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1. Introduction 
 

In recent years, there has been a growing interest in 

exploring the thermal and fluidic behavior of nanoparticle 

suspensions for various industrial and engineering 

applications scrutinized by (Cui et al. 2022, Choi and 

Eastman 1995, Shah et al. 2022a, b, Sidik et al. 2015, Selmi 

2019, Kobayashi et al. 2013, Nagaraj et al. 2023, Pavitra et 

al. 2023, Sur 2014). The study of heat and mass transfer 

characteristics of nanofluids, particularly those containing 

innovative nanomaterials like MoS2 (Molybdenum Disulfide), 

has garnered significant attention in various heat exchange 

systems due to their exceptional thermal and mechanical 

properties. It can be used at temperatures ranging from -600 

°C to 400 °C. It is known as the “king of solid lubricants” 

because it can be lubricated in a vacuum or air environment 

for a longer duration. It is a hexagonal crystal with a layered 

structure stacked by S-Mo-S in alternating layers, as shown 

in Fig. 1.1. China is the largest country in MoS2 resources 

with reserves of 4.3 million tons. The ethylene glycol is 

considered a base fluid because it is known for its excellent 

heat transfer properties and widespread use as a coolant. As 
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demonstrated in Fig. 1.2, the heat and mass transfer 

behavior of MoS2 nanoparticle suspension in ethylene 

glycol over a stretching sheet offers promising applications 

in the biomedical and engineering domains examined by 

(Pourmadadi et al. 2022, Bazaka et al. 2019, Liu et al. 

2021, Abd-Elkader et al. 2023, Shah and Awan 2022, Zhang 

et al. 2015, Saidi et al. 2021, Ahmed et al. 2022, Bas 2023, 

Mousavi et al. 2020). Some biomedical applications 

include: In healing therapies, it can be adapted to model the 

temperature and moisture distribution of wound dressings to 

inhibit bacterial growth. In photothermal therapy, these 

nanocomposites when selectively generate localized heat 

which can effectively destroys the cancer cells or tumors. 

This suspension can be used to create biocompatible 

coatings on medical implants and devices to reduce the risk 

of rejection by the body. MoS2-C2H6O2 nanoparticle 

suspensions also hold significant promise in various 

engineering applications. MoS2 nanoparticles dispersed in 

ethylene glycol create a nanofluid that provides better heat 

transfer characteristics that can cool electronic components 

and devices with high power densities. Additionally, this 

lubricant reduces the friction and wear of bearings and 

gears in mechanical systems, leading to enhanced efficiency 

and longevity. These versatile suspensions also find merit in 

aerospace engineering. The high-temperature stability and 

lubricating properties of these materials can enhance the 

performance and durability of spacecraft and gas turbine 

engines, thereby extending the reach of materials engineering  
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Abstract.  This study investigates the heat and mass transfer characteristics of a MoS2 nanoparticle suspension in ethylene 

glycol over a porous stretching sheet. MoS2 nanoparticles are known for their exceptional thermal and chemical stability which 

makes it convenient for enhancing the energy and mass transport properties of base fluids. Ethylene glycol, a common coolant in 

various industrial applications is utilized as the suspending medium due to its superior heat transfer properties. The effects of 

variable thermal conductivity, variable mass diffusivity, thermal radiation and thermophoresis which are crucial parameters in 

affecting the transport phenomena of nanofluids are taken into consideration. The governing partial differential equations 

representing the conservation of momentum, energy, and concentration are reduced to a set of nonlinear ordinary differential 

equations using appropriate similarity transformations. R software and MATLAB-bvp5c are used to compute the solutions. The 

impact of key parameters, including the nanoparticle volume fraction, magnetic field, Prandtl number, and thermophoresis 

parameter on the flow, heat and mass transfer rates is systematically examined. The study reveals that the presence of MoS2 

nanoparticles curbs the friction between the fluid and the solid boundary. Moreover, the variable thermal conductivity controls 

the rate of heat transfer and variable mass diffusivity regulates the rate of mass transfer. The numerical and statistical results 

computed are mutually justified via tables. The results obtained from this investigation provide valuable insights into the design 

and optimization of systems involving nanofluid-based heat and mass transfer processes, such as solar collectors, chemical 

reactors, and heat exchangers. Furthermore, the findings contribute to a deeper understanding of stretching sheet systems, such 

as in manufacturing processes involving continuous casting or polymer film production. The incorporation of MoS2-C2H6O2 

nanofluids can potentially optimize temperature distribution and fluid dynamics. 

Keywords:  MHD; MoS2-C2H6O2 nanofluids; Sisko fluid model; variable mass diffusivity; variable thermal conductivity 

 

341



 

Manoj C Kumar and Jasmine A Benazir 

 

 

 

into diverse industries. MHD and porous medium are 

essential concepts in the study of flow and heat transfer 

analysis. However, electrical conducting nanofluids flow 

over a porous medium have significant applications in the 

science and engineering such as design of MHD generators, 

soil remediation, material processing, oil and gas industries, 

etc. Numerous researchers studied the transport behavior of 

MHD and porous medium (Choudhary and Jain 2021, 

Gharsseldien and Awaad 2022, Huang et al. 2022, Liu et al. 

2023, Maalla and Song 2021, Safari et al. 2021, Sharif et al. 

2021a, b, 2023, Ali et al. 2022)  

The variable thermal conductivity and variable mass 

diffusion are important aspects to consider in the context of 

energy and mass distribution of nanofluids flow over a 

porous medium. It is an important factor encountered in 

fluid mechanics and materials processing; particularly in 

metal formation. During these processes, the quality of the 

metal product primarily depends on the extent of heat and 

mass transfer. Variable thermal conductivity influences the 

temperature distribution across the stretching sheet. As the 

sheet is stretched, the temperature dependent thermal 

conductivity causes the local temperature gradients to 

change causing non-uniform heat distribution in the 

material. This affects the structural integrity of the sheet and 

makes it equipped for heat-related processes such as drying 

and annealing. Variable mass diffusion is crucial when 

dealing with species transport on a stretching sheet. 

Different substances may diffuse at different rates through 

the material or the fluid boundary layer near the sheet. In 

applications like chemical vapor deposition or coating 

processes, variations in mass diffusion coefficients can 

significantly affect the uniformity and quality of the 

 

 

deposited layers. Additionally, in biological systems such as 

tissue engineering and drug delivery devices, it plays a 

pivotal role in controlling the distribution of nutrients and 

chemicals. This impacts the growth and functionality of 

tissues and the effectiveness of drug delivery systems. In 

many industrial applications, the management of Newtonian 

and non-Newtonian nanofluids with variable mass 

diffusivity and variable thermal conductivity is essential for 

optimization and guaranteeing the design and product 

quality (Algehyne et al. 2022, Alsenafi et al. 2021, Sohail et 

al. 2020, Amirsom et al. 2019, Rashed et al. 2021, Sivaraj 

et al. 2019).  

The study of non-Newtonian nanofluids represents a 

fascinating topic in fluid dynamics and nanomaterial 

science, ushering in a new era of understanding fluid 

behavior at the nanoscale. Unlike traditional Newtonian 

fluids, non-Newtonian fluids deviate from linear viscosity 

patterns exhibiting intricate rheological complexities 

influenced by factors such as shear rate and temperature. 

When these fluids are incorporated with nanoparticles the 

resulting nanofluids offers a dynamic and unique set of 

challenges and opportunities. Various fluid models such as 

Maxwell fluid model, Oldroyd-B fluid model, Williamson 

fluid model, Sisko fluid model, Casson fluid model, etc. 

have been developed to analyze the non-Newtonian fluid 

behaviors (Razzaq et al. 2021a, b, c2022, Awan et al. 

2022a, b). In this context, Sisko model is an extension of 

the classical Newtonian fluid model which accommodates 

the non-Newtonian characteristics often exhibited by 

nanofluids, especially at higher particle concentrations. This 

trait of Sisko fluid is utilized for the current analysis. The 

shear-thinning behavior and yield stress of the Sisko model 

 
Fig. 1.1. Structural representation of MoS2 

 
Fig. 1.2 Applications of MoS2 
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offers a more accurate representation of the complex 

rheological properties inherited by nanoparticle suspensions. 

There are numerous studies that have reported the 

rheological transport features in Sisko nanofluids (Pal and 

Mandal 2019, Jan et al. 2022, Raju and Sandeep 2016, 

Waqas et al. 2022, Bisht and Maheshwari 2023, Khan and 

Shahzad 2013).  

From the crucial literature survey, one of the key 

manufacturing techniques for developing components for 

domestic purpose, automotive, and aerospace applications is 

sheet metal forming. The quality of the components formed 

by this process depends extensively on the extent of 

lubrication provided between the dyes and forming 

surfaces. The effective lubrication during the process can be 

achieved by using solid lubricants such MoS2 which can 

bear the huge impact loads and can also provide a media for 

heat dissipation during the frictional heating of the dye and 

the forming surface. MoS2 nanoparticles with their unique 

lubricating and anti-friction properties can be dispersed in 

C2H6O2 to form nanofluids for sheet metal applications to 

enhance heat transfer characteristics and reduce frictional 

losses. Hence considering the above facts, the stretching 

sheet is modeled with the mathematical assumptions 

highlighted in problem formulation section. 

This investigation intricately explores the numerical 

computation of heat and mass transfer phenomena of 

nanofluid (MoS2-C2H6O2) flow over elongating porous 

sheet using the Sisko fluid model. The effects of variable 

thermal conductivity, variable mass diffusivity, thermal 

radiation, thermophoresis and chemical reactions are taken 

into account as they are crucial parameters affecting the 

transport phenomena of nanofluids. The governing partial 

differential equations representing the conservation of 

momentum, energy, and concentration are reduced to a set 

of nonlinear ordinary differential equations using appropriate 

similarity transformations. R software and MATLAB-bvp5c 

are used to compute the solutions. From this systematic 

investigation, the current research provides deeper insights 

into the heat - mass transfer and flow patterns that govern 

the behavior of these nanofluids.  

 

 

2. Problem formulations 
 

The stretching sheet has been accelerated with uniform 

velocity 𝑈𝑤 = 𝑐𝑥 along the horizontal direction, where 𝑐 

is the non-negative real number. A uniform magnetic field 

𝐵0  is applied perpendicular to the surface and Darcy porous 

medium is taken in to account. The energy and concentration 

equations are explored with the mechanism of variable 

thermal conductivity, variable mass diffusivity of nano-

particle and its base fluids, thermal radiation, thermo-

phoresis and 1st - order chemical reactions. The surface of 

the stretching sheet is maintained at a constant temperature 

𝑇𝑤  and constant concentration 𝐶𝑤 . In addition, 𝑇∞  and 

𝐶∞ are free stream temperature and free stream concentration, 

respectively. The Joule and viscous dissipation are assumed 

to be negligibly small. The values of thermophysical 

properties of nanoparticles and base fluids are given in 

Table 1 The characteristics equations to obtain the thermo- 

 

Fig. 2 Geometry of the flow problem 

 

Table 1 The values of thermophysical property parameters 

of MoS2 and C2H6O2 (Ganesh et al. 2019, Hamid et al. 

2021, Hussain 2022) 

Physical Properties Fluid Phase (C2H6O2) MoS2 

𝜌(Kg/m3) 1116.6 5.06× 103 

k(W/mK) 0.249 904.4 

Cp(J/kgK) 2382 397.21 

𝜎(Ω/𝑚)-1 1.07× 10-7 2.09× 10-4 

Pr 200.9 - 

 

 

physical properties of nanofluids is given in Appendix 

section. 

Based on above stated assumptions, the boundary layer 

flow of the governing equations is described as follows. 

𝜕𝑢

𝜕𝑥
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(4) 

The appropriate boundary constraints for the Eqs. (1)- 

(4) are as follows: 

𝑈𝑤 = 𝑐𝑥, 𝑣 = 0, 𝑇 = 𝑇𝑤 , 𝐶 = 𝐶𝑤  𝑎𝑡 𝑦 = 0  (5) 

𝑢 → 0, 𝑇 → 𝑇∞, 𝐶 → 𝐶∞ 𝑎𝑡 𝑦 → ∞ (6) 
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Using (Rosseland 1931) approximation, the thermal 

radiation is written as 𝑞𝑟 = −
4𝜎∗

3𝑘∗

𝜕𝑇4

𝜕𝑦
 

The variable thermal conductivity and nanoparticles 

diffusivity are assumed in the form of (Alsenafi et al. 2021, 

Sohail et al. 2020). 

𝑘𝑛𝑓(𝜃) = 𝑘∞(1 + 𝜀𝜃) 

𝐷𝐵(𝜒) = 𝐷𝐵∞
(1 + 𝜀1𝜒) 

where 𝜀  and 𝜀1  are small variable thermal conductivity 

and nanoparticle diffusivity parameters respectively. 

For mathematical analysis of the problem, the following 

similarity transformations are used to convert the 

P.D.Es to O.D.Es 

𝑢 = 𝑐𝑥𝑓′(𝜂), 

𝑣 =  −𝑢𝑤𝑅𝑒𝑏
− 

1

𝑛+1
1

𝑛 + 1
[2𝑛𝑓(𝜂) + (1 − 𝑛)𝜂𝑓′(𝜂)], 

𝜂 =  
𝑦

𝑥
𝑅𝑒𝑏

 
1

𝑛+1     

𝜃(𝜂) =
𝑇 − 𝑇∞

𝑇𝑤 − 𝑇∞

, 𝜒(𝜂) =
𝐶 − 𝐶∞

𝐶𝑤 − 𝐶∞

 

(7) 

Substituting Eq. (7) in Eqs. (1)-(4), the following non-

dimensional coupled differential equations are obtained: 

𝑎1𝐴𝑓‴(𝜂) + 𝑛(−𝑓″(𝜂))
(𝑛−1)

𝑓‴(𝜂) 

−𝑎3𝑀𝑓′(𝜂) − 𝑎2(𝑓′(𝜂))2 + 𝑎2

2𝑛

𝑛 + 1
𝑓(𝜂)𝑓″(𝜂) 

−𝐷𝑎𝑓′(𝜂) = 0 

(8) 

𝑎4

𝑎5
(1 + 𝑅 + 𝜀𝜃(𝜂))𝜃″(𝜂) + 𝜀𝜃′(𝜂)2 + 𝑃𝑟

2𝑛

𝑛 + 1
𝑓(𝜂)𝜃′(𝜂) 

+
1

𝑎5
[𝑁𝐵𝜃′(𝜂)𝜒′(𝜂)[1 + 2𝜀1𝜒(𝜂)] + 𝑁𝑇(𝜃′(𝜂))

2
] = 0 

(9) 

[1 + 2𝜀1𝜒(𝜂)]𝜒″(𝜂) + 𝜀1(𝜒
′(𝜂))

2
+

𝑁𝑇

𝑁𝐵
𝜃″(𝜂) 

−𝐿𝑒𝑃𝑟 (−
2𝑛

𝑛 + 1
𝑓(𝜂)𝜒′(𝜂) + 𝜎𝜒(𝜂)) = 0 

(10) 

The appropriate boundary conditions of Eqs. (8) – (10) 

are followed by 

𝑓(0) = 0,  𝑓′(0) = 1,  𝜃(0) = 1,  𝜒(0) = 1 𝑎𝑡 𝜂 = 0 (11) 

𝑓′(∞) → 0, 𝜃(∞) → 0, 𝜒(∞) → 0 𝑎𝑡 𝜂 → ∞   (12) 

where the non-dimensional parameters are, 
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2
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3
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𝑎
, 
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𝑏
, 𝑁𝐵 =

𝜏𝐷𝐵,∞
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𝜌𝑛𝑓𝑐𝑝

, 𝑁𝑇 =
𝜏𝐷𝑇
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𝐾𝑟

𝑐
, 𝐿𝑒 =

𝛼

𝐷𝐵,∞
 

(13) 

The dimensionless physical quantities of interest are the 

local skin friction coefficient Cfx, the local Nusselt number 

Nux, the local Sherwood number Shx which are 

mathematically denoted as:  

𝐶𝑓𝑥 =
2𝜏𝑤

𝜌𝑢𝑤
2
, 𝑁𝑢𝑥 =

𝑥𝑞𝑤|𝑦=0

𝐾(𝑇)(𝑇𝑤 −𝑇∞)
 

𝑆ℎ𝑥 =
𝑥𝑗𝑤|𝑦=0

𝐷𝐵(𝐶)(𝐶𝑤 −𝐶∞)
 

(14) 

The stress tensor(𝜏𝑤), heat flux (𝑞𝑤) and mass flux (𝑗𝑤) 

are defined as 

𝜏𝑤 = (𝑎 − 𝑏 |−
𝜕𝑢

𝜕𝑦
|
𝑛−1

) , 𝑞𝑤 = −𝐾(𝑇) (
𝜕𝑇

𝜕𝑦
) , 

𝑗𝑤 = −𝐷𝐵(𝐶) (
𝜕𝐶

𝜕𝑦
) 

(15) 

Using Eq. (7), the output of solutions of dimensionless 

physical quantities are shown below 

1

2
𝑅𝑒𝑏

 
1

𝑛+1𝐶𝑓𝑥 =  
1

(1 − Φ)2.5
(𝐴𝑓″(0) − (−𝑓″(0))

𝑛
) (16) 

𝑅𝑒𝑏
− 

1
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𝐾𝑛𝑓

𝐾𝑓

(𝜃′(0)) (17) 

𝑅𝑒𝑏
− 

1

𝑛+1𝑆ℎ𝑥 = −𝜒′(0) (18) 

  

 
3. Solution methodology 

 

Obtaining an exact solution for the non-linear coupled 

boundary value problem is highly challenging. To address 

this difficulty, the governing equations from Eqs. (8)-(10) 

along with their corresponding boundary conditions Eqs. 

(11)-(12) are solved numerically. This is achieved through 

the application of the four-stage Lobatto IIIa formula using 

MATLAB bvp5c function by incorporating suitable initial 

approximations. The problem cannot be tackled on an 

infinite interval, and even solving it over a very large finite 

interval is not practical. To address this, an artificial 

boundary condition of bvp5c is introduced at a finite point 

η, with a discretization step size of h=0.0505, simulating the 

behavior at infinity. Within this framework, the four-stage 

Lobatto IIIa formula is characterized as a collocation 

technique and is implemented via the finite difference code 

bvp5c. This method ensures C1-continuity and attains fifth-

order accuracy in the solution. Additionally, the formula is 

executed as an implicit Runge-Kutta (R.K.) method. To 

facilitate the solution process, the governing equations are 

transformed into a set of first-order differential equations by 

introducing new variables. 

𝑓 = 𝑓1, 𝑓′ = 𝑓2, 𝑓′′ = 𝑓3, 𝜃 = 𝑓4, 𝜃′ = 𝑓5, 𝜒 = 𝑓6, 𝜒′ = 𝑓7 

𝑓3
′ = −

1

(𝑎1𝐴 + 𝑛(−𝑓3)
(𝑛−1))

⌈−𝑎3𝑀𝑓2 − 𝑎2(𝑓2)
2

+ 𝑎2

2𝑛

𝑛 + 1
𝑓1𝑓3 − 𝐷𝑎𝑓2⌉ 

(19) 

𝑓5
′ = −

1
𝑎4

𝑎5
(1 + 𝑅 + 𝜀𝑓4)

⌊𝜀𝑓5
2 + 𝑃𝑟

2𝑛

𝑛 + 1
𝑓1𝑓5

+
1

𝑎5

[𝑁𝐵𝑓5𝑓7[1 + 2𝜀1𝑓6] + 𝑁𝑇𝑓5
′]⌋ 

(20) 
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𝑓7
′ = −

1

(1 + 2𝜀1𝑓6)
[𝜀1𝑓7

2 +
𝑁𝑇

𝑁𝐵

𝑓′5

− 𝐿𝑒𝑃𝑟 (−
2𝑛

𝑛 + 1
𝑓1𝑓7 + 𝜎𝑓6)] 

(21) 

The associated boundary conditions are as follows: 

𝑓1 = 0,  𝑓2 = 1,  𝑓4 = 1,  𝑓6 = 1,  𝑎𝑡 𝜂 = 0 (22) 

𝑓2 → 0, 𝑓4 → 0, 𝑓6 → 0 𝑎𝑡 𝜂 → ∞ (23) 

 

 

4. Result and discussions 
 

The ensuing discussion unveils the intricacies of the 

numerical and statistical findings, providing a 

comprehensive understanding of the nanofluid behavior 

within the context of variable fluid properties. The 

governing Eqs. (8)-(10) along with their corresponding 

boundary conditions Eqs. (11)-(12) are solved numerically 

through MATLAB. The impact of various physical 

parameters on flow, heat and mass transfer characteristics 

are demonstrated through graphs and tables by fixing values 

of A=1.5, M=1.5, 𝜑 =0.01, Pr=200, R=0.5, NT=0.1, 

NB=0.1, 𝜎=0.2, Le=2, 𝜀=0.1, 𝜀1=0.1. The aforementioned 

default values are set for the governing parameters based on 

the previous investigations. R software is used for 

computing the statistical results of engineering parameters.  

The Figs. 3.1-3.4 illustrate the impact of various 

parameters on the velocity profile of MoS2-C2H6O2 for both 

shear thickening (solid lines, n=1.5) and shear-thinning 

fluid (doted lines, n=0.5) behaviors. From the figures, it is 

evident that shear thickening fluids flows slower than shear 

thinning fluids. This phenomenon makes it ideal for high 

lubrication. This result portrays that Shear-thinning fluids 

typically have a more pronounced velocity gradient 

compared to shear-thickening fluids. Fig. 3.1 elucidates the 

variation of MoS2 volume fraction (𝜙) over the fluid 

velocity. As the volume fraction of MoS2 increases, the 

viscosity of the fluid also increases. Higher viscous fluids 

tend to have a diminished velocity profile. Material 

parameter (A) is defined as the ratio of high shear rate 

viscosity to consistency index and higher values of n signify 

stronger shear thickening behavior. Consequently, it is 

observed from Fig. 3.2 that the resistance to the fluid flow 

decreases as the fluid moves away from the proximity of the 

surface for augmenting the values of the material parameter. 

The variation of the magnetic field in a MoS2-C2H6O2 

suspension system can have a significant impact on the 

velocity profile of the fluid. When an external magnetic 

field is applied to such a system, it can induce MHD effects, 

particularly if the fluid is electrically conductive. When the 

strength of magnetic field rises, the Lorentz force becomes 

stronger and resists the fluid motion. This force hinders the 

fluid’s ability to flow freely, leading to a reduction in its 

velocity profile as shown in Fig. 3.3. Variation of porous 

medium parameter has substantial impact on the velocity 

profile. Enhanced values of Da signifies high permeability 

of the medium which obstructs the fluid to flow.  

 

Fig. 3.1 Variation of 𝜙 on velocity profile 
 

 

Fig. 3.2 Variation of A on velocity profile 

 

 

Fig. 3.3 Variation of M on velocity profile 

 

 

Subsequently, the velocity of the fluid decreases as it 

encounters greater resistance as evident from Fig. 3.4. In  
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Fig. 3.4 Variation of 𝐷𝑎 on velocity profile 

 

 

Fig. 4.1 Variation of ϕ on temperature profile 

 

 

Fig. 4.2 Variation of 𝑃𝑟  on temperature profile 

 

 

general, the increased porous permeability parameter can 

affect the overall flow stability which in turn, potentially 

leads to transition from laminar to turbulent flow. Figs 4.1- 

 

Fig. 4.3 Variation of ε on temperature profile 

 

 

Fig. 4.4 Variation of 𝜀1 on temperature profile 

 

 

Fig. 4.5 Variation of 𝑁𝐵 on temperature profile 

 

 

4.6 portray the impact of thermal boundary layer over 

various parameters for both dilatant and pseudoplastic 

MoS2-C2H6O2 suspension fluids. The shear – thinning fluid  
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Fig. 4.6 Variation of 𝑁𝑇 on temperature profile 

 

 

Fig. 5.1 Variation of 𝑁𝐵 on mass transfer profile 
 

 

stimulates higher thermal boundary layer as the fluid has 

low viscosity when it approaches the heated surface. In 

contrast, shear - thickening fluids exhibit reduced 

temperature profile because of their high viscosity. This 

unique property helps to maintain a relatively stable 

temperature making them suitable for temperature control 

applications. Fig 4.1 depicts the variation of volume 

fraction (𝜙 = 0, 0.1, 0.02, 0.03) on nanofluid temperature 

profile. It is observed that the fluid temperature is enhanced 

for upsurging the values of 𝜙. This is for the reason that 

MoS2 has high thermal conductivity properties. As the 

volume fraction of these nanoparticles increases, so does 

the overall thermal conductivity of the suspension. This 

improvement facilitates more efficient heat transfer. In 

addition to this, increased nanoparticle volume fraction 

promotes stable and controlled temperatures, making it 

valuable for applications in thermal management such as in 

electronics cooling and heat exchangers. Fig 4.2 

encapsulates that augmenting the values of Prandtl number 

(Pr) leads to decelerate the temperature distribution. The 

momentum diffusivity is more prominent than the thermal 

diffusivity which impedes the heat transfer. As a result, it 

contributes to a more controlled and stabilized temperature 

profile. Figs. 4. 3-4.4 exemplify that the intensifying values 

of variable thermal conductivity (𝜀 ) and variable mass 

diffusivity (𝜀1 ) parameters in MoS2-C2H6O2 nanofluids 

result in an increase in the temperature profile due to an 

intensified heat conduction and mass diffusion processes. 

These parameters play a major role in enhancing thermal 

transport and mass transfer within the nanofluid. As their 

values rise, the nanofluid becomes more efficient at 

conducting heat and diffusing mass which leads to an 

improved temperature uniformity. This effect is particularly 

beneficial in applications requiring precise temperature 

control, such as in thermal management systems and heat 

exchangers. However, increased values of these parameters 

contribute to more stable and controlled temperature 

profiles. 

Figs. 4.5-4.6 reveal that increasing the values of 

Brownian motion and thermophoresis parameters result in 

improved nanoparticle dispersion and heat transfer, which 

raises the temperature profile. These variables induce more 

thermophoretic and Brownian motion in nanoparticles 

which enhances heat conduction and dispersion throughout 

the nanofluid. As a result of minimal temperature gradient, 

a more consistent and regulated temperature profile is 

obtained. The heating efficiency of thermal control systems 

and cooling equipment can be improved by increasing the 

values of these parameters. 

Figs. 5.1- 5.4 elucidate the significance of mass transfer 

of various parameters for both dilatant and pseudoplastic 

fluid behaviors. From all the figures, it is noted that shear 

thinning fluids exhibits more mass transfer compared to 

shear thickening fluids. Shear thinning fluids undergo better 

mixing and enhanced convective mass transport when 

subjected to shear forces, promoting efficient mass transfer. 

In contrast, the shear thickening fluids due to their high 

viscosity hinder the fluid flow and diffusion, making them 

less effective for mass transfer processes. The mass transfer 

profile decreases for increasing values of Brownian motion 

parameter due to enhanced nanoparticle dispersion and 

reduced concentration gradients. As Brownian motion 

becomes more apparent better dispersion of the 

nanoparticles is experienced due their random motion. 

However, this also results in more uniform nanoparticle 

distribution throughout the fluid leading to reduced 

concentration differences over the stretching sheet as shown 

in Fig 5.1. The mass transfer profile is enhanced for 

increasing values of thermophoresis parameter in MoS2-

C2H6O2 nanofluids due to the augmented movement of 

nanoparticles in response to temperature gradients. The 

region of higher temperature attracts greater nanoparticle 

migration as the values of thermophoresis parameter are 

fostered. This concentration of nanoparticles in thermally 

active zones create more pronounced concentration 

gradients thus increasing the mass transfer which is 

portrayed in Fig 5.2. Strengthening the variable mass 

diffusion parameter upsurges the mass transfer phenomenon 

which is observed from Fig 5.3. This is due to fact that 

intensifying the variable mass diffusivity parameter  
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Fig. 5.2 Variation of 𝑁𝑇 on mass transfer profile 

 

 

Fig. 5.3 Variation of 𝜀1on mass transfer profile 

 

 

Fig. 5.4 Variation of σ on mass transfer profile 

 

 

enhances mass transfer by facilitating faster diffusion of 

substances through a fluid medium. Higher diffusivity 

means particles can move more readily with less obstruction 

to mass transport. This increased diffusivity allows for 

quicker spreading of molecules and improving the overall 

efficiency of mass transfer processes such as diffusion. 

Chemical reaction parameter influences the rate at which 

chemical reactions occur within the fluid, which can in turn 

affect the concentration gradients of reactants and products. 

Higher values of the chemical reaction parameter can lead 

to faster reactions and more pronounced concentration 

gradients, resulting in an intensified mass transfer profile as 

proved in Fig 5.4. 

From Table 2, it is observed that adding the MoS2 

nanoparticles to the base fluid reduces the local skin 

friction. In general, MoS2 nanoparticles exhibit inherent 

lubricating properties which when dispersed in the ethylene 

glycol create a lubricious layer at the surface. Further, it 

weakens the friction between the fluid and the solid 

boundary. In addition, shear thickening fluids have shown 

more substantial frictional effects when compared to 

Newtonian and shear thinning fluids. These factors are 

crucial to the enhancement of the quality of the products in 

various applications. An enhancement in heat transfer is 

observed when MoS2 nanoparticle is added to C2H6O2. This 

phenomenon is primarily attributed to the unique thermal 

and fluid dynamic properties of these nanoparticles. The 

enhanced thermal conductivity of MoS2 promotes more 

efficient heat transfer, as it facilitates the transfer of heat 

from the solid surface to the fluid. The local heat transfer 

coefficient is more significant in dilatant fluids compared to 

Newtonian and Pseudoplastic fluids. The mass transfer 

coefficient is improved for nanoparticles with higher 

volume fraction.  
Table 3 constitutes the influences of engineering 

parameters with variation in MoS2 volume fraction using 

statistical measures. From this, it is observed that shear 

thickening nanofluids have substantial frictional effects 

compared to Newtonian and shear thinning nanofluids. The 

correlation between MoS2 volume fraction and local wall 

friction coefficient is very strong negative and the 

consistency of Cfx, Nux, Shx is more in shear thinning fluids. 

The heat and mass transfer coefficients are very strong 

positively correlated to variation of MoS2 volume fraction. 

It is noticed that, Cfx, Nux, Shx are more prominent in shear 

thickening fluids compared to other fluids (Newtonian and 

shear thinning). Table 3 renders that the statistical results of 

the engineering parameters are in close association with the 

numerical results.  

From Table 4, it is observed that heat transfer coefficient 

weakens for enhanced values of variable thermal 

conductivity and variable mass diffusivity parameters. 

Shear thickening nanofluids stimulate high heat transfer 

phenomenon compared to Newtonian and shear thinning 

fluids. Mass transfer coefficient is enhanced for augmenting 

values of variable thermal conductivity parameter whereas 

for variable mass diffusivity parameter it shows a contrary 

nature. 

Table 5 reports that there is a good agreement with the 

works of Khan and Shahzad in comparison of local Skin 

friction for distinct values of material parameter (A) and 

Power law index (n) for fixed values of M=0, 𝜙=0, Da=0, 

Pr=0, R=0, 𝜀 = 0, NT=10-6, NB=10-6, 𝜎=0, Le=0, 𝜀1 = 0. 
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5. Conclusions 
 

A The current study emphasizes the mathematical model 

for understanding the heat and mass transfer characteristics 

of MoS2 nanoparticle suspension in ethylene glycol over a 

stretching sheet. To address the non- Newtonian and 

Newtonian flow behaviors, Sisko fluid model is taken into 

account. The additional effects such as MHD, variable 

thermal conductivity, thermal radiation, variable mass 

diffusivity, chemical reaction has shed light on the 

nanofluid-based transport phenomena. The incorporation of 

MoS2 nanoparticles into the ethylene glycol base fluid has 

been demonstrated to enhance both heat and mass transfer 

 

 

rates making this nanofluid attractive for various industrial 

applications.  

The major outcomes of the flow problem investigated in 

the present work are as follows: 

• Fluid flow pattern: The fluid flow rate substantially 

declines for enhanced values nanoparticle volume fraction, 

magnetic field and porous permeability parameters, but it 

upsurges for the material parameter. 

• Adding MoS2 nanoparticles to the base fluids 

diminishes friction between the fluid and the solid 

boundary. These findings improve the lifetime and 

efficiency of bearings and gears in mechanical systems. 

• Temperature distribution improves for enriching 

Table 2 Variation of MoS2 volume fraction on Cfx, Nux, and Shx 

Parameter 
1

2
𝑅𝑒𝑏

 
1

𝑛+1𝐶𝑓𝑥 𝑅𝑒𝑏
− 

1

𝑛+1𝑁𝑢𝑥 𝑅𝑒𝑏
− 

1

𝑛+1𝑆ℎ𝑥 

𝜙 n=0.5 n=1 n=1.5 n=0.5 n=1 n=1.5 n=0.5 n=1 n=1.5 

0.0 -2.82857 -2.738911 -2.688379 8.830680 10.900430 11.975013 11.91773 13.440548 14.291137 

0.01 -2.910975 -2.824571 -2.775978 9.955081 12.285956 13.496400 11.986351 13.534162 14.397428 

0.02 -2.995785 -2.912719 -2.866188 11.077662 13.669586 15.015875 12.048423 13.618103 14.492449 

0.03 -3.082886 -3.003300 -2.958965 12.199990 15.053214 16.535496 12.105195 13.694260 14.578459 

Table 3 Statistical data analysis of Cfx, Nux, Shx 

Statical 

measure 

1

2
𝑅𝑒𝑏

 
1

𝑛+1𝐶𝑓𝑥 𝑅𝑒𝑏
− 

1

𝑛+1𝑁𝑢𝑥 𝑅𝑒𝑏
− 

1

𝑛+1𝑆ℎ𝑥 

n=0.5 n=1 n=1.5 n=0.5 n=1 n=1.5 n=0.5 n=1 n=1.5 

Mean -2.954556 -2.869875 -2.82237 10.51585 12.9773 14.2557 12.01442 13.5717 14.43987 

Standard 

deviation 
0.0947895 0.09854160 0.100085 1.255609 1.547500 1.699515 0.0698804 0.094582 0.1071148 

C.V 3.2082 3.4336 3.5732 11.9406 11.9252 11.9216 0.5816 0.6969 0.7417 

Correlation -0.9992 -0.99991 -0.99999 0.9999 0.9999 1 0.9990 0.9989 0.9988 

Table 4 Variation of variable thermal conductivity and mass diffusivity on 𝑁𝑢𝑥, 𝑆ℎ𝑥 

Parameter 𝑅𝑒𝑏
− 

1

𝑛+1𝑁𝑢𝑥 𝑅𝑒𝑏
− 

1

𝑛+1𝑆ℎ𝑥 

𝜀 n=0.5 n=1 n=1.5 n=0.5 n=1 n=1.5 

0.05 10.307364 12.720381 13.973515 11.767799 13.260127 14.094774 

0.2 9.260803 11.429694 12.555961 12.411284 14.067545 14.986729 

0.6 6.746357 8.327489 9.148444 13.862629 15.897671 17.011717 

𝜀1       

0.05 9.99418 12.332781 13.547320 12.327948 13.913707 14.798557 

0.2 9.878705 12.194384 13.396835 11.378969 12.858967 13.683699 

0.8 9.460605 11.693840 12.852867 9.009009 10.219599 10.891668 

Table 5 Validation of solutions for Local Skin friction compared with previous existing works 

A n (Khan and Shahzad 2013) Present results 

1 

1 -1.414214 -1.414630 

2 -1.343198 -1.343313 

3 -1.311338 -1.311145 

0 

1 

-1 -1.001396 

1 -1.414214 -1.414630 

2 -1.732051 -1.734840 
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parameters of volume fraction, variable thermal conductivity, 

mass diffusivity, Brownian and thermophoresis parameters. 

• The heat transfer is obstructed for propagating the 

values of Prandtl number. 

• Mass transfer profile proliferates for higher values of 

variable mass diffusion and Brownian motion parameters 

but shows a contrary nature for thermophoresis and 

chemical reaction parameters.  

• The correlation between variation of MoS2 volume 

fraction and local wall friction coefficient are very strong 

negative. 

• Heat transfer coefficient enriches for higher values of 

MoS2 volume fraction. 

• A discernible enhancement in mass transfer coefficient 

is observed on amplification of nanoparticle volume 

fraction for dilatants fluids. 

The results obtained from this investigation provide 

valuable insights into the design and optimization of 

systems involving nanofluid-based heat and mass transfer 

processes such as: solar collectors, chemical reactors, and 

heat exchangers. Furthermore, these theoretical findings 

contribute to an understanding of the complex interplay 

between variable properties and transport phenomena in 

nanofluid suspensions fostering further advancements in 

rapidly evolving field. The future work would be the 

focused on enhancing the stability of MoS2 nanoparticles 

suspension in the C2H6O2 using effective surfactant for 

more heat transfer applications by implementing more 

advanced methods.  
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CC 

   

 

Nomenclature 
 

A Sisko fluid parameter/material parameter. 

𝑎𝑛𝑓 Shear rate viscosity/ dynamic viscosity of nanofluid  

(kgm-1s-1). 

b Consistency index of Sisko nanofluid (Pa sn-2) 

B0 Magnetic induction parameter (A/m) 

Cp Specific heat capacity at constant pressure  

 (J/KgK) 

C  Concentration (Kg/m3). 

Cw  Nanoparticles wall concentration (Kg/m3). 

C∞ Ambient concentration (Kg/m3). 

Cfx  Skin friction coefficient 

DT Thermophoretic motion coefficient (m2/s). 

DB Brownian motion coefficient (m2/s). 

f Dimensionless velocity. 

K  Permeability parameter (m2). 

𝜇𝑎𝑛𝑓 Dynamic viscosity of the nanofluid (Ns/m2). 

Kr Chemical reaction parameter (s-1). 

K* Mean absorption Coefficient. 

knf  Thermal conductivity of the nanoparticle(W/mK). 

kf  Thermal conductivity of the base fluid(W/mK). 

M Magnetic field parameter 

n  Power law index 

NB  Dimensionless Brownian motion parameter 

NT  Dimensionless Thermophoresis parameter 

Nux Local Nusselt number 

Pr Prandtl number 

qr Radiative heat flux(W/m2) 

R Thermal radiation 

Re  Reynolds number 

Shx Local Sherwood number 

T Temperature of the fluid (K). 

T∞ Ambient temperature(K). 

Tw Wall temperature(K). 

u, v  Velocity components in x, y directions respectively  

(m/s) 

x  Distance along the surface (m) 

y  Distance perpendicular to the surface (m) 

𝜎 Dimensionless chemical reaction parameter. 

Da Dimensionless porous medium parameter. 

𝜏 Ratio between the effective heat capacitance the nano- 

particle material and heat capacitance of the fluid. 

𝜀 Variable thermal conductivity parameter 

𝜀1 Variable mass diffusivity parameter 

𝜒 Dimensionless concentration.  

𝜃 Dimensionless temperature. 

𝛼 Thermal diffusion coefficient(m2/s). 
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