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Abstract: The primary goal of this research is to improve the thermal performances of winglet kind solar air heaters by
modifying their design. For that purpose, mathematics and computationally fluid dynamics analyses at single cycle and
double passage winglet solar thermal air heaters for the central India location of 23o 18' 25" N and 77o 20' 09" E have
been carried out. To determine the temperature difference of the flowing air for different velocities with just an inlet
temperature of 300 K at calculated solar irradiation, three different models of solar water heater were created: single
stage winglet type solar air heating element, dual pass constant pitch winglet solar air heaters, and the double pass
variable pitch wings type solar heaters. The maximum temperature and overall thermodynamic efficiency decrease as the
air velocity decreases while the pressures drop and needed fan power increase, according to the results.
Keywords: Air heater, thermal performance, solar energy, CFD analysis etc.

I.

Introduction

Solar air heaters is a solar thermal technique that captures and uses the sun's energy to heat air. It's a "clean heat" system
that can be used for sun heating, ventilated heaters, or processes heaters. It covers space heating, which is one of the most
common uses of energy in buildings in colder areas. It's also used in agriculture to dry crops. A solar air heater is a type
of solar thermal system where air is heated in a collector and either transferred directly to the interior space or to a
storage medium. Solar air heaters use solar panels to warm air which is then conveyed into a room.
The basic components of a solar air heater include solar collector panels, a duct system and diffusers. Systems can
operate. Solar air heaters provide free interior heating to complement conventional climate control systems. It is
important to note that the output from solar heaters is reduced when clouds reduce the amount of sunlight. A typical solar
air heater collector panel would assist in the heating of a small room. Solar air heating has the potential to be used in any
facility that required heating, as long as the collection panels is installed.

Figure 1: Conventional solar air heater with heat flow arrangement [SP Sukhatmne 2008]
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Solar air heating is a type of solar thermally technologies in which the sun's energy, Isolation, is caught by an absorbing
material and then used to heat air. Solar air heaters is a renewable power heat method that is used to heat or conditioning
air in building or industrial processes. It is often the most cost-effective of all solar systems, particularly in industrial and
commercial applications, because it solves the two most common uses of building energy in heat climates: heating
systems and process industries heating.

Figure 2: Application of SAH (Solar Air Heater)

II.

Literature review

Saravanan et al. (2021) [1] The thermal properties performance of a solar heat exchanger with stagger multiple Cshape perforations and non-perforated finned absorber surface was investigated experimentally. The experiments were
carried out with a relevant range of fluid parameters, including Reynolds numbers ranging from 3000 to 27000 and
design parameters including such relative pitch to gap ratios ranging from 3.4 to 3.8, relative height ratios 0.3 to 0.7,
and relative perforated ratios ranging from 1.5 to 3, with a focus on their effects on highest heat transfer enhancement.
Amit Kumar & Apurba Layek (2021) [2] The current study compares the energy and exergy efficiency of solar air
heaters with Winglet kind roughness on the absorber plate utilizing sensitive to a number. As a result, it is critical to
compute both effective and exergetic eﬃciency for a fair assessment of solar chimney energy usage. These
efficiencies are assessed by taking into account parameterized design characteristics and temperature increase
parameters. For the solar air heater, a mathematical formalism based on the thermal, efficiency, and exergy analysis is
given, and its impact on the complete design parameter is investigated.
Anil Singh Yadav et al. (2021) [3] New CFD-based connections for ribbed roughened solar air heaters are presented in
this research. An absorber plate of SAH (solar air heater) attached with circular ribs is analyzed in this article. ANSYS
Fluent v16 is utilized to analyze the turbulent airflow for different arrangements of rib. All results are based on CFD
(computational fluid dynamics) simulations. The analysis is carried out within the limits of Re from 3800 to 18,000
and P from 10 to 25. The resulting data is reduced into correlations using a linear stepwise regression algorithm. The
developed equations for artificially roughened heater of solar air predict all the data for friction factor and Nusselt
number within ±5% relative absolute deviation.
Binguang Jia et al. (2021) [4] CFD was used to develop three-dimensional mathematical formulas of four proposed
kinds of spiral solar water heater, which include right angle spiral solar air heaters (RA-SSAHs), arc spiral solar air
heaters (ARC-SSAHs), arc spiral solar air heaters with rectangular holes (ARC-RH-SSAHs), and rectangular holes
spiral solar air heaters (RH-SSAHs), in order to help enhance the thermal efficiency of spiral solar air heaters
(SSAHs).
G Sureandhar et al. (2021) [5] The effects of arc rib fin arrangement and solar collector lengths on the heat transfer
performance of a solar air heater are investigated using a thermal model. The fin relation roughness positive linear
relationship (e/De) in the absorber plate is varied to create the arc rib fin configuration. The solar air heater is
modelled using a fixed arc rib fin configuration with e/De (0.0422) and a variable arc rib fin design with 2 distinct
relative roughness height ratios of e/ De (0.0422 and 0.0541). At different mass fluid velocity of air, the effect of
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absorber plate length (1 and 2 m) on solar air heater performances is evaluated to the configuration indicated above
(0.02 kgs- 1 to 0.06 kgs- 1).
Hamdy Hassan et al. (2021) [6] A flat plate double pass (DP) solar air heater (SAH) with V-corrugated absorber (C
SAH) and corrugated-perforated absorber (CP SAH) is evaluated experimentally using power, exergetic, economical,
and environmentally techniques (4E). Inside the solar flat plate heat exchanger with two levels of absorber plates, C
SAH and CP SAH, the study is conducted at four different levels of air mass flow ratios. The efficiency of C SAH and
CP SAH is compared to that of flat SAH (F SAH). At SP, 1/3 DP, 2/3 DP, and DP circumstances, F SAH achieves the
lowest daily energy efficiency values of 52.5 percent, 55.86 percent, 54.77 percent, and 56.7 percent, whereas CP
SAH achieves the maximum of 67.67 percent, 69.7 percent, 71.85 percent, and 70.8 percent.
Kottayat Nidhul et al. (2021)[7] The low heat transfer rate in a flat plate solar air heater (SAH) is due to the
development of a laminar sub-layer near the heated absorber plate. Owing to this, the plate temperature rises
substantially, instigating losses and thus reducing the efficiency. Extensive research has been carried out to mitigate
this problem, of which passive technique emerged to be a promising solution. The passive method involves the
application of fins/turbulators/ ribs on the surface where the boundary layer develops so that it breaks the same.
Various profiles and configurations of the ribs ranging from transverse to inclined and continuous to discrete have
been presented concisely.
M. Vivekanandan et al. (2021) [8] Agricultural items such as fruits, vegetables, and crops are frequently dried using
solar air heaters. The issue with previous solar air heaters was the inability to produce a finished developing flow
within the shell solar air heater. Being the outlet of the blower is restricted to a small cross-section by the
manufacturers, hence providing the trapezoidal-shaped duct is essential. The flow is not fully developed flow inside
the casing of SAH. To overcome this problem guide vanes, provided inside the trapezoidal-shaped duct, and that did
not solve the problem. Then flow-restricting devices are incorporated inside the duct to make a fully developed flow.
Flow restriction devices, also known as perforated plates with various percentage openings.
Mothana M. Mohamed Salih et al. (2021) [9] This research reports on an investigation of the performance of the
two trapezoidal double-pass solar air heaters (DPSAHs) with the double glass coverings under natural or forced air
circulation circumstances, with the addition of packed column above the absorber plate on one of them as a
comparison target. The DPSAH-1 has been operated with poroelastic added, but the DPSAH-2 has not been run with
permeable material added. Experiments for every design were conducted in the winters and evaluated in the same
settings. In comparison to DPSAH-2, the results show that DPSAH-1 significantly improves performance of the
system.
Saleh Abo-Elfadl et al. (2021) [10] Experimenting with energy, exergy, electricity payback time, exergoeconomic,
and enviroeconomic techniques, the performance of a solar air heater using a latest design tubing absorbers of
neighboring parallel tubes called tube is explored. Furthermore, the effect of using porous material on tube heat
effectiveness is investigated and compared to that of a flat plate heat exchanger at air flow rates of 0.075, 0.05, and
0.025 kg/s for single and double passages, respectively. In comparing to the flat heaters, the tubing heating element
has a greater net thermodynamic efficiency, output ambient temperature, energy and exergetic efficiency, and smaller
power losses.

METHODOLOGY
Solar air heater consists of an absorber plate with a parallel plate below forming a small passage through which the air
to be heated. A transparent cover system is provided above the absorber plate. A sheet metal container filled with
insulation on the bottom and sides. Whole assembly is contained in a sheet metal box and inclined at a suitable angle.
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Figure 3: Arrangement of solar air heater

Figure 4: Performance analysis with thermal resistance network of solar air heater
Figure shows the energy flow of a solar air heater for double cover, the air passes through the glass cover and received on
the absorber plate which transferred to it is considered 100% energy is coming from the solar and then some of the
energy is absorbed itself. The useful energy by the transporting medium carries 60 % heat and then 10% goes to
convective losses and the radiation losses is about 8 % and re-radiation once it strikes on this absorber plate it will reradiate about 8 %. The amount of losses taking place from the bottom of the collector is 4 %. The amount of heat which
is goes out for utility is known as useful heat gain happens when solar radiation is falling on this device.
Two dimensional CAD model of single pass winglet type solar air heater has been created using ANSYS design modular.
The dimensional parameters are use to create solar air heater are taken from base paper, length of collector is 1.24 m,
duct depth is 0.04 m, width of collector 0.16 m, the winglet height is 3 mm, the inlet and outlet section length of
traveling air stream freely are 645 mm and 475 mm respectively as shown in figure
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Figure 5: CAD model of single pass winglet type solar air heater

III.

RESULT AND DISCUSSION

The main objective of the present work to perform computational fluid dynamics analysis to predict the thermal
efficiency of the solar air heater for Bhopal location. For that three different model of solar air heater have been created
single pass winglet type solar air heater, double pass constant pitch winglet type solar air heater, double pass variable
pitch winglet type solar air heater, Steady-state numerical simulation was carried by using ANSYS Fluent for the selected
location with Latitude 23o 18’ 25” N, Longitude: 77o 20’ 09’’ E to determine the temperature distribution of the flowing
air for different velocities with inlet temperature of 300 K at calculated solar radiations.

Figure 6: Temperature distribution over the single pass winglet type solar air heater at 1 m/sec

Figure 7: Temperature distribution over the single pass winglet type solar air heater at 1.12 m/sec
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Figure 8: Temperature distribution over the single pass winglet type solar air heater at 2 m/sec

Figure 9: Temperature distribution over the single pass winglet type solar air heater at 3 m/sec

Figure 10: Temperature distribution over the single pass winglet type solar air heater at 4m/sec
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Figure 11: Temperature distribution over the single pass winglet type solar air heater at 5.23 m/sec

Figure 12: Temperature distribution over the single pass winglet type solar air heater at 6 m/sec
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Figure 13 :Declination angle of sum for the number of day throughout the year
From the above graphthe angular displacement of the sun from the plane of the earth's equator is shown. The declination
angle varies seasonally due to tiling of earth on its axis of rotation and the rotation around the sun. It has been observed
that the maximum declination angle of ±23.45o on June 21 and Dec 22 while the declination angle is zero on 22 March &
23 September as shown in figure
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Figure 14: Monthly average sunshine hour
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Figure 15 : Monthly average daily diffuse, beam & total radiation on horizontal surface
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Figure 16 : Beam radiation on horizontal surface for different solar time
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Figure 17: Diffuse radiation on horizontal surface for different solar time
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Figure 18: Global radiation on horizontal surface for different solar time
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Figure 19: Comparative results of the temperature distribution for all designs of solar air heater
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Comparative results of the average temperature for all designs
of solar air heater
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Figure 20: Comparative results of the average temperature for all designs of solar air heater

Comparative results of the useful heat gain without collector
efficiency factor for all designs of solar air heater
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Figure 21: Comparative results of the useful heat gain without collector efficiency factor for all designs of solar air
heater

Comparative results of the Useful heat gain by considering
collector efficiency factor for all designs of solar air heater
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Figure 22: Comparative results of the useful heat gain by considering collector efficiency factor for all designs of solar
air heater
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Figure 23: Comparative results of the thermal efficiency using useful heat gain for all designs of solar air heater
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Figure 24: Comparative results of the thermal efficiency using heat removal factor for all designs of solar air heater
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Figure 25: Comparative results of the overall thermal efficiency using heat removal factor for all designs of solar air
heater
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Figure 26: Pressure drop for different air velocity

Required Fan power for different air velocity

140

Fan power [watt]

120
100

Required Fan
power for single
pass [watt]

80
60
40
20
0
0

1

2

3

4

Air velocity [m/sec]

5

6

7

Figure 27: Required Fan power for different air velocity

IV.

CONCLUSION

Mathematical and computational fluid dynamics analysis have been performed for single pass & double pass winglet
type solar air heater for the location of central India with 23o 18’ 25” N, & 77o 20’ 09’’ E. for the analysis three different
model of solar air heater have been created single pass winglet type solar air heater, double pass constant pitch winglet
type solar air heater, double pass variable pitch winglet type solar air heater to determine the temperature distribution of
the flowing air for different velocities with inlet temperature of 300 K at calculated solar radiations. There are following
conclusion have been observed from the above work.
Conclusion for single pass winglet type solar air heater:
After performing mathematical and computational fluid dynamics analysis at 1 m/sec. It has been observed that
the maximum temperature of 348 K is attained at the winglet bottom edge of the rough surface of the absorber
plate. The average temperature of 324 K, the pressure drop of 30.51Pa, required fan power is 0.195 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 24.77%.
After performing mathematical and computational fluid dynamics analysis at 1.12 m/sec. It has been observed
that the maximum temperature of 345 K is attained at the winglet bottom edge of the rough surface of the absorber
plate. The average temperature of 322.5 K, the pressure drop of 45.20 Pa, required fan power is 0.347 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 23.23%.
After performing mathematical and computational fluid dynamics analysis at 2 m/sec. It has been observed that
the maximum temperature of 337 K is attained at the winglet bottom edge of the rough surface of the absorber
plate. The average temperature of 318.5 K, the pressure drop of 145.13 Pa, required fan power is 1.858 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 19.10%.
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After performing mathematical and computational fluid dynamics analysis at 3 m/sec. It has been observed that
the maximum temperature of 329 K is attained at the winglet bottom edge of the rough surface of the absorber
plate. The average temperature of 314.5 K, the pressure drop of 361.38 Pa, required fan power is 6.938 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 14.97%.
After performing mathematical and computational fluid dynamics analysis at 4 m/sec. It has been observed that
the maximum temperature of 323 K is attained at the winglet bottom edge of the rough surface of the absorber
plate. The average temperature of 311.5K, the pressure drop of 690.35 Pa, required fan power is 17.673 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 11.87%.
After performing mathematical and computational fluid dynamics analysis at 15.23 m/sec. It has been observed
that the maximum temperature of 320 K is attained at the winglet bottom edge of the rough surface of the absorber
plate. The average temperature of 310 K, the pressure drop of 1262.02 Pa, required fan power is 42.242 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 10.32%.
After performing mathematical and computational fluid dynamics analysis at 6 m/sec. It has been observed that
the maximum temperature of 318 K is attained at the winglet bottom edge of the rough surface of the absorber
plate. The average temperature of 309 K, the pressure drop of 1719.01 Pa, required fan power is 66.01 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 9.29%.
Conclusion for double pass constant pitch winglet type solar air heater:
After performing mathematical and computational fluid dynamics analysis at 1 m/sec. It has been observed that
the maximum temperature of 354 K is attained at the top edge of the winglet on the bottom side of the absorber
plate. The average temperature of 327 K, the pressure drop of 61.02 Pa, required fan power is 0.391 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 27.87%.
After performing mathematical and computational fluid dynamics analysis at 1.12 m/sec. It has been observed that
the maximum temperature of 350 K is attained at the top edge of the winglet on the bottom side of the absorber
plate. The average temperature of 325 K, the pressure drop of 90.39 Pa, required fan power is 0.694 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 25.81%.
After performing mathematical and computational fluid dynamics analysis at 2 m/sec. It has been observed that
the maximum temperature of 343 K is attained at the top edge of the winglet on the bottom side of the absorber
plate. The average temperature of 321.5 K, the pressure drop of 290.26 Pa, required fan power is 3.715 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 22.20%.
After performing mathematical and computational fluid dynamics analysis at 3 m/sec. It has been observed that
the maximum temperature of 335 K is attained at the top edge of the winglet on the bottom side of the absorber
plate. The average temperature of 317.5 K, the pressure drop of 722.75 Pa, required fan power is 13.877 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 18.07%.
After performing mathematical and computational fluid dynamics analysis at 4 m/sec. It has been observed that
the maximum temperature of 329 K is attained at the top edge of the winglet on the bottom side of the absorber
plate. The average temperature of 314.5 K, the pressure drop of 1380.71 Pa, required fan power is 35.346 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 14.97%.
After performing mathematical and computational fluid dynamics analysis at 5.23 m/sec. It has been observed that
the maximum temperature of 325 K is attained at the top edge of the winglet on the bottom side of the absorber
plate. The average temperature of 312.5 K, the pressure drop of 2524.04 Pa, required fan power is 84.485 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 12.90%.
After performing mathematical and computational fluid dynamics analysis at 6 m/sec. It has been observed that
the maximum temperature of 322 K is attained at the top edge of the winglet on the bottom side of the absorber
plate. The average temperature of 311 K, the pressure drop of 3428.01 Pa, required fan power is 132.02 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 11.36%.
Conclusion for double pass variable pitch winglet type solar air heater:
After performing mathematical and computational fluid dynamics analysis at 1 m/sec. It has been observed that
the maximum temperature of 355 K is attained at the top edge of the winglet on the bottom side of the absorber
plate. The average temperature of 327.5 K, the pressure drop of 61.02 Pa, required fan power is 0.391 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 28.39%.
After performing mathematical and computational fluid dynamics analysis at 1.12 m/sec. It has been observed that
the maximum temperature of 351 K is attained at the top edge of the winglet on the bottom side of the absorber
plate. The average temperature of 325.5 K, the pressure drop of 90.39 Pa, required fan power is 0.694 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 26.33%.
After performing mathematical and computational fluid dynamics analysis at 2 m/sec. It has been observed that
the maximum temperature of 345 K is attained at the top edge of the winglet on the bottom side of the absorber
plate. The average temperature of 322.5 K, the pressure drop of 290.26 Pa, required fan power is 3.715 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 23.23%.
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After performing mathematical and computational fluid dynamics analysis at 3 m/sec. It has been observed that
the maximum temperature of 337 K is attained at the top edge of the winglet on the bottom side of the absorber
plate. The average temperature of 318.5 K, the pressure drop of 722.75 Pa, required fan power is 13.877 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 11.90%.
After performing mathematical and computational fluid dynamics analysis at 4 m/sec. It has been observed that
the maximum temperature of 333 K is attained at the top edge of the winglet on the bottom side of the absorber
plate. The average temperature of 316.5 K, the pressure drop of 1380.71 Pa, required fan power is 35.346 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 17.03%.
After performing mathematical and computational fluid dynamics analysis at 5.23 m/sec. It has been observed that
the maximum temperature of 326 K is attained at the top edge of the winglet on the bottom side of the absorber
plate. The average temperature of 313 K, the pressure drop of 2524.04 Pa, required fan power is 84.485 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 13.42%.
After performing mathematical and computational fluid dynamics analysis at 6 m/sec. It has been observed that
the maximum temperature of 324 K is attained at the top edge of the winglet on the bottom side of the absorber
plate. The average temperature of 312 K, the pressure drop of 3428.01 Pa, required fan power is 132.02 watt, the
useful heat gain 2.003 watt, and the overall thermal efficiency is 12.39%.
From the above conclusion it has been observed that the maximum temperature and the overall thermal efficiency is
decreasing as the air velocity is decreasing while the pressure drop and required fan power is increasing. After
comparison of all design of solar air heater it also observed that double pass variable pitch winglet type solar air heater
give the higher thermal efficiency of 28.39% which is 14.6% more than single pass winglet type solar air heater and
1.86% more than double pass constant pitch winglet type solar air heater. Hence double pass variable pitch winglet type
solar air heater is suggested for better thermal performance.
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