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Abstract: The effectiveness of a triangle solar air heater can be enhanced by applying a coating 

on the absorber surface. The findings of comparative research of nanomaterial and hybrid 
nanomaterial coating on the absorber surface to improve the performance of a triangle solar air heater 
are presented in this article. To measure the heat transfer rate, thermal efficiency, exergy efficiency, 
and entropy generation the triangle solar heater is designed. Absorber plates coated with graphene 
and graphene/CeO2-black paint doped into black paint in the amount of 2 % nanomaterial to enhance 
heat absorption. The outcomes are shown for constant air mass flow rates of 0.018 kg/s. The thermal 
and exergy efficiency of the graphene/CeO2-black paint coating on the TSAH absorber plate is 
3.563% and 0.55% respectively, higher than that of a graphene-black paint coating when the solar 
intensity is between 750 and 1220 W/m2.Entropy generation is higher for graphene-black paint and 
lower for percent graphene/CeO2-black paint.  
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1. Introduction  

Drying is the oldest and most common way of 
preserving food that makes use of this plentiful supply of 
energy and has a significant economic impact across the 
world. In food products, there are two forms of water 
present: chemically bonded water and physically held 
water; only the physically held water is eliminated during 
drying. The demand for dried products is mostly due to 
their extended mantel piece life, product diversity, and 
significant volume reduction. With advances in product 
quality and process applicability, this may be pushed 
much further1)–3).Open-air drying/Sun-drying and 
mechanical dryers are the most common methods for 
drying agricultural products, with solar dryers being used 
infrequently. Since ancient times, open-air drying has 
been the most common, cheapest, and widely used method, 
and it is still used in many parts of the world, including 
Indian rural areas. This approach, while completely 
dependent on weather conditions, is labor expensive, 
unsanitary, unreliable, time consuming, resulting in non-
uniform drying, and necessitates a vast space for 
spreading the food to dry, and has failed to provide 
expected results in certain areas. 

The efficient use of solar radiation has supported 

emerging study disciplines such as solar thermal energy. 
Solar energy is the primary source of energy on the planet 
since it is free, renewable, and abundant. Energy is critical 
to a country's development. There is a considerable 
quantity of solar energy that can be utilized as a source of 
energy. As a consequence, the utilization of solar energy 
for human civilization has become one of the most 
pressing issues in the scientific community. This energy 
may be used in a range of methods, including various 
types of solar air heaters. The most outlay solar generating 
systems are typically SAHs. Cold weather house warming, 
crop drying, space heating, and wood are all popular 
applications for this solar energy system. 

Researchers have offered several solutions to this 
problem. The most practical option is to coat on the 
absorber plate to improve the heat transfer coefficient4)–9). 
The litérature survey is as follows, based on the 
nanomaterial coating on the absorber surface: CuO 
nanomaterials were studied for solar absorber surface 
coating. This experiment was carried out both indoors and 
outside to evaluate the solar absorber. In two and single 
glazing circumstances, the CuO structure's acute 
morphological and random distribution permitted an 
increase in optical broadband absorption of TiNOX 
absorber, with values estimated at 97 percent and 95 
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percent of the present state10). When used to coating an 
absorber to show certain spectrum qualities, three kinds of 
carbon nanotubes were compared. The P-CNT absorber's 
spectrum selectivity was optimized in this investigation11). 
A comparison of Nb-TiO2 and W-SiO2 was carried out. 
The W-SiO2 absorber has a higher emittance. Solar 
emittance and absorption are 0.1 and 0.93 at 3500 K, 
respectively12). Corrosion behavior improves as a result of 
the investigation. Finally, graphene particles were 
required to increase corrosion protection by paint 
dispersion to 0.05%13). The TSAH was shown in the 
experimental study with various mass flow rates and 
nanomaterial coatings on the absorber surface. It was 
observed that the BP-II absorber surface outperforms the 
BP-I absorber plate by 4.27 percent in terms of thermal 
performance14). Investigated absorber coatings to see 
which paints had the best absorption. It was observed that 
the glossy nickel coating enhanced efficiency and reduced 
heat loss and optical gain in the collector after completing 
the tests15). A coating of black paint combined with 
graphene nanomaterial was placed on an absorber plate in 
an experimental investigation on a triangle duct SAH. As 
a consequence, the maximum solar intensity for glass is 
930-980 W/m2, and the temperature of the absorber plates 
enhances thermal efficiency by around 4.9 percent16). The 
effect of graphene and copper oxide nanoparticles doped 
into black paint at different percentages for absorber 
surface coating that enhances heat transfer rate was 
studied. According to the findings, 0.3 percent 
graphene/CuO-black paint enhances thermal efficiency by 
3.58 percent on average17). The effects of SAH absorber 
surface coating were investigated. The coating was made 
up of carbon nanotubes and cupric oxide nanoparticles. 
Doping commercial black paint with 4% CNTs/CuO 
increases overall efficiency by 24.4 percent while also 
raising the temperature difference by 22%18).  The above 
review focoused the coating on the absorber surface 
enhance the performance for solar energy conversion 
system. 

This current study aims to investigate the comparative 
analysis of graphene-black paint and graphene/CeO2-
black commercial paint coating on absorber surfaces. In 
both cases, 2% nanomaterial embedded in black paint is 
used as a coating substance. The input air temperature and 
solar intensity are used as variable parameters with a 
constant mass flow rate. The experimental analysis on the 
other hand determines TSAH's thermal efficiency, heat 
loss component, exergy efficiency, entropy generation, 
length-wise inside temperature distribution, and outlet 
temperature. The study will enable a better understanding 
of the coating of the hybrid nanomaterial for the solar 
energy conversion system. 

 
2. Materials and method 

The influence of a newly developed absorber plate on 
TSAH performance characteristics is investigated using 
an experimental setup. The system was tested using a 

TSAH with various nanomaterials coated with black paint. 
Table 1 shows the physical dimensions of the TSAH. The 
triangular work section is 1 meter long. As illustrated in 
Fig. 1, several nanomaterial coatings were developed on 
the absorber surface. 

 
Table 1. Technical specification of the TSAH. 

TSAH Components Technical 

specifications 

Units 

Length of Triangular section 1.0 m 

Length of one side triangle 0.60 m 

Height of triangular section 0.52  m 

Hydraulic Diameter 0.352 m 

The aspect ratio of TSAH 1.15  

Length of outlet and  inlet 

section of TSAH 

0.40 m 

Diameter of inlet and outlet 

pipe 

0.0635 m 

Number of glazing Plates 1   

Area of glazing Plate  0.6  m2 

Area of the absorber plate 1.2  m2 

Edge area of triangular 

section 

0.312  m2 

 
2.1 Experimental Installation 

The experiment and arrangement were carried out at 
GLA University's solar research facility in Mathura 
(India). The schematic diagram may be seen here in Fig. 
2. With a hydraulic diameter of 0.352 m and a triangle 
work section aspect ratio of 1.15, the triangular section has 
dimensions of 1m, 0.6 m, and 0.52 m. The airflow inside 
the triangle duct is considered to be turbulent as an 
assumption in the experiment. As indicated in the diagram, 
thermal characteristics stay constant during the test 
condition in Table 2. With the aid of an air-blower, the air 
is drawn in from the entrance section during atmospheric 
conditions. The pressure between the entry and exit 
portions was measured using a micro manometer. The 
solar intensity meter measures solar intensity on the 
glazing panel. To ensure that the pipe part was leak-free, 
the air blower was turned on and run for half an hour 
before the research began. An anemometer was used to 
detect airspeed and a motor controller at the output part 
was designed to make the hot air at the exit side. A K-type 
thermocouple has been used to measure the temperature 
of the entry and exit ports in the experimental setup. The 
thermocouple was linked to various locations through 
perforations in the surface of the absorber to reduce the 
influence of the wire on the tubing's flow. 
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Table 2.Thermo-physical properties of air. 

 

 

Fig. 1: Experimental setup 
 

 

Fig. 2: A schematic diagram of TSAH  

The FESEM test facilities at MANIT Jaipur (MRC) 
in Rajasthan were used. First, 2 percent concentrations 
of graphene nanomaterial are mixed into black paint 
applied to the absorber surface. Chemical exfoliation 
produces graphene, which is a thin coating of graphite. 
The graphene's physical characteristics are represented 
as soft, light, and dark fluffy black powder. The 
graphene nanomaterial was distributed in commercial 
black paint at a mass proportion of 2%. It took 30 
minutes of magnetic stirring to complete. The 
aluminium absorber plate was then sprayed with an 
electric sprayer at room temperature. Fig. 3 shows 
FESEM Images of the absorber plate coating for 
graphene material, and Fig. 4 offers the analysis of the 
Absorber plate coating of graphene/CeO2-black paint 
of FESEM image. 

 

 

 

Fig. 3: Absorber plate coating of Graphene black paint of 
FESEM images 

 

Specification Technical 

Specification 

Units 

Density  1.12 kg/m3 

Specific Heat at Constant 

Pressure 

1.006  KJ/kg-k 

Specific Heat at Constant 

Volume 

0.718  KJ/kg-k 

Thermal Conductivity of 

air 

0.0262 w/m K2 

Viscosity 1.783x 10-5  N/m 

Constant of Ideal Gas 287 J/kg-k 
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