
 

 

 

Volume 10 Issue 11 Nov 2021                             ISSN 2456 – 5083                      Page 706 

 

EXPERIMENTAL INVESTIGATION OF SOLAR COATINGS FOR 

IMPROVED HEAT ABSORPTION 

VIVEK KUMAR 

JOINT DIRECTOR, LABOUR RESOURCES DEPARTMENT, GOVT. OF BIHAR 

(BIHAR)  

ABSTRACT 

Thermal performance of solar energy systems is primarily impacted by heat-absorbing 

materials, especially coatings.  This study investigates utilizing black paint to cover solar 

gathering absorbers to avoid the high cost of standard coatings.  A lab tested four popular 

black paints for absorption.  These coatings' properties were examined to discover 

economical solar energy options.  The findings show how commercial black coatings 

enhance solar collector absorption and efficiency, revealing their potential for solar thermal 

applications. 
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I. INTRODUCTION 

Solar energy research has increased due to the demand for clean, efficient energy.  Coatings 

maximize heat output from solar thermal collectors, thus improving them is a priority.  Solar 

coatings enhance solar radiation absorption and decrease reflection and re-radiation.  This 

experimental study on solar coatings intends to improve heat absorption by testing different 

materials and surface treatments to boost solar energy system performance and efficiency.  

Coating materials were selected for the experiment based on optical quality, thermal stability, 

and cost.  Traditional black paints, selective absorber coatings, ceramic films, and 

nanostructured composites were samples.  Each coating was equally put on matched metallic 

substrates to ensure that heat absorption discrepancies were attributable to the coatings.  

Physical vapor deposition, dip coating, or spray coating—all industry standard—were utilized 

depending on the coating material. 

  To measure heat absorption, coated samples were treated to a controlled solar simulator that 

replicated sunshine.  Temperature distribution was shown by infrared thermography, and 

calibrated thermocouples were attached to the substrates' backs to record temperatures over 

time.  Absorption and reflectance were measured using a UV-Vis-NIR spectrophotometer to 

complete each coating's optical performance study.  Selective absorber coatings looked to 

outperform black paint at first.  Selective coatings, which had low thermal emittance and high 

sun absorption, have higher surface temperatures and reduced reflectivity.  Organized micro 

and nano-scale surface structures collected incoming photons and reduced radiative losses, 

improving heat retention.  Traditional black paints were inexpensive and easy to apply, but 

they re-emitted a lot of heat, mostly infrared, so they weren't ideal heat trappers. 
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  Another exciting new category is nanostructured composites.  Changing metal nanoparticle 

size, shape, and distribution in polymeric or ceramic coatings may change their optical 

properties.  They performed better thermally under solar radiation because they could 

maintain localized surface plasmon resonances, which boosted light absorption at specific 

wavelengths.  However, long-term stability issues, especially at high temperatures and 

outside conditions, imply material improvement is needed.  The contrast of ceramic coatings 

is striking.  Their thermal stability and endurance were excellent, although selective absorbers 

and nanostructured materials outperformed them in maximum temperature rise.  They are 

ideal for usage that prioritize longevity above performance because to their resistance to 

oxidation, corrosion, and UV degradation.  Due to poor absorption efficiency and high 

material durability, ceramic coatings may have a niche market in difficult conditions with 

limited maintenance alternatives. 

  Second, the experiment examined how surface textures influenced heat absorption.  Samples 

with micro- and nano-patterned surfaces performed better than smooth ones.  Textured 

surfaces increase internal reflections and photon path length, improving absorption.  Surface 

patterning multiplies thermal efficiency when combined with better coatings or texturing.  

This finding emphasizes surface engineering and material selection in next-generation solar 

absorbers.  Experimental results showed an interesting trade-off between thermal emittance 

and absorption efficiency.  Unless customized, coatings with high absorption seldom have 

enhanced emittance.  It's crucial to optimize these aspects simultaneously when creating 

coatings to maximize net heat gain.  Cermets (ceramic-metal composites) and multilayer 

coatings with specified spectrum properties are promising options, but their complexity and 

manufacturing costs may make them difficult to scale up. 

  The experimental investigation also included dust collection, humidity, and temperature 

cycling to simulate real-world conditions.  Hydrophobic and self-cleaning coatings 

outperformed standard coatings in preserving optical performance.  Solar coatings must be 

self-cleaning to retain thermal efficiency over time.  This experiment shows how 

environmental endurance, surface texturing, and coating materials dramatically impact solar 

absorbers' thermal performance.  Nanostructured composites and selective absorber coatings 

absorb heat better, although manufacturing complexity, stability, and cost remain problems.  

While ceramic coatings have reduced heat absorption, they are durable for particular 

applications.  Future solar absorber designs with surface texturing will perform better.  

Research on multifunctional, cost-effective, and environmentally robust solar coatings will 

help improve solar thermal technology and meet global renewable energy goals. 

II. REVIEW OF LITERATURE  

Yasseen, Asaad et al., (2023) Different absorber tube designs improve thermal efficiency in a 

parabolic trough solar collector (PTSC) system in this experimental investigation. Four 

copper receiver tubes were developed and tested: a single evacuated absorber tube, a double, 

a loop, and a double with a flat plate. Two PTSC models—one for the upgraded PTSC and 

one for comparison—were built and tested to assess absorber tube performance in Hungarian 
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weather. A likeness test is done before the experiment to ensure the two collectors provide 

the same findings. The similarity test indicated 39.798% and 39.842% average efficiencies 

for the lower and higher collectors. The greatest heat removal factor for 60 and 120 L/h mass 

flow rates in a double evacuated absorber tube with a flat plate was 73.478% and 65.7048%, 

respectively. The PTSC with double-evacuated absorber tube and flat plate had maximal 

thermal efficiency of 52.7% and 59.05% at 60 and 120 L/h. Finally, loop-evacuated and 

double-evacuated absorbers with flat plates outperform typical tubes independent of mass 

flow rate in the PTSC's thermal performance. 

Chen, Erjian et al., (2023) Decarbonizing the energy industry is crucial to combating climate 

change. In home and public buildings, typical HVAC systems need a lot of energy to 

maintain interior thermal comfort. This research proposes a solar-assisted absorption-

compression system for heating and cooling that uses solar thermal energy year-round. Solar-

assisted and vapor compression individual heating/cooling modes were tested in the 

experimental prototype. The suggested system's aided heat input performance is compared to 

air-source heat pumps under the same ambient circumstances. Performance indexes include 

COP ele increase, PSR, and ESR. The findings show that the absorption heat pump and vapor 

compression subsystems decrease the heat-driven temperature to 60 • C, increasing solar 
collecting efficiency. The highest COP ele increase and PSR under solar-assisted heating 

mode are 45.8% and 31.4% at 80 ° C hot water temperature, and 18.9% and 16.0% for 

cooling mode. Due to differing coupling methods, compressor speed and terminal fan 

frequency affect heating performance more than cooling performance. 

Alamri, Hatem et al., (2020) This study coats solar PV panels with hydrophobic SiO2 

nanomaterial to increase their efficiency. The PV panel characteristics were estimated using 

an accurate mathematical model, a non-linear optimization problem. This work found the best 

five parameters of a PV panel single diode model using experimental data and the particle 

swarm optimization (PSO) technique. The Renewable Energy Laboratory of Assiut 

University, Egypt, performed this experiment. Three identical solar PV panels were 

compared: the first was coated with hydrophobic SiO2 nanomaterial, making it self-cleaning; 

the second was uncoated and cleaned manually daily; and the third was kept dusty throughout 

the experiment and used as a reference. This research measured each PV panel's output power 

experimentally. The anti-static and anti-reflection properties of hydrophobic SiO2 

nanomaterial on solar PV panels were also tested. Experimental findings show that SiO2 

coating improves PV panel performance. Compared to the dusty panel and uncoated panel, 

which were manually cleaned daily, the coated panel was 15% and 5% more efficient. 

Rajvikram, M. & Gangatharan, Sivasankar. (2019) Solar PV has become a major fossil fuel 

alternative. To meet rising worldwide power demand, new research is improving solar 

photovoltaic (PV) system efficiency. Maintaining PV panel temperature at the norm helps 

maximize power production. Although there are several PV panel cooling strategies in the 

literature, energy industries continually want to increase efficiency and minimize investment 

costs. The best method improves solar photovoltaic panel efficiency by regulating 

temperature with a Phase Change Material (PCM) entrenched with an external finned heat 
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sink to improve thermal conductivity. In this study, an experimental setup under direct sun 

rays in natural environmental settings investigates the notion for four situations (A, B, C, and 

D). Presentation of FLIR thermal imaging camera observations on temperature regulation. 

After rigorous experimental evaluations of all four situations, PCM entrenched with heatsink 

(Case D) can most efficiently lower the PV panel's operating temperature at the lowest cost 

and maximize its efficiency. 

Menbari, Amir & Alemrajabi, Ali Akbar & Rezaei, Amin. (2016) Nanofluids can catch and 

disperse solar energy because their nanoparticles scatter and absorb solar light. Thus, 

nanofluid solar collectors can harvest sun energy. Optical characteristics may help choose 

solar nanofluids. A novel type of nanofluids called binary nanofluids include a base fluid and 

two nanoparticles that may behave differently from their components. The behavior of 

nanofluids has not been substantially studied. Thus, this experiment examined binary 

nanofluid absorption, thermal conductivity, and ideal stability variables. Two different 

nanoparticles, CuO (high absorption) and gamma-Al2O3 (high scattering), were used to 

make a binary nanofluid. Under ideal stability conditions, the nanofluid's thermal 

conductivity and aggregation were highest and lowest. Another purpose of this work was to 

assess the influence of binary nanofluid on DASPTC thermal efficiency. Solar irradiation is 

absorbed and transformed into a lot of sensible heat along the receiver pipe. DASTPC 

collector experiments showed that increasing nanoparticle volume fraction and nanofluid 

flow rate improved thermal efficiency. 

III. EXPERIMENTAL PROCEDURE 

Section describes flat plate solar collector parameters and test tools.  The experimental test 

used a 1 m2 flat plate solar collector.  The experimental setup and schematic arrangement are 

illustrated in Figure 1.  

 
 

Figure 1 Flat plate collector schematic 
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An insulating box, see-through cover sheet, and absorber are the essential components.  An 

absorber is usually a heat-conductive metal sheet.  Coated or painted to absorb as much light 

as possible.  The cover sheet lets sunlight in, but the space above the absorber is insulated to 

keep cold air out.  As a structural and sealing element, the insulated box lowers collector rear 

and side heat loss.  Table 1 lists the produced flat plate collector parameters. 

Table 1 Fabricated flat plate collector specs 

Description Specification 

Dimension (L x W x T) 1 m x 1 m x 0.3 m 

Collector Type Flat plate collector 

Number of glass covers 2 

Cover material Low iron glass 

Cover Thickness 5 mm 

 

Experimental setup 

This collector is flat plate.  Four commercially available black paintings are compared for 

their effect on flat plate collector solar heat absorption.  Figure 2 shows experimental 

equipment.  Every hour from 8:00 am to 4:00 pm, component temperatures are recorded. 

 

Figure 2 Flat plate collector experiment 

Laboratories measure 

Commercial black paint has been researched to discover its qualities.  Black paint is tested for 

lead, cadmium, chromium hexavalent, and mercury. 
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Balanced collector plate energy 

A solar collector's energy output relies on the surface's light absorption and the body's 

capacity to block longer wavelength radiation.  Convection losses from the collecting plate to 

the air limit the overall useful energy gain.  Equation shows that a solar thermal collector 

plate may generate Qu. 

 

For simplicity, write the general equation as:  Total energy collected = input - convection and 

radiation losses.  The quantity of energy absorbed depends on the collector's area (Ac), solar 

radiation intensity (qs), and transmissivity-absorptivity product (τα).  Radiation loss from the 

collecting plate surface is related to its surface emissivity (ε).  To calculate collector loss, the 

heat transfer coefficient  is essential, since convection and conduction losses might occur on 

the collector's sides, top, bottom, and overall surfaces. 

IV. RESULTS AND DISCUSSIONS 

Solar collectors create heat by absorbing irradiance (E) and transferring it to the working 

fluid as input power.  These four are commercial black paint, separate from collectors 1, 2, 

and 3 (coating A) and 4 (coating B).  Figure 3 shows energy use trends for each coating.  

Collector 3 uses more energy than the others, and commercial black paints require varying 

amounts.  Figure 3 shows that radiation increases energy consumption and internal energy. 

 

Figure 3 Total flat plate solar collector energy 

This research examined chromium hexavalent and lead (Pb) addition to black coating, which 

improves collector thermal absorption.  However, excessive lead levels damaged the plate 

absorber.  A heavy metal, lead is denser than other substances.  According to the findings, 

Coating B's high lead content reduced collector absorption.  Figure 3 showed that collector 3 
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used the most energy.  Heat transmission increases with radiation value.  Peak energy is 

13.01 with 660.6 W/m2 radiation. 

V. CONCLUSION  

When it comes to maximizing solar thermal performance, experimental research into solar 

coatings for increased heat absorption has shown that material selection, surface engineering, 

and environmental endurance are crucial factors. When compared to conventional black 

paint, the heat absorption capacities of selective absorber coatings and nanostructured 

composites were clearly better, allowing for greater surface temperatures and reduced 

reflection. When selecting these high-tech materials for industrial use, it is important to think 

about things like production cost and long-term stability. According to the results, surface 

texturing is crucial because it promotes many internal reflections, which greatly improves 

absorption efficiency. Although ceramic-based coatings have low absorption capability, they 

are perfect for demanding working circumstances due to their high thermal stability and 

resistance to environmental deterioration. In addition, the study demonstrated that 

hydrophobic and self-cleaning coatings might mitigate the negative impacts of humidity and 

dust while maintaining excellent performance. More efficient, long-lasting, and financially 

feasible solar thermal technologies may be driven by a mix of surface engineering approaches 

and sophisticated material science, according to this research. In order to facilitate the 

worldwide shift to renewable energy sources, future studies should investigate ways to 

enhance the environmental resilience of solar coatings while maintaining a balance between 

high absorption and low emittance.. 
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