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In this study, the efects of the positions of inlet and outlet in a single-fow fat plate rectangular box active solar air heater due to
convective heat transfer were designed, constructed, theoretically investigated using CFD fuid fow (fuent) software, and
experimentally examined. Te internal dimensions of the solar air heater are length and width of 100 cm and 50 cm, respectively,
and the air gap between absorber plate and glazing glass is 9 cm. Te solar air heaters are constructed with 18mm thickness
plywood, 4mm thickness glazing glass, and 1mm thickness aluminium sheet metal. Except for the glazing glass, other con-
struction materials are painted black to absorb solar radiation. Te positions of the inlet and outlet depend on the fraction of the
width of the solar air heater. Based on the three-day average outlet temperature of the solar air heaters, solar air heater B has the
highest average outlet temperature compared with other active solar air heaters and ambient air temperatures. Based on the three-
day average outlet temperature of solar air heaters and ambient air temperatures, the active solar air heater B outlet temperature is
33.83 percent greater than the ambient air average temperature. Te average outlet temperature of the air in passive solar air
heaters increased by 17% and 4.43% compared to ambient air and active solar air heaters outlet air temperatures, respectively, due
to the speed of the air in the solar air heater.Te uncertainty of the instruments to measure the temperature of the air is ± 0.289°C,
and the uncertainty of the solar air heater is ± 0.462°C. A higher average air outlet temperature was achieved in March at a tilt
angle of 12° at a latitude of 8.89°. Te negative tilt angle in May at a latitude of 8.89° indicates the south-facing orientation of solar
air heaters is better. Te passive solar air heater and ambient air temperature have a higher air temperature fuctuation than the
active solar air collector.

1. Introduction

Te solar convection drying system is used to preserve fruits,
vegetables, grains, fsh, meat, and other agricultural prod-
ucts, which are free and renewable sources of energy [1]. In
our solar system, the sun is the primary energy producer, in
which a tremendous amount of energy is generated due to
nuclear fusion taking place in its core. To make life possible
on our planet, a small fraction of the energy generated by the
sun hits the earth. Solar radiation is the cause of all natural
cycles and activities like wind, rain, photosynthesis, ocean
currents, and other phenomena that are important for life.
Te solar surface temperature of the sun is 6000°C, which
corresponds from 70,000 to 80,000 kW/m2 radiation in-
tensity. From this amount of energy, the earth receives small

portions, but when it is compared with the yearly energy
demand of the whole world, it is more than 10,000 times.Te
solar radiation intensity or solar constant outside the at-
mosphere is 1,360 W/m2, but when it penetrates the at-
mosphere, there is a loss on a clear sky on a sunny day in
summer the global radiation obtained on the ground is
between 800 and 1000W/m2.Te solar air heater absorbs the
coming solar radiation. It is used to convert solar radiation
into heat, directly into heat at the absorbing surface, and to
transfer this heat into a fuid, either air or fuid [1]. 99.99% of
the world energy source is derived from the sun [2]. Solar air
heaters (SAHs) are low-cost devices that gather solar energy
and distribute heated air at low tomoderate temperatures for
space heating, drying agricultural items such as fruits, seeds,
and vegetables, and in some industrial applications [3]. Solar
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thermal system converts the absorbed solar energy into heat
rather than electricity [4]. For drying, advanced solar air
collectors are commonly used in research [5].

Several types of solar air heaters, each with their unique
temperature range, were illustrated [6]. Flat-plate solar
collectors are widely utilised in low-temperature energy
technologies, and they have attracted the interest of many
researchers [7]. Te fat-plate solar air heater is popularly
used in solar dryer systems.Tese collectors heat liquid or air
at temperatures less than 80℃. In other circumstances, an
average efciency of less than 25% was projected during the
experimental development of solar air heaters for un-
conventional air, but an average efciency of 28.7% was
obtained [8, 9]. Te fat-plate collector benefts the most
from the double pass mode, while the v-groove collector
benefts the least [10]. A solar air heater is typically used in
indirect or hybrid active or passive solar dryers to heat the air
before it enters the drying chamber [11]. Among the re-
ported types of solar dryers, the indirect-mode forced
convection solar dryer is superior in drying speed and
quality of drying [12]. Active solar dryers (also known as
hybrid solar drying systems) use ventilation to circulate
heated air either within the drying chamber or from the solar
air heater to the drying chamber [13]. Moreover, drying
using a fan may achieve the same output as a natural
convection solar dryer with a heater area of six times as
large [1].

In the analysis of the performance of solar air heaters,
diferent modifcations are required. In solar thermal system
applications, the solar air heater is the most crucial device.
Te drying of agricultural products and the heating of
houses are two of the most common uses for solar air
heaters. It has a basic design, requires less care, and is less
expensive than other solar heaters [14]. It is critical for
performance enhancement [12]. Solar air heaters’ thermal
performance is infuenced by their material, shape, di-
mension, fn [3, 15, 16], phase change material [14], tilt angle
[17], air gap [18], and glazing thickness [19].

Another factor that was studied in this research is the
four diferent positions of the inlet and outlet of the rect-
angular solar air heater. Diferent positions and features of
the inlet and outlet of the solar air collector are used in
diferent research. As an example, a rectangular inlet with an
equal cross-section area and a diverging outlet [20], an inlet
and outlet at the side of the solar air heaters [15], a box-type
with an equal rectangular inlet and outlet having similar
dimensions to the cross-section area [21, 22], a box-type with
two inlets and one exit [23], a two-pass rectangular box type
[24], a converged inlet and a normal rectangular cross-
section outlet [11], with a double pass [25], and other po-
sition of inlet and outlet. In this study, the efect of the
positions of the inlet and outlet of the rectangular solar air
heater was studied for the following reasons: to look into the
efects of diferent positions on the inlet and outlet of a solar
air heater, to check the angle of the solar air heater on the
south face of the north hemisphere from the horizontal
centroid line, to compare the active and passive solar air
heater outlet temperatures, to examine several designs for
uniform air fow and temperature distribution using CFD

and experimental testing for various solar air heaters, and to
fabricate and evaluate the optimum design by comparing
experimental and CFD data. Convective heat transfer is
a basic term that has great importance in thermal perfor-
mance analysis in diferent applications such as heating and
cooling. Starting from the initial stage of heating the air in
the solar air heater to remove the moisture from the product
inside the drying chamber is based on the principle of
convective heat transfer. In this study, the importance of
convective heat transfer in solar air heaters at diferent
positions of inlet and outlet and the efect of convective heat
transfer with respect to the contact time that afects the
outlet temperature of the solar air heater at the outlet of the
solar air heater are presented. Te higher outlet temperature
of the solar air heater indicates good convective heat
transfer.

2. Materials and Methods

2.1. Materials Used for Construction. Plywood: a plywood of
18mm thickness was used for the construction of the walls of
both solar air heaters, which was painted black. Te wall was
constructed from plywood because it is easily available in
Ethiopia, that is, it can be obtained at a low cost. It is also
strong enough to support heavy loads. It is light in weight
and can be purchased from a local store. Te assembly of the
solar air heater is done using wood fx, cola, and a glue gun,
as shown in Figure 1. For a tight connection with the solar air
heater box, the plywood was cut with an L-shaped edge.
Cover glass: a simple transparent window glass with
a thickness of 4mm was used at the top of each solar air
heater as glazing. An absorber plate, a 1mm thick black jet
coloured painted aluminium sheet, was used. Each absorber
plate was painted with black jet paint, and the wall of the
solar air heater was painted with black Nifas Kelem. Inlet
fan: the solar dryer system is a forced solar dryer. Due to this,
there is an inlet computer cooling fan for each solar air
heater to force the ambient air to pass through the absorber
plate. A computer cooling fan of DC 12V 0.24A Foxconn
brushless fan model PVA092G12M is used to force the air to
pass over the absorber plate. Tere is an axial fan at the inlet
of each solar air heater. Fans were powered by utility
electricity. Te materials used in the construction of solar air
heaters are presented in Table 1.

2.2. Termal Performance Analysis. Experiments and mea-
surements are carried out at the same time under the same
environment circumstances to achieve precise fndings for
comparing the performances of the four solar air heaters
[26]. Te outlet air temperature of two solar air collectors
was measured to compare the two solar air collectors [27]. In
this study, the outlet temperature was measured to compare
the performance of four solar air collectors. A solar air
collector having the highest outlet temperature was selected.
Additionally, the distribution of the air inside the solar air
collector using CFD analysis is also used as an additional
comparison [28–33]. Using the outlet temperature of each
solar air heater and the results of CFD simulations, the
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infuence of inlet and outlet positions on the solar air heater
due to convective heat transfer was investigated for the
performance of each solar air heater.

Percentage increase between each solar air heater is given
as follows:

P(%) �
Tm,i − Ti 

Ti

⎛⎝ ⎞⎠ × 100, (1)

where “P” denotes the increase in percentage of the solar
air heater’s average outlet temperature and ambient air
temperature above the solar air heater’s maximum average
outlet temperature. “Tm,i” is the solar air heater’s maxi-
mum average outlet temperature, “Ti” is the average
temperature of the solar air heater and ambient air, and i is
the ambient and solar air heater’s number, i � 0 for
ambient, i � 1 for SAH A, i � 2 for SAH B, i � 3 for SAH C,
and i � 4 for SAH D.Te maximum outlet air temperature
is used as a reference to determine the percentage increase
of the solar air heater.

2.3. Uncertainty Analysis. Te air temperature was mea-
sured in this experimental test. Tere are errors and un-
certainties due to the design of the experiments, inaccurate
reading of instruments, calibration, and instrument reso-
lution. Te overall uncertainty of a measurement is the root-
sum-square combination of the uncertainties of all the
subordinate measurements considered to be part of the
present measurement. Tis is the uncertainty due to errors
introduced by changing environmental conditions such as
temperature. For further total uncertainty analysis of the
instrument used to measure temperature, sum the square of
the uncertainty of the instrument, connection, reading, and
other of the instrument itself is calculated and the square
root of the summation is obtained [15, 34].
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. (2)

Uncertainty due to repeatability or random error (URE)
is determined from the standard deviation of the sample
data.

Table 1: Main parts and materials used in the solar air heater constructions.

Parts of solar air heater Materials used
Wall of the solar air heater Plywood with thickness of 18mm, which was painted black

Absorber plate Aluminium sheet metal with 1mm thickness which was painted with black
jet colour

Glazing A simple window glass with 4mm thickness

O-1

O-2

O-3

O-4

Figure 1: An experimental setup that shows the south face orientation of four active solar air heaters.
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where σ is standard deviations, N is number of data mea-
surements, and x is the average of the measurements.

Te uncertainty due to systematic error for uniformly
distributed error (UBE) is given by equation (4):

UBE �
L
�
3

√ , (4)

where ±L denotes the containment limits which may be
taken from manufacturer tolerance. Table 2 shows the
manufacturing tolerance limit value of the instrument used
in exterminations to measure the temperature. Te diferent
uncertainty measurements in the experiment are presented
in Table 3.

Te result obtained in the uncertainty analysis indicates
that the measured data are accurate enough to assess the
performance of the designed active solar dryer.

Te uncertainty of the solar air heater was calculated
using the overall uncertainty of the instrument and the error
due to standard deviations and using the equation (2).

Te properties of the air were as follows: thermal con-
ductivity of 0.02588W/m.K, density of 1.164 kg/m3, specifc
heat capacity of 1007 J/kg.K, and dynamic viscosity of
1.878 × 10− 5kg/m.s [35].

Re �
ρ × V × D

μ
, (5)

where Re is Reynolds number; ρ is density, V inlet velocity, D
inlet diameter, and μ is dynamic viscosity. By substituting all
the known parameters, the Reynold number becomes
greater than 2300, which means the fow is turbulent
fow [36].

2.4. Te Various Types of Solar Air Heaters Studied. Te
schematic fgures of the four diferent types of solar air
heaters with diferent positions of inlet and outlet in this
paper are presented in Figure 2. Solar air heater A (centre to
centre), where both the inlet and outlet are at the centre.
Solar air heater B (opposite side and corner to corner); both
the inlet and outlet of the air are in the opposite corner. Solar
air heater C (centre to corner), with the inlet at the centre
and the outlet at the corner. Solar heater D (corner to centre)
with an inlet at the corner and an outlet at the centre. Te
centre and corner mean one-half and one-fourth of the
width of the solar air heater, respectively. Based on the air
movement of active and passive solar air heaters, the dif-
ference between the active and passive solar air heaters was
also investigated.

2.5. CFD Analysis. For predicting air velocity and temper-
ature, computational fuid dynamics (CFD) has been widely
used [30]. Modelling and simulation tools are now critical
for constructing efcient solar dryers as well as analysing and
predicting the performance of various types of sun drying
systems [37]. Ansys Fluent software was used to investigate

the thermal behaviour of the solar air collector [27]. Te
results were compared with the experimental results. Be-
cause of its capacity to solve equations for the conservation
of mass, momentum, and energy using numerical methods
to forecast temperature, velocity profles, and pressure
profles, computational fuid dynamics (CFD) is widely
employed [38]. To solve the governing equations, initial and
boundary conditions must be defned around the boundary
of the system (domain). Fluent is used since the equations
are highly nonlinear and not solvable by explicit, closed-
form analytical methods [30]. Te CFD analysis is based on
the uniformity of air fow distribution.

Because of the increased Reynolds number (Re> 2000)
obtained in various conditions, turbulent models were ex-
amined in a CFD simulation and the best model was se-
lected. Te efects of fuid viscosity, buoyancy, and
turbulence must be considered in the modelling process to
generate a complete and accurate picture of air distribution
and heat transfer through the drying system [32]. Te use of
CFD simulation software to analyse air fow and tempera-
ture changes could be benefcial. A steady heat fow is given
as the heating surface’s boundary condition. In the model,
there is no internal heat source and the temperature and air
fow rate at the entrance are both constant [39].

Te solver setting employs the semi-implicit method for
pressure-linked equations (SIMPLE) scheme, which con-
nects pressure and velocity corrections to apply mass con-
servation and obtain a pressure feld [40]. A double precision
solver and tetrahedral cells are included in each sketch. Te
situation was modelled as a steady-state condition, and the

Table 2: Instruments’ manufacturing tolerance limit value.

Parameter Instrument Brand and model Accuracy
Temperature DHT-22 Termistor ±0.5°C

Table 3: Te uncertainty measured in the experiment.

Parameter measured Unit UBE URE UOE UEE UOA

Air temperature °C ±0.289 ±0.36 ±0 ±0 ±0.462

Figure 2: Schematic view of the four SAHs at diferent positions of
inlet and outlet.
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best drying chamber design with the most uniform air
temperature and air fow distribution was chosen. To verify
the CFD simulation results, the optimum design was built
and tested under various operating conditions of air fow,
temperature, and various geometries of the drying
cabinet [30].

Te RNG k − εmodel was chosen as the best model for
the simulation of solar air heaters after a thorough
evaluation of numerous turbulence models that might be
used for numerical analysis of solar air heaters. As a result,
this study employs the RNG k − ε model [40]. Among
turbulent models, the conventional k − ε model is still the
industry standard, and its successful applications have
been recorded in recent literature. Te standard k − ε
model is a semiempirical model based on the model
transport equations, where k stands for turbulent kinetic
energy and ε denotes dissipation rate. Te transport
equation is derived from the exact equation, but the
transport equation for k is derived from physical rea-
soning and has little resemblance to its mathematically
precise counterpart. Te detail equations for calculating
the turbulent kinetic energy, k and its rate of dissipation, ε,
are given in the work of Amanlou and Zomorodian, 2010
[30] and Misha et al., 2013 [38].

Te thermodynamic properties of material for glass were
taken as the specifc heat capacity of 800 J/kg.k, density of
2500 kg/m3, emissivity of 0.925, refractive index of 1.5, and
thermal conductivity of 0.7 w/mk [40]. For aluminium and
wood, thermodynamic properties specifed in the Ansys
Fluent Material Library, similar to the thermophysical
properties of air, were taken by default from the Ansys
Fluent Material Library.

Te quality of the grid was determined by confrming
that the skewness and orthogonal quality of all pieces were
within acceptable bounds (less than 0.95 and greater than
0.15, respectively) [41]. A skewness of 0.48 was de-
termined on this basis. Te mesh skewness of the cabinet
was also assessed throughout the simulation. For the fne
mesh, it was less than 0.48, which is suitable for CFD
simulation [32].

In this investigation, the set value for convergence was
10−4, and when it fell below that, the solving process came
to a halt. Correct convergence fndings and iteration were
used to map the airfow distribution and heat
transfer inside the solar air collector [32]. Te simulations
were run using Fluent’s pressure-based model. Te
scaled residuals’ convergence requirements for the
continuity and momentum equations were set to 10−4,
and for the energy equation and mesh metric skewness,
they were set to 10−5 [32]. Te residual value is a con-
vergence statistic that determines when a solution has
reached a point of convergence. Te three key boun-
dary conditions investigated were the steady-state con-
dition, the energy equation, and the k − ε of the viscous
model, with a convergent value of 10−4 [32]. Te number
of tetrahedral cells, number of nodes, maximum mini-
mum average, and standard deviations of mesh metrics
for four diferent solar air heaters are presented in
Table 4.

2.6. Experimental Investigations. Te experiment was car-
ried out at Addis Ababa Science and Technology University
(AASTU) in Addis Ababa, Ethiopia, close to the College of
Electrical and Mechanical Engineering (CEME). It is at
a latitude of 8.88327 and a longitude of 38.810327 degrees.
Te study of the efect of the positions of the inlet and outlet
was conducted after the calibration of both the sensor, the
solar air heater at similar conditions and knowing the
orientation of the proper solar air heater. Te experiment
was done from 9: 00 AM to 5: 00 PM between February 24,
2022, and March 02, 2022, to study the position of the inlet
and outlet of the solar air collector and between May 24 and
26, 2022, for identifcation of the proper face orientations. A
time interval of between 15 and 20minutes was used for
recording the data. Four similar solar air heaters with dif-
ferent positions of inlet and outlet (Solar Air Heaters A, B, C,
and D) were considered in this study. Te heater was
constructed using the ratio of length to width of two, or with
internal dimensions of 1m in length and 0.5m in width and
a depth of 9 cm. Each solar air heater was constructed from
similar materials. All outside walls of the solar air heater
except the cover glass were painted black to decrease the loss
of temperature by increasing the outside temperature near
the solar air heater. Te diameter of the inlet and outlet was
7.5 cm for the active solar air heater. For the passive solar air
heater, the inlet area is equal to the internal cross-sectional
area of the solar air heater, which is at the width of 50 cm and
the depth of 9 cm of the solar air heater and outlet of 7.5 cm.
Te tilt angle was zero, or horizontal, 5.74 and 12 degrees
inclined. Te solar air heater was designed for 1.5 kg of
banana with an initial and fnal moisture content of 80% and
15%, respectively, and a drying air outlet temperature of
50°C. Te other design parameters of temperature, relative
humidity, solar radiation, and others were taken from the
National Metrology Agency of Ethiopia, Addis Ababa, and
NASA. Te 3D modelling of the solar air heater was done
using solid work and the fle is saved in IGES format for
inserting the geometry into Ansys Fluid Fluent. Te outlet
temperature of each solar air heater and the ambient air
temperature were measured and recorded.

2.7. Experimental Procedure. First, the measuring in-
strument was calibrated under similar weather conditions by
taking a total of 54 measurements. Ten, the test of each
solar air heater at similar conditions, having a corner inlet
and centre outlet, was carried out on two diferent days at
diferent tilt angles of 5.74° and 12°. A total of 35 data for each
solar air heater was taken. For the investigation of the south
face orientation of the solar air heater, four similar air
collectors having an angle of 15 degrees between each solar
air heater were used to know the exact south position from
the horizontal centroid line as shown in Figure 1. Te in-
vestigations into the efects of the positions of the inlet and
outlet were done after removing the previous inlet and
outlet. For the efect of the positions of the inlet and outlet,
the experimental test was carried out on three diferent days
at diferent tilt angles of horizontal, or zero°, 5.74°, and 12°.
Figure 3 shows the experimental study of the positions of the
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inlet and outlet at 12°. After all was done, the performance
test for active and passive solar air heaters was carried out for
two days at two diferent tilt angles of zero or horizontal, 5.74
and 12°.

From Figure 3, A is centre to centre, B is corner to
corner, C is centre to corner, and D is corner to centre
(corner means one-fourth, and the centre is one-half of the
width of the solar air heater). Te four solar air heaters are
placed in some orientations and tilt angles, but the in-
stallation of the fan and the exit of the air are diferent for
each solar air heater. Te efect of the forced convective heat
transfer at diferent positions of the inlet and outlet was
evaluated based on the experimental setup shown in
Figure 3.

Figure 4 represents the experimental setup of active and
passive solar air heaters. Te south face of the solar air
collector for solar radiation and wind fow direction and the
positions of the outlets for active and passive solar air
collectors are similar, with a similar south face and tilt angle.
In the active solar air heater, there is a computer cooling fan
at the inlet, and in the passive solar air heater, it is open, so
the cross-section area of the inlet is equal to the cross-
sectional area of the solar air heater.

2.7.1. Experimental Investigation on Solar Air Collector Face
Identifcations. Te south and north faces of the solar air
collector were identifed using two similar active solar air
collectors. Te outlet temperature of each solar air collector
is measured to identify the proper face orientation. In this

experimental investigation, the calibrations for the mea-
suring devices, solar air collector one and two, at similar
conditions were carried out. Te experimental setup in
Figures 5(a) and 5(b) represents calibrations and proper face
orientations of the two solar air collectors on May at tilt
angle of latitude minus 25 degree as presented on the lit-
erature [42] for latitude of between 1 and 14 degree.

3. Results and Discussion

Te setup section was carried out using double precision and
serial. Te solver is pressure-based, absolute velocity for-
mulation, steady, and gravity-based. Inlet: the mass fow rate
is 0.0101 kg/s with a 75mm diameter. Tat is a velocity of
2m/s. Outlet: assuming the gauge pressure is zero. Wall: the
side wall of the collector is assumed with no heat loss. Even
though the simulation was carried out in three dimensions,
the analysis was carried out on the symmetry plane [38]. Te
state is steady and the absorber is at a constant temperature
of 126.85°C.

3.1.CFDSimulationResult. Te CFD simulation results for
temperature, velocity vector, velocity profle, and
streamline are presented for four diferent arrangements
of solar air heaters. Data analysis of the four proposed
plans was carried out using CFD to determine the suit-
ability of the design of the new solar air heater. By
analysing the uniformity of airfow distribution in the
solar air collector, the most practicable design may be

SAH A
SAH B

SAH C
SAH D

Figure 3: Experimental setup of four active solar air heaters at diferent positions of the inlet and outlet.

Table 4: Te number of tetrahedral cells for four diferent solar air heaters.

Sketch Tetrahedral cell Number of nodes
Mesh metric

Min Max Aver SD
SAH A 1975134 373215 1.3643e− 004 0.69559 0.24006 0.10865
SAH B 1976653 373421 2.6557e− 004 0.63113 0.23992 0.1087
SAH C 1976408 373393 2.6945e− 004 0.60009 0.23992 0.10847
SAH D 1977148 373482 2.9713e− 004 0.61734 0.2398 0.10855
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determined [30]. Te temperature and airfow distribu-
tions of the solar air heater may be predicted using the 3D
CFD model. Te efect of the positions of the forced
convective heat transfer at diferent positions of the inlet
and exit of the solar air collector using 3D solar air heater
symmetry was investigated in Figure 6 and Figure 7. Te
temperature contour shown in Figure 6, velocity contour,

and stream line were presented using the CFD simulation
result as shown in Figure 7.

In comparison with the others, the temperature profle at
SAH B is the best in Figure 6. When compared to other solar
air heaters, the air movement is not as straightforward. Due
to good convective heat transfer, the time spent by the air on
the absorber plate contact increases when there is a bending

Active

SAH
SAH Passive

Figure 4: Experimental setup for active and passive solar air heaters.

Solar air collector
one (SAC 1)

Solar air collector
one (SAC 1)

Solar air collector
two (SAC 2)

Solar air collector
two (SAC 2)

Pymamometer

Figure 5: Experimental setup for the calibrations (a) and face identifcation (b).
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Figure 6: Air temperature distributions for the four solar air collector design CFD simulation results at constant temperature of the absorber
at 126.85°C and inlet temperature of 25.05°C.

(a)
Figure 7: Continued.
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fow, and the air gains more energy than in other cases. Te
temperature in the symmetry plane of the solar air heater is
shown in the CFD simulation in Figure 6. In the case of SAH
B, when air travels through the absorber plate, the tem-
perature rises in the shortest time and distance from the inlet
when compared to others.

Figure 7 presents the velocity vector, contour, and
stream lines of the air at the symmetry plane of four diferent
solar air heaters due to convective heat transfer. As shown in
Figure 7(a), the velocity vector has a good air distribution in
the symmetry plane in the case of SAH B.Tere is a bent fow
in solar air heaters B and D, but there is a diference near the
outlet of the solar air heater. In the case of SAH B, there is
a good fow of air. In the case of SAH A and SAH C, the fow
is straight forward at the initial and it starts to distribute.
When compared near to the outlet, there is the best fow

confguration in SAH C.Te air inlet and outlet are inline in
SAH A, and the air fows directly through the outlet. Te
time spent on contact between the air and the absorber plate
is short in comparison to the other two cases, resulting in
poor convective heat transfer in SAH A. Te results of the
CFD simulation and the results of the experiential tests agree
very well. During the experiment, the outlet air temperature
was lowest in the case of solar air heater A, that is, SAH A,
since the outlet temperature was the smallest in the case of
solar air heater A, SAH A.

Te hot air distribution was not improved by shifting the
inlet and outlet of solar air heaters C and D. Te diference
between solar air heaters C and D is that the solar air heater’s
inlet and outlet are diferent. Te distinction between solar
air heaters C and D is that the inlet for solar air heater C
becomes the outlet for solar air heater D, and vice versa.

(b)

(c)

Figure 7: Air velocity distributions of vector (a), contour (b), and streamline (c) profles for the four solar air heaters at an inlet velocity of
2m/s.
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When the air enters the corner inlet of the solar air heater,
the fow is not straight and forward; there is a bend. Tis
increases the time of the air on the solar air heater, which
increases the outlet temperature.

According to the CFD simulation, solar air heater B has
the optimum air temperature and air fow distribution,
making it the optimal design for various applications such as
air heating and drying. When a separate drying chamber is
linked to the solar air heater, the solar air heater D is the
optimal choice because it is directly connected to the drying
chamber via a duct, resulting in minimal pressure drop and
optimal performance. During the experimental performance
test, the solar air heater SAH B gave the best outlet tem-
perature compared to others.

A more uniform air velocity distribution is achieved by
moving the exit from the centre to the left or right corner, and
the inlet to the right or left corner, respectively.Te velocity will
weaken the temperature distribution when the intake and
outfow positions are in line as shown in Figure 6, SAH A and
SAH.Although the design of solar air heater B appears to be the
best, it is not suggested for solar dryers because the outlet is not
in the middle, making it difcult to supply the drying chamber
in the case of a single solar air heater. In the case of a solar air
heater, it is possible to use the inlet corner and outlet corner. In
this scenario, it is preferable to use the intake at the corner and
the exit in the middle for an indirect active solar dryer. In this
investigation, the diference between using the intake at the
corner and the exit at the centre is only 25%, since the width of
the solar air heater is 50 cm.Te efect of shifting the exit of the
direct hot air supply to the drying chamber is proportional to
the fraction of the width taken for the input and outlet po-
sitions. In Figures 7(a)–7(c), the air spent more time inside the
solar air heater that means it can get much energy.

As shown in Figure 7 of the stream line, in a solar air
heater A, the air fows in a straight line because the positions
of the inlet and outlet are in the same line. Due to that, the air
entering the solar air heater leaves the solar air heater
without spending more time inside the solar air heater. As
a result, the outlet air temperature and the convective heat
transfer rate decrease. Since the heat energy due to con-
vective heat transfer is directly related to the change in
temperature of the outlet and inlet. In SAH B, the air spends
more time inside the solar air heater, which increases the
heat gain of the air inside the solar air heater, and the outlet
temperature increases.

3.2. Experimental Testing. In the calibration of each tem-
perature sensor, a total of 54 measurements were taken and
the uncertainty fell between 0.041 and 0.384, which is the
acceptable range used by diferent researchers for temper-
ature sensors. For solar air heaters, a total of 35 data points
were collected, with the uncertainty ranging from 0.14 to
0.23 for each solar air heater.

3.2.1. Experimental Investigation on Solar Air Collector.
Te uncertainty analysis of the instruments and solar air
heater was carried out and was found to be in the range of
0.041 to 0.384 and 0.14 to 0.23, respectively.

(1) Solar Air Heater with Similar Inlet and Outlet Positions.
Each heater produces almost comparable quantities of
output air temperature due to similar conditions. During the
experiment test, the uncertainty for SAC 1, SAC 2, SAC 3,
and SAC 4 at diferent tilt angles is nearly negligible for
similar solar air collectors from the corner entry to the centre
exit, as illustrated in Figure 7. Tis suggests that the solar
heaters are performing similarly. Each solar air collector’s
average exit temperatures are approximately equal at similar
conditions.

Te outlet temperatures of the four comparable solar air
collectors are shown in Figure 8, together with the ambient
air temperature, which is used to determine the uncertainty
of the solar air collector. Te speed of the wind causes the
ambient air temperature to fuctuate. Te temperature near
the sensor drops when there is wind, and vice versa.

(2) Solar Air Collector at Diferent South Face Orientations.
As shown in Figure 1, there are four solar air collectors at
diferent orientations (O). Te angle between the consecu-
tive solar air collectors was 15 degrees. Te outlet temper-
ature of the solar air collector at diferent orientations of
SAC orientation 1 (TO-1, out), SAC orientation 2 (TO-2,
out), SAC orientation 3 (TO-3, out), SAC orientation 4 (TO-
4, out), and the ambient air temperature (Tamb) versus time
is plotted in Figure 2.

Tere is no signifcant diference when the average outlet
temperature of each solar air heater is measured in Figure 8.
As shown by the average outlet temperature of diferent
orientations of solar air heaters in Figure 9, the solar air
heater of O-3 is 0.68%, 0.59%, and 0.63% higher than the
solar air heaters’ orientations of O-1, O-2, and O-4, re-
spectively. Tis indicates that there is no signifcant change
in the temperature of each solar air heater orientation during
the south face between February 27 and 28, 2022. For the
northern hemisphere, there is a recommendation to use
south face orientations for annual optimum tilt angle, but it
is better to check even the south face orientations with some
angle greater than 15 degrees between the consecutive solar
air collectors to know the proper south face orientations.

(3) Solar Air Heater at Diferent Positions of Inlet and Outlet.
Te temperature of the solar air collector’s outfow begins to
rise in the morning and reaches its peak about midday. It
begins to fall in the afternoon. Te graph represents the
ambient air temperature and the outlet temperature of four
solar air collectors at diferent positions of inlet and outlet (T
SAC A, out; T SAC B, out; T SAC C, out; T SAC D, out).

From Figure 10, the temperature of the solar air collector
B is greater than the temperature of the other solar air
collector all day. Tis implies the solar air collector B has
a higher outlet temperature. A maximum outlet temperature
was obtained at mid-day.

As presented in Table 5, based on the three-day average
outlet temperature of solar air heaters at diferent tilt angles,
the solar air heaters A, B, C, and D provide 24.99, 33.83,
25.70, and 28.45 percent more than the ambient air’s three
days average temperature. Based on the three-day average
outlet temperature of solar air heaters at diferent tilt angles,
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a solar air heater B provides 33.46, 7.11, 6.40, and 4.20
percent more than the ambient three-day average outlet
temperature of solar air heaters A, C, and D, respectively.
From the experimental result of three days with three dif-
ferent tilt angles, the average outlet temperature of solar air
collectors A, B, C, and D, with various inlet and outlet
positions and tilt angles, is 39.72°C, 42.54°C, 39.98°C, and
40.82°C, respectively, compared with the average tempera-
ture of ambient solar air collector B, which gives 10°C more.

(4) Te Efect of the Tilt Angle on the Average Outlet Tem-
perature. A minimum average outlet temperature was ob-
tained in solar air collectors A and Cwhen compared to solar
air collectors B and D at diferent tilt angles all day.

Te average outlet temperature of four solar air heaters at
three diferent tilt angles is shown in Figure 11. At various tilt
angles, this is the temperature diference between the average
outlet air temperature of each solar air collector and the
ambient air temperature. Day one is February 31, 2022; day
two is March 1, 2022; and day three is also March 2, 2022.
Te percentage change in temperature of the solar air col-
lector outlet and the average ambient temperature increase
as the tilt angle increases, as indicated in Figure 11. When
compared to a tilt angle of 0 degrees, the percentage change
is the largest at 12 degrees, but there is no more signifcant
diference when compared to a tilt angle of 5.74 degrees. Te
change in temperature increases rapidly from tilt angle 0 to
5.74, but there is no more substantial change in exit tem-
perature at tilt angle 12 compared to the 5.74 tilt angle. Next
to the solar air collector B, solar air collector D delivers the
optimum outlet temperature based on the percentage in-
crement of the outlet average air temperature.

(5) Active and Passive Solar Air Collector. According to
Figure 12, the average outlet temperature of the passive solar air
collector is 17% and 4.43% higher than the ambient and active
solar air collectors, respectively. Due to fuctuations in wind
speed, the outlet temperature of the passive solar air collector
and the ambient air temperature fuctuate. Te higher outlet
temperature of the passive solar air collector is higher than that
of the active solar air heater due to the air speed.

3.3. Experimental Investigation for Face Orientation of
SAC inMay. Before the orientation’s identifcation, the two
solar air collectors should be calibrated. Te uncertainty of
the sensor is included during these calibrations at some
conditions. During the identifcation of the uncertainty of
the two solar air collectors, it becomes in the range of
−0.12448 and + 0.124476 for solar air collectors one and two,

respectively. Figure 13 represents the outlet temperature and
relative humidity of two solar air collectors and the ambient
air temperature and relative humidity at similar conditions.
SAC 1, T and SAC 1, RH are the outlet temperature and
relative humidity of solar air collector one on the south face.
SAC 2, T and SAC 2, RH are the outlet temperature and
relative humidity of the solar air collector two on the south
face. Tamb and RHamb are the temperature and relative
humidity of the ambient air.

As shown in Figure 13, the outlet temperature for both
solar air collectors one and two is approximately equal at
similar conditions.
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Table 5: Ambient and average outlet temperatures of the solar air collector.

Day
Ambient and outlet average temperatures of the solar air collector

Tamb SAC A, out SAC B, out SAC C, out SAC D, out
Day-1 February 31, 022 (0°) 35.45 41.98 45.39 42.92 43.44
Day-2 March 01, 022 (5.74°) 31.43 40.12 42.55 40.12 40.79
Day-3 March 02, 2022 (12°) 28.75 37.06 39.68 36.90 38.25
Average 31.88 39.72 42.54 39.98 40.82
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Figure 11: Percentage increase of average outlet temperature at
diferent tilt angles.
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3.3.1. Diferent Face Orientations of Solar Air Collector.
For the north and south face orientations with the fan at 12V
on May 25, 2022, the maximum outlet temperatures of
40.15°C and 37.91°C were obtained, respectively, with solar
radiation at the time of 11: 49AM. Te north face orien-
tations give 1.775°C more than the south face orientations,
and when the north and south face orientations’ outlet
temperatures are compared with the ambient air tempera-
ture, there is an increase of 15.61% and 9.68%, respectively.
Te average outlet temperature of the solar air collector with
north-facing orientation is 5.23% higher than the solar air
collector with south-facing orientation.

When the voltage of the fan becomes 9V on May 26,
2022, the average outlet temperature of the solar air collector
in the north face orientation is 5.07% more than the solar air
collector in the south face orientation. Te average outlet
temperature of the two solar air collectors in the north and
south face orientations is 19.38% and 13.62% more than the
ambient air temperature.

Te outlet temperature of the two solar air collectors
increases when the voltage of the fan decreases from 12V to
9V. When the voltage decreases, the speed of the air de-
creases as well. Due to this, the solar air collector outlet
temperature increases. Te negative tilt angle based on
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literature indicates the north face orientation for latitudes of
between 1 and 14 degrees. When the average outlet tem-
perature was measured, the north-facing orientation gave
better results than the south-facing orientation. At a solar
radiation of 929.69w/m2 on the day of May 26, 2022, at 11:
40AM, the outlet temperature of the solar air collector on the
north and south faces became 47.03 and 44°C, respectively,
at 9 V.

Te outlet temperature and relative humidity versus
drying time of the two solar air collectors and the ambient air
is shown in Figure 14. SAC 1, Tand SAC 1, RH are the outlet
temperature and relative humidity of solar air collector one
on the south face. SAC 2, T and SAC 2, RH are the outlet
temperature and relative humidity of the solar air collector
two on the south face. Tamb and RHamb are the temper-
ature and relative humidity of the ambient air. Based on
Figure 14, the temperature and relative humidity have in-
verse relationships. Based on the graph, the solar air collector
one (SAC 1) temperature is greater than the SAC temper-
ature. OnMay 25, 2022, when there is cloud and no sunlight,
the outlet temperature of the two solar air collectors and
ambient air decreases. On this day, the north face solar air
collector also gives good results when compared with the
south face solar air collector.

 . Conclusions

Te uncertainty analysis of the instruments and solar air
heater was carried out and was found ± 0.465°C and
± 0.462°C, respectively. According to many studies, the
true south face is the best orientation for a solar air heater
in the northern hemisphere. Te average outlet temper-
ature of the solar air heater of O-3 is 0.68%, 0.59%, and
0.63% higher than the solar air heaters’ the orientation of
O-1, O-2, and O-4, respectively. Te average output
temperature of the solar air heater rises as the tilt angle of
the solar air heater rises. Te efect of the tilt angle can be
determined by conducting an experiment on various days
at various tilt angles and determining the diference in
temperature between the average output temperature of
the solar air heater and the ambient air temperature on
each day. As a result, the output temperature of the forced
solar air heater is lower than that of the passive. Te
average outlet temperature of the passive solar air heater is
17% and 4.43% higher than that of the ambient and active
solar air heaters, respectively.

Instead of taking the optimum annual tilt angle as much
as possible, it is better to take the optimum seasonal tilt
angle, and if possible, it is better to take the monthly tilt
angle. Te recommended tilt angle for locations with lati-
tudes between 1 and 14 degrees, provided by [42], gives
a good outlet temperature.

Based on the investigations, the positions of the inlet and
outlet of the solar air heater afect the outlet temperature of
the solar air heater. Te average outlet temperature of the
solar air heater B is higher than the average temperature of
the ambient and the average outlet temperatures of solar air
heater A, solar air heater C, and solar air heater D by 25.07%,
6.64%, 6.02%, and 4.03%, respectively.

Te average outlet temperature of solar air heater B is
10°C higher than the ambient air’s average outlet temper-
ature. According to the CFD simulation, solar air heater B
has good air temperature and air fow distribution, making it
a good design for various applications such as air heating
and drying. Based on the three-day average outlet tem-
perature of solar air heaters, the solar air heaters A, B, C, and
D provide 24.99, 33.83, 25.70, and 28.45 percent more than
the ambient air’s three-day average temperature.

Convective heat transfer is the main parameter in the
design of the solar air heater and solar drying system. Te
outlet temperature of the solar air heater with natural
convective heat transfer is higher than that of forced con-
vective heat transfer.

Due to the variation in the speed of the wind, there is
a fuctuation in the temperature of the ambient air. However,
during the forced fxed inlet of the air into the solar air
heater, the temperature does not have a great fuctuation. It
is near to fxed compared to natural convective heat transfer.

Researchers can verify their fndings by repeating the
procedure and checking for other fractions of the solar air
heater’s width. In this study, the proportion considered for
the corner inlet or outlet was 25% of the width from the end
edge, and for the centre inlet or outlet, it was 50% of the
width of the solar air heater.
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