
This is a peer-reviewed, accepted author manuscript of the following research article: Thamizharasu, P., Shanmugan , S., 
Gorjian, S., Pruncu, C. I., Essa, F. A., Panchal, H., & Harish, M. (2020). Improvement of thermal performance of a solar box type 
cooker using SiO2/TiO2 nanolayer. Silicon. https://doi.org/10.1007/s12633-020-00835-1 

Improvement of thermal performance of a solar box type cooker using SiO2/TiO2 

nanolayer  

P. Thamizharasu a, S. *Shanmugan b, Shiva Gorjian c, Catalin I. Pruncu d, F.A. Essa e,  

Hitesh Panchal f, Mooli Harish g 

a Research Scholar, Department of Physics, Koneru Lakshmaiah Education Foundation, Green Fields, Guntur 

District, Vaddeswaram, Andhra Pradesh 522502, India. 
b Research Centre for Solar Energy, Department of Physics, Koneru Lakshmaiah Education Foundation, Green 

Fields, Guntur District, Vaddeswaram, Andhra Pradesh 522502, India. 
c Biosystems Engineering Department, Faculty of Agriculture, Tarbiat Modares University (TMU), Tehran, Iran. 

d Design, Manufacturing & Engineering Management, University of Strathclyde, Glasgow G1 1XJ, UK.  
d Mechanical Engineering, Imperial College London, London SW7 2AZ, UK. 

e Mechanical Engineering Department, Faculty of Engineering, Kafrelsheikh University, Kafrelsheikh, 

Egypt – 33511. 
f Mechanical Engineering Department, Government Engineering College Patan - 384265, Gujarat, India. 

a Muthayammal College of Arts & Science (Affiliated to periyar university - A Unit of VANETRA Group), 

Vengayapalayam, Kakkaveri, Rasipuram,Namakkal, Tamil Nadu, 637408, India. 
g Department of Mechanical Engineering, Koneru Lakshmaiah Education Foundation, Green Fields, Vaddeswaram, 

Guntur District, India - 522 502. 

E-mail IDs: (Thamizharasu) tamilanphy76@gmail.com,  (Shanmugan) s.shanmugam1982@gmail.com, 

 (Shiva) Gorjian@modares.ac.ir.   (Catalin) catalin.pruncu@strath.ac.uk,   

(Essa) fadlessa@eng.kfs.edu.eg, (Hitesh) engineerhitesh2000@gmail.com, (Harish) harish.m313@gmail.com. 

*Corresponding author: s.shanmugam1982@gmail.com.  

Abstract 

An experimental analysis of a stepped solar box cooker (SSBC) improved using energetic 

SiO2/TiO2 nanoparticles. They were used in different ratios between 5% to 25% as a coating on a 

bar plate to enhance thermal performance. The SSBC was assessed experimentally to obtain a cost-

effective solution and the best performance for the bar plate temperature, enabling increased 

cooking activities performance. The furious SiO2/TiO2 nanoparticles were coated over a bar plate, 

which allows them to absorb more solar radiation and increase the system of inner moist air 

temperature. The SiO2/TiO2 nanolayers used as 15% improved overall thermal efficiency by 

31.42% of the system. The bar plate performances coated with SiO2/TiO2 nanolayers and used in 

SSBC were compared to other doping nanoparticles percentage for their solar thermal 

characteristics. The SiO2/TiO2 nanolayers coated by the SSBC is enabled to increase the 

performance by about 31.77%, 37.69%, 49.21%, 36.99%, and 34.66% when was used 5%, 10%, 
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15%, 20%, and 25%, respectively and compared to that of single nanolayers (SiO2, TiO2) of 

convention cooker. 

Keywords: SiO2/TiO2 -Nanoparticle; Bar plate Temperature; Fast Cooking; Thermal acts; Box 

cooker 

 

Introduction 

The antibacterial activity requirement for human health daily is imposed by different viruses 

such as COVID 2019 and other factors that can affect the human body and demand fresh and 

natural food sources. The world uses human knowledge to design novel solar box cookers, which 

are established in numerous countries with low industrial development. Atul et al. [1] improved 

solar cooker performances using a hybrid cooking pot (HCP). It is conversed with an average 

temperature for system measure and reported in comparing the thermal performance parameter 

(TPP). Cooker Opto-Thermal Ratios (COR) allows the performance assessment of the solar box 

cookers. Abd-Elhady et al. [2] were studied in thermal act solar cookers by evacuated tubes. It 

influenced to add the nanographene particles, and the severe quantity of wires introduced 

confidential an evacuated tube, which increased in a natural invention that cookers. 

Hosseinzadeh et al. [3] have produced an inbox type of solar cooker. The cooking materials 

analyzed in the thermal image process like rice, edge detector used in segmentation methods. It 

used in PCM and Nanoparticles effect of thermal performance of 45.14%, which is influenced by 

PCM and Nanoparticles, is 53.10%. The PCM and Nanoparticles used in the bar plate are achieved 

at about 92°C by Palanikumar et al. [4]. Seshappa and Prasad [5] was developed in different five 

weight fractions (0, 3, 6, 9, and 12%) to develop aluminum-based nano-composites and have 

modified in this sample of gas injection ultrasonic probe double-stir casting process. It is concluded 

that of benchmark against compatible alloys and metallic implants. Abbasi et al. [6] have used 

bentonite/TiO2/bentonite/ZnO nanoparticles and was studied cadmium removal from the aqueous 

solution. The cadmium is removed in bentonite/TiO2 adsorbent increases. It is concluded that 

adsorption isotherm of kinetics process followed better by Temkin isotherm. The pseudo-second-

order model better describes the adsorption kinetics. Cooke and Khan [7] improved thermal 

processing on the tribology of nanocrystalline Ni/TiO2 coatings. TiO2 nanoparticles surface is 

coated that performance on high hardness and wear resistance recorded. Heat treatment of the 

Ni/TiO2 coatings to temperatures is 200 °C led to a significant and deceased strengthening of the 
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nanoparticles' formation, causing a reduction in the hardness and wear resistance of the coatings 

region. Leveneur et al. [8] have studied magnetic nanogranular materials. Co-nanoparticles were 

synthesized using low-energy ion establishment, and electron beam annealing (EBA) on SiO2 was 

considered. It concluded that the moment per Co atom decreases than approached in bulk -Co with 

increased EBA time. It is expected to be electronically spin separated, which is no suggestion for 

spin-dependent tunneling.  Mallikarjuna et al. [9] have reviewed  nanofluids and nanocoatings by 

heat transfer of solar thermal applications. The nanofluids use it and nanocoating's in solar energy 

harvesting operating in low, medium, and high temperature ranges for effectiveness in the system's 

performance. The nanofluids, nano selective coatings for solar concentrators are improved optical 

performance. Liu et al. [10]  have achieved solar selective absorber coatings with high thermal 

stability, nanostructured selective coating films. The reported results of preferable high-

temperature applications were achieved in solar absorption of 0.97. The carbon results 

nanomaterials are applied for copper, silicon, SiO2, aluminum, and stainless steel substrates that 

combine various types of nano-based solar selective absorber coatings. The solar thermal systems 

are received by the surface temperature to operate at 600–700 °C or more commercialized-oriented 

in this research. Palanikumar et al. [11] were improved an environment control to box-type solar 

cooker by the used nanoparticle. It is achieved solar thermal performance of (45.14%), PCM 

(C18H36O2), and nanoparticles (Al2O3) adeptness is 53.10%. The cooking materials were viewed 

by developing in the thermal image and used in segmentation techniques. Roro et al. [12] was 

studied in multi-wall carbon nanotubes (MWCNTs)/nickel oxide (NiO) nanocomposite coatings 

using solar absorber application and deposited using the sol-gel method on Al substrates. The 

coatings were proposed for the MWCNT/NiO nanocomposite coatings and suitable for solar 

thermal application by Jayaprada et al.  [13] and Assal et al. [14]. They are developed in different 

nanocomposite materials suitable for solar absorption materials. 

The literature survey indicates the use of fluid nanoparticles (FNPs) as a potential solution to 

improve the solar thermal characteristics for solar cookers. The current study proposes using 

SiO2/TiO2 nanoparticles in a different ratio to enhance the solar cookers thermal performance. The 

SSBC improvement of performance was achieved using a coated bar plate with fluid nanoparticles 

within different ratios between 5 to 25%. 
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2. Experimental materials and methodology  

2.1 The design of suitable materials for fluid nanoparticles   

The XRD spectra follow the crystalline of the compound for pure mixtures of fluid nanoparticles 

in Fig. 1(a) as developed in Bruker's XRD - D8-Discover instrument by Marina et al., [15], and an 

element mixture heated for 400°C by Returi et al. [16]. The fluid nanoparticles are analyzed of 

SEM as a used instrument of Hitachi SU8230 CFE and used for the SSBC study, as shown in Fig. 

1(b) by Kumar et al. [17] have used samples for an average nanoparticle that size of 50 nm. The 

turpentine fluid process is the good mass ratios between 5 to 25%, followed by the fluid 

nanoparticles by Adil et al. [18], Ajay Kumar et al. [19]. It has been used in a magnetic stirrer, 

which is miscellaneous in fluid nanoparticles way of the turpentine fluid and disturbed to the 

particles as followed on 2 hours, then speeds of constant for 1000rpm. The blend nanoparticle 

measured in the variation of thermal conductivity (TC) and the fluid in a different ratio shown in 

Fig. 1(c). The fluid nanoparticles are organized by way of varying volume fractions by Khan et 

al. [20]. The analysis of TC in different absorptions of the fluid nanoparticles with fluid is visible. 

The average review of the samples produced by the temperatures and volume fraction with an 

average TC, as explained in Fig. 1(d). Finally, the blend sample's thermal conductivity analysis 

has been detected with a ratio of 15%.  

 

2.2 Fluid nanoparticles analysis of SSBC 

The SSBC analysis of the new performance the experimental and approach of the schematic 

diagram exposed in Fig. 2 (a & b) as by Nahar [21]. The solar cooker utilization of the area is 100 

cm, and the l x b x h of the dimensions with absorption parts have made of 100 cm x100 cm x 

frond wall is 25 cm, and the height of the back wall is 30 cm. The thermal conductivity materials 

have been used by the system of yellow glass wool insulation of thickness is 5 cm.  It made in 

stepped absorber bar plates total 16 for the inner side fixed to the design with left side for 8 x right 

side of 8. The SSBC has fabricated in the same dimensions with different studies of the designs, 

used nanoparticles as that of fuming SiO2, TiO2, mixture fluid nanoparticles, and without 

nanoparticle (conventional solar cooker) Gulipalli et al. [22] and Pullela et al. [23]. The 

experimental work started at 10.00 am to 2.00 pm and continued the variations of the parameters 

like temperatures that of the stepped plate (SP), bar plate (BP), cooker, food stuffiness (FS), moist 

internal air, and glass cover, which measured at 30 minutes(s) intermission. The analysis of 
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experimentally by solar cookers have started from a location in KLEF at Vijayawada, Andhra 

Pradesh, and reduced during the cooking materials like milk, water cooking time of 45 minutes 

with a mass of 1kg.  The experimental values measure the sun's solar radiation from the instrument 

of TM-206 solar power meter tester. Standard solar power meter measured all the mechanisms of 

the different SSBC have used indicator for the 1/4 DIN temperature 6 Channel Monitor, and it 

measured by the RTD - PT-100 type with sensor absorption of the thermocouple wire which that 

range of about 0 - 800oC and ± 0.1oC correctness for the data individually to the systems. The 

thermal conductivity of a copper sheet (bar plate) was dependent on increases in parameters that 

particles function by Jayaprada et al. [24], Kamakshi et al. [25]. The solar cooker has comprised 

of the temperature incline from the properties of the SiO2/TiO2 and the length of internal heat 

transfer modes, i.e., heat capacity ratios (Cr) by Maity et al. [26]. The solar cooker of Cr can be 

written as  

𝐶𝐶𝑟𝑟 =  (𝑀𝑀𝑀𝑀)𝑐𝑐𝑐𝑐
(𝑀𝑀𝑀𝑀)𝑐𝑐𝑐𝑐+(𝑀𝑀𝑀𝑀)𝑐𝑐𝑐𝑐

              (1) 

(𝑀𝑀𝐶𝐶)𝑐𝑐𝑐𝑐 has the total amount of heat capacity for cooking materials. (𝑀𝑀𝐶𝐶)𝑐𝑐𝑐𝑐 is the total amount 

of heat capacity by the water. They include cooking materials that have been toughened like glass 

cover, bar plate, nanolayer, cooking materials, and water temperature, etc. the consistent values of 

heat capacity by the cooking materials (𝑀𝑀𝐶𝐶)𝑐𝑐𝑐𝑐. The novel model has involved the nanolayer's 

heat transfer physical field. Three categories of elementary heat transfer modes (heat conduction, 

convection, and radiation) were considered for the main heat transfer equation, from eq. (2), using 

the heat transfer of SSBC is performed so that climatic parameters (Hs, Ta) for different water loads 

were foretold. They are used in the time taken (𝒅𝒅𝝉𝝉) to increase the water temperature (dTw) have 

been considered an analysis over a microscopic time intermission in the functional heat transfer in 

cooking materials. 

     𝒅𝒅𝝉𝝉 =  (𝑀𝑀𝑀𝑀)𝑐𝑐𝑐𝑐 𝒅𝒅𝒅𝒅𝒘𝒘
[𝑷𝑷𝜼𝜼𝟎𝟎𝑯𝑯𝒔𝒔−𝑷𝑷𝑷𝑷𝑳𝑳(𝒅𝒅𝒘𝒘− 𝒅𝒅𝒂𝒂)] 𝑨𝑨

       (2) 

where the overall heat loss coefficient of 𝑃𝑃𝑃𝑃𝐿𝐿 and the cooker's heating was measured by the time 

essential for small increases in the vessel water temperature (𝑇𝑇𝑐𝑐). A load of water is absorbed by 

the solar energy of 𝐻𝐻𝑠𝑠 and ambient air temperature is 𝑇𝑇𝑎𝑎. “A” is the average of the solar cooker 

area,   𝑃𝑃𝜂𝜂0 is an optical efficiency of the system, 𝑃𝑃𝑃𝑃𝐿𝐿 is the overall heat loss coefficient of the 

SSBC, respectively. Determination of SSBC measurements of the connected climatic than 

effective parameters such as the bar plate's temperatures, vessel, a mass of the water and ambient 
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air, solar radiance as load, and magnitudes with assumes significance grading of the system. The 

analysis of SSBC has been maintained to test conducted as well as load test at the location of the 

KLEF, Vijayawada (latitude: 16.5062° N, 80.6480° E) circular the year. The evaluation of time 

taken to attain the coated nanolayer's reference to water temperature was associated with cooking 

materials. The influence of nanolayers of the SSBC for heat storage capacity is expected to reach 

a water temperature is evaluated. 

 

3. Results and discussion 

The solar cooker analysis was achieved in KLEF adopted fixed weather conditions. The activity 

parameters are used in a variety of volume fractions (5%,10%,15%,20%,25%) by the SSBC and 

measured an effect of temperature like ambient, glass, moist air, bar plate, stepped plate, cooker 

(input, output), food stuffiness and average solar radiation is 734 W/m2.  It experimentally verified 

for every 30 minutes(s), as shown in Fig. 3(a – e).  The analysis of SSBC has been measured during 

the solar radiation of 734 W/m2, and the ambient temperature is 35.2 °C. It verified the exploitation 

of 10% and 15% fluid nanoparticles enhanced average temperature to increase the system through 

about 16.7% and 27.4%, as shown in Fig. 3 (a-e). The SSBC for the temperature is achieved by 

the stepped plate (SP), bar plate (BP), for a various ratios of 05%,10%,15%,20%,25% 

nanoparticles those absorptions values are 58.4,63.4, 64.7, 63.2,63.0 ± 0.1oC, and 58.4,62.6, 64.5, 

61.5,62.2oC for SP by Harmim et al. [27] respectively.  

The fluid nanoparticles are coated by the internal heat transfer modes to contact the stepped plate, 

bar plate, moist air, cooker temperature. It's simultaneously improved for heat energy functions. 

The glass cooker temperature utilizing 20 then 25% is higher. It is 9.14, 13.14% and 8.14, 

11.46% respectively, and higher than solar cooker with single elements, without nanoparticles. 

25%, 20% ratios of the SiO2/TiO2 nanolayers, where the low thermal conductivity prevents heat 

transmission in the solar cooker. Optimize the SiO2/TiO2 nanolayers' capacity to function with a 

decrease in energy consumption, i.e., 15% is higher for the system thermal conductivity. 

Fig. 3(a - e) focused on hourly(s) variations in the characteristic of the SSBC with mechanisms 

of the temperature range in glass, BP, SP, moist air, cooker, and ambient temperature. The different 

ratios for 05%,10%,15%,20%,25% of the fluid nanoparticles to average BP temperature of the 

system concluded that of 58.3, 61.6, 64.5, 59.9, and 59.1 ±0.1oC individually as shown in Fig. 4. 

The mixed fluid nanoparticles with temperature in BP gain with heat energy of the SSBC are 



 
 

2 
 

increased by 10.34%, 15.17%, and the ratios of 10%, 15%. Fig. 5 is modified SSBC to hourly 

variations to an improved temperature of the system. It is produced by the hourly(s) variations 

with maximum temperature enhanced single elements nanoparticle, without nanoparticles 0.73, 

0.77±0.01kg/m2 and coated of SSBC with 05,10,15,20,25% the fluid nanoparticles are achieved 

of 0.74, 0.76, 0.78, 0.77 then 0.76±0.01 kg/m2 individually trough the highest solar radiation at 

12.00 to 13.00pm.  

The SSBC coated in furious SiO2/TiO2 nanolayers can be determined that the heat storage layer, 

i.e., bar plate container, accumulation a certain total of heat transfer through the system. The heat 

energy is cooking materials from boil to 3 – 10 kg water, and the bar plate temperature stable of 

the system is 35oC in the absence of daylight. The furious SiO2/TiO2 nanolayers coated in bar plate 

with the performance of an SSBC have been given clearly of the cooking materials, as shown in 

Fig. 6. The nanolayer coated with bar plate temperature is established as the vessel covering the 

heat of about up to 64.7 ± 0.1oC for the systems stable energy process. It is gained that a cooking 

material of 1kg like water, milk boiling in a method of the temperature effectively 25 minutes(s). 

These estimations show a good agreement with the experimental values preceding than a period 

of water, single milk nanoelements (SiO2, TiO2), without nanolayers, as followed in Table 1. The 

cooking performance of different materials using SSBC has been achieved by the temperature 

ranges of various weather conditions (summer and winter) of absorption by a bar plate and 

experimentally verified in cooking the period of October 2019 to June 2020 by weather conditions 

KLEF. 

 

3.1 Economic analysis 

Succinctly, solar energy used by an SSBC was a gracious application of cooking ways and has 

been developed for a friend environment with harvests food of a high rate of sustenance. The low-

cost convenience to all commercial heights of individuals in civilization. The referring of an SSBC 

has been aforementioned comments appreciable economic impact. The performed of the SSBC 

has been evaluated the quantity of saved money and was operated instead of traditional Liquefied 

Petroleum Gas (LPG) by the system. According to a new design cost, the amount of saved money 

utilized by an SSBC was computed by the payback period. The commercial has been used in 

different scenarios in Lebanon and measured with its own house, eatery, guesthouse, and nosh to 

quantity the amount of LPG spent in each scenario.  
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The SSBC was calculated by the payback period as 

SM = 𝑃𝑃𝑡𝑡 .𝑀𝑀𝐿𝐿𝐿𝐿𝐿𝐿 .𝑃𝑃𝐿𝐿𝐿𝐿𝐿𝐿       (3) 

The SSBC of  payback period is  

PB = 𝑀𝑀𝐶𝐶𝐶𝐶𝐶𝐶𝑀𝑀
𝐶𝐶𝑀𝑀

         (4) 

The SSBC cost is $355 for each cookers payback period in different scenarios, as shown in Table 

2. The scenarios for SSBC with coated nanolayers have saved with energy storage of different 

payback periods as a function of Pr, as shown in Fig. 7 (A and B). The effortlessly experimental 

that the payback period was inversely proportional to Pr. Own house, eatery, guesthouse, and nosh 

analysis of SSBC by the Pr have identified values of 0.2. The payback period is 95 months, 01 

months, 02 months, and 07months. The Pr values of own house, eatery, guesthouse, nosh is 0.8, 

and the payback period is about 23 months, 0.5 months, 01 months, and 02 months, respectively. 

Similarly, the SSBC is improved to be used at own house, eatery, guesthouse, and nosh. The high-

quality of an SSBC depends on the economic side, irrespective of the cookers productivity and 

performance. 

Conclusion 

The experiments conducted on an SSBC were developed using different fluid nanoparticles 

ratios, which were coated over a bar plate to enhance the temperature and reduce the cooking time. 

The fluid nanoparticles enabled to increase the average temperature of the glass, cooker, bar plate 

and stepped plate by around 12.5%, 16.4%, 16.5%, and 16.3% individually using about 15% 

SiO2/TiO2. Further, the nanolayers SiO2/TiO2 enabled an increase of efficiency for the furious 

SSBC by 37.69% and 49.21% using a 10% and 15% ratio of SiO2/TiO2. The results are much 

higher than that of SSBC using SiO2, TiO2 phase without nanoparticles in the systems. 

 

Nomenclature 

A   - The solar cooker area of the system (m2) 

Cr  - Heat capacity ratios of the solar stepped box cooker 

𝒅𝒅𝝉𝝉    - The time  interval of the solar cooker (s) 

(𝑀𝑀𝐶𝐶)𝑐𝑐𝑐𝑐 - The total amount of heat capacity for cooking materials (J/kg °C) 

(𝑀𝑀𝐶𝐶)𝑐𝑐𝑐𝑐  - The total amount of heat capacity by the water (J/kg °C) 

𝑃𝑃𝑃𝑃𝐿𝐿  - The overall heat loss coefficient  (W/m2°C) 



 
 

2 
 

𝑃𝑃𝜂𝜂0  - The optical efficiency of the system (%) 

𝐻𝐻𝑠𝑠   - Solar Radiation (W/m2)  

𝑇𝑇𝑎𝑎   - Ambient temperature (°C) 

𝑇𝑇𝑐𝑐  -  The vessel water temperature (°C) 

SM   –  The amount of saving money per month used by the SSBC 

𝑃𝑃𝑡𝑡   -   The percentage of time of the system 

𝑀𝑀𝐿𝐿𝐿𝐿𝐿𝐿   –  The mass of LPG spent per month  

𝑃𝑃𝐿𝐿𝐿𝐿𝐿𝐿   –  The 1kg price of LPG 

PB   –  The payback period 

CSSBC  –  The total cost of SSBC 
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