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Abstract  

Solar energy is about the study of solar radiations and a method to enhance the efficacy of solar 

aircrafts with the utilization of solar radiations and nanotechnology. Solar radiations has been 

considered a heat source. The heat transmission performance of the wings is scrutinized for the 

situation of various effects like thermal radiations, heat generation, variant thermal conductance, 

thermal conductivity, and viscidness dissipative flow. Entropy generation analysis has been carried 

out in the status of Reiner Philippoff nanofluid (RPNF). The performance of the solar aircraft wings 

(SACW) improves in relations of thermal transmission for the status of amplification in thermal 

radiation, heat generation, viscidness dissipative flowing, and thermal conductivity parameters.  

 

Keywords: Solar Aircraft, PTSC, Thermal radiation, Heat generation.  

 

1. Introduction 

In agricultural ecosystems, ground solar energy improvements are growing due to the situation 

of utility-scale improvements of solar energy in previous agricultural areas. A sun always divides 

water, allows it to evaporate sun heat, cool it off, and then collect water. They are used in areas 

where there is no drinking water. The clean water is then obtained by showing it in sunlight from 

polluted water or plants. Many solar organisms also produce big condensed sunscreens and 

condensation traps. Unclean water is still present in a solar system outside the collector and is 
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vaporized by transparent plastic or crystal clear sunlight. Solar energy is assisted by the most 

advantageous green technologies. These systems, however, are heavily climate-dependent creating 

time gaps between the availability of resources and energy use. In certain implementations such as 

desalination of salt-water, waste sterilization, and electricity generation, solar energy can be used to 

constitute steam [1, 2]. Nanotechnology has helped to achieve valuable improvement in these 

systems' efficiency [3]. The use of appropriate nanofluids would provide useful improvements to the 

precise operation of these devices. Applying the gold particles to plasmonic nanofluids will increase 

the precision of the systems by around 300. In solar steam generation systems, Nanofluids with 

CNTs are the appropriate choices. In a solar direct vapor environment, Wang et al. [4] have applied 

the SWCNT nanofluid and investigated the impacts of solar energy density and nanofluid levels. 

They also accomplished that the rate of evaporation has improved by increasing the amount of 

nanofluid and solar power. 

Solar aircraft have a continuous cruise ability of 24 hours and are more visible, less flying 

speed, and less structural than conventional aircraft. Improvements in aerodynamic characteristics 

and appropriate structural weight reductions are the main factors in continuous solar aircraft 

cruising. Solar aircraft have special construction methods, conventional aircraft configuration 

features and the wings used in solar aircraft are extremely different [5]. Solar energy has a 

widespread appeal as an environmentally friendly, affordable, and inexhaustible alternative. 

Parabolic solar technology is the furthermost developed and cost-efficient, highly effective solar 

energy technology in existence today among three fundamental solar thermal generating systems 

comprising the parabolic trough, the central receptor, and the parabolic dish [6]. Cost is, however, a 

key factor restricting the improvement of the PTC scheme. This problem will in part be alleviated by 

developing the thermal operation of the PTC method. Nanofluid has demonstrated a decent capacity 

to improve solar systems performance. 

This specific liquid has been predicted as a topic of intensive global research by the 

extraordinary thermo and flow properties of nanofluid in comparison to traditional thermo 

transportation media. These powerful nanofluids work well with improved thermal conductance in 

lower concentrations of nanoparticles. It is also helpful in biomedical processing, soldering, 

lubrication, power systems, satellites, aeronautical devices, and thermal coordination for vehicles. 

Many authors are widely engaged in the application of nanomaterials to increase heat transfer. 

Conventional heat transfer rates cannot be obtained due to their inherently poor thermal conductance 
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under improved heat flux conditions. Over the last decade, the new approach of optimizing heat 

transfer by the application of ultrafine rigid particles in fluids has been widely explored. Choi [7] 

also introduced the term nanofluid to evaluate the thermal suspension in the base fluid with a higher 

precision through the dissemination of such nanosized solid particles. Early researches of nanofluids 

with a diversity of base fluids (propylene glycol (PG), H2O, oils, etc.), calculated viscidness, thermal 

conductance, and observed that these nanofluid attributes were improved concerning the based fluids 

[8–12]. Apart from the thermal conductance and viscidness, the electric conductance of nano-solid 

particles (Cu, Ag, Au, CuO, ZnO, SiO2, Fe3O4, Al2O3, TiO2, CNT, etc.) and spread over many based 

liquids (H2O, PG, Palm Oil, Coconut Oil, etc.) has been investigated for varying temperature ranges 

at different fractional sizes of these particles [13–15]. 

There has been a wide variety of research into modern nanofluid production; such liquids are 

referred to as hybrid nanofluid (HNF). Because of the combined impact of the interaction of multiple 

materials, HNFs boost their thermal properties. Jana and colleagues [16] first studied the 

hybridisation of various forms of nanoparticles to produce HNFs. The concept was to increase HNF 

thermal conductance over traditional nanofluids. This latest improvement is a conventional issue 

among researchers due to its possible benefits to nanofluids, results in the existence of several 

nanomolecules in the working liquid [17]. Many researchers have presumed that hybrid nanofluids 

or fused, mixed, or combined with two types of nanoparticles are present [18]. The concept to use 

HNFs is also to increase thermo-physical features, particularly the heat switch charge compared to 

regular nanofluids. Although the current type of nanoliquids is HNFs, their evaluation process is still 

in the improvement phase. High efficiency in terms of heat transfer can be expected by using HNFs 

[19]. Some nano-solid particles, including metal particles (Au, Al, Ag, Cu, and Fe), CNTs, and 

metallic oxides (Al2O3, TiO2, CuO, SiC, and Fe3O4), were fascinated by the extensive groups of 

nanofluids [20]. Nanofluids offer unusual rheological results and thermo-physicochemical properties 

in different unit HNFs. Appropriate and satisfactory stability of the HNFs were appeared [21]. 

The use of renewable energy is a mechanism for overcoming the global energy crisis and plays 

a vital part in protecting the atmosphere against waste and emissions of all kinds of gases. Solar 

energy is also an integral basis of energy since the question is broadly posed to increase the accuracy 

of manufacturing technologies to improve organizational and environmental energy management 

[22, 23]. Linear Fresnel-reflectors (LFRs) are between the solar-collectors utilized for thermal 

converting solar-energy. Many works show that LFRs are an alternative approach that meets existing 
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energy needs [24-26]. Because of the poor thermal efficacy of the LFR, HNFs are a potential 

alternative for increasing the heat accuracy of the sample fluid by improving the thermal transfer 

functionality [27-34]. 

Entropy analysis is a valuable method to optimize thermal systems efficiency. The adding of 

nanomolecules to the standard liquid is known to affect the overall entropy generation. The use of 

nanofluids in thermal systems lowers the system temperature and ultimately reduces the contribution 

of the heat transfer to overall entropy production, thus added nanoparticles in the normal liquid 

upsurge the viscidness of the operating liquid leading to a reduction in the structure strain. Lots of 

studies have been studying entropy production to get optimal constraints for various thermally 

models and this is only covered by several articles. Sciacovelli et al. [35] for example, examined 

contributions to entropy-generation research theory and application to various systems of 

engineering. The second law analysis used for heater exchangers was used to interpret the 

examination of Manjunath and Kaushik [36]. Later on, Torabi et al. [37] were up-to-date in porous 

models for entropy production. In mono/hybrid nanofluids flow entropy production only an 

evaluation has been conducted in [38]. This evaluation includes an exhaustive study on entropy 

production in various geometries and flowing regimes 

Solar radiations has been considered a heat source. The thermal transmission efficacy of the 

wings is analyzed for the status of diverse influences like thermal radiative flowing, heat generation, 

variant thermal conductance, and viscous dissipative flowing. Entropy production scrutiny has been 

carried out in the situation of RPNF. The modeled equations in terms of momentum and energy have 

been handled by Keller box technique (KBT). The effect of various potential factors on flow speed, 

shear-stress, and energy fields over and above frictional force coefficient and Nusselt number are 

discussed briefly and displayed in terms of figures and tables. 

  

2. Model Formulations 

The relationship of RPNF stress deformation [39] is presented as:  𝜕𝑢𝜕𝑦 = 𝜏𝜇∞+𝜇0−𝜇∞1+( 𝜏𝜏𝑠)2
.  (1) 

We consider 𝑓(𝜎) = 𝜎1+ 𝜆−11+𝜎2,  (2) 
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 where 𝜎 = 𝜏𝜏𝑠 and 𝜆 = 𝜇0𝜇∞.  

 

 Fig. 1. Simulation of SACW. 

 

Fig. 1 is demonstrated to study the mechanism of heat transport analysis of SACW. Solar 

radiations fall on the surface of the wings. Radiations penetrated through the wings and scatters on 

the parabolic through. The PTSC is stretching along 𝑥 − 𝑎𝑥𝑖𝑠 with Cu-MoS2/EO type nanofluid 

flow over the trough surface. Engine oil is considered a base fluid. The symbols like 𝑇𝑤 and 𝑇∞ 

represents wall as well ambient temperatures respectively. 𝜇ℎ𝑛𝑓, 𝜌ℎ𝑛𝑓, 𝑘ℎ𝑛𝑓 and (𝐶𝑝)ℎ𝑛𝑓 indicates 

dynamical viscidness, consistency, thermal conductance, and heat capacitance of HNF. 

Thermophysical features of utilized nanomolecules and base-liquid are demonstrated in Table 1. Fig. 

2 represents the diagram planning of the given archetypal. 

The controlling formulas regarding the continuity, impetus, and temperature [39] are given in 

component form as  𝜕𝑢𝜕𝑥 + 𝜕𝑣𝜕𝑦 = 0, (3) 𝑢 𝜕𝑢𝜕𝑥 + 𝑣 𝜕𝑢𝜕𝑦 = 𝜇ℎ𝑛𝑓𝜌ℎ𝑛𝑓 𝜕𝜏𝜕𝑦 − 𝜇ℎ𝑛𝑓𝐾𝜌ℎ𝑛𝑓 𝑢, (4) 

𝑢 𝜕𝑇𝜕𝑥 + 𝑣 𝜕𝑇𝜕𝑦 = 𝜕𝜕𝑦 ( 𝑘ℎ𝑛𝑓(𝜌𝐶𝑝)ℎ𝑛𝑓 𝜕𝑇𝜕𝑦) − 1(𝜌𝐶𝑝)ℎ𝑛𝑓 𝜕𝑞𝑟𝜕𝑦 + 𝜇ℎ𝑛𝑓𝜌𝐶𝑝)ℎ𝑛𝑓 (𝜕𝑢𝜕𝑦)2 + 𝑄0(𝑇−𝑇∞)(𝜌𝐶𝑝)ℎ𝑛𝑓 , (5) 

with 
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𝑦 = 0 ∶   𝑢 = 𝑎𝑥13, 𝑣 = 0, 𝑇 = 𝑇𝑤,𝑦 → ∞:  𝑢 → 0, 𝑇 → 𝑇∞. } (6) 

Then we consider [40]:  𝜌𝑛𝑓 = (1 − 𝜙)𝜌𝑓 + 𝜙𝜌𝑠,𝜇𝑛𝑓 = 𝜇𝑓(1−𝜙)2.5 ,(𝜌𝐶𝑝)𝑛𝑓 = (1 − 𝜙)(𝜌𝐶𝑝)𝑓 + 𝜙(𝜌𝐶𝑝)𝑠,𝑘𝑛𝑓𝑘𝑓 = [(𝑘𝑠+(𝑚−1)𝑘𝑓)−(𝑚−1)𝜙(𝑘𝑓−𝑘𝑠)(𝑘𝑠+(𝑚−1)𝑘𝑓)+𝜙(𝑘𝑓−𝑘𝑠) ] , }   
   

 (7) 

 

Fig. 2. Simulation of the model. 
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Then we construct [12, 18]:  

 

𝜇ℎ𝑛𝑓 = 𝜇𝑓(1−𝜙1)2.5(1−𝜙2)2.5 ,𝜌𝑛𝑓 = [(1 − 𝜙1)𝜌𝑓 + 𝜙1𝜌𝑠1](1 − 𝜙2) + 𝜙2𝜌𝑠2 ,(𝜌𝐶𝑝)ℎ𝑛𝑓 = (1 − 𝜙2)[𝜙1𝜌𝐶𝑝)𝑠1 + (1 − 𝜙1)𝜌𝐶𝑝)𝑓] + 𝜙2(𝜌𝐶𝑝)𝑠1 ,𝑘𝑛𝑓𝑘𝑓 = [(𝑘𝑠2+(𝑚−1)𝑘𝑓)−(𝑚−1)𝜙2(𝑘𝑓−𝑘𝑠2)(𝑘𝑠2+(𝑚−1)𝑘𝑓)+𝜙2(𝑘𝑓−𝑘𝑠2) ] ×        [(𝑘𝑠1+(𝑚−1)𝑘𝑓)−(𝑚−1)𝜙1(𝑘𝑓−𝑘𝑠1)(𝑘𝑠1+(𝑚−1)𝑘𝑓)+𝜙1(𝑘𝑓−𝑘𝑠1) ] , }   
  
   

 (8) 

Table 1. Thermophysical features. 

Features  Engine Oil (EO)  Copper (Cu) (MoS2) 𝜌  884  8933 5060  𝐶𝑝  1910  385 397.21  𝑘  0.144 401 904.4  

Then, we get 𝑞𝑟 = − 4𝜎∗3𝜅∗ 𝜕𝑇4𝜕𝑦 ,  (9) 

and 𝜓 = √𝑈(𝑥)𝑥𝜈𝑓(𝜂), 𝜂 = √𝑈(𝑥)𝜈𝑥 𝑦, 𝜏 = 𝜌√𝑈03𝜈𝑔(𝜂), 𝜃(𝜂) = 𝑇−𝑇∞𝑇0−𝑇∞, (10) 

Thus, we reach 𝑔′ = 13𝐴1𝐴2 𝑓′2 − 23𝑓𝑓′′ − 𝜆1𝑓′, (11) 𝑔 = 𝑓′′ 𝑔2+𝜆𝛾2𝑔2+𝛾2 , (12) {[(1 + 𝜖) + 𝑅𝑑𝐴4] 𝜃′′ + 𝜖𝜃′2} + 23 𝐴3𝐴4 𝑃𝑟𝑓𝜃′ + 𝐴1𝐴4  𝑃𝑟 𝐸𝑐 𝑓′′2 + 𝑄𝐴4 𝜃 = 0, (13) 

 with 𝜂 = 0 ∶ 𝑓(𝜂) = 0,    𝑓′(𝜂) = 1,    𝜃′(0) = 1,𝜂 → ∞: 𝑓′(𝜂) → 0,    𝜃(𝜂) → 0. } (14) 

 Finally, we obtain 

𝛾 = ( 𝜏𝑠𝜌√𝑈03𝑣) , 𝜆 = 𝜇0𝜇∞ , 𝑃𝑟 = 𝜇𝐶𝑝𝑘∞ , 𝑅𝑑 = 16𝜎𝑇∞33𝑘∗𝑘∞ , 𝜆 = 𝑣𝐾𝑎 ,𝐸𝑐 = 𝑢𝑤𝐶𝑝(𝑇0−𝑇∞) , 𝑄 = 𝑄0(𝑇0−𝑇∞)(𝜌𝐶𝑝)ℎ𝑛𝑓 . }  
  

 (15) 
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 We have     𝐶𝑓𝑥 = 𝜏𝑤𝜌𝑢𝑤2 ,    𝑁𝑢𝑥 = 𝑥𝑞𝑤𝑘𝑓(𝑇𝑤−𝑇∞),  (16) 

 and  𝜏𝑤 = 𝜇ℎ𝑛𝑓𝜏, 𝑞𝑤 = −[𝑘ℎ𝑛𝑓 + 16𝜎∗3𝜅∗ 𝑇∞3 𝜕𝑇𝜕𝑦].  (17) 

 Nonimensional formula of frictional force is demonstrated as:  𝐶𝑓𝑥𝑅𝑒𝑥1/2 = 𝑔𝐴1,  (18) 

 The nondimensional Nusselt number is presented as: 𝑁𝑢𝑥𝑅𝑒𝑥−1/2 = −𝐴4(1 + 𝑅𝑑)𝜃′  (19) 

 whereas 𝐴1, 𝐴2, 𝐴3 and 𝐴4 are given by  𝐴1 = 1(1−𝜙1)2.5(1−𝜙2)2.5 ,𝐴2 = [(1 − 𝜙1) + 𝜙1 𝜌𝑠1𝜌𝑓 ](1 − 𝜙2) + 𝜙2 𝜌𝑠2𝜌𝑓 ,𝐴3 = (1 − 𝜙2)[𝜙1 (𝜌𝐶𝑝)𝑠1𝜌𝐶𝑝)𝑓 ) + (1 − 𝜙1)] + 𝜙2 (𝜌𝐶𝑝)𝑠2𝜌𝐶𝑝)𝑓 ,𝐴4 = [(𝑘𝑠2+(𝑚−1)𝑘𝑓)−(𝑚−1)𝜙2(𝑘𝑓−𝑘𝑠2)(𝑘𝑠2+(𝑚−1)𝑘𝑓)+𝜙2(𝑘𝑓−𝑘𝑠2) ] ×    [(𝑘𝑠1+(𝑚−1)𝑘𝑓)−(𝑚−1)𝜙1(𝑘𝑓−𝑘𝑠1)(𝑘𝑠1+(𝑚−1)𝑘𝑓)+𝜙1(𝑘𝑓−𝑘𝑠1) ] , }   
  
    
 

 (20) 

Table 2 shows comparing of the consequences with Ref. [41] for diverse values of 𝛾.  

 

Table 2. Comparing of the consequences with Ref. [41]. 𝑁𝑢𝑥𝑅𝑒𝑥−12  (Absent 𝑅𝑑) 

  𝜆 = 0.5  𝜆 = 1 𝛾   Current  Reddy [41]   Current   Reddy [41] 

0.1   0.130909   0.109782   0.144535   0.114058  

0.2   0.109284   0.102621   0.144535   0.114058  

0.3   0.085161   0.097438   0.144535   0.114058  

 

3. Numerical Procedure 

Fig. 3 shows the procedure diagram of the numerical KBT. 
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Fig. 3. KBT diagram. 

   

We have 𝑑𝑓𝑑𝜂 = 𝑢1,  (21) 𝑑𝑢1𝑑𝜂 = 𝑢2,  (22) 𝑑𝜃𝑑𝜂 = 𝑢3,  (23) 

𝑑𝑢2𝑑𝜂 − 𝑔2+𝑟2𝑔2+𝜆𝑟2 [ 1𝐴1𝐴2 𝑢12 − 23 𝑓𝑢2 − 𝜆1𝑢1] = 0, (24) 

 and  ((1 + 𝜖) + 𝑅𝑑𝐴4) 𝑑𝑢3𝑑𝜂 + 𝜖𝑢32 + 2𝐴33𝐴4 𝑃𝑟𝑓𝑢3 + 𝑃𝑟𝐸𝑐 𝐴1𝐴4 𝑢22 + 𝑄𝐴4 𝜃 = 0. (25) 𝑓(0) = 0, 𝑢1(0) = 1, 𝑢3(0) = 1,𝑢1 → 0,   𝜃 → 0      as      𝜂 → ∞.}  (26) 
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Fig. 4. Domain discretization. 

   

We have 

 𝜂0 = 0,    𝜂𝑗 = 𝜂𝑗−1 + ℎ𝑗 , 𝑗 = 0,1,2,3. . . , 𝐽,    𝜂𝐽 = 𝜂∞  where, ℎ𝑗  is the step-size 

(Fig. 4). Then, we reach 𝑓𝑗−𝑓𝑗−1ℎ𝑗 − (𝑢1)𝑗+(𝑢1)𝑗−12 = 0,  (27) 

(𝑢1)𝑗−(𝑢1)𝑗−1ℎ𝑗 − (𝑢2)𝑗+(𝑢2)𝑗−12 = 0,  (28) 

𝜃𝑗−𝜃𝑗−1ℎ𝑗 − (𝑢3)𝑗+(𝑢3)𝑗−12 = 0,  (29) ((𝑢2)𝑗 − (𝑢2)𝑗−1) − ℎ𝑗2 𝑔2+𝑟2𝑔2+𝜆𝑟2 [ 13𝐴1𝐴2 ((𝑢1)𝑗+(𝑢1)𝑗−12 )2] + ℎ𝑗2 𝑔2+𝑟2𝑔2+𝜆𝑟2𝜆1((𝑢1)𝑗+(𝑢1)𝑗−12 ) + ℎ𝑗3 𝑔2+𝑟2𝑔2+𝜆𝑟2 (𝑓𝑗 + 𝑓𝑗−1)((𝑢1)𝑗 + (𝑢1)𝑗−1) = 0 }, (30) 

((1 + 𝜖) + 𝑅𝑑𝐴4)((𝑢3)𝑗 − (𝑢3)𝑗−1) + 𝜖ℎ𝑗((𝑢3)𝑗+(𝑢3)𝑗−12 )2+ 2ℎ𝑗𝐴3𝑃𝑟3𝐴4 (𝑓𝑗+𝑓𝑗−12 )((𝑢3)𝑗+(𝑢3)𝑗−12 )+ ℎ𝑗𝑃𝑟𝐸𝑐𝐴1𝐴4 ((𝑢2)𝑗+(𝑢2)𝑗−12 )2 + ℎ𝑗 𝑄𝐴4 (𝜃𝑗+𝜃𝑗−12 ) = 0. }  
  

 (31) 

The nonlinearity formulas (28)-(32) structure should be linearized by the Newton method. We have 𝑓𝑗𝑛+1 = 𝑓𝑗𝑛 + 𝛿𝑓𝑗𝑛,    (𝑢1)𝑗𝑛+1 = (𝑢1)𝑗𝑛 + 𝛿(𝑢2)𝑗𝑛,    (𝑢2)𝑗𝑛+1 = (𝑢2)𝑗𝑛 + 𝛿(𝑢2)𝑗𝑛,(𝑢3)𝑗𝑛+1 = (𝑢3)𝑗𝑛 + 𝛿(𝑢3)𝑗𝑛,    𝜃𝑗𝑛+1 = 𝜃𝑗𝑛 + 𝛿𝜃𝑗𝑛. } (32) 

Then, we obtain 𝛿𝑓𝑗 − 𝛿𝑓𝑗−1 − ℎ𝑗2 (𝛿(𝑢1)𝑗 + 𝛿(𝑢1)𝑗−1) = (𝑟1)𝑗, (33) 𝛿(𝑢1)𝑗 − 𝛿(𝑢1)𝑗−1 − ℎ𝑗2 (𝛿(𝑢2)𝑗 + 𝛿(𝑢2)𝑗−1) = (𝑟2)𝑗, (34) 
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𝛿𝜃𝑗 − 𝛿𝜃𝑗−1 − ℎ𝑗2 (𝛿(𝑢3)𝑗 + 𝛿(𝑢3)𝑗−1) = (𝑟3)𝑗, (35) (𝑎1)𝑗𝛿𝑓𝑗 + (𝑎2)𝑗𝛿𝑓𝑗−1 + (𝑎3)𝑗𝛿(𝑢1)𝑗 + (𝑎4)𝑗𝛿(𝑢1)𝑗−1 + (𝑎5)𝑗𝛿(𝑢2)𝑗 + (𝑎6)𝑗𝛿(𝑢2)𝑗−1 =(𝑟4)𝑗,  (36) (𝑏1)𝑗𝛿𝑓𝑗 + (𝑏2)𝑗𝛿𝑓𝑗−1 + (𝑏3)𝑗𝛿(𝑢2)𝑗 + (𝑏4)𝑗𝛿(𝑢2)𝑗−1 + (𝑏5)𝑗𝛿(𝑢3)𝑗 + (𝑏6)𝑗𝛿(𝑢3)𝑗−1 +(𝑏7)𝑗𝛿𝜃𝑗 + (𝑏8)𝑗𝛿𝜃𝑗−1 = (𝑟5)𝑗,  (37) 

 where 

 

(𝑎1)𝑗 = 2ℎ𝑗3 𝑔2+𝑟2𝑔2+𝜆𝑟2 ((𝑢2)𝑗+(𝑢2)𝑗−1)4 ,        (𝑎2)𝑗 = (𝑎1)𝑗,(𝑎3)𝑗 = ℎ𝑗𝜆12 𝑔2+𝑟2𝑔2+𝜆𝑟2 − ℎ𝑗3𝐴1𝐴2 𝑔2+𝑟2𝑔2+𝜆𝑟2 ((𝑢1)𝑗+(𝑢1)𝑗−1)2 = (𝑎4)𝑗,(𝑎5)𝑗 = 1 + 2ℎ𝑗3 𝑔2+𝑟2𝑔2+𝜆𝑟2 (𝑓𝑗+𝑓𝑗−1)4 = (𝑎6)𝑗,(𝑟4)𝑗 = − ℎ𝑗𝜆12 𝑔2+𝑟2𝑔2+𝜆𝑟2 ((𝑢1)𝑗 + (𝑢1)𝑗−1) + ℎ𝑗12𝐴1𝐴2 𝑔2+𝑟2𝑔2+𝜆𝑟2 ((𝑢1)𝑗 + (𝑢1)𝑗−1)2− ℎ𝑗6 𝑔2+𝑟2𝑔2+𝜆𝑟2 (𝑓𝑗 + 𝑓𝑗−1)((𝑢2)𝑗 + (𝑢2)𝑗−1) − ((𝑢2)𝑗 − (𝑢2)𝑗−1), }   
  
   

 (38) 

(𝑏1)𝑗 = 2ℎ𝑗𝑃𝑟𝐴33𝐴4 ((𝑢3)𝑗+(𝑢3)𝑗−1)4 ,        (𝑏2)𝑗 = (𝑏1)𝑗,(𝑏3)𝑗 = ℎ𝑗𝑃𝑟𝐴1𝐸𝑐𝐴4 ((𝑢2)𝑗+(𝑢2)𝑗−1)2 ,        (𝑏4)𝑗 = (𝑏3)𝑗,(𝑏5)𝑗 = ((1 + 𝜖) + 𝑅𝑑𝐴4) + 2ℎ𝑗𝑃𝑟𝐴33𝐴4 (𝑓𝑗+𝑓𝑗−1)4 + 𝜖ℎ𝑗 ((𝑢3)𝑗+(𝑢3)𝑗−1)2 ,(𝑏6)𝑗 = −((1 + 𝜖) + 𝑅𝑑𝐴4) + 2ℎ𝑗𝑃𝑟𝐴33𝐴4 (𝑓𝑗+𝑓𝑗−1)4 + 𝜖ℎ𝑗 ((𝑢3)𝑗+(𝑢3)𝑗−1)2 ,(𝑏7)𝑗 = 12 ℎ𝑗𝑄𝐴4 = (𝑏8)𝑗,(𝑟6)𝑗 = −((1 + 𝜖) + 𝑅𝑑𝐴4)((𝑢3)𝑗 − (𝑢3)𝑗−1) − 𝜖ℎ𝑗((𝑢3)𝑗+(𝑢3)𝑗−12 )2− 2ℎ𝑗𝐴3𝑃𝑟3𝐴4 (𝑓𝑗+𝑓𝑗−12 )((𝑢3)𝑗+(𝑢3)𝑗−12 )− ℎ𝑗𝑃𝑟𝐸𝑐𝐴1𝐴4 ((𝑢2)𝑗+(𝑢2)𝑗−12 )2 − ℎ𝑗 𝑄𝐴4 (𝜃𝑗+𝜃𝑗−12 ). }  
   
  
   
   
 

 (39) 

Then, we get 𝐴𝛿 = 𝑅,  (40) 

 where  



12 

 

𝐴 =
[  
   
  [𝐴1] [𝐶1][𝐴2] [𝐶2] ⋱⋱⋱ [𝐵𝐽−1] [𝐴𝐽−1] [𝐶𝐽−1][𝐵𝐽] [𝐴𝐽] ]  

   
  , 𝛿 =

[  
   
 [𝛿1]⋮⋮⋮ ]  

   
 
and  𝑅 =

[  
   
 [𝑅1]⋮⋮⋮ ]  

   
 
. 

where the elements defined in Eq. (38) are  

[𝐴1] = 3𝑝𝑡 [  
   
0 0 1 0 0−0.5ℎ1 0 0 −0.5ℎ1 00 −0.5ℎ1 0 0 −0.5ℎ1(𝑎6)1 0 (𝑎1)1 (𝑎5)1 0(𝑏4)1 (𝑏6)1 (𝑏1)1 (𝑏3)1 (𝑏5)1 ]  

   ,                     

[𝐴𝑗] = 3𝑝𝑡
[  
   
 −0.5ℎ𝑗 0 1 0 0−1 0 0 −0.5ℎ𝑗 00 −1 0 0 −0.5ℎ𝑗(𝑎4)𝑗 0 (𝑎1)𝑗 (𝑎5)𝑗 00 (𝑏8)𝑗 (𝑏1)𝑗 (𝑏3)𝑗 (𝑏5)𝑗 ]  

   
 , 2 ≤ 𝑗 ≤ 𝐽 

[𝐵𝑗] = 10𝑝𝑡
[  
   
 0 0 −1 0 00 0 0 −0.5ℎ𝑗 00 0 0 0 −0.5ℎ𝑗0 0 (𝑎2)𝑗 (𝑎6)𝑗 00 0 (𝑏2)𝑗 (𝑏4)𝑗 (𝑏6)𝑗 ]  

   
 , 2 ≤ 𝑗 ≤ 𝐽 

[𝐶𝑗] = 8𝑝𝑡
[  
   
−0.5ℎ𝑗 0 0 0 01 0 0 0 00 1 0 0 0(𝑎3)𝑗 0 0 0 00 (𝑏7)𝑗 0 0 0 ]  

   , 1 ≤ 𝑗 ≤ 𝐽 − 1. 
Factorizing 𝐴 as  𝐴 = 𝐿𝑈,  (41) 

where  
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𝐿 = [  
   [𝛼1] [𝛼2] ⋱⋱ [𝛼𝐽−1][𝐵𝐽] [𝛼𝐽]]  

   , 𝑈 = [   
  [𝐼] [𝑏1][𝐼] [𝑏2]⋱ ⋱[𝐼] [𝑏𝐽−1][𝐼] ]   

  , 
here [𝐼] signfies the unity matrix with O(5), [𝛼𝑖], [𝐵𝑖] and [𝑏𝑖] are 5 × 5 matrices. We have 𝐸g = 𝑘𝑛𝑓𝑇∞2 ((𝜕𝑇𝜕𝑦)2 + 16𝜎∗𝑇∞33𝜅∗ (𝜕𝑇𝜕𝑦)2) + 𝜇𝑛𝑓𝑇∞ (𝜕𝑢𝜕𝑦)2 + 𝜇𝑛𝑓𝑇∞ 𝑢2, (42) 

and 𝑁g = 𝑇∞2 𝑎2𝐸𝐺𝜅𝑓(𝑇𝑤−𝑇∞)2,  (43) 

 the dimensionless expression regarding entropy generation is bestowed by  𝑁g = 𝑅𝑒 (𝐴4(1 + 𝑅𝑑)𝜃′2 + 1𝐴1 𝐵𝑟Ω (𝑓′′2 + 𝜆1𝑓′2)). (44) 

  

4. Results and Discussions 

Figs. 5-8 design to reverberate the performance of RPNF parameter 𝜆 on the velocites 𝑓′(𝜂), 𝑔(𝜂), and temperature 𝜃(𝜂) and entropic production 𝑁g. The viscosity of the fluid debacles by the 

virtue of an amplification in 𝜆 which contribute towards the minimization of fluid viscosity and 

speed of the nanofluid as well. It is quite interesting that the shear stress of the fluid lessens for the 

case an augmentation in 𝜆 consequently diminishes 𝑔(𝜂). It is observed that the viscosity of the 

fluid diminishes by amplifying fluid temperature and the fluid behaves like shear thinning which 

improves the temperature phenomenon of the fluid 𝜃(𝜂). An amplification in temperature means the 

fluid particles possess enormous kinetic energy. It means that the particles moving faster brings 

about more disorder in comparison to particles in fluid moving with lower speed. Thats why an 

embellishment in temperature booms entropy 𝑁g. It is also observed that the hybrid nanoparticles 

particles amplifies temperature and entropy much better in contrast to the simple nanofluid. 

Figs. 9-12 sway the impact of Bingham factor 𝛾 on 𝑓′(𝜂), 𝑔(𝜂), 𝜃(𝜂) and 𝑁g . Bingham 

number is the ratio between yield stress as well as viscidness-stress. All of 𝜆 and 𝛾 are essential 

factors of RPNF and almost behaves in a same manner. It is noted that a enlargement in viscidness 

lessens the yield-stress and improves 𝛾 and furthermore behaves like shear-thinning. As a result a 

shear thinning phenomenon, the fluid flow over the surface which amplifies the velocity and shea 

stress domain. Viscidness of the nanofluid depreciates on the account of magnification in 𝛾. The 
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temperature phenomenon is contrarywise associated to the nanofluid viscosity. Decremental change 

in nanofluid viscidness drives to a enlargement in the fluid temperature. Global the entropic rate of 

the nanofluid booms due to an amplification in the temperature phenomenon. 

The effect of Reynold 𝑅𝑒 , Brinkman 𝐵𝑟  numbers and Ω  on entropic production 𝑁g  is 

highlighted in Figs. 13-15. It is quite clear that the viscous forces becomes less dominant as 

compared to inertial forces in the status of an augmentation variation in 𝑅𝑒. As a result of inertial 

forces dominance over viscous produces a magnification in temperature which elevates 𝑁g. The 

relation between 𝐵𝑟 and 𝑁g is highlighted in Fig. 14. Brinkman number 𝐵𝑟 can be defined as heat 

dissipation to the conduction. It is noted that the considerable heat is dissipated on the account of an 

increment in 𝐵𝑟 elevates entropy of the system. The impact of dimensionless temperature variations Ω on 𝑁g is displayed in Fig. 15. It is observed that the heat dissipation process amplifies on the 

account of an amplification in Ω which diminishes 𝑁g . The effect of porosity parameter 𝜆1  on 𝑓′(𝜂), 𝑔(𝜂), 𝜃(𝜂) and 𝑁g is emphasized in Figs. 16-18.  

Figs. 19 and 20 reflect the impact of thermal conductance 𝜖. When molecules of the fluid 

collides more randomly exchange much kinetic energy with each other in comparison to normal 

collision which eventually produces much heat inside the fluid. On other hand due to this frequent 

collision of the molecules the temperature of the fluid amplifies which augments temperature field 

and entropy 𝜃(𝜂) and 𝑁g. 

Fig. 21 and 22 reflects the influence of Prandtl number 𝑃𝑟  on 𝜃(𝜂)  and 𝑁g . Thermal 

conductance of the nanofluid debacles in the status of a amplification in 𝑃𝑟  which lessens the 

temperature of the fluid as well. Prandtl is impetus diffusion to thermal diffusion. Impetus diffusion 

predominants thermal diffusion which brings about a decrement in temperature. Thermal boundary 

thickness decreases and decreases more in the case of 𝑁g.  

Figs. 23 and 24 are designed to reveal the impact of Eckert number 𝐸𝑐 on the heat field 𝜃(𝜂) 
and entropic production. The parameter 𝐸𝑐  is actually kinetical energy to enthalpic variance. A 

positive variation in kinetical energy enhances heat transfer phenomenon. Nanomolecules shock 

extra at random due to a development in the kinetic energy. Internal heat generation capacity of the 

fluid improves by the virtue of an amplification in 𝐸𝑐. The PTSC transports heat more effectively 

within SACW because of a variation of 𝐸𝑐 values. When solar thermal radiations fall on the trough 

present in the wing, the nanoparticles present on the trough surface collides more frequently and 
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heating capacity of the trough improves and distribute heat quite effectively inside the wings and 

other parts of the aircraft. generation capacity of the fluid. From this figure, the mixture 

nanomolecules delivers well the heat in contrast to simple nanofluid. 

Internal heat generation 𝑄 and 𝑅𝑑 on 𝜃(𝜂) and 𝑁g are emphasized in Figs. 25-28. Thermal 

boundary thickness along with the heat transmission of the hybrid-nanofluid is better in contrast to 

simple nanofluid. A positive change in 𝑄 generates more inside the fluid which improves thermal 

transport process of the nanofluid. When solar radiations fall on the surface of the parabolic trough. 

The internal heat generation capacity of the trough improves and provides extensive heat to the 

nanoparticles based fluid. The heat delivers effectively in the situation of mixture nanomolecules 

based liquid in contrast to the natural base fluid. Radiations are the main source of heat energy. Solar 

thermal radiations have change the whole concept of the renewable energy and provides different 

ideas to the researchers to work on the ideas of solar air craft wings, solar water pumps, solar motor 

bikes etc. When these solar radiations continuously fall on the surface of the trough, it delivers 

extensive to the nanoliquid flowing over PTSC. Thermal conduction process of the fluid improves in 

the case of magnification in 𝑅𝑑 which elevates temperature phenomenon. The heat besides total 

entropic rate of the model improves owing to a magnification in 𝑅𝑑 and heat generation 𝑄. 

The effect of volume fractions of nanoparticles 𝜙ℎ𝑛𝑓  on flowing speed 𝑓′(𝜂), shear-stress 𝑔(𝜂) , temperature 𝜃(𝜂)  fields and entropic production 𝑁g  are highlighted in Figs. 29-32. The 

concentration of the nanoparticles amplifies on the behalf of an benefication in 𝜙ℎ𝑛𝑓 which elevates 

the velocity field. The inertial forces dominate viscous forces which diminishes the shear stress 

behaviour of the fluid and moreover 𝑔(𝜂). The augmentation in size of nanomolecules enhances 

thermal conductance over and above the rate of heat transport of the fluid. Insertion of 

nanomolecules in the normal liquid boosts heat conductance of the base liquid. Thickness of the 

thermal boundary layer in addition to the rate of heat transmission of the improves by the virtue of 

an augmentation in nanomolecules size. The solar radiations along with 𝜙ℎ𝑛𝑓 enhances the over all 

performance of parabolic trough surface collector and delivers heat effectively inside the air craft 

wings. Consequently 𝜃(𝜂) and 𝑁g amplifies. 

The effect of parameter 𝑚 mention diverse forms of nanomolecules in the form of sphere 

having value 𝑚 = 3 , hexadron = 3.7221 , tetrhedron = 4.0613  and column = 6.3698  on 

temperature 𝜃(𝜂) as well as 𝑁g is depicted in Figs. 33 and 34. It is observed that an incremental 
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change in 𝑚 improves temperature along with the rate of heat transport rate of the nanoliquid. 

Sphere occupy more space in comparison to other shapes of nanoparticles. The column shape 

nanoparticles 6.3698 produces much heat and temperature of the nanoparticles escalates in 

comparison to other shapes of nanoparticles. The column shape nanoparticles occupy less space in 

contrast to sphere. From figure it is quite clear that the thermal boundary thickness of the fluid 

improves in the case of vertical column in comparison to other shapes. A positive change in 𝑚 and 

hybrid nanoparticles Cu-MoS2 delivers considerable heat collect by the PTSC and transfer in 

through out the aircraft wing.  

Table 3 is sketched to work the effect of many various variables on the frictional force 

coefficient 𝐶𝑓  and the rate of heat transmission 𝑁𝑢  in the situation of mixture nano-fluid and 

standard nano-fluid. The frictional force factor improves in the status of liquid factor 𝜆 nonetheless 

diminishes for Bingham number 𝛾 and porosity parameter 𝜆1. No change is reported for the case of 

remaining parameter. From this table the hybrid nanomolecules delivers well results in comparing to 

the standard nanoliquid. The thermal transfer rate improves in the case of 𝜆, 𝜆1, variant thermal 

conductance 𝜖, Prandtl number 𝑃𝑟, heat generation 𝑄, thermal radiative flow 𝑅𝑑, nanomolecules 

form 𝑚, mixture nanofluid 𝜙ℎ𝑛𝑓 and nano-solid particles size of 𝜙. These parameters elevates the 

performance of nanofluid flow over a PTSC present in SACW.  

Table 4 reported the effect of energy parameters 𝜖, 𝑃𝑟, 𝐸𝑐 𝑄, 𝑅𝑑 on the heat transfer for the 

situation of hybridity nanoliquid Cu-MoS2/EO and simple nanoliquid Cu/EO. Error ratio depicts the 

difference between simple nanofluid and hybrid nanofluid in relation with heat transmission rate. 

The percentage rate of heat transmission of the 𝐸𝑐 and 𝑅𝑑 is greater 14.7% in comparison to other 

parameters value.  
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Fig. 5. Impression of 𝜆 on 𝑓′(𝜂). 

 

Fig. 6. Impression of 𝜆 on 𝑔(𝜂). 

 

Fig. 7. Impression of 𝜆 on 𝜃(𝜂). 
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Fig. 8. Impression of 𝜆 on 𝑁g. 

 

Fig. 9. Impression of 𝛾 on 𝑓′(𝜂). 

 

Fig. 10. Impression of 𝛾 on 𝑔(𝜂). 
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Fig. 11. Impression of 𝛾 on 𝜃(𝜂). 

 

Fig. 12. Impression of 𝛾 on 𝑁g. 

 

Fig. 13. Impression of 𝑅𝑒 on 𝑁g. 
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Fig. 14. Impression of 𝐵𝑟 on 𝑁g. 

 

Fig. 15. Effect of Ω on 𝑁g. 

 

Fig. 16. Effect of 𝜆1 on 𝑓′(𝜂). 
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Fig. 17. Effect of 𝜆1 on 𝑔(𝜂). 

 

Fig. 18. Effect of 𝜆1 on 𝜃(𝜂). 

 

Fig. 19. Effect of 𝜖 on 𝜃(𝜂). 
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Fig. 20. Effect of 𝜖 on 𝑁g. 

 

Fig. 21. Effect of 𝑃𝑟 on 𝜃(𝜂). 

 

Fig. 22. Effect of 𝑃𝑟 on 𝑁g. 
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Fig. 23. Change of 𝐸𝑐 on 𝜃(𝜂). 

 

Fig. 24. Change of 𝐸𝑐 on 𝑁g. 

 

Fig. 25. Change of 𝑄 on 𝜃(𝜂). 
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Fig. 26. Change of 𝑄 on 𝑁g. 

 

Fig. 27. Change of 𝑅𝑑 on 𝜃(𝜂). 

 

Fig. 28. Change of 𝑅𝑑 on 𝑁g. 
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Fig. 29. Change of 𝜙ℎ𝑛𝑓 on 𝑓′(𝜂). 

 

Fig. 30. Change of 𝜙ℎ𝑛𝑓 on 𝑔(𝜂). 

 

Fig. 31. Change of 𝜙ℎ𝑛𝑓 on 𝜃(𝜂). 
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Fig. 32. Change of 𝜙ℎ𝑛𝑓 on 𝑁g. 

 

Fig. 33. Change of 𝑚 on 𝜃(𝜂). 

 

Fig. 34. Effect of 𝑚 on 𝑁g. 
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Table 3. Skin friction coefficient against distinct parameters. 

𝜖 𝑃𝑟 𝐸𝑐 𝑄 𝑅𝑑 𝑁𝑢𝑥𝑅𝑒𝑥−12  

Cu-MoS2/EO 

𝑁𝑢𝑥𝑅𝑒𝑥−12  

Cu/EO  

Relative % 𝑁𝑢𝐶𝑢−𝑀𝑜𝑆2 − 𝑁𝑢𝐶𝑢𝑁𝑢𝐶𝑢−𝑀𝑜𝑆2 % 

0.5   7.38  0.1   0.1 0.5 2.5116  2.2088  12.2% 

0.7          2.6271  2.3543  10.3%  

0.9          2.7211  2.4663  9.3%  

0.1          2.8440  2.5577  10.0%  

  8        2.6401  2.3184  12.1%  

  9        2.8363  2.4858  12.3%  

  10        3.0208  2.6433  12.5%  

    0.3      2.4341  2.1202  12.9%  

    0.5      2.3566  2.0315  13.8%  

    0.7      2.2790  1.9428  14.7%  

     0.3    2.4126  2.1268  11.8%  

     0.5    2.5334  2.2431  11.5%  

     0.7    2.5760  2.5133  2.50%  

       1  2.9861  2.5968  13.1%  

       1.5 3.4857  2.9987  13.4%  

       2  3.9255  3.3475  14.7%  
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Table 4. Heat and mass transport rates with diverse variables. 

 

5. Concluding remarks 

The study presents the novel idea regarding the entropy generation analysis and thermal 

transport analysis of the SACW by considering hybrid RPNF. Different sundry parameters effect in 

terms of PTSC and SACW have been deliberated extensively and dispalyed in the tabular and 

𝜆   𝛾  
 𝜆1  

 𝜖   𝑃𝑟  𝐸𝑐  𝑄  𝑅𝑑  𝑚  𝜙ℎ𝑛𝑓 𝜙2   𝑓𝑥𝑅𝑒𝑥12  

Cu-EO 

𝐶𝑓𝑥𝑅𝑒𝑥12 

Cu-MoS2/EO 

𝑁𝑢𝑥𝑅𝑒𝑥−12   

Cu-EO 

𝑁𝑢𝑥𝑅𝑒𝑥−12  

Cu-MoS2/EO 

0.5  0.5 0.1 0.5 7.38 0.1  0.1  0.5 3  0.18  0.09 0.7289  0.9525  2.2088  2.5116  

                     0.8872  1.1559  2.2367  2.5646  

0.5                      0.9957  1.2953  2.2409  2.5725  

 1                    0.6577  0.8584  2.1712  2.4584  

 1.5                    0.6403  0.8351  2.1599  2.4429  

 2                    0.6340  0.8265  2.1556  2.4370  

   0.3                  0.6023  0.7900  2.2119  2.5100  

   0.5                  0.2842  0.3930  2.3387  2.6662  

   0.6                  0.1219  0.1902  2.4043  2.7923  

     0.7                0.7289  0.9525  2.3543  2.6271  

     0.9                0.7289  0.9525  2.4663  2.7211  

     1.1                0.7289  0.9525  2.5577  2.8440  

       8              0.7289  0.9525  2.3184  2.6401  

       9              0.7289  0.9525  2.4858  2.8363  

       10              0.7289  0.9525  2.6433  3.0208  

         0.3            0.7289  0.9525  2.1202  2.4341  

         0.5            0.7289  0.9525  2.0315  2.3566  

         0.7            0.7289  0.9525  1.9428  2.2790  

           0.3          0.7289  0.9525  2.1268  2.4126  

           0.5          0.7289  0.9525  2.2431  2.5334  

           0.7          0.7289  0.9525  2.5133  2.5760  

             1        0.7289  0.9525  2.5968  2.9861  

             1.5       0.7289  0.9525  2.9987  3.4857  

             2        0.7289  0.9525  3.3475  3.9255  

               3.7221     0.7289  0.9525  3.5444  4.2633 

               4.0613     0.7289  0.9525  3.6328  4.4167  

               6.3698     0.7289  0.9525  4.1753  5.3716  

                 0.09    0.5765  0.7405  2.6577 3.1800 

                 0.15    0.6692  0.8705  3.1094 3.6694 

                 0.18    0.7289 0.9525 3.3475 3.9255 

                   0.0  -  0.7289  -  3.3475  

                   0.06  -  0.8680  -  3.7333  

                   0.09  - 0.9525  -  3.9255  
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pictorial procedure. Some salient features of the above mentioned article are summarized underneath   

 Heat distrbution phenomenon into SACW improve for the status of diverse parameters 𝜖, 𝑅𝑑, 𝑄, 𝑚, 𝜙ℎ𝑛𝑓, 𝜙.  

 Hybrid nanofluid Cu-MoS2/EO is the well exporter of heat transport in comparing to simple 

nanoliquid Cu/EO for the case of fluid via a PTSC in SACW.  

 A magnification in nanoparticles form 𝑚 enhances heat transfer of fluid past a PTSC.  

 Over all system entropy improves for the status of a amplification in 𝜆, 𝑄, 𝑅𝑑, 𝜙ℎ𝑛𝑓, 𝜙.  

 Thermal radiations 𝑅𝑑  fall on the surface of PTSC enhances interior energy profiles of 

SACW.  

  

Nomenclature 𝑅𝑒 Reynold’s number 𝐵𝑟 Brinkman’s number 𝑇0 Wall-temperature 𝑇∞ Ambient-temperature Ω temperature variation 𝜆 penetrability parameter 𝛾 nanofluid factor 𝜖 variant thermal conductance 𝐸𝑐 Eckert’s number 𝐶𝑓𝑥 frictional force 𝑁𝑢𝑥 Nusselt’s number 𝑅𝑑 radiative parameter 𝑃𝑟 Prandtl’s number 𝑞𝑟 heat radiative flux 𝑄 heat generation parameter 𝜏𝑠 reference shear stress 𝜏 shear stress 𝛼ℎ𝑛𝑓 hybrid-nanofluid thermal diffusion 𝜌ℎ𝑛𝑓 hybrid-nanofluid density 𝑘ℎ𝑛𝑓 hybrid thermal conductance 𝐶𝑝 specific heat at constant pressure 𝜅∗ absorption coefficient 𝜎∗ Stefan-Boltzman constant   
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