medium.
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a ent to achieve the maximum performance of these types
llectors. In a laboraty study and numerical solution,
iarelli et al.[7] discussed the arrangemt, crosssectional
shape, and air volume of pipes in an asphalt air collector. In
another study, Ehsan Hassan Zaim ef{8pl.employed
laboratory analysis and simulation of different models to
investigate different arrangements of pipes in the thermal
dynamics of an asphalt collector with wateorking fluid.
Then, they presented the besbdal for maximizing energy
efficiency. Other studies have tried to investigate the effect of
various factors on the efficiency of an asphalt solar collector
such as the effect of using glass on the collector, the effect of
ating, cooking [Bic solar radiation intensity in hoind_cold seasons, and also the
. eat'ers becaL’Jse 6f theperformance of the c_oIIector _at dlffgrent flow rates. In e_lstudy,
case of construion Amwpoqya_ Masoqm| et a[9] _m_vestlgatedhe role of various
factors in increasing the efficiency of an asphalt solar water
collector in laboratory conditions. The results of this study in
X L two cold and hot months of the year show that in general, the
their ease of cohstrugtion and good efficiency. The asphalt andinlet temperature of the collector has a geeagffect on

concrete solar "eargLSegr?]anoempT?snl% dujﬁge:g;tv;i:; ?(;r"’:;:eincreasing its performance than the surface temperature and
n ivi f halt. Farzan xperimentall
pes of collectoiGoncrete Solar Collectors conductivity of asphalt. Farzan et glL0] experimentally

%o a’solar thermal technoloay for 4 erature investigated the effect of flow rate on tledficiency and
; dy mpera dynamic behavior of an asphalt collector with water as working
. They are particularly suitable for integration on

orecast ¢oncrete clad buildingd]. Asphalt solar collectors fluid. Results show that by increasing the flow rate, the thermal

have better performance in enerav storage and efficienc dueefﬁciency of the collector increases. In another experimental
. perto - 9y 9 Y study by Farzan et al[11], the effect of glass on the
to higher absorption coefficient and lower thermal conductivity

than concrete collectors. 61 A aroup of researchers b performance of an asphalt solar water collector was
S ; ®, 6] \ group . y investigated, which showed the beneficial effect of using a
examining different types of pipe arrangements in asphalt

. ) . I hield on th I r surface. i n
collectors have tried to provide the best model of pipe glass shield on the collector surface. Studies onpipes

1. INTRODUCTION

communities and the reduction of fossil fuel sources in

world, there is a tendency to use renewable gies. Among
the various types of renewable energies, sola ergy has
received more attention in recent decades. O
important applications of solar energy is J
electricity using solar panels and also t eating of various
fluids such as air and water by solamther llectors. Solar
thermal collectors are responsible nyerting the radiant
ermal energy required
s are used in many

to heat the fluid. Solar air
applications such as dryer C
Researchers are interest salar
affordable cost, simplggstr , and
3].

t calters are very popular due to

"Correspondi ngamarit mm@msail.ukme.{M. Ameri)
URL: https://www.jree.ir/article_155030.html



http://www.jree.ir/
https://doi.org/%2010.30501/JREE.2022.334587.1347
https://doi.org/%2010.30501/JREE.2022.334587.1347
mailto:ameri_mm@mail.uk.ac.ir
https://www.jree.ir/article_155030.html

material in asphalt collectors show that metal pipes, which are | The inner diameter of pipes (cm) 1.9
often copper pipes, have a greater effect on increasing the| The outer diameter of pipes (cm) 2
performance of the collector than other materifs In Number of pipes per collector 15

previous studies, the performance of asphalt collectors, which
were often responsible for water heating, has been numerically
and experimentally investigated, and few studies have only Aen
touched the issue of the operation and daily enangyexergy I
.. . . .. Outlet =
efficiency of an asphalt solar air heater in real conditions. Saad tegeratus
et al.[12] built a solar air hear with a free convection flow to sensar _ - |
investigate the effect of environmental parameters, such as b wep
ambient temperature and wind speed, on asphalt and outlet air
temperature. In free convection flow, due to the low amount of  Topview E
flow rate, thermal efficiency is négible.
To the best of authors know = tig:
of an asphalt air solar collector and evaluation of energy and
exergy efficiency considering forced convection heat transfer
have not been studied yet. In this research, an asphaittooll
with 15 pipes and area of 1.4 mas been tested for 8 hours § =E= j
during a day for two mass flow rat@e main objective of this sievew g —
study is to compare the thermal and exergy efficiencies of the L
Mixture sand layer

& 2em

—— 15 Aluminum

asphalt solar air collector in a forced convection heat fieans
L—— Asphaltlayer pipes

regime. Based on the results for thermal and exergy daily
efficiency as well as the output temperature of the collector at
different hours of the day, the advantages of using asphalt solar
air collectors can be realized further.

——————— Surface temperature sensor

~Aa v
Figure 1. Schematic of the asphalt solar air collector

2. EXPERIMENTAL y’
In this experimental study, a wooden mold made of thick

Russian wood was used. Russian wood is very suitable f ions

outdoor use due to its high resistance to environmental est site was located in Kerman where the external factors
conditions. On the other hand, due to its very low hea s trees and surrounding buildings do not affect the
coefficient, it does not adly transfer the heat stored i rformance of the collector. Latitude and longitude in this
asphalt layers to the environment and reduces the heat losses aglace are 57.08 E and 30.28 N. The experiments were
much as possible. The asphalt used in this experi is theperformed from 9 AMto 5 PM on November 3, when the
commonly used asphalt in Iran. Thermophysica erties of ambient temperature is relatively low. The Kipp & Zonen

asphalt are seen ihable 1 [8]. The substrate ©
divided into two parts that are separat
simultaneously for two flow rates. The are, each cultds recorded every 15 minutes. Measurements at shtetvials
1.4 (n¥) and 15 aluminum pipes are e asphalt depth give a better comparison between the energy entering the
of 3 (cm) in each collector. The insid outside diameters of collector by the sun and the energy leaving it by the air. An
each pipe are 19 and 20 (mm)e ely. The pipes areexhausted fan induces the ambient air into the collector.

installed at a distance of 2 (cm ach other. Two stigks a Velocity measurement was done by an anemontgper

placed between the two co IS at the collectors are notBENTECH GM816A andwo desired flow rates were achieved

connected. The completg ,geome characteristics of the by the changing outlet area. The flow rates considered in this
collector are given iff 2! atic of the asphalt solar air  experiment are 0.014 (kg/s) and 0.007 (kg/s), which change
collector is shown injgure 1. slightly due to a small change in the output density with time
during the day and can be consilconstant. For temperature
Table 1. Thermal properties of asphalt measurements, temperature sensors TM1321 are used. The
k J/Kg.K) } (®Bg/ U measurement accuracy for this sensor is up to three decimal
(W1 places. Temperature sensors are used to measure the
1 NS 2450 0.95 temperature of the surface of the asphalt as well asanibt
outlet air temperatures of the collector at any time, and they are
y recorded by connecting sensors to a computer. There is a
Tabfe 2. Asphalt solar collector specifications under temperature distribution on the collector surface; thus, the
investigation sensor at the surface temperature was placed at the center of the
Length of the collector (cm) 200 collector. The asphalt solar collector under consideration is
Width of the collector (cm) 70 shown inFigure 2. Pyranometer and temperature sensors are
Height of collector (cm) 20 seen in Figures 3 and 4, respectively.
Asphalt depth (cm) 8

Uncertainty

Examining uncertainty in empirically conded research is a
very efficient and useful tool for calculating the number of
errors in the results. The results extracted by the experiment

Thicknessof sand layer under asphalt (cm)| 11
Buried depth of pipes from the asphalt surf§ 3

(cm)
Distance between pipes (cm) 2




may be subject to some errors, the main factor of which can be T
considered the accuracy of the measuring instrur@ntbtain 0 —
the amount of uncertainty during the experiment, Equdtipn

@

<

In this equation, R is a nendependent quantity and x is an
independent quantity. wand w; are the uncertainties for the
quantities R and x, respectively.

The results of uncertainty along with the relative error based on
the mean valuedefined by Equatiorf2) are seen imable 3

[14].

v
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Table 3. Relative errors and uncertainty imental data
Quantity Uncertainty
Temperature +0.1414
difference £C)
Mass flow rate| £0.000 6.3
(kgls)

Intensity of solar
Figure 2. The asphalt solar collectonder consideration radiation (W/nd)
Thermal efficien

is used13].

0.2

Fan power| +0.04 3.8

- con tio
S AN [§ 7
- " ! 0, phical illustration of error bars is presented in Figure
"', i ! “ ‘
_—-J
Figure 3. Pyranometer for measuring the intensity of solar radie
3
; 5

Thermal Efficiency

To obtain the daily thermal efficiency of the collector,
according to Equatio(8) [15, 16] the values of inlet and outlet
temperatures as well as the amount of solar radiation are
needed. The amount of heat transfer into the air can be
quantified by Equatioif4). Due to the power consumption by
the fan this amount of electrical energy must be subtracted
from the thermal energy by the fluid. For this readeigure
shows that the temperature difference decreases with increasing
flow rate, but increasing thedflv rate increases the thermal

First law eff (%)

Second law eff (%)
Mass flow (kg/s)

Figure 5. A graphical illustration of error bars

Figure 4. Temperature sensor and transmitter type-T321.



efficiency of the collectof10]. In Figure, it is clear that the 4

. ; ; % —%
maximum temperature difference is about one hour after the 4
maximum intensity of solar radiation. Besides, the existeric In Equation(10) % ;, is the fan power, the value of which is

temperature differences at the last hours of the day is anog\w. 4 is the ambient temperature afdis the temperature
important result that demonstrates the ability of asphalt to store o the fluid. which is obtained from Equati¢hl) [21].

(10

heat and to use this energy when the amount of solar radiation 4 4
decreases. 4 —
B BOj ®) =
~ h T BO6 The net useful exergy can be obtained by Equdfign[22] as
follows:
noGaoé Y Y 4) %r % % 5 12
Finally, the daily exergy efficiency of the coll rcan be
The pressure drop to be compensated by the fan can bedetermined by Equation 13 as folloj22]:
calculated by Equatio¢b) and the consmed power by the fan (o) o (13
can be obtained by Equatiqi)[17]. The electal power S 0 ;
consumed by the fan is 1.1 (W) for the mass airflow rate of
D Qov ﬂ () The main purpose of this research is to investigate
¢O q experimentally the performaRee offan asphalt solar air collector
in terms of energy efficiencies. The affecting
In Equation (5), f was considered 0.039 and 0.041 for mass flow Parameterscan be, cat€gofized into environmental and
rate of 0.014 (kg/s) and 0.007 (kg/s), respectively. Also, k = construction ones. “gnvirenmental parameters include the
1.517]. amount of inci ent radigtion on the_ co_llector_ surface, wind
az9Yp (6) speed, and perature, which is the inlet temperature

% f vz to the col most importaoonstruction parameters

are the ma sed in the construction of the collector, pipes,
nd j 7 In the present study, asphalt has been used as
Here,— s fan efficiency which is 70%. e erial in the construction of the collector, which can
In order to equalize the electrical energgnsumed by the fan rbafd store high thermal eme Low-thickness aluminum
to thermal energy, an equivalence coefficient is employed. This tha n selected for the pipe material, which increases the heat

factor is defined by EquatiofY). The value of this coef
depends on many parameters and factors such as the re
energymarket, exergy, greenhouse gas coeffigients, and

their high heat transfer coefficient, the use of aluminum pipes

is more advantageous over p@p ones because it is lighter and

cheaper Figure shows the variation of ambient temperature
yeen and solar radiation intensity during a typical day.

and Lovegrove's researftB], this numerical valu
1 andl17, such that the coefficient 1 is for energ
by increasing this value, it approaches the/€xe ciency. In e 30
Iran, according to the parameters ©of the/ renéwable energy .,

market, this amount can be consider / TN \ s =
o @ o ) VNV
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loss by the fan should be subtracted from the useful exergy to

the net pure exexrgy. id entering the collecdambient
air; therefore, i‘has z) exergy and only the input exergy to the

Exergy Efficiency @
Due to the eIectricaI@ sumed by the fan, the exergy

w
8
e

Intensity of solar Radiation (W/m? )

200 \
control volume plied by solar radiation, which can be -%-Ambient Temperature (K) N
calcul the patella relation given by Equa)ras in the 10 \\
followi . L,
: TY p Y ®) 888828888 8%882%38¢83gs
O ——— = & & &g 5 3488 Aa 85 588 888

o'Y oY Time
The useful exergy of the air can be calculated from Equation Figure 6. Ambient temperature and solar radiation intensity
(9) [20]. (2021/11/03)
Cx e ; - 4 ©)

% ao Y Y 4z, ] ya Error! Reference source not found.shows the temperature

difference between the inlet and outlet of the collector. It is seen
The net useful exergy is the difference between the amount of that the temperature difference is reduced by increasing the
useful exergy and the fan exergy destruction. By using flow rate, but increasing the flow ratacireases the thermal
Equation(10), fan exergy destruction can be obtained1¥}: efficiency of the collecto10]. The maximum temperature
difference is about 25 K and 19 K for the mass flow rates of



0.007 kg/s and 0.014 kg/s, respectively.Figure, it is also
clear thatthe maximum temperature difference is about one

hour after the maximum intensity of solar radiation. Besides,

5

destruction of the fan at mass flow rates of 0.014 kg/s and 0.007
kg/s, respectively. According teigure10 andFigure5, a the
final hours of the experiment, when the sun's radiant energy is

the existence of temperature differences at the last hours of thelow, the net useful exergy is very low. By comparing the results

day is an indication of the asphalt ability to store heat.
According to the redts obtained from the collector efficiency

in Figure and-igures, it can be seeinat lowering the flow rate
reduces electricity consumption and subsequently decreases the

in Table4, it can be seen that by increasing the flow rate, both exergy destruction, which makes the net useful exergy higher

thermal and exergy efficiencies increase.
Figure shows the wviation of the surface center temperature of
the collector during a typical day at two mass flow rates.

—-mass flow = 0.007(kg/s)

=>mass flow = 0.014(kg/s)
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Figure 7. Variation ofcollector inlet and outlet temperature
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A better understanding of the exergy efficiency is secured by
comparing the values of exergy obtained in each part. The
amounts of useful exergy of the fluid and the exergy destruction
of the fan are quite smaller than the amount of exergy input by
the solar radiation, hence low exergy efficien€igure shows

the input exergy from the sukigure andFigure5 show the
comparisonof useful exergy, net useful exergy, and exergy

at the final hours. Since the useful exergy is dependent on the
outlet temperature, its value tends toazat the end of the day.

Therefore, it can be concluded that the best hours to keep the
fan on are the hours when the sun radiation is very low.
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Figure 10. Comparison of useful exergy, net usefuéryy, and
exergy destruction of the fan far=0.014 (kg/s)
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&

Table 4. Daily thermaland exergy efficiency of the collectdr

=N 1A/ o FE T T tapd P [ I Lyt P

0.014 24.24 24.10 23.66 0.66

0.007 12.03 11.98 11.85«' 0.34
5. CONCLUSIONS The author d like to thank Shahid Bahonar University of
In this research, an asphalt solar air heater was teste ir support.
experimentally at two different flow ratehe final results of
this research included the energy and exergy efficiency on
daily basis as well as the outlet temperature of the
The obtainedesults can be listed as:

1 Increasing air mass flow ratecreases t REFERENCES

exergy efficiencies.

1 The presence of temperature differences last [
hours of the day and even after s indieates the
ability of asphalt in storage and.r heat when
there is no radiant energy solifce.

1 Inthe process of calculatiaggthe rgy efficiency on [2]

a daily basis, to obtain t
subtract the amoun
from the useful e
efficiency sart

seful exergy, we
destruction by the fan
ollectéixergy
vhen the sun radiation
decreases, given the reduction of the amount of
exergy e collector.
As a result, to design an optimal collector, both the efficiency [
factor and tl et temperature must be considered
simult sonfait we can have a high outlet temperature
by hav ector with proper efficiencglso, from the
results @btained from exergy calculations, two cases can be
considered for improving the collector efficiency:

(3]

(5]

(6]
1 Setting a time interval for the fan to ba or off

1 Using variable flow rate during the day
For further research, glazing of the collector is recommended.
Also, it is recommended that a simulation by CFD be conducted
to investigate the effect of different parameters on the
performance of the colitor.

(7]
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NOMENCLATURE
A Area (nf)
G The intensity of solar radiation (W/3n
Co Specific heat capacity (kJ/kg.K)
n Thermal energy transferréxy the fluid (kJ/s)
0 Exergy (W)
T Temperature (K)
r Equivalence coefficient
R Norrindependent parameter
@ Independent parameter
w Uncertainty
f Friction factor
| Length of each pipe (m)
Ap Pressure drop (Pa)
D Outlet diameter (m)
v Velocity (m/s)
p Density (kg/nd)
€ Emissivity
Indices
c
a ir
n t
out Outlet
F id
el Electrical
th Thermal
fan Fan
sun Sun
Destruction
Exergy
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Net
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n Efficiency
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