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h Center of Research, Faculty of Engineering, Future University in Egypt, New Cairo, 11835, Egypt 
i Department of Mathematics, College of Science and Arts, Qassim University, Ar Rass, 51452, Saudi Arabia   

G R A P H I C A L  A B S T R A C T    

A R T I C L E  I N F O   

Handling Editor: Huihe Qiu  

Keywords: 
Tetra hybrid nanofluid (TETHNF) 
Cubic autocatalysis 

A B S T R A C T   

The power that comes from renewable sources is made back faster than it is used. Infinitely 
renewable examples include solar and wind energy. There are many sources of clean energy all 
around us. 

* Corresponding author. 
E-mail address: wasiktk@hotmail.com (W. Jamshed).  

Contents lists available at ScienceDirect 

Case Studies in Thermal Engineering 

journal homepage: www.elsevier.com/locate/csite 

https://doi.org/10.1016/j.csite.2023.103261 
Received 28 March 2023; Received in revised form 30 June 2023; Accepted 4 July 2023   

mailto:wasiktk@hotmail.com
www.sciencedirect.com/science/journal/2214157X
https://www.elsevier.com/locate/csite
https://doi.org/10.1016/j.csite.2023.103261
https://doi.org/10.1016/j.csite.2023.103261
http://crossmark.crossref.org/dialog/?doi=10.1016/j.csite.2023.103261&domain=pdf
https://doi.org/10.1016/j.csite.2023.103261
http://creativecommons.org/licenses/by-nc-nd/4.0/


Case Studies in Thermal Engineering 49 (2023) 103261

2

Inclined magnetic 
Nanofluidics 
Velocity slip 
3D Cross fluid 
Thermal conductivity 

Motive behind current study: A framework has now been developed throughout this research to 
investigate the impact of the sun’s rays on novel Xue tetra hybrid magnetized cross nano-liquid as 
it moves through an expanding sheet inside that PV sheet of a solar module installed on top of 
such an offshore solar oil field. A novel Xue tetra hybrid nanofluid model has been developed and 
utilized to explore the impact of tetrahybrid nanoparticles on liquid flowing in order to investi
gate heat transport analysis. By directing the liquid’s motion through a magnetic field, we may 
examine its velocity impact. The concentration aspect of nanofluid has been examined by 
including homogeneous and heterogeneous chemical processes, and indeed, the temperature 
accessibility of cross-nanofluid is obtained by taking into consideration effects like thermal 
conductivity and thermal radiation. 
Technique: The PDEs derived from the working prototype are then subjected to the resemblance 
factors, yielding the ODEs. The bvp4c scheme is used to get numerical results. The procedure is an 
ODE solver that belongs to the Runge-Kutta family. In order to provide precise answers in the 
fourth and fifth orders, it performs six function evaluations. The discrepancy between them is 
therefore interpreted as the solution’s (fourth-order) inaccuracy. Adaptive stepsize integration 
techniques greatly benefit from this error estimation. Fehlberg’s (RKF) integration strategy is 
quite similar to Cash and Carp technique. 
Significant finding: From obtained results, it is detected that the addition of novel tetrahybrid 
nanoparticles in the conventional liquid (Xue tetrahybrid nanofluid) enhances heat transfer rate 
and temperature profile more quickly in contrast to conventional ternary hybrid nanofluid and 
dihybrid nanofluid available in the existing literature. The thing which makes the present work 
novel and one step ahead in contrast to existing available literature is the development and 
implementation of a tetrahybrid nanofluid model in contrast to conventional ternary hybrid and 
dihybrid nanofluid models. Tetra hybridity nanoliquid generates extra heat in distinction to 
already existing ternary hybridity and dihybrid nanofluid models and more heat is absorbed by 
PV sheets in the existence of tetrahybrid nanoparticles. 
Conclusions: When the nanomaterials are submerged inside this liquid, their temperature in
creases throughout both the shear thinning and shear thickening cases. This is because the ho
mogeneous chemical reaction mimics the migration of nanoparticles within the liquid. The 
increased magnetic force, in addition to an enhancement of Lorentz’s force, slows down the 
nanofluid motion. The increased volume percentage of tetrahybrid nanoparticles, thermal radi
ation, and thermal conductivity boost the heat that’s captured by a PV sheet, and that heat is 
utilized for other functions, such as drilling or navigation, on that solar offshore rig. 
Cost analysis: Cost analysis has also been presented in terms of Pakistan offshore oil rigs in terms 
of solar panels and diesel generators and it is observed that 49% cost is reduced if we replaced 
offshore oil rigs with solar-powered energy.   

1. Introduction 

Non-Newtonian fluid has attracted the attention of scientists and investigators in the past few years as a result in its imple
mentations in mechanical and industrial development. Shampoos, plasma, starch, cocoa, toothpaste, jelly, and pudding are all ex
amples of non-Newtonian materials. The correlation between shearing stress and shearing rate differs in non-Newtonian substances. 
Consequently, a constant viscosity coefficient can’t be considered. Although viscosity is often employed in the field of fluid mechanics 
to highlight the shear characteristics of a liquid, this property alone is not adequate to depict non-Newtonian fluids. Non-Newtonian 
fluids can only be shown by combining viscosity with other properties. They are best highlighted by a few extra rheological char
acteristics that relate stress and strain rate tensors under various flow limits, such as accretionary movement, and are calculated 
employing a variety of rheometers. This is the best way to emphasize them. Non-Newtonian processes may be broken down into three 
categories: shear-thinning, thickening, and dilatant substances. Rheology is the study of how the form of a fluid changes because of 
external forces being applied to it [1,2]. Rheology also refers to the study of how the shape of the fluid changes over time. Rheology 
may be used to inform a variety of different models. If the rate at which the deformation occurs is proportional to the shear rate, then 
the fluid is referred to as Newtonian fluid. On the other hand, if the deformation rate is nonlinear, then the fluid belongs to a different 
category and is referred to as non-Newtonian fluid. There are a number of nonlinear mathematical models that may be used to explain 
the behavior of fluids; however, there was no such specified model to examine the properties of fluids subjected to very high and 
extremely low shear rates until Carreau [3] published the Carreau Model. This was because of the complexity of the problem. This 
model has the competent property to deal with very low and high shear rates and deformation. Many scholars [4–13] did their in
vestigations regarding Carreau fluid with different facts. Hosseinzadeh et al. [14] made Carreau fluid flow including motile gyrotactic 
micro-organisms and nanomolecules via a three-dimensional cylinder. Computational reproduction of heat transmission in MHD 
stagnating point flowing of Carreau fluid kind on a stretchable plate is explored by Hayat et al. [15]. Waqas et al. [16] depicted the 
nanofluid model and numerical outcome related to the stagnation region of Carreau fluid by expanding-contracting cylinder geometry. 
Theoretical aspects of thermophoresis and Brownian motion with three-dimensional Carreau fluid are numerically obtained by Sultan 
et al. [17]. For every Prandtl number, Shaw et al. [18] reported their study of magnetohydrodynamic flow and thermal interpretation 
of Carreau hybridity nanoliquid impacted by linear, non-linear, and quadratic thermal radionuclides. 
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There is certainly a lot of research going on about how to make modern nanofluids. These liquids were also assumed to somehow be 
ternary nanofluids (THNF). THNFs are better at transferring heat as multiple of their parts are linked together. This has a cumulative 
effect on the entire structure. Investigators across the entire world looked into THNF because it moves to heat more quickly than other 
hybrid nanofluids. Adun et al. [19] looked into different parts of THNFs and how they affect fluids. Sneha et al. [20] looked into the 
consequences of ternary HNF on a thermally coupled stress liquid moving through a permeable material with a convective boundary. 
Goud et al. [21] looked at how the THNF moves within the dovetail fin only when thermal conductivity changes. Nasir et al. [22] 
explored the impact of THNF on a magnetized liquid. Cao et al. [23] look at mixed convective THNF with radiation but also surface 
slip. Mahmood et al. [24] looked into the impact of the stagnation point on a magnetized THNF moving towards a cylinder with a heat 
source. Krishna et al. [25] looked into how THNF affects biomagnetic liquid even though it flows towards a wedge. They also used the 
MANFIS technique to address the conceptual model. Sajid et al. [26] looked at how THNF, chemical processes, and activation energy 
affected nanofluids moving in a wedge. Sajid et al. [27] looked into the consequences of THNF on cross-liquid. They took into account 
things like heat source and sink, but also heat flux. Sajid et al. [28] looked into how the Cattaneo-Christov heat fluxing and a non
linearly kind of heat supplier affect a tetra-hybrid Reiner-Philippoff liquid transport under a bendable sheet. Acharya [29] investigated 
the influence of a magnetism force on buoyancy-driven Ag–MgO-water hybrid nanofluidic flow within a cubical chamber with a 
circular cylinder fitted within it. Similar work on nanofluid in reported in Refs. [30–32]. 

The heat and MHD flows are affected by radioactivity at very extreme temperatures. So, it is crucial to comprehend the propagation 
of radiation emitted in order to create technological tools. A thorough understanding of heat radiative flux as well as mass transfer is 
required for the design of airplanes, turbines, spaceships, space vehicles, hydroelectricity, and countless agricultural applications. The 
term "thermal radiation" (TR) is used to describe the electromagnetic energy given off by a material according to its temperature. TR 
may be seen in the infrared light given out by the average radiator or heat exchanger used inside. Heat conduction via HNFs across 
porous materials was reviewed by Xu et al. [33]. Wakifet al. [34] researched the heat transfer durability of HNFs using copper and 
aluminum oxides as well as the TR features. Chen et al. [35] inspected how combining HNFs involved NFs’ TR holdings. The flow of 
HNFs was controlled by Agrawal et al. [36] using TR effects across an area of the porous medium that looked to somehow be thor
oughly embedded. Using peristaltic motion, Prakash et al. [37] pumped magnetized HNFs exhibiting TR as well as heat-dependent 
viscosity properties. Khan et al. [38] used a FEM approach to generate magnetic dipoles as well as TR impacts on the stationary 
movement of micro-polarly developed NFs across a vastly increasing slip. The MHD impact on wedge movement of non-Newtonian NFs 
was analyzed by Ali et al. [39] in terms of TR and driving energy. The MHD motion of HNFs induced by various TRs was used by Shaw 
et al. [40]. The hydrothermal component of a magnetization Ag–MgO-water-based nanoliquid flow that was traveling within an 
octagonal hollow and circular cylinder was investigated by Acharya [41]. Acharya [42] did extensive research on the influence that 
natural convection has on magnetized generated Ag–MgO-water hybridity nanofluid flowing when the enclosure was circular and 
equipped with I-shaped rectangular fins of varying lengths. The flowing was exposed to the enclosure. 

Different mechanisms in the environment and industries frequently see mass transit due to fluctuations in concentrations. Whether 
a chemical reaction is homogenous or heterogeneous determines its influence [43]. It is not conceivable for nature to provide clean 
water and air at the same time. It is conceivable for any outer item to be present naturally or that it has been mixed with air or water. 
Both scenarios are viable possibilities. When an outside mass is present in air or liquids, this might cause a chemical reaction to take 
place. The understanding of linked chemical processes may be improved using several chemical technologies, such as those used in the 
processing of food, the production of glassware or ceramics, and the synthesis of polymers. Much research has lately been reported on 
the influence of chemical processes on hybridity nanofluid flow, revealing the applicability of these nanofluids in a number of scientific 
disciplines and industrial fields [44]. Collision of two or more substances with each other, there may be the product of two or more 
produced materials, this process is termed as a chemical procedure. There are basically two types of chemical processes named ho
mogeneous chemical reaction and heterogeneous chemical reaction. The reaction which happens in the mono phase is called a ho
mogeneity chemical reaction and happens in a different phase called a heterogeneous chemical reaction. Another basic concept is the 
substance that helps to speed up the chemical reaction is called a catalyst, for example fire plays the role of the catalyst during tea. 
Three types of catalysts are positive, negative, or autocatalysis. The catalyst which speeds up is known as a positive catalyst while 
which decreases the rate of a chemical process is called a negative catalyst and the catalyst which does its work according to the 
situation is called an auto catalyst. These catalysts play a vital role in engineering, and everyday life like rubber for tires, medicine, 
fuel, and plastics. There are some processes in which catalysts are being utilized like zeolites, aluminum chloride, hydrogen chloride, 
nickel, platinum, or palladium, copper, oxide, vanadium oxide, platinum, and palladium. Many investigators made a bundle of nu
merical attempts regarding autocatalysis and chemical processes. Khan et al. [45] attained a numerical study related to MHD flow of 
viscous fluid with entropy generation analysis along the geometry of bent stretchable sheet with cubic autocatalysis chemically 
reactive flow. Further, a study [46] did work on cubic autocatalysis chemical reactive flow with entropy optimization with the addition 
of viscous dissipation. Ali et al. [47] published their exploration of thermal relaxation and cubic autocatalysis on a non-Newtonianism 
flowing range with MHD impacts. Thermal management and its analysis with a mathematical model of Carreau nanofluids over the 
geometry of a thin needle is discussed by Chu et al. [48]. 

1.1. Research gap 

A lot of literature is available which investigates the effect of ternary and dihybrid nanofluids on liquid flowing exposed to diverse 
shapes like cone, cylinder, channel, needle, sheet, etc. This work is unique and original in the sense that no attention has been paid in 
existing literature and literature mentioned above to develop any nanofluid model comprises of tetra hybridity nanomolecules with 
ethylene glycol as a conventional liquid (Xue tetra hybrid nanofluid model) in order to study the effect of tetrahybrid nanofluid on 
cross fluid flow subjected to an expandable sheet. 
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1.2. Motive behind current research 

Main purpose to launch this examination is to investigate the mathematical style of radiative non-Newtonian Cross nanoliquid 
associated with the inclined magnetized environment, cubic autocatalysis effect, tetrahybrid nanoparticles, and thermal conductivity. 
The temperature distribution is judged by temperature-dependent thermal conductivity and the concentration of nanofluid is being 
studied by incorporating homogeneous-heterogeneous chemical reactions. Heat transport and thermal relaxation flowing of Cross 
liquid are analyzed via heat diffusion under the impact of heat generating. 

1.3. Novelty 

Novel Xue tetrahybrid nanofluid has been developed and introduced in this article. This paper is innovative in the implication that 
the consequence of novel Xue tetrahybrid nanofluid on three-dimensional cross fluid with catalytic chemical reaction has not been 
researched yet in the existence literature. Moreover, computational analysis in terms of solar energy and diesel energy has been never 
debated before in the case of the offshore oil rig industry of Pakistan. 

2. Solar energy use in offshore drilling 

2.1. Working in offshore oil drilling 

Oil firms identify the digging locations the more likely to yield oil employing sonic instrumentation. The first well is then dug using 
a mobile offshore digging unit (MODU). A few of the components are changed over to become operational rigs, which means that 
transition from searching and seeking oil to gathering it once it has been discovered. In order to collect oil, the oil firm will often 
substitute the MODU with an even more durable oil supply rig. 

The listed below are the four primary categories of MODUs. 

2.1.1. Submersible 
In most cases, a submersible MODU has the appearance of a barge that is positioned somewhat on the bottom of the ocean. Steel 

stakes that rise well above the surface of the water may be found just on the platform of the barge. At the base of such steel, poles are 
where a digging station is located. Such rigs are frequently employed in regions that have rather peaceful water. 

2.1.2. Jackup 
An apparatus that has been mounted on the deck of something like a movable barge is known as a Jackup. The barge is towed to 

such a digging location by a boat. The feet of the Jackup may be extended towards the sea bottom after it has been installed. The feet 
are weighted that won’t go through the floor surface when the chair is moved. After all the arms have been fastened in place, the 
Jackup will start to pull the legs upward in order to ensure the base will be elevated over the water. As a consequence, the rig is 
protected from the waves but also tidal movements. Jackups can work at depths that go as deep as 525 feet (160 m). 

2.1.3. Drill ships 
Ships that have been referred to as "bore ships" are equipped with drilling equipment mounted on the upper deck. The drill is 

activated via an opening in the hull of the vessel. Drilling boats are able to direct themselves toward the drilling location, and once 
there, they may utilize a mixture of anchors and rotors to compensate for any drift that may occur while the oil is being extracted using 
a rig. They can function in environments with deep water. 

2.1.4. Semisubmersibles 
Semisubmersibles float just on the water’s surface above enormous, underwater boats. Propelling devices enable them to go to 

digging locations using their power whereas others need a secondary vehicle to pull it toward the proper position. In order to 
compensate for movement, computers manage the strain placed across each anchor chain. A few are able to transition from offshore 
drilling to operational rigs, meaning that if oil is discovered, there is less of a necessity to have an additional rig. 

2.2. Power source to offshore oil rig 

By far the most common way to get enough electricity to the rig is to use engines that are powered by regular diesel. Backup diesel 
generators that are located offshore, on the other hand, call for a different set of characteristics and settings. The circumstances are 
rough and unpredictable out at sea. Because of this, the turbines that have been manufactured to be utilized onboard oil rigs are 
required to be constructed using substances and varnishes that seem to be able to survive the temperature fluctuations, water, and even 
salinity that seem to be prevalent offshore, in addition to the wind. The cost of providing power to an offshore rig might be rather high. 
A diesel generator that powers an entire site in the world’s largest oil and gas organization may use anywhere from 20 to 30 m3 of 
diesel per day. As a result of this, it is essential to seek out methods to lower the rig’s energy usage yet guarantee it’s as cost-effective as 
possible. Making sure that electricity is used in an effective manner allows for a reduction in its overall consumption, which in turn cuts 
down on the quantity of fuel that is required to power those turbines. 

2.3. Offshore drilling rig based on renewable energy 

Energy that originates from a system that fails to deplete over time is referred to as "renewable energy." They are natural, they can 
regenerate themselves, and their carbon impact is often very little or nonexistent. Wind energy, solar energy, bioenergy, and hy
droelectricity, particularly ocean tidal energy, are all forms of clean energy. Tidal power is also a kind of hydroelectricity. alternative 
power for use in offshore applications because of their ability to supply a limitless quantity of renewable power. Throughout the 
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present day, significant initiatives have been launched to create a more sustainable energy industry by diverting attention from the use 
of carbon fuels to the practice of renewable energy resources. The goal of these endeavors is to decrease the pace at which fossil fuels 
are nowadays being utilized as well as the consequences that this has on the climate. The substitution of traditional fuels used to power 
oil and gas drilling platforms with clean power sources, including offshore wind, energy from the sun, as well as tidal power, is one of 
the primary focuses of a pilot project now underway. A number of offshore installations have indeed begun using green energy sources 
to create power sources in order to cut down on the amount of petroleum they need to purchase. For instance, the offshore energy 
station inside the southern part of the North Sea depicted in Fig. 1(a) is able to function because it generates its own electricity via the 
use of wind turbines and solar panels. 

2.4. Future challenges 

The future challenge is to generate maximum solar energy from the solar energy which is used in the rig for navigation and other 
purposes and most effectively used at night. It is common nowadays that nanotechnology somehow minimizes this challenge. It is 
detected that nanoparticles amplify the thermal conducting of the fluid. 

2.4.1. How to overcome this challenge? 
According to what the researchers found, putting nanoparticles in something is like putting millions of tiny reflectors inside a solar 

cell. As the light from the sun passes through the device, it strikes the nanoparticles, causing the light to scatter and possibly strike 
additional nanoparticles. This makes the light bounce around inside the device many times, which makes the photocurrent go up a lot. 

2.4.2. Motive and mechanism of the present study present study 
Present study is planned to investigate the outcome of novel tetra hybridity nanomolecules utilizing the Xue nanofluid model 

accompanied with heat transfer enhancing effects like nonlinear thermal radiation, thermal conductivity, and homogeneous/het
erogeneous reactions on stretching sheet located below the photovoltaic cell sheet of PV panel located on the top of the rig. The solar 
PV plate is detected interior the glass sheet. When solar rays exist on the plate of the solar sheet the rays penetrated through PV sheet 
and fall on the sheet on which tetra hybrid nanofluid is flowing. The thermal conductivity of fluid amplifies. Catalytic reactions 
enhance the chemical reaction between nanoparticles and base fluid. 

2.4.3. Advantages of using solar PV panels instead of diesel generators  

• No risk of fire on the rig’s stationery.  
• Computational cost is low.  
• Clean atmosphere and no noise pollution.  
• Minimal maintenance is required.  
• Green until the end of life. 

2.4.4. Nanoparticles used in the present study 
Copper is used a lot in the solar industry because it is cheap and can be found in many places. The amount of light absorbed in the 

DSSC’s photo-anode layer is improved by the use of silver nanoparticles (AgNPs). Nanoparticles (NPs) are used in DSSCs not just to 
increase individual PCEs by boosting the cells’ fluorescence intensity, but also to modify the cells’ electron dynamics. Surface chilling 
employing Al2O3 increases solar cell performance, which in turn enhances the productivity of photovoltaic panels and decreases 

Fig. 1(a). Solar Powered offshore platform.  
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greenhouse gas emissions. Increased carrier charge production and conductance were achieved in the TiO2 nanoparticle/nanotube- 
based cells by increasing their exposure to sunlight (Fig. 1(b)). 

3. Cost analysis of diesel generator vs solar panels in the case of Pakistan 

3.1. Energy requirement 

Offshore rigs require 1000–3000 hp. Diesel generators often provide energy. Based on activity, such engines consume 20–30 m3 of 
fuel daily. Shown is a subsea rig. The hoisting but also liquid circulation devices use the greatest amount of energy on a rig, whereas the 
rotary, well control, and surveillance systems use less. Oil and gas setups are using energy to run pumps to retrieve crude oil, in order to 
extract oil, gas, as well as water from either the bit stream, drive compressors but also pump systems to move petroleum and natural gas 
via gathering pipes to treatment facilities, as well as power compressors but also pumps to produce hot water and electricity like on-site 
activities and living quarters, the production stream must be heated. 

3.2. Need for solar panels instead of power fuels 

The number of modules required in the case of solar panels to replace power fuel is given by 

No of modules=
kwh needed per day

peak sun light hours per day × power rating of PV cell/1000 kw 

Peak hours of solar light in the area of Karachi tropic region ranges between 3 and 9 h average of 6 h moreover the power of PV cell 
used is 320 W. Then the energy used during living quarters is 9600 kwh/day. Then the requirement of modules are 

No of modules=
9600

6 × 320/1000 

Hence, considering no inefficiencies, at minimum 5000 solar panels will really be sufficient to generate sufficient energy for such 
dwellings. 

The size of solar plates ranges between 1.6 m and 0.9 m giving an approximate area of 1.44 m2 then space required for the case of 
5000 modules are 

Space required = 5000 × 1.44 = 7200m2 

Thus, if there are no losses, 7200 photovoltaic arrays should be enough to supply enough electricity for these kinds of dwellings. 

3.3. Cost calculation 

Due to different operations performed on the rig located near the exact cost Karachi coast on Indus G-Block (Kekra-1) in Pakistan. It 
is difficult to estimate the exact cost of solar installation on the rig. Let for the sake of comparison cost we choose laundry operation on 
the rig requires 12Kw power in an hour and this power is easily achieved from solar energy this power can be easily utilized because 
laundry operation can be performed in the daytime without harm to other operations. Cost for diesel power. It was thought that a 
Cummins Model 13.5MDKDN offshore diesel engine providing 13.5 kW was being utilized to operate a 12 kW laundry purpose under 
full usage. Following the company’s recommendations, this engine consumes 4.5 L of fuel an hour when operating at maximum ca
pacity [49]. Whether this rig is functional in tropical Karachi offshore. 

Diesel price in Pakistan = US$1.070 per liter as of March 5, 2023. 
Cost of diesel per day in Pakistan = 1.070 × 4.5 = 4.815× 24 h = US$ 115.56 
Cost of diesel per year in Pakistan = US$ 115.56 × 365 days = US$ 42791.4 
Cost of diesel for laundry for 20 years in Pakistan = US$42791.4 × 20 = US$855828 

Fig. 1(b). Mechanism of the proposed model.  
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3.4. Cost of solar power 

Power consumption of 12-kW equipment, in kilowatt-hours (kWh), is around 8640 every month. Experienced solar installer quotes 
in Pakistan could not be obtained in time for the research. The 81.18 kW maximum solar power plant may generate 8759 kWh every 
month being placed in a region receiving 5.04 kWh/m2 bright sunshine hours across the United States, according to Solar-Estimate, a 
major solar power systems calculator. An estimated cost for the assembly was reported at around US$286130 [50]. The United States 
was chosen owing to the abundance of information about the subject of renewable power providers in that country’s extensive web 
documentation. There are many tropical climate areas, and indeed, the nation is highly advanced because of its extensive petroleum 
sector. Oil platforms working in Pakistan are constructed in developed nations with advanced economies, much like the United States. 
It seems logical to use the United States as either a case study or benchmark for estimating solar energy costs since every solar energy 
installation will probably get bought there. The additional cost of 50% of the original solar panel installation must be added in terms of 
the replacement of damaged PV modules, batteries, and other occasional repairs over the period of 20 years. The total cost for the 
period of 20 years is US$ 429195. 

3.5. Cost difference between solar panels and diesel generators 

Calculated cost comparisons revealed that switching from diesel generators to solar power could save US$ 426633 (49%) over 20 
years if the entire offshore Indus G-Block (Kekra-1) in Pakistan were to do so. 

4. Geometry of the statement 

A demonstration of the physical problem is described in Fig. 1(c). Solar rays directly coming from the sun falls on PV solar panel 
mounted on top of the rig. Thes Solar rays passed through the glass sheet and entered via the solar PV plate and fall on tetrahybrid 
nanofluid moving over an expandable sheet. three-dimensional materials that do not compress Flow of a cross-hybridity nanoliquid 
occurs when the fluid is subjected to the influences of a nonlinear phenomenon-based electromagnetic radiation, catalytic chemical 
processes, variable thermal conductivity, and an angled magnetic field. The total temperature of the fluid is increased along with the 
amount of heat that is created because of phenomena such as varying thermal conductance, thermal radiative fluxing, and tetra 
nanomolecules. To study the effect that tetrahybrid nanoparticles have when combined with ethylene glycol as the conventional 
liquid, the Xue tetra hybrid nanofluid model is being taken into consideration. Homogeneous/heterogeneous chemical reactions are 
considered for the investigation of reactants and products. In the present formulation, catalysis reactions are considered in order to 
enhance the impact of the chemical reaction between nanoparticles and base fluid. Furthermore, the assumption of isothermal cubic 
autocatalytic reaction is made here by the equation 

E + 2F→3F, and its rate is given by
rate = GaGb.

}

(1) 

While the single and first-order isothermal cubic autocatalytic reaction is given 

E→F, and its rate is given by
rate = ksGa.

}

(2) 

Flow is considered over the place z = 0 and it is confined in the region of z > 0. Convective boundary conditions are incorporated to 
maintain a constant temperature. uw(x) is a component of the velocity of the fluid along x− axis and vw(x) is along the y− axis. C∞, Cw, 
T∞, and Tf are ambient concentration, nanoparticles concentration, ambient temperatures, and temperatures respectively [11]. 

∂u
∂x

+
∂v
∂y

+
∂w
∂z

= 0, (3)  

Fig. 1(c). Geometric depiction of flowing simulation.  
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⎤

⎥
⎥
⎦ −

σtethnf B2
0 sin2(ω)

ρtethnf
u, (4)  

∂v
∂t

+ u
∂v
∂x

+ v
∂v
∂y

+ w
∂v
∂z

= −
1

ρtethnf

∂p
∂y

+
μtethnf

ρtethnf

⎡

⎢
⎢
⎣

∂v
∂z

1 +
(

Γ ∂v
∂z

)n

⎤

⎥
⎥
⎦ −

σtethnf B2
0 sin2(ω)

ρtethnf
v, (5)  

∂T
∂t

+ u
∂T
∂x

+ v
∂T
∂y

+w
∂T
∂z

=
1

(
ρcp
)

tethnf

∂
∂z

{

ktethnf (T)
∂T
∂z

}

−
k1GaGb

2
(
ρcp
)

tethnf

[

−
ΔHh

δA

]

−
1

(
ρcp
)

tethnf

∂qr

∂z
, (6)  

∂Ga

∂t
+ u

∂Ga

∂x
+ v

∂Ga

∂y
+ w

∂Ga

∂z
= DA

∂2Ga

∂z2 − k1GaGb
2, (7)  

∂Gb

∂t
+ u

∂Gb

∂x
+ v

∂Gb

∂y
+ w

∂Gb

∂z
= DA

∂2Gb

∂z2 − k1GaGb
2, (8) 

The boundary conditions are 

u = uw(x), v = vw(x),w = 0, − kr
∂T
∂z

= ksGa

[
ΔHs

δA

]

DA
∂Ga

∂z
= ksGa,DB

∂Gb

∂z
= − ksGa at z = 0,

⎫
⎪⎪⎪⎬

⎪⎪⎪⎭

(9)  

here, 

uw(x, t) =
bx

1 − βt
, vw(x, t) =

by
1 − βt

, (10)  

u → 0,Ga → G∞,Gb → 0, v → 0, T → T∞ as z→∞. (12) 

Following are mathematical formulations that describe the thermophysical features of the expanded version of trihybridity 
nanofluid [27,28] to tetra hybridity nanofluid (tethnf). 

μtethnf =
μf

(1 − ϕ1)
2.5
(1 − ϕ2)

2.5
(1 − ϕ3)

2.5
(1 − ϕ4)

2.5 ,

ρtethnf =
[
(1 − ϕ4)

{
(1 − ϕ3)(1 − ϕ2)

[
(1 − ϕ1)ρf + ρ1ϕ1

]
+ ρ2ϕ2 + ρ3ϕ3

}
+ ρ4ϕ4

]
,

(
ρCp
)

tethnf = (1 − ϕ4)
{
(1 − ϕ3)(1 − ϕ2)

[
(1 − ϕ1)

(
ρCp
)

f +
(
ρCp
)

s1
ϕ1

]
+
(
ρCp
)

s2
ϕ2 +

(
ρCp
)

s3
ϕ3

}
+
(
ρCp
)

s4
ϕ4,

ktethnf

kthnf
=

1 − ϕ4 + 2ϕ4

(
ks4

ks4 − kthnf

)

ln
ks4 + kthnf

2kthnf

1 − ϕ4 + 2ϕ4

(
kthnf

ks4 − kthnf

)

ln
ks2 + kthnf

2kthnf

,
kthnf

khnf
=

1 − ϕ3 + 2ϕ3

(
ks3

ks3 − khnf

)

ln
ks3 + khnf

2khnf

1 − ϕ3 + 2ϕ3

(
khnf

ks1 − khnf

)

ln
ks1 + khnf

2khnf

,

khnf

knf
=

1 − ϕ2 + 2ϕ2

(
ks2

ks2 − knf

)

ln
ks2 + knf

2knf

1 − ϕ2 + 2ϕ2

(
kbf

ks2 − knf

)

ln
ks2 + knf

2knf

,
knf

kf
=

1 − ϕ1 + 2ϕ1

(
ks1

ks1 − kf

)

ln
ks1 + kf

2kf

1 − ϕ1 + 2ϕ1

(
kf

ks1 − kf

)

ln
ks1 + kf

2kf

,

σtethnf

σthnf
=

(1 + 2ϕ4)σ4 + (1 − 2ϕ4)σtethnf

(1 − ϕ4)σ4 + (1 + ϕ4)σtethnf
,
σthnf

σhnf
=

(1 + 2ϕ3)σ3 + (1 − 2ϕ3)σhnf

(1 − ϕ3)σ3 + (1 + ϕ3)σhnf
,

σhnf

σnf
=

(1 + 2ϕ2)σ2 + (1 − 2ϕ2)σnf

(1 − ϕ2)σ3 + (1 + ϕ2)σnf
,
σnf

σf
=

(1 + 2ϕ1)σ1 + (1 − 2ϕ1)σf

(1 − ϕ1)σ1 + (1 + ϕ1)σf
,

⎫
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

(13) 

The symbols ϕ1, ϕ2, ϕ3, ϕ4, μtethnf , ρtethnf , ktethnf , (ρCp)tethnf , kthnf , knf , kf , (ρCp)f indicates the fractional size of nanomolecules (s1, s2, s3, 
s4), the dynamic viscosity of tetra nanomolecules, the density of ternary hybridity nanomolecules, the thermal conductance of tetra 
nanomolecules, the specific heat of tetra hybrid nanoparticles, the thermal conductance of ternary hybridity, dihybridity, and mono 
HNFs, and the specific heat of the liquid, correspondingly. Ethylene glycol (C2H6O2) is considered as the base fluid whereas Ag, TiO2, 
Cu, and Al2O3 with properties mentioned in Table 1 

By implementing the appropriate conversions 
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⎛

⎜
⎜
⎜
⎝

φ(η) = Gb

G∞
, θ(η) = T − T∞

ΔT
, ϑ(η) = Ga

G∞
,w =

̅̅̅̅̅̅̅̅̅̅̅̅̅
va

1 − βt

√

(f (η) + g(η))

u =
ax

1 − βt
f ′

(η), v = −
ay

1 − βt
g′

(η), η = z
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

a
[1 − βt]ν

√

,

⎞

⎟
⎟
⎟
⎠

(14) 

After the utilization of the above-mentioned transformation, we got a subsequent scheme of ODEs. 

[1 − (n − 1)(Wef ′′)n
]f

′′′

+A1A2S[(f + g)f ′′ ](1 + (Wef ′′)n
)

2
− A1A2(1 + (Wef ′′)n

)
2
[
S
(

f ’+
η
2

f ’
)
+ f ′2 +A3M2 sin2(ω)f

′
]
= 0, (15)  

[
[1+(Weg′′)

n
]g

′′′

+A1A2[(f + g)g′′](1 + (Weg′′)
n
)

2
− A1A2(1 + (Weg′′)

n
)

2
[
S
(

g’+
η
2

g’
)
+ g′2+A3M2 sin2(ω)g

′
]
= 0, (16)  

d
dη
[
(1 + Rd(θw − 1)θ)3θ

′]
+Pr[εθ]θ′′ +Pr εθ′2 − Pr

[
S

η
2
θ
′

− RH(1 − ϑ)2ϑ − (f + g)θ
′
]
= 0, (17)  

ϑ’’ + Sc
[
(f + g)ϑ’ − Kφ2ϑ − S

η
2

ϑ’
]
= 0, (18)  

φ’’ + Sc
[
(f + g)φ − Kφ2ϑ − S

η
2
φ’
]
= 0. (19) 

Use ipdentity 

ϑ+φ = 1 ⇒ ϑ = 1 − φ or φ = 1 − ϑ (20)  

ϑ’’ + Sc
[
(f + g)ϑ’ − K(1 − ϑ)2ϑ − S

η
2
ϑ’
]
= 0. (21) 

Having BCs ϑ′

(0) = ksϑ(0) and ϑ(∞) = 1. 
Overall boundary constraints of the modeled PDEs become as: 

f (0) = 0, g(0) = 0,w = 0,
f ′

(0) = 1, g′

(0) = λ,
f ′

(∞) = 0, g
′

(∞) = 0
θ
′

(0) = − Kr(1 − ϑ(0)),ϑ
′

(0) = ksϑ(0),
θ(∞) = 0, ϑ(∞) = 1

⎫
⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎭

(22) 

The parameters used in the above equations 9–12 are given as: 

We=Γax
( ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

a
ν(1 − βt)

√ )

,M =
σB2

0

ρf a
(1 − βt),RH =K1

ΔHh

δA

1
(ρc)f

G∞
2

aΔT
(1 − βt),

K =
k1G∞

2

a
(1 − βt), Sc=

ν
DA

, λ=
b
a
, θw =

Tw

T∞
, S=

β
a
,Rd =

16σ∗T3
∞

3k∗k
,

Pr =
ν
α, ε =

DB

DA
,

The frictional force factor and shearing stresses are indicated and described as 

Cfx =

(
2τxz

ρu2

)

⇒ (Rex)
− 0.5Cfx =

1
A1

(
2f ′′

1 + (Wef ′′)n

)

,

Cfy =

(
2τyz

ρu2

)

⇒ (Rex)
− 0.5Cfy =

1
A1

(
2g′′

1 + (Weg′′)
n

)

,

Nux =

(
xqw

k
(
Tf − T

)

)

⇒ (Rex)
− 0.5Nux = − A4

(
1 + (1 + Rd(θw − 1)θ)3)θ

′

(0).

⎫
⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎭

(23) 

Table 1 
Thermophysical characteristics.  

Property EG Ag TiO2 Cu Al2O3 

ρ 1114 10500 4250 8933 3970 
Cp 2415 235 690 385 765 
k 0.252 429 8.953 400 40 
σ 4.3 × 10− 5 6.3 × 107 2.4 × 106 6 × 107 3.5 × 107  
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whereas A1, A2, A3, A4 , A5 are given by 

A1 =
1

(1 − ϕ1)
2.5
(1 − ϕ2)

2.5
(1 − ϕ3)

2.5
(1 − ϕ4)

2.5 ,

A2 = (1 − ϕ4)

{

(1 − ϕ3)(1 − ϕ2)

[

(1 − ϕ1) + ϕ1
ρ1

ρf

]

+ ϕ2
ρ2

ρf
+ ϕ3

ρ3

ρf

}

+ ϕ4
ρ4

ρf
,

A3 =
σtethnf

σf
,

A5 = (1 − ϕ4)

{

(1 − ϕ3)(1 − ϕ2)

{

(1 − ϕ1) +

(
ρCp
)

s1(
ρCp
)

f

ϕ1

}

+

(
ρCp
)

s2(
ρCp
)

f

ϕ2 +

(
ρCp
)

s3(
ρCp
)

f

ϕ3

}

+

(
ρCp
)

s4(
ρCp
)

f

ϕ4,

A4 =
ktethnf

kf
.

⎫
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

(24)  

5. Numerical procedure 

To resolve formulas (9-10), which, when combined with endpoints restrictions (11), constitute the modeled issue, the Cash and 
Carp approach (11) is utilized. Because Cash and Carp’s impacts seem to have a rounded error with order 5, they provide more 
favorable results than even a variety of those other methods (see Table 1). The interaction of formulas (9) via (10) is complicated, and 
analytical analyzing them is a task that takes a significant amount of time owing to the difficulty of the issue. The ultimate goal would 
be to carry out numerical analysis on the system of formulas while taking into account BCs (11). We have the ability to resolve formulas 
by applying our shooting abilities in combination with the RKF strategy. There are a number of different numerical algorithms that 
have been used in the past in order to answer these types of formulas. The complete procedure is commonly referred to as the "Cash and 
Carp" approach (Fig. 1(d)), which is a literal translation of the term. After the formulas have been converted into BVP problems by 
assigning symbols to the miss beginning circumstances, the shooting methodology, together with the RKF method, may be used 
effectively in BVP. 

The 1st-order ordinary differential equations that have been derived from partial differential equations include 

f = y1, g = y4, θ = y7, ϑ = y9, (25) 

to get 

Fig. 1(d). Cash and carp process flow chart.  
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f
′

= y2, f ′′ = y3,

f ′′′

= y3
′

=
A1A2[1 + (Wey3)

n
]
2
[(

y2 +
η
2
y2

)
+ A3M2 sin2(ω)y2 + y2

2 − S(y1 + y4)y3

]

(1 + (1 − n)(Wey3)
n
)

g = y4, g
′

= y5, g′′ = y6,

f
′′′

= y3
′

=
A1A2[1 + (Wey3)

n
]
2
[(

y2 +
η
2
y2

)
+ A3M2 sin2(ω)y2 + y2

2 − S(y1 + y4)y3

]

(1 + (1 − n)(Wey3)
n
)

,

θ = y7, θ
′

= y8,

θ′′ = y8
′

=

−
A5

A4
Pr
(

S
η
2

y8 − RH(1 − y9)
2y9 − (y1 + y4)y8

)
− Pr εy8

2 − 3Rd(θw − 1)(1 + (θw − 1)y7)
2

(
(1 + εy4) + Rd(1 + (θw − 1)y7)

3) ,

ϑ = y9, ϑ
′

= y10,

ϑ′′ = y10
′

= Sc
(

S
η
2

y10 + K(1 − y9)
2y9 − (y1 + y4)y10

)
,

⎫
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

(26) 

BCs (6) are now 

η = 0 : y1(η) = 0, y2(η) = λ, y4(η) = 0, y5(η) = λ, y8 (η) = − Kr(1 − y9),

y10 (η) = Ksy9, η→∞ : y2 (η)→0, y5 (η)→0, y7 (η)→0, y9 (η)→1

}

(27)  

In order to determine how to resolve the ODEs shown previously, the RKF of the fourth and fifth orders is employed. 

K1 = hF(η,Z),

Ki = hF

(

η + Ai,Z +
∑i− 1

j=1
BijKj

)

, i = 2, 3, ..., 6,

Z5(η + h) = Z(η) +
∑6

i=1
CiKi,

Z4(η + h) = Z(η) +
∑6

i=1
DiKi,

⎫
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

(28)  

a situation in which the equations of the fourth in addition to the fifth orders are signified by the indices 4 but also 5, accordingly. On 
the other hand, K1, Ki, F and Z may nearly always be categorized as 

K1 =

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

K11
K12
K13
K14
K15
K16
K17
K18
K19
K110

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

,Ki =

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

Ki1
Ki2
Ki3
Ki4
Ki5
Ki6
Ki7
Ki8
Ki9
Ki10

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

,F=

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

f11
f12
f13
f14
f15
f16
f17
f18
f19
f110

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

,Z=

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

z11
z12
z13
z14
z15
z16
z17
z18
z19
z110

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

, (29)  

in where i may take the values i = 2, 3, ...6. The factors used in the RKF equation can be found listed below in Table 2. 
The procedure of finding a solution to the issue calls for serious examination of the route length h that is being applied. In relation to 

the matter at hand, the value 0.1 has been assigned to the attribute that is measured by h. It is possible to do a numerical investigation 
of equations 19–21 through employing the approach for this kind of fifth order. The method for the fourth order is only applicable for 

Table 2 
The mathematical illustrations of the indicators that Cash and Carp have made available.  

i Ai   Bij   Ci Di 

1 – – – – – – 37/378 2825/27648 
2 1/5 1/5 – – – – 0 0 
3 3/10 3/40 9/40 – – – 250/621 18 575/48384 
4 3/5 3/10 9/40 6/5 – – 125/594 13 525/55296 
5 1 11/54 5/2 70/27 35/27 – 0 277/14336 
6 7/8 1631/55296 175/512 575/13824 44275/110592 253/4096 512/1771 1/4  
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the truncation error reasons that are detailed later down in this passage. 

E(h)= Z5(η+ h) − Z4(η+ h)=
∑

i
(Ci − Di)Ki (30) 

The difference that occurs between numbers that have been numerically computed and boundary values is referred to as the 
"residual" in this context. When the variance between the residuals at the border is less than the tolerance level of 10− 8 to improve the 
original constraints that were not there, the final outcome has been obtained. This occurs whenever the initial restrictions did not exist. 
Newton’s iterative approach of solving problems is put to use here. The following criteria will be used to ascertain whether or not the 
process of iteration has reached its conclusion: 

max{|z2(ηmax) − 0|, |z5(ηmax) − 0|, |z7(ηmax) − 0|, |z9(ηmax) − 1|} < 10− 8 (31) 

The RKF approach makes use of a variety of coefficients, and Table 2 offers an example of several of these factors. The corre
sponding values are shown in the following table. 

In an effort to demonstrate that the mathematical method is reliable, we compared our results to those that had been acquired in the 
past by Reddy et al. [22] with missing Rd. Not only did we find that there was a significant amount of concordance between the two 
groups of data, but we also found that there was a perfect match between the two groups of data. 

6. Results and discussion 

6.1. Sundry parameters effect on the velocity field 

Current study did a numerical investigation regarding cubic autocatalysis and inclined magnetized velocity slip Carreau nanofluid 
with an artificial neural network (NN) and bvp4c method. Temperature-dependent thermal conductivity and homogeneous- 
heterogeneous chemical reactions are utilized in concentration and temperature profiles. Several parameters affiliated with all dis
tribution profiles are shown by graphs and statistical tables. 

The number that Weissenberg came up with is associated with unwinding. The amount of time that a liquid needs to relax. The 
decrease in viscosity that occurs because of an increase in We also causes a reduction in the rapidity field. As can be seen in Fig. 2(a), as 
the shearing viscosity of the liquid decreases, this results in an increase in the average speed of the liquid. The Weissenberg number, 
which is suited to characterize flows with a consistent stretch history, such as simple shear, specifies the degree of anisotropy or di
rection caused by the deformation. Physically dimensionless number (We) contrasts the viscous and elastic forces. It is well established 
that viscous forces topple elastic forces under an expansion in (We) which provides conflict to the liquid flowing and diminishes the 
velocity field f ′

(η). It is quite evident that tetra hybrid nanoparticles (TETHNF) nanoparticles suspension in the base amplifies fluid 
concentration and overall density of the fluid which reduces the fluid speed and f ′

(η). The purpose of Fig. 2(b) is to analyze the 
performance of n in comparison to f ′

(η). The viscosity of the liquid is represented by the symbol n, which provides this information. 
Viscosity increases when n is more than one, is constant when n is equal to one (Newtonian) and decreases when n is one or less. The 
inertia of the liquid is overcome by the viscosity, which results in an increase in n and a decrease in f ′

(η). Products used in everyday life 
such as ketchup, paint, blood, spaghetti, and other polymers are examples of substances whose viscosity may alter over time. Because 
of an incremental change in the fractional size of nanomolecules (TETHNF), which additionally reduces f ′

(η), physically viscous forces 
predominate over inertial forces. This occurs because of an incremental change in the fractional size of nanomolecules. The influence 

Fig. 2(a). Impact of Weissenberg number We on the velocity field f ′

(η).  

T. Sajid et al.                                                                                                                                                                                                           



Case Studies in Thermal Engineering 49 (2023) 103261

13

that the magnetic parameter M has on the frequency f ′

(η) is reflected in the design of Fig. 2(c). It has been noticed that an electrically 
conducting liquid, while traveling through an electric field, produces a force known as the Lorentz force. This force is essentially 
resistive and resists fluid when it is exposed to an expanding sheet. Additionally, this force causes a reduction in the rapidity outline 
f ′

(η) There is a movement of liquid in the direction of the vertical wall. The fluid velocity also diminishes by positive variation in ω = 0 
to π

2. It is quite evident that magnification in ω strengthens viscous-type forces which amplify the viscosity phenomenon and lessens 
f ′

(η) displayed in Fig. 2(d). Lorentz force amplifies under enrichment in an inclined magnetic field ω which lessens f ′

(η). 

6.2. Effect of sundry parameters on temperature field 

Fig. 3(a) draws attention to the impact that the radiation parameter Rd has on θ(η). Nonlinear thermal radiation is utilized in the 
case where the high-temperature difference is required and in the present model these rays are actually solar rays coming from the sun 
which are absorbed by the sheet located inside in PV sheet of a solar panel located on the top of the offshore oil rig. Physically 
electromagnetic radiation that passes through electromagnetic waves is known as thermal radiation. The movement of electrons and 
other components within a hot substance produces these forms of radiation. Due to the acceleration of the charge and the resulting 
dipole oscillation, electromagnetic radiation is produced. By increasing Rd, molecules have a greater chance of colliding with one 
another and sharing their kinetic energy, which in turn enhances the temperature outline. Thermal radiation is used in circumstances 
that demand a substantial temperature differential, and it has a broad variety of uses in industry, including nuclear reactors and burn 
reactors, amongst many others. Producing polymers, treating water, and other processes along the same lines are included. When Rd is 
increased, the degree of unpredictability in the collisions that take place between molecules also increases. The intensification of Rd 

Fig. 2(b). Influence of viscosity index n on the velocity field f ′

(η).  

Fig. 2(c). Impact of magnetic parameter M on the velocity field f ′

(η).  
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phenomenon that is brought about by the implantation of tetra nanocomposites into the base liquid leads to an increase in both θ(η)
and the breadth of a temperature boundary layer. This is because the thickness of the temperature boundary layer increases. In the case 
of TETHNF, the radiation impact is amplified more so than when it is seen with THNF and HNF. The effect that the thermal 
conductance has on θ(η) is seen in Fig. 3(b). The capacity of a substance to transfer heat is referred to as its thermal conductivity. It has 
been shown beyond a reasonable doubt that the collision of fluid atoms results in an increase in the thermal conductivity of liquids. 
Physically thermal conductivity is a property that describes how well a material can conduct heat. It quantifies the rate at which heat 
energy is transferred through a material due to a temperature difference. The higher the thermal conductivity of a material, the better it 
is at conducting heat. Materials with high thermal conductivity, such as metals like copper and aluminum, are good conductors of heat. 
It’s important to note that thermal conductivity can vary significantly depending on the material and its physical properties, such as 
density, composition, and temperature. The molecules in the fluid are able to transfer more of their kinetic energy to one another. As 
can be seen in the image, it is a fact that the TBL layer thickness increases greater for TETHNF as opposed to THNF. This fact has been 
well proven. The stretched sheet increases the dispersion of heat across the structure by amplifying, which in turn transmits additional 
heat throughout the system. Fig. 3(c) draws attention to the impact that the temperature ratio variable θw has on the value of θ(η). 

Physically, when solar rays originating from the sun scatter on a stretched sheet, a chemical event known as a catalytic reaction 
begins to take place. This causes molecules to clash more randomly, which magnifies temperature conductance, and temperature 
conductance enhances even more in the existence of TETHNF. It should come as no surprise that the liquid is able to take in a greater 
quantity of heat as a direct consequence of the increase in θw, which in turn magnifies the thermal boundary thickness and temperature 
field θ(η). In fluid mechanics, the temperature ratio parameter can be important in analyzing compressible flow phenomena, such as in 
supersonic aerodynamics. The temperature ratio across a shock wave or an expansion fan can significantly affect the flow properties 
and behavior. In some applications, the temperature ratio parameter can be used to characterize the performance or efficiency of a 

Fig. 2(d). Impact of inclined angle ω on the velocity field f ′

(η).  

Fig. 3(a). Impact of inclined angle Rd on temperature field θ(η).  
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system, particularly in thermodynamic cycles or heat transfer processes. Symbol θw represents wall temperature to ambient tem
perature. The temperature ratio parameter is a key factor of the nonlinear-based thermal radiation phenomenon. The temperature of 
the fluid rises as it moves upwards away from the stretching surface, which speeds up the rate at which heat is transferred inside the 
fluid. It is observed that heat transfer amplifies more in the case of TETHNF in contrast to THNF and simple HNF. A positive variation in 
Pr depreciates θ(η). Heat diffuses more quickly in the case of magnification in Pr which reduces heat transfer, as well as temperature 
phenomena, inside the liquid. The Prandtl number helps determine the dominant mode of heat transfer in a fluid. A low Prandtl 
number indicates that momentum diffusivity is dominant, meaning that the fluid tends to be more effective at transferring momentum 
than heat. Conversely, a high Prandtl number indicates that thermal diffusivity is dominant, implying that the fluid is more effective at 
transferring heat than momentum. Different fluids have different Prandtl numbers. For example, air and most gases have a Prandtl 
number close to 0.7, while water has a Prandtl number around 7. Prandtl number of ethylene glycol is 39. Physically these values 
influence the behavior of fluid flow and heat transfer in various applications, such as in the design of heat exchangers, boundary layer 
flows, and convection processes. Thermal boundary thickness diminishes in the case of Pr as shown in Fig. 3(d). Fig. 3(e) reflects the 
impact of concentration distribution RH on θ(η). It is observed that the concentration distribution effect amplifies under magnification 
in a catalytic chemical reaction. A proper chemical reaction between TETHNF and fluid amplifies KE of the molecules and molecules of 
the fluid collide more randomly in the occurrence of TETHF and catalytic chemical reaction which amplifies temperature field θ(η). It is 
observed that heat transfers more in the case of TETHNF in contrast to THNF and HNF. More heat is absorbed by the solar panel located 
on an offshore oil rig by amplifying TETHNF, Rd, ε and RH effects. 

Fig. 3(b). Impact of thermal conductivity ε on temperature field θ(η).  

Fig. 3(c). Impact of temperature ratio parameter θw on temperature field θ(η).  
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Fig. 3(d). Impact of Prandtl number Pr on temperature field θ(η).  

Fig. 3(e). Impact of RH on temperature field θ(η).  

Fig. 4(a). Impact of homogeneous reaction K on concentration field ϑ(η).  
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6.3. Sundry parameters influence on concentration field 

The effect that K has on the concentricity gradients is seen in Fig. 4(a). The concentricity gradients become more pronounced as K 
becomes higher in value. As the intensity of the homogeneous chemical reaction increases, a greater number of species are consumed in 
bulk, which leads to a decrease in the concentricity gradients represented by the symbol ϑ(η). In a homogeneous reaction where the 
concentration of a reactant decreases over time, the concentration profile typically exhibits an exponential decay pattern. The rate at 
which the concentration decreases depends on the reaction order and the specific rate constant associated with the reaction. Physically 
concentration profiles assume ideal conditions for a well-mixed homogeneous system. In reality, factors such as reaction mechanisms, 
reactant diffusion, and reactor design can affect the concentration profile and lead to deviations from these idealized patterns. Fig. 4(b) 
displayed the impact of Ks on ϑ(η). Diffusivity and concentricity are completely related with each other. Diffusivity is a property that 
quantifies how easily molecules or particles can move through a medium, while concentration refers to the amount of a substance per 
unit volume. Fick’s Law of Diffusion describes the relationship between diffusivity, concentration, and the rate of mass transport. 
Physically higher diffusivity allows for faster diffusion, resulting in a higher mass flux for a given concentration gradient, while a lower 
diffusivity leads to slower diffusion and lower mass flux. In the event of a homogeneity reaction, both the liquid and the catalyst are 
present in an identical phase. This is one of the primary reasons for an increase in the concentration field and is also one of the most 
significant variables. Additionally, the flow diffusivity will change because of an increase in the value of the homogeneous reaction, 
which will result in a decrease in ϑ(η). Because an increase in the rate of change of the heterogeneous reaction’s velocity signifies an 
increase in the number of chemical species participating in the chemical reaction on the chemical front, which, in turn, results in an 
increase in the concentricity of the chemical species. When Sc increases, there is a corresponding increase in the viscous diffusion that 
occurs in the scenario of fixed molecular diffusion. The Schmidt number has a close connection to the phenomena of diffusion and fills 
the same function in the equation for the concentration of a substance as the Prandtl number does in the equation for the energy it 
contains. There is a connection between the Schmidt number and the molecule diffusivity. It is abundantly obvious that a little 
modification in the molecular diffusivity results in an increase in the concentration of the fluid, which in turn leads to an amplification 
of the concentration issue. The Schmidt number is primarily used to determine the thickness of concentration boundary layers in a fluid 
flow. In general, a smaller Schmidt number indicates a higher diffusivity relative to viscosity, resulting in thinner concentration 
boundary layers. Conversely, a larger Schmidt number indicates a lower diffusivity relative to viscosity, leading to thicker concen
tration boundary layers. As can be seen in Fig. 4(c), when there is a rise in Sc, there is also a boost in ϑ(η), which causes the con
centration of the fluid rising. It has been shown that momentum diffusivity increases when there is an augmentation in the fractional 
size of TETHF. This consequence also increases K but decreases Sc and Ks, and this impact is more pronounced when it occurs in the 
context of TETHNF in comparison to THNF and HNF. 

6.4. Graphical representation of sundry parameters on physical quantities like drag friction coefficient and Nusselt number 

Fig. 5(a) revealed the performance of n on the surface drag coefficient. The viscosity increases in terms of n moreover decreases the 
fluid velocity. The surface drag friction of the surface over which the fluid is moving amplifies owing to the decrement in n which 
amplifies the skin friction phenomenon. Generally the viscosity of a fluid increases, it leads to higher internal friction within the fluid. 
As a result, the fluid molecules exhibit greater resistance to flow, causing an increase in drag force. This means that a more viscous fluid 
will create more resistance and require more force to overcome compared to a less viscous fluid. However, if the viscosity becomes too 
high, it can increase the drag and result in decreased efficiency. The barrier to the flowing of the fluid is provided, physically speaking, 
by surface friction. When there is a positive change in the value of n, the viscosity of the fluid increases, which in turn reduces the 
fluid’s velocity and makes the phenomena of surface drag more pronounced. In contrast to the effects of THNF and HNF, the presence 
of TETHNF causes the liquid to assume an additional concentrated state. The effect that the magnetic variable M has on the drag 
coefficient is seen in Fig. 5(b). The velocity of the liquid’s flowing relative to a speed of the medium is what we refer to as surface drag. 
It has been observed that fluid speed reduces because of the multiplication in M, which lessens the effect of the surface drag phe
nomena. Drag friction, also known as fluid drag or air resistance, is primarily influenced by the interaction between a solid object and 
the surrounding fluid (such as air or water). However, in certain cases, a magnetic field can indirectly affect drag through the 
manipulation of the fluid or the object itself. By applying a magnetic field to the boundary layer, the electric currents induced can 
potentially influence the flow and reduce drag. It’s important to note that the effectiveness of using magnetic fields to decrease drag 
friction depends on several factors, including the specific application, the strength and orientation of the magnetic field, and the 
properties of the fluid involved. The existence of a Lorentz force causes a fluid to become physically more viscous, and viscous forces 
dominate inertial forces, resulting in a decrease in fluid velocity and an increase in the impact of drag and friction. Fig. 5(c) draws 
attention to the impact that the Weissenberg number has on the surface friction caused by drag. The amount of time a fluid needs to 
relax before it can regain its former shape is linked to what is known as the Weissenberg number. In that period of time, the viscosity of 
the fluid will increase, making it difficult for the fluid to travel freely over the expanding sheet. The fluid’s velocity will decrease as the 
magnification factor We increases. Relaxation time of the fluid amplifies in the case of magnification in tetra hybrid nanoparticles 
TETHNF which lessens the fluid speed. Drag friction is the friction caused by the fluid against the surface. It is well knowledge that an 
increase in We results in a decrease in velocity, which, on the other hand, results in an increase in the amount of drag and friction, as 
illustrated in Fig. 5(c). The Prandtl number Pr, remains the same even when the temperature changes, even though the temperature 
decreases within the fluid. Because there is a lower temperature within the liquid, heat can diffuse more rapidly under magnification in 
Pr, which finally leads to a lower Nusselt number for the transmission of heat, as illustrated in Fig. 5(d). Radiation parameter Rd is one 
of the crucial variables that need to be taken into consideration in order to magnify heat transmission. This parameter has enormous 
applications in thermal improvement, which are then used in combustion reactors, paper manufacture, polymer synthesis, and other 
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processes. When thermal radiation is absorbed by an object, its energy is converted into heat, thereby increasing the object’s tem
perature. The rate of heat transfer through thermal radiation depends on several factors, including the temperature difference between 
the objects, the emissivity of the surfaces involved, and the surface area of the objects. Thermal conductivity amplifies in the case of an 
incremental change in Rd which amplifies fluid temperature and the inclusion of nanoparticles in the base fluid amplifies Rd 

Fig. 4(b). Impact of heterogeneous reaction Ks on concentration field ϑ(η).  

Fig. 4(c). Impact of Schmidt number Sc on concentration field ϑ(η).  

Fig. 5(a). Influence of n on skin friction.  
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phenomenon and amplifies the Nusselt number as shown in Fig. 5(e). Thermal radiation actually nonlinear thermal radiation is the key 
parameter to enhance heat trnasport rate in the case of solar PV panels located on the top of the offshore oil rig. The effect of Rd 
amplifies more and PV panel stores more energy in the presence of TETHNF. The parameters like thermal radiation, temperature ratio 
parameter, thermal conductivity, and tetrahybrid nanoparticles TETHF amplify the temperature and heat transfer rate of the fluid and 
transports more heat which is absorbed by the PV sheet and transfers more heat in the rig for drilling and navigational purposes. 

6.5. Streamlines behavior of sundry parameters on drag frictions and Nusselt numbers 

Fig. 6(a) illustrates a contour map that compares the velocity distribution to the porosity variable n. Increasing the accuracy of the 
estimates of n results in a decrease in the overall velocity. The contour justifications of rapidity versus We were shown in Fig. 6(b). It 
has been noticed that increasing We increases liquid speed and increases liquid speed causes a reduction in the viscosity of the liquid. In 
the form of a contour graph, Fig. 6(c) demonstrated the effect that Rd had on the temperature profile. Increasing Rd results in a rise in 
the temperature of the liquid. Increasing Rd causes an increase in temperature because it causes the fluid to absorb more heat. Fig. 6(d) 

Fig. 5(b). Influence of M on skin friction.  

Fig. 5(c). Impact of We on the drag friction coefficient.  

Fig. 5(d). Impact of Pr on Nusselt number.  
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Fig. 5(e). Investigation of Rd on Nusselt number.  

Fig. 6(a). Contour draw of viscosity constraint n versus speed outline.  

Fig. 6(b). Contour draw of dimensionless variable We versus rapidity outline.  
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illustrates the contour affect that the Prandtl number has on the temperature description. When new estimates of the Prandtl number 
are added, it is possible to see that the temperature distributions move in the opposite direction of the increase. 

7. Tabular representation of sundry parameters impact on the drag coefficient and heat transfer nusselt number 

Table 3 is designed to reflect the impact of sundry parameters on the drag coefficient along x− axis and y− axis respectively. From 
obtained numerical outcomes it is observed that the drag coefficient amplifies more along x− axis contrast to y− axis owing to an 
incremental change in M and n but diminishes in the case of remaining parameters like We, ω, and S. From Table 4 it is found that heat 
transference capacity improves in the case of amplification in M, S, ε, θw and RH but diminishes in the case of remaining parameters like 
We, Pr, Sc, and n. From Table 5 it is clear that the heat transfer rate amplifies more in the case of tetra hybrid nanofluid TETHF in 
contrast to ternary hybrid nanofluid THNF. The ability of fluid to conduct heat amplifies in the case of TETHF in contrast to THNF 
which is stored by the PV panel and transfers more for offshore oil drilling purposes. From Table 6 it is observed that thermal radiation 
Rd plays a vital role in heat transfer rate. Nonlinear-based radiation has tremendous utilization in the industry like combustion re
actors, polymer production, cleaning of medical tools, artificial satellites, etc. The overall temperature storage capacity of the PV panel 
amplifies in the case of Rd. 

8. Validity 

Table 7 displays the comparison analysis of obtained results due to an improvement in Pr in the case of heat transfer rate by keeping 
other parameters We = 0, n = 1, A1 = A2 = 1. The obtained outcomes are quite reliable and authentic when compared with the results 
achieved by Khan et al. [51] has taken. 

9. Final remarks 

The present article is designed to study the effect of the autocatalytic chemical reaction and variable thermal on inclined 
magnetized cross tetrahybrid moving subjected to a n expandable sheet. Nonlinear thermal radiation is considered in order to 
investigate and elevate the heat transfer effect. Cost analysis in terms of solar PV panel efficiency in contrast to diesel for oil drilling in 
the scenario of Pakistan has never been studied yet in the available literature. A novel tetrahybrid Xue nanofluid model (comprises of 
four different types of nanoparticles) has been developed and implemented. Comparison of the proposed novel nanofluid model with 
already existing models like ternary hybrid nanofluids and dihybrid nanofluid modes have been taken in this study. The final remarks 
and gist of the study are explained pointwise as under.  

i. Solar energy is the kind of renewable energy best for countries like Pakistan, India, and Srilanka where the temperature rises 
above 40 Celcius in summer and the duration of sunset is about 16 h.  

ii. Homogenous reaction physically describes the movement of nanoparticles within the fluid and due to immersing these 
nanoparticles temperature gets high for pseudo-plasticity and dilatant status.  

iii. Numerical growth in the strength coefficient homogenous reaction parameter causes the decrement in the concentration file.  
iv. Velocity becomes slow when magnetic strength becomes stronger because a stronger magnetic field produces Lorentz force, and 

it acts as an opposing force during the flow. 

Fig. 6(c). Contour draw of variable Rd versus temperature outline.  
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v. Velocity profile increases for enlarging cross fluid viscosity index parameter n.  
vi. Diffusion is the transfer of molecules from a lower concentration to a higher concentration due to this temperature increase.  

vii. It is concluded that greater Pr reduces the temperature of Carreau nanofluid for pseudo-plasticity and dilatant situations.  
viii. Greater amount of thermal radiation gives a larger temperature which is stored by PV sheets and later used for drilling and 

navigational purposes on the offshore oil rig.  
ix. More heat is produced, and the heat transfer production phenomenon amplifies in the case of TETHNF in contrast to THNF and 

HNF.  
x. Parameters like Rd, θw, ε, RH and TETHNF is the major factor responsible for amplification in heat generation which is stored by 

PV panel and used for various operations on the rig station.  
xi. Using solar electricity at oil rigs could be expensive at first, yet it often ends up being less expensive than using diesel.  

xii. 49% computational cost is reduced in the case of solar-powered energy as a replacement for diesel energy. 
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Fig. 6(d). Contour plot of parameter Pr against temperature field.  

Table 3 
Implication of on skin friction along x− axis and y− axis.  

We ω S M n Frictional force along x− axis Frictional force along y− axis 

0.1     1.4234 1.2700 
0.2     1.2824 1.1703 
0.3     1.1463 1.0817 
0.5 0.2    0.9144 0.8110  

0.5    0.9135 0.7851  
0.7    0.9130 0.8214   

0.2   1.3601 1.1576   
0.4   1.3426 1.0213   
0.8   1.2022 0.9576    

0.4  1.3964 0.9344    
0.8  1.4810 0.9847    
1.2  1.5573 1.0945     

0.6 1.2853 0.9205     
0.8 1.4739 1.1979     
1.0 1.6391 1.3546  
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Table 4 
Effect of Pr, Sc, We, S and n on Nusselt number.  

Pr Sc M We S n ε θw RH Nusselt Number 

0.1         2.1319 
0.2         1.9876 
0.3         1.6523 
0.5 0.3        1.7856  

0.6        1.5012  
0.9        1.2063   

0.7       1.1723   
0.9       1.5876   
1.1       2.0156    

0.7      2.2215    
0.9      2.0146    
1.1      1.8074     

0.7     1.5214     
0.9     1.8723     
1.2     1.9576      

0.4    1.6523      
0.7    1.4207      
1.1    1.2245       

1.0   3.0156       
1.5   3.2051       
2.0   3.4276        

1.0  2.5791        
1.5  2.9560        
2.0  3.2189         

1.0 1.7175         
1.5 2.0152         
2.0 2.4215  

Table 5 
The dimensionless Nusselt number against distinct parameters in the case of an increment in volume fraction of nanoparticles in the case of the Xue tetrahybrid nanofluid 
model.  

Volume fraction of nanoparticles Xue tetrahybrid nanofluid model Volume fraction of nanoparticles Xue tetrahybrid nanofluid model 

ϕ = ϕ1 + ϕ2 + ϕ3 

NuxRe

− 1
2

x 

ϕ = ϕ1 + ϕ2 + ϕ3 + ϕ4 

NuxRe

− 1
2

x 

0.070 2.7632 0.10 3.5213 
0.075 2.9135 0.11 3.8621 
0.090 3.4152 0.12 4.1213 
0.081 3.6901 0.13 4.3216  

Table 6 
Change in Nusselt number in the presence/absence of Rd.  

Parameter Absence of Rd Presence of Rd 

Rd 
NuxRe

− 1
2

x NuxRe

− 1
2

x 

0.5 2.0152 3.4276 
1 2.240 3.7822 
1.5 2.6165 4.1428 
2 2.8085 4.4212  

Table 7 
Comparison of the obtained results in the case of Nusselt number.  

Parameter Nusselt number 

Pr Khan et al. [51] Current Results 
7 1.80433 1.80400 
20 3.25603 3.25500 
70 6.36662 6.36590  
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Nomenclature  

n Carreau fluid index 
B0 strength of magnetic field 
k thermal conductivity 
τ  
C  
T liquid temperature 
DA Diffusion coefficient of chemical species A 
DB Diffusion coefficient of chemical species B 
T∞ infinite temperature 
Tf  

ω angle of inclined magnetic field 
ρf fluid density 
γ  
α thermal diffusivity 
Cp specific heat 
M magnetic variable 
Q∗

Q  
Х  
E,F autocatalysis 
Ga,Gb concentricity of chemical reactions 
k1,ks homo/heterogeneous reactions rate 
ΔHh homogeneous heat reaction 
BLMS Backpropagated Levenberg- Marquard scheme 
GA heterogeneous reaction stoichiometric coefficient 
u,v,w velocity component 
x,y,z space coordinates 
σ∗,k∗ Stefan Boltzmann constant 
Pr Prandtl number 
Nb  
Nt  
Sc Schmidt number 
We local Weissenberg number 
Bi  
uw,vw stretchable rapidities 
Rd radiation parameter 
υ kinematic viscosity 
Cf skin-friction coefficient 
Nux Nusselt number 
Rex local Reynold number 
σ1  
λ  
Δ chemical reaction constant 
ε diffusion coefficient 
RH homogenous reaction 
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f ,g dimensionless velocities 
KT  
MODU Mobile offshore digging unit 
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