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The utilization of solar air heaters are significant due to its capacity to diminish the reliance
on fossil fuel-based power usage, hence mitigating pollution and conserving energy. The ther-
mal-performance of a solar heater was analyzed using experimental simulations. Different
types of artificial roughness, such as delta-winglet-vortex generators, ribs, or a combination of
ribs and delta-winglet, were tested in a single-pass solar air heater. The objective of this study
is to identify the optimal design that maximizes the thermal efficiency of a solar air heater.
The relative roughness height-ratio remains constant at 0.6, although the pitch ratio is fixed at
10 and various attack angles are used. The experimental investigation was conducted within a
range of Reynolds numbers (5000-14000). The usual levels of irradiance varied as 330 W/m? -
850 W/m?> Based on the results, the average bulk temperature of the roughened solar air heater
was 37% greater than that of a smooth SAH under peak sun irradiation. The inclined ribs at
a 60° angle exhibited superior thermal efficiency compared to the other instances. These ribs
covered a greater surface area and greatly enhanced the convective heat-transfer rate.
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INTRODUCTION renewable energy as solar, wind, wave, and among-other
instances. Solar energy is a prominent kind of renewable
resources derived from the reflected sun-light and heat.

A fundamental solar-air heater, which is the solar ther-

The burning of-fuels and the subsequent emission
of greenhouse gases are primarily responsible for glob-
al-warming, air pollution, and other associated issues.

These factors have the potential to cause severe climatic dis-
ruptions and pose a significant threat to human well-being.
An important challenge that the future generation will face
is finding sustainable solutions to meet the growing human
need for heating, cooling, and electricity. An viable sub-
stitute for conventional power plants involves harnessing
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mal systems component, may be used to harvest sunlight.
The process involves absorbing thermal energy from the
sun’s rays and transferring it to the air in motion, so raising
its temperature. Solar-heated air may be used for several
purposes, including drying clothes, crops, and timber, as
well as pre-heating ventilation-makeup air, among others.
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Solar heaters are highly efficient and cost-effective solar
thermal devices because to their simplicity and ability to
utilize an abundant supply of air over a human timeframe.
Enhancing the thermal efficiency of solar air heaters may
help mitigate the cost effects associated with their use. To
decrease heat loss in these systems, it is beneficial to pro-
duce turbulence in the fluid input by using techniques such
as deploying vortex generators, ribs, or a combination of
both, which also increase roughness [1-3].

Scientists used several tactics to enhance effectiveness
of solar heaters, resulting in a significant shift in their
study patterns. In their study, Taslim et al. [4]-tested the
heat transmission in a ribbed-square channel using a lig-
uid crystal approach. They investigated three distinct ratios
of rib height to channel hydraulic-diameter (0.083, 0.125,
and 0.167). Additionally, they maintained a constant ratio
of rib pitch to hydraulic-diameter at 10. The researchers
observed that the Nu can be enhanced by increasing the
e/H ratio, with the optimal e/H ratio being between the
range of 0.083 to 0.125. Thianpong et al. [5] investigated the
thermal characteristics of isosceles triangular ribs that were
connected to two opposite walls of a duct with an aspect
ratio (AR) of 10. The researchers determined that the most
efficient thermal-performance of staggered ribs may occur
at a ratio of ¢/H equal 0.1, P/H equal 1.0. In their study on
heat-transfer rate in SAH, Nidhul et al. [6] concluded that
approach fins, ribs denotes the implementation of a passive
technique was the most effective. Studies on the exergetic
performance of various rib designs indicate that including
more ribs enhances-efficiency by (12-31.6)%, respectively,
in comparison-to V-rib.

Bezbaruah et al. [7] tested the effects of SAH equipped
with altered conical vortex generators arranged in a stag-
gered pattern. They resulted in a remarkable enhancement
in thermal-efficiency, with a 257% increase. The ther-
mo-hydraulic performance parameter achieved a value of
2.04, indicating its superior performance. Mushatet and
Nashee [8, 9] have shown that discrete ribs, when prop-
erly built, provide superior heat transmission on the duct
wall compared to continuous-ribs CR. It was shown that,
among the CR exhibit the lowest performance factor when
compared to intermittent-continuous-intermittent ribs.
Conversely, ribs that occurred at irregular intervals had
larger friction factor values.

Further, Mushatet and Edan [10] examined the inter-
nal structure of a rectangular channel using arrays of wing-
let vortex generators and other geometric arrangements,
such as rectangle, , triangular, semi-circle, and parabolic
shapes. The heat is created on the lower surface, which
may be adjusted to modify the attack angle (0° - 60°). The
study showed that the suggested arrangement of vortex
generators, known as common flow-up, enhances ther-
mal efficiency and heat transfer by 170%, 240%, respec-
tively. Kumar and Layek [11] aimed to enhance the thermal
efficiency of SAH by using liquid crystal thermography.
They developed an advanced SAH design including a

winglet-type roughened surface. The experimental results
were improved (17% - 46%) under the given circumstances.
Rajendran et al. [12] conducted an experiment to assess the
effectiveness of SAHs by including winglets and baffles on
the surface of collector. During the testing day, a SAH with
inclined baffles had an average efficiency of 52.7%, a SAH
with winglets had an average efficiency of 72.9% and the
flat surface SAH had an average efficiency of just 30.8%.

Furthermore, Bader and Mushatet [13] conducted
experimental research using a solar simulation system to
investigate the effects of combining parallel ribs with del-
ta-winglet DWVG in SAH. The addition of combination
ribs and winglets (CSAH) increased the SAH efficiency was
21.2% when compared to a smooth. In addition, Mushatet
and Bader [14] assessed the solar drier thermal efficiency
that has a series of DWVG. The research examined 8- pairs
of DWVGs and (e/H) ratios, which varied (0.2 - 0.6). The
research results indicate that the roughned solar drier, with
a (e/H) was 0.6, exhibited an enhancement of roughly 6.5%
in thermal efficiency and 9.4% in useable thermal energy, as
compared to a smooth solar dryer.

Hajabdollahi [15] proposed a novel configuration that
integrated a liquid solar collector with a fin. An efficiency
of 0.6359 showed to be attainable for the optimal heat
transfer rate. The air-water mass flow-rate ratio increases
for heat rates ranging (0-60 kW). In their study, Chamoli et
al. [16] evaluated the thermal characteristics and flow of a
swept-aileron hinge SAH combined with a winglet-vortex
generator. The results indicate that the winglet vortex gen-
erator with a chord-to-arc ratio at 0 and an angle 3 at 30°
provides the best range of total energy flux (TEF) between
1.72 and 2.20. However, the high values of the (Nu) and the
(f) are seen at an angle (8) at 60° and (c/a) of 1. The fric-
tion loss and convective heat transfer enhancement char-
acteristics for airflow were assessed by Zhao et al. [17]. The
DWVG, when combined with 60° V-shaped continuous
ribs has the highest heat transfer performance, surpassing
the case of using just WVG by 39.4%.

Rout et al. [18, 19] numerically estimated the wall tem-
perature of an integrally finned tube for different combina-
tions of fin number, fin height, and fin shape. Once the fin
height surpasses a particular threshold, it ceases to have any
impact on the wall temperature. It has been found that the
mean temperature of the top surface of a horizontal tube is
higher than that of the bottom layer in a situation of mixed
flow. When examining the impact of various fin forms on
heat transmission, it was discovered that triangular fins
exhibited the lowest wall temperature. Rout et al. [20] have
created an altered vapor absorption refrigerator that can
maintain a chilly temperature for a whole day without the
need for storage or a cold fluid. In their study, Rout et al.
[21] performed an experiment to examine the effects of a
hemispherical barrier on SAH. The study’s results indicate
that the addition of hemispherical fins to absorbent plates
resulted in an important boost in efficiency.
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Previous studies on roughened SAH has only explored a
limited range of their possible performance qualities, based
on the authors’ understanding, there has been a scarcity of
study on the combination of delta-winglet vortex genera-
tors with ribs. The current study examines the heat transfer
enhancement in a SAH by the integration of transverse ribs
(TR), inclined ribs (IR), delta-winglet vortex generators
(DWVG), and a combined roughness (CSAH) individually.
The delta-winglets are positioned on top of the absorber
plate in their deployed state. The structure is organized in a
similar flow-down pattern, with a pitch-ratio (P/e) is 10 and
a relative roughness height (e/H) isf 0.6 each of the ribs and
the winglets. The solar simulation system is used to heat
SAH, with the hourly sun irradiation ranging (330 - 850)
W/m?, while the Reynold number is adjusted between 5000
and 14000.

EXPEEERIMENTATION

A solar simulators test system has constructed to eval-
uate the performance of a solar air heater collector. The
system includes an absorbent plate with various artifi-
cial roughnesses. Figure 1 shows a photograph of the
experimental design, while Figure 2 provides a schematic
representation.

The main components of the solar simulator system, as
shown in Figure 3, are halogen lights, a glass top cover, a
solar-powered air duct with diameters of (1250, 360, and

= o

Thermocaples  "'Solar GIPNEGTer " Pressire manometer  Soldr meter

50) mm, respectively, and a roughness absorber plate.
Additionally, there is a solar heater. The absorber plate was
heated using six halogen lamps, each having a power rating
of 500 watts. During the experiment, the solar heater was
setup at an angle of 31.054°, which closely resembled the
tilt of Nassriya city. The optimal distance between the hal-
ogen bulbs and the covering of glass was found to be 150
mm in order to get the most precise measurement of solar
irradiation.

The main objective of the paper is to examine and assess
the impacts of inclined ribs (IR) at various attack angles,
ranging (from 30° to 45° to 60° to 90°). In the first example,
the ribs have diameters of 360 mm, 20 mm, and 30 mm,
with an area of 600 mm2. In the second scenario, a total of
8-delta-winglet vortex generators (DWVG) were arranged
in pairs, with each pair positioned at a 60° attack angle (13)
and a 10 mm gap between the tips of the delta-winglets
(8). The DWVG measurements are (50 length - 30 height)
mm. The third case (CASH) combines transverse ribs (IR
90°) with delta-winglet vortex generators (DWVG). The
roughness was affixed to an absorber plate, positioned
150 mm away from the plate edge. The winglet pairs are
equipped with seven ribs that are positioned transversely
at a 90° attack angle (a) with respect to the main flow. The
pitch ratio, expressed as p/e, had a value of 10, while the
corresponding roughness height, indicated by e/H, was 0.6.
These are also pigmented with a black thermal colorant, as
seen in Figure 4.

multi-meter

Variac \

4

Figure 1. Photograph depicting the test equipment from an experimental perspective.
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Figure 2. Illustration depicting the structural layout of the experimental perspective.
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Figure 3. Single pass SAH.

A total of thirteen T-type the thermocouples were used
throughout the course of this investigation. Thermocouples
were furthermore positioned in different places. Figure 5
illustrates the placement of ten thermocouples that are on
the down surface of the absorbent plate. These the thermo-
couples are arranged in four longitudinal lines, with spacing
of (12, 40.5, 80.5, and 115) cm from the entrance edge. In
addition, a temperature sensor was inserted inside the glass
protect, while two sensors were positioned at the entrance
and exit of the duct. The T-type temperature sensors are
linked to a validated digital information logger kind in

order to capture temperature readings. Prior to installation,
all the thermocouples underwent calibration and testing.

Experimental Procedure

The variables recorded on basis 8AM - 4PM which
include solar irradiation, MFR, T,, ambient temperature,
and down plate temperature at various pre-determined
positions. An air blower, specifically a 3” type operating at
a speed of 2800-3000 RPM, is used to facilitate the circu-
lation of air into the heater. A stable mass flow rate (MFR)
was achieved by using a blower speed controller in order
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Figure 4. (a), (b), and (c). The arrangement of artificial roughness cases for SAH.



J Ther Eng, Vol. 10, No. 5, pp. 1292-1305, September, 2024

1297

35
33
18

0 12

40.5

80.5

Figure 5. Schematic depicting the arrangement of thermocouples on the absorbent plate.

to manage the velocity of the flow. The halogen lights were
activated and their irradiance strength was regulated by
using a variac in order to align the radiation with the real
sun irradiance.

The SAH performance is evaluated using 4-different
absorbent plate configurations: a smooth plate, an absor-
bent plate with DWVG, with TR, and with CSAH. An
investigation was conducted to assess the effects of includ-
ing winglets and ribs on the performance of the SAH, while
maintaining MFR at 0.022 kg/s. The temperature readings
are shown by connecting these sensors to a data logger with
an accuracy of (£0.4%+1°C) and a range of -50 to +999.9°C.
The Fluke 922 airflow model is a digital pressure manome-
ter that accurately measures the variation in static pressure
throughout the duct, with a precision of (+1% + 1 Pascal).
A precise digital anemometer with an accuracy of £3% +0.5
is used for measuring air velocity. The measurement of the
sunlight’s intensity is determined usinga A SWAR. An elec-
trical multi-meter is a device used to accurately monitor the
electrical energy consumption of an electrically powered
equipment, including its frequency, voltage, and current.
The kilowatt [kWh] is the standard unit of measurement
for consumption of electricity on meters. It represents the
amount of energy used by a one-kilowatt load over the
course of one hour.

Experimental Data Reduction

The continuing research aims to determine the features
of Reynolds number, turbulent airflows, and the Nusselt
number. These characteristics are derived from several
factors. The study included monitoring the behavior of the
working fluid as it flowed with turbulence through a rect-
angular conduit, which was subjected to different amounts
of sun irradiation. This part evaluates the fundamental
equations necessary for calculating the variables.

m = pg Un Ac (1)

The calculation of the thermal efficiency SAH necessi-
tates using of the following formula:

12
115 125cm
o
T, @
Agyr = LW (3)
Qu = TTi Cp (To - T1) (4)

The coefficient of heat transfer may be determined
using this equation:

~ Q.
h= Asur (To—Ti) (5)

When the temperature of the absorbent plate is attained
by:

Ty = % Ty (6)

The attainment of the mean bulk temperature is accom-
plished by the following methods:

(T + TY)

T, >

(7)

Below is a preliminary approximation of the Nusselt:

v D
u - k (8)

The diameter of the hydraulic system is created by:

b _ M
T, )
p=2W+H) (10)
Ac=WH (11)
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The friction factor may be defined using the Darcy
equation as:

_ 24P D,

L p U(%vrg (12)

One way to determine the thermal effectiveness is by:

Qy — am
g 1m
I ASUF (13)
one obtains mechanical energy via:
AP 1
am = (14)
Pa

The overall performance factor, which is determined
as:

v (Nu/Nu,)

f /)= (15)

Uncertainty

The experimental study has undergone a three-fold test
to validate the accuracy of the results. This test was con-
ducted under similar circumstances to determine the (T,
and (n)for CSAH at 0.022 kg/s and a solar intensity at 850
W/m? The discrepancy among the 3-tests was within a
range at +0.56% in efficiency value. The outlet air tempera-
ture has a tolerance at +2.29°C, the MFR has a tolerance at
+0.15 kg/s, and the solar intensity has a tolerance £3 W/m®
Determined the uncertainty using the following:

The mean, Xmean [8]

= XX

Xmean = Xaverage I

(16)

X, the value of measurement. The standard deviation
representation is denoted by:

_ {Z?(Xi - X)?
o= |21 27
n—1

(17)
o
Im = 7= (18)
_ _ o
x=xiam=xi\/—H (19)

Theoretical Analysis

This section covers the theoretical analysis for total
solar irradiance (G;). The angular connection between any
surface and the beam radiation line is the most important

barrier that must be traversed to achieve a successful solar
collecting procedure. Several angles affected the estimation
of beam radiation. The site (Nassriya) for the trials is at
31.0538°. Users may get the declination for the days’ num-
ber in a year (n) by using the equation below [22]:

284+n

6 =23.45 sin (360 W) (20)

The calculation of azimuth and sun angles may be per-
formed using the following formulas:

in )_cosSsinoo
sin(ys) = ——— (21)
sinW = cos @ coséd cosw + sing sind (22)

Here is the formula to compute the incidence angle:

cos O = cosWcos (ys)sinf3 + sinWcosB (23)
The following statement describes a technique for cal-
culating the average beam irradiation (Gy,) on a clear day:
[23, 24]
Gon = A /eB/sin ¥ (24)
Using the incidence angle (8), which is given by, one
may approximate the beam radiation component, G:
Gb= Gpn cos 6 (25)
Obtain the diffuse radiation using the following for-
mula: [25]

Gd = Gbn C Fss (26)

Fss=(1+cos B) /2 (27)
A formula for the foreground’s ground-reflected radia-
tion (G,) is given by:

Gr = Gh R Fsg (28)

Gi = Gpn (C + sin lP) (29)

The angle coefficient may be determined using the fol-

lowing formula (Fsg):

Fsg=(1-cosp) /2 (30)
The total solar radiation (G) given by:
Gr =Gpt Gq + Gr (31)
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RESULTS AND DISCUSSION

An assessment has been conducted on the ability to
transfer heat of a solar collector equipped with absorber
plates that have been intentionally made rough. A few con-
secutive unclouded days in January offered optimal circum-
stances for the experiments. The sun sunlight and ambient
temperature are measured at one-hour periodically during
daytime and then inputted into the solar simulation sys-
tems. The focus of this study was on sunlight, and thermal
efficiency.

Figure 6 presents the experimental and theoretical
measurements of the hourly solar intensity on January 23.
The measurements were taken at the highest and lowest
air ambient temperatures, which varied between 3°C and

13°C. The solar intensity radiation has a maximum point
with a relative fluctuation that does not surpass 10.6%. The
intensity of solar radiation gradually rises throughout the
early hours of the day, peaking at midday, and then gradu-
ally decreases. The variance exhibited a curvilinear pattern,
peaking around 1 PM and thereafter declining. It has been
seen that the theoretical calculations surpass the experi-
mental measurements. The scattering of radiation inten-
sity, which may be responsible for these disparities, might
be attributed to factors such as dust, fog, or other condi-
tions that cause a portion of the incoming radiation to be
reflected.

Figure 7 shows the MFR effect on thermal efficiency
for smooth SAH with hourly sun irradiances varying from
5000 to 14000 at a Reynold’s number. Typically, thermal

1150
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Figure 6. The experimental and numerical results comparison for solar intensity in local time.
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Figure 7. Hourly thermal efficiency variation for smooth SAH at various MFRs.
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efficiency is shown to increase with rising sun irradiation
up until around midday, when it starts to decline. It has also
been shown that when MEFR rises, thermal efficiency peaks.
This may be due to mechanical energy superiority, which is
required to overcome the friction resistance effects in the
duct, or the fact that a drop in the differential temperature
results in a decrease in acquired air sensible heat.

Figure 8 shows the time-dependent impact of rib attack
angles on thermal efficiency at 0.022 kg/s. According to the
data, there is a consistent pattern in the thermal efficiency
change as a function of varying hourly sun irradiation in
January for certain DWVG parameter values. The evidence
is shown that ribs considerably boost thermal enhancement
when compared to a smooth duct. This improvement is dis-
cernible for all targeted rib assault angles. Once the ther-
mal efficiency reaches its maximum at 1 PM in response
to increasing sun irradiation, it begins to decline. Among
the several situations studied, IR 60° showed the most effi-
ciency, demonstrating this improvement. In comparison to
a smooth ductile structure, it has improved by (22%) over-
all. Compared to the angle of TR (IR 90°), inclined ribs (30°,
45°, and 60°) improved by (2.3, 7.7, and 9.7)%, respectively.
Figure shows that decreasing the angle generated by the ribs
increases thermal efficiency estimates. Since adding the ribs
produces secondary flow, the inclined ribs outperform the
transverse ribs in terms of heat transfer rate. The rib’s exis-
tence causes local wall turbulence, which in turn disturbs
the viscosity sub-layer and causes this variation. There is
a difference between this and the mainstream flow, which
causes a decrease in the heat transfer rate by increasing the
fluid temperature locally. If the ribs are angled, the vorti-
ces will travel down the rib and mix with the main stream.

900
800
700
600
500
400

300

Solar irradiance w/m?

200

100

08:00 09:00 10:00 11:00 12:00

Time(h)
IR 30°

==Q==Solar irradiance ==f=TR 90"

—{=—|R 45°

So, the fluid is enter at the leading edge and leaves near the
following one. As these whirls move, the leading edge of
the plate comes into touch with the cold air, increasing the
heat rate. However, close to the subsequent edge, there is a
noticeable decrease in the heat transmission rate.

Figure 9 demonstrates the influence of TR, DWVG,
CSAH and absorber plate on the thermal efficiency at a
Reynolds number at 5000. The data gathered indicates a
consistent pattern in the fluctuation of thermal efficiency
with varying hourly sun irradiation throughout the month
of January. At first, the thermal efficiency improves as the
sun irradiation rises, reaching its highest point at 1 PM in
a semi-linear pattern. After that, it begins to decline. It had
shown that the efficiency is higher at (11.5%) for bigger
ratios of DWVG compared to a smooth. The introduction
of DWVGs leads to the creation of longitudinal vortices,
which disturb the establishment of the boundary layer,
resulting in enhanced thermal efficiency. Actually, when
the flow is disrupted and mixed, it will change the origi-
nal flow and temperature pattern. This will cause a delay
in the point of separation of the flow and the formation
of a recirculation zone in the streamlined arrangement. It
enhances the blending of airflow, enabling prolonged inter-
action between hot and cold fluids via longitudinal vor-
texes. Furthermore, the turbulence level is also evident in
the flow pattern inside the duct. Consequently, the rate of
heat transfer increases. The TR is enhanced by (16.5%) and
the CSAH is improved by (21.2%) when compartion to a
flat surface.

The rib is the site of the separationi, and this layer pro-
gressively thickens as it moves upstream. Following its pas-
sage through the reattachment point, the boundary layer

80

Efficiency ( %)

32

20

13:00 14:00 15:00 16:00

={}=—|R 60° ==t==smooth

Figure 8. Hourly thermal efficiency variation at different attack angles of ribs.
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Figure 10. Comparison of mean bulk temperature for roughened and smooth SAH.

undergoes a process of self-redevelopment. The highest
level of heat transmission takes place in the vicinity of a
reattachment point. The combination of longitudinal swirls
and transverse vortices facilitates prolonged interaction
between hot and cold fluids.

For an MFR at 0.022 & 0.042 kg/s, Figure 10 compares
the mean bulk temperature for the smooth, DWVG, TR,
IR 60°, and CSAH. The results demonstrate that mean
bulk temperature values varied considerably among situa-
tions and that MFR and mean bulk temperature have an

inverse association. The data showed that the CSAH had
a 37% greater increase in mean temperature values, at
0.022 kg/s, than the smooth. The presence of the winglet
promotes dynamic range astute movement, which in turn
increases mixing and recirculation, which in turn causes
the mean temperature to rise. Causes stream mixing in the
fundamental and division zones by generating longitudinal
vortices with the duct flow aligned with the transverse ribs.
An exponential rise in the rate of heat transfer occurs when
the range-wise speed approaches the dividing surfaces.
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Auxiliary counter-rotating vortices draw in cold liquid and
draw warm liquid out of the divider’s surface. That CSAH,
winglets, and transverse ribs are more beneficial for heat
transmission than a smooth protective duct plate is shown
here.

This research considers all pressure losses, represented
by the symbol (AP), which consist of losses resulting from
the friction (f) generated by artificial roughness. The
instance of CSAH has the highest friction values, whilst the
DWVG exhibits the lowest friction factor. Furthermore, the
variation in the friction is seen in relation to the Re of ducts
that had equipped with different configurations of rough-
ness. An empirical observation has shown that increasing
the Re leads to a decrease in f. The relationship between the
Reynolds and the friction in a range (5000-14000) is seen
in Figure 11.

Take the opportunity at Figure 12, which compares
the thermal efficacy of SAHs with different roughened

=—#—smooth =—fl=—DWVG

[

TR ==dé=(CSAH
24

20

5000 8000 12000 14000

10QpO

geometries. The CSAH outperformed all of the other rough-
ness components tested in terms of increased efficiency
around the 14000 Re. Observation of this is possible. These
numbers suggest that given certain values of the rough-
ness parameters, the Re may achieve a comparable trend in
effective change. The effective value grows in direct propor-
tion to the value of Re. Perhaps this is because mechanical
work accounts for the vast majority of the required effort
to overcome the duct’s frictional resistance. One possible
explanation for this effect is because the duct’s friction loss
grows very little at lower Re. This might also be a possible
reason for the impact. Meanwhile, due to the increase in
turbulence around the roughened plate, the heat transfer
amplified by the surface is rather large.

The findings are validated in Nu for asmooth solar air
heater since these numerical results are then used to indi-
cate improvements in heat transfer using CSAH. As shown
in Figure 13, experimentally computed Nu are compared
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Figure 11. Pressure drop & friction factor variation for roughened and smooth SAH with Reynolds number.
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Figure 12. Thermal effectiveness for smooth and roughened SAH verse Reynolds number.
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to those derived using the Dittus-Boelter equation {Nu =
0.023 Re%8 Pr’.4} for 5000< Re <14000 and the data from
Chamoli et al. [16]. The average absolute deviation of the
numerical values around 7.2% by using the Dittus-Boelter
equation. Nu deviates 8.3% between the present data for
those of Chamoli et al. [16] and a smooth duct. This valida-
tion shows that the current forecasts are reasonable.

In Figure 14, we can see a comparison of the efficiency
of inclined ribs in our study and in the work of Ebrahim
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3000 5000 7000 9000
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© Present study

Figure 13. Comparison Nu of the smooth solar air heater.
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et al. [26]. Both sets of parameters have the same a (30°-
90°)and pitch ratio (10), but our height ratio was 0.034, Re
ranges from 2500 to 18000, and our ribs are designed in a
continuous V shape. Additionally, this study’s results were
compared in a study by Sivakandhan et al. [27]. Their inves-
tigation used slanted ribs with the following parameters: I
(500-1000) W/m?, MFR (0.02-0.045) kg/s, a relative angle
of 1, and a relative roughness pitch differential parameter
ranging from 4 to 16.

13000 15000

Sunil et al. [16]

0,038 0,043 0,048

Mass flow rate kg/s

© Present study

DOSivakandhan etal. [27]

Ebrahim et al. [26]

Figure 14. The ribs efficiency comparison between the present study and other research.
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CONCLUSION

An experimental investigation has conducted to analyze
the influence of artificial roughned on single-pass surface
air heat exchangers (SAH). The solar intensity was gener-
ated using a solar simulation that replicated the meteoro-
logical conditions in January. The intensity varied on an
hourly basis, ranging from 330 to 850 W/m?. Below is a
concise summary of the main findings:

o Combination (CSAH) outperformed smooth SAHs in
terms of thermal efficiency by 21.2%.

o In terms of heat transfer rate performance, IR outper-
forms TR.

o AtaRe=5000 and maximum irradiance, the situation
with IR 60° showed the highest efficiency, increased by
around 10% overall in comparison to IR 90°.

o The data showed that the CSAH had a 37% greater
increase in mean bulk temperature values, at 0.022 kg/s,
in comparison to the smooth SAH.

o The relative variances of (Nu/Nu,) ratio results for a
pair DWVG do not appear to exceed 3% compared to
the previous research [16].

NOMENCLATURE

Ag,  Absorber plate area, (m?).

A, Cross-section area, (m?).

C, Specific heat capacity, (J/kg. K)

H Height of duct, (m).

I Solar irradiance (W/m?).

k Thermal conductivity, (W/m. K).
L Length of duct, (m).

Nu Nusselt Number.

Nu,  Nusselt number of smooth duct.
p Perimeter of the duct, (m).

T, Inlet temperature, (°C).

T, Outlet temperature, (°C).

T, Ambient temperature, (°C).

T, Mean bulk temperature, (°C).

T, Absorbent plate temperature, (°C)

9 Mechanical energy, (J/s)
W Width of duct, (m)

U, Average velocity, (m/s).
e/H  Relative roughness height.

Abbreviations
CSAH Combined solar air heater.
DWVG Delta-winglet vortex generator.

MFR  Mass flow rate.
SAH  Solar air heater.
TR Transverse ribs.

IR Inclined ribs.

Greek symbols
n Thermal efficiency.
p Fluid density at 25°C, (kg/ m?).

) The gap between winglet tip, (m).

it Winglet angle of attack, (degree).
f Friction factor.

AP Pressure drop.

€ Thermal effectiveness.

¥ Opverall performance.
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