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ABSTRACT 

Current research's main focus is to incorporate the novel idea of Newtonian flux condition in MHD stretching 

flow of Maxwell liquid with Stefan blowing. An analysis is done to explore the heat and mass transfer characteristics of 

MHD Maxwell fluid towards a stretching cylinder, including thermal diffusion and diffusion-thermal energy implications 

in the presence of activation energy. Polar coordinates (z, r) in the shape of a cylinder are used to model the issue. To 

convert controlling PDEs into ODEs, similarity the variables are used. The governing equations of motion that result are 

tackled via the notorious R-K 4th order approach. Through graphical portrayal, the impacts of various factors, including 

curvature, magnetics, Stefan blowing, reaction, and activation energy parameters, are studied. Furthermore, the validation 

of numerical findings is prepared by benchmarking with previously determined limiting conditions, and we launch a 

wonderful communication with these results. 
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INTRODUCTION 
A rate-type model was put out by Maxwell [1], 

and it is renowned for its viscoelastic implementation and 

stress-relaxation prediction. A fascinating area of research 

for mathematicians, physicists, and engineers is the study 

of stretching surfaces. Problems in industrial sectors, 

including as aerodynamics, petroleum, and pharmaceutical 

processes, are also significantly addressed by the non-

Newtonian Maxwell model. To simulate the Maxwell 

MHD flow and shooting method, Mukhopadhyay [2] used 

the boundary layer theory. The thermal conductivity two-

phase media for the Maxwell fluid was identified by Yang 

et al. [3]. They found reduced conduction because to 

stretchiness-induced insulating holes.  Irfan et al. [5] 

utilized the HAM for Maxwell fluid with the consideration 

of source/sink, whereas Ramzan et al. [4] explored 

convective Maxwell flow with the Dufour impression. 

Recently, Loganathan [6] used double diffusive towards a 

detested stretchy surface Cattaneo-Christov model to 

articulate how heat radiation affects MHD Maxwell fluid. 

With the aid of the Cattaneo-Christov model and a 

chemical reaction, Sajid et al.'s [7] investigation into the 

heat and mass transfer characteristics of an upper 

convective slip flow of MHD Maxwell fluid over porous 

media. The impact of thermophoresis and Dufour-Soret 

effects on a Maxwell fluid in a Darcy medium was 

established by Nuwairan et al. [8] by incorporating 

thermal radiation and a heat source across a rotating disc.  

The effect of fluid flow across a stretched 

cylinder has been investigated using a variety of 

experimental, analytical, and computational processes. 

The flow analysis of a stretching cylinder has many real-

world applications in engineering and business, such as 

cord illustration, spinning metal, piping, metallurgical 

extrusion methods, refinement of crude oil, production of 

elastic, glaze of cylinder-shaped cords and crust, and so 

on. By stretching a cylinder, Crane [9] examined the flow. 

Wang [10] then granted the constant viscous liquid flow in 

an ambient liquid that was at rest outside to a stretched 

hollow cylinder. Later, Wang and Ng [11] discussed the 

impact of a stretched cylinder in slip flow. This 

investigation established that slip negatively affects shear 

stress and velocity. Markin et al [12] took into account 

flow and heat transfer estimations with stagnation 

points generated by cylinder stretching/shrinking. This 

study demonstrated that a high curvature parameter 

increases the quantity of heat transmission at the surface. 

By stretching a cylinder, Hayat et al. [13] investigated the 

radiative flow of a magneto Eyring-Powell micro liquid. 

Mathematically, Rehman et al. [14] examined the 

influence of thermally stratified and Magneto 

hydrodynamics (MHD) on Casson liquid across a 

stretched cylinder. By integrating convective boundary 

conditions, Islam et al. [15] investigated the effects of 

joule heating on the spinning motion of mixed convective 

Maxwell liquid flow across a bi-directional stretched 

cylinder together with thermal radiation and a heat source. 

Temperature and concentration gradients produce mass 

and energy flows, respectively. Thermal-diffusion (Soret 

effect) is caused by temperature gradients, whereas the 

Dufour and Soret effects are caused by concentration 

gradients. When there are variations in the flow's densities, 

the significance of these factors becomes very apparent. 

Numerous real-world applications, including those in the 
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geosciences, waste management, cooling applications, 

steel industries, heat exchangers, and chemical 

engineering, experience these impacts. Also Reactor 

safety, combustion flames, solar collectors, and building 

energy conservation are all areas where the Soret and 

Dufour effects are applied. The diffusion-thermo or 

Dufour influence of the concentration gradient's heat flow 

is indicated.  In the meanwhile, thermo-diffusion or Soret 

impacts are used to describe the mass flow caused by 

temperature gradient. The non-dimensional concentration 

equation and the energy equation, respectively, contain the 

Soret and Dufour terms. The magnitude order of the Soret 

and Dufour impacts is typically not taken into account 

since it is smaller than the impact determined by Fourier 

and Fick's equations. However, when a species is present 

at a fluid's surface that has a lower density than the 

surrounding fluid, the effects are taken into account. 

Numerous academics have examined the effects of Soret 

and Dufour on flow in various geometries. The 

hydromagnetic flow of Casson fluid on a stretched surface 

with the effects of Soret and Dufour was investigated by 

Hayat et al.  Mahdy [17] investigated the influence of 

Soret and Dufour effects on the flow of casson fluid across 

a stretched cylinder by incorporating suction (blowing).In 

the context of MHD, radiative heat transfer, Soret and 

Dufour, Pal et al. [18] addressed the mixed convection 

flow of nanofluid across a nonlinear stretching and 

shrinking surfaces. Khan et al.'s [19] investigation of the 

flow of a Jeffrey fluid with HAM through a stretched 

cylinder with Soret and Dufour effects is also worth 

mentioning. The influence of Soret and Dufour on the 

nanofluid flow through a stretched cylinder along with 

triple stratification was examined by Jagan et al. [20, 21]. 

Manoj et al. [22] discussed the impact of Soret and Dufour 

on the flow of nano fluid through a stretched cylinder 

combined with heat radiation in the presence of Stefan 

blowing. Ahmed et al. [23] acquired Keller box solution 

for a third-grade fluid to investigate the effects of Soret 

and Dufour aspects across a stretched cylinder coupled 

with thermal radiation. 

The blowing effect is brought on by the collective 

movement of particles or nanoparticles from one location 

to another. Evaporation, absorption, combustion, materials 

synthesis, and distillation all depend on mass transfer. 

There are several uses for Stefan blowing, also known as 

wall injection, in engineering systems, including drying 

operations when it has perforated.  Spalding was the first 

to research the concept of wall injection, which is shown 

in the Stefan problem [24]. Fang and Jing [25] 

investigated how heat flowed through a stretchy plate 

while taking wall injection into consideration. Alamri et 

al. [26] examined the impact of the Stefan bowling effect 

on the Poiseuille flow of nanofluids while accounting for 

the slip effect of a porous media. Through the use of the 

Buongiorno model, Amirsom et al. [27] demonstrated the 

impact of Stefan blowing on the stream of fluid passing a 

needle. Williamson fluid flow across porous walls was 

studied by Yusuf et al. [28] using the differential 

transformation approach while accounting for the slip 

effect and chemical interactions. The Stefan blowing 

effect on the radiative stream of micro liquid passing a 

plate was discussed by Ali et al. [29]. 

Because it has several industrial applications in 

nuclear reacting cooling, geothermal reservoirs, chemical 

engineering, and thermal oil recovery, the mass transfer 

analysis under the combined influence of activation energy 

and chemical reaction obtained a spectacular response. 

The deployment of reactant species and their synthesis at 

varied speeds within the mass transfer of nanofluid may be 

used to analyse the relationship between mass transfer and 

chemical reaction, which is generally highly important. 

These uses have led several researchers to investigate how 

these effects affect different liquid streams with diverse 

geometry. Zaib et al. [30] investigated how the second law 

affected the EMHD Casson fluid when it approached a 

wedge in presence activation energy. The impact of 

activation energy on the flow of suspended 

AA7072/AA7075 nanofluids over three various 

geometries was investigated by Rekha et al. By 

introducing the zero mass flux condition, Reddy et al. [32] 

investigated the impact of activation energy on the MHD 

second-grade fluid flow across a curved stretched surface. 

A mathematical model for wall jet (WJ) flow by Khan et 

al. [33] was composed of a colloidal combination of 

SAE50 and zinc oxide nanoparticles in the presence of 

activation energy. In the presence of activation energy, 

Khan et al.'s research [34] explored the bio-convective 

flow of Maxwell nanoparticles through a stretched and 

rotating cylinder in a porous media. The MHD flow of 

chemically reactive Prandtl nanofluid containing microbe 

in presence of activation energy was described by Zafar et 

al. [35]. Between two endlessly revolving horizontal 

channels, Zeeshan et al.'s [36] analysis of the nanofluid 

flow included activation energy. 

Our goal in this effort is to assess how Newtonian 

heat and mass processes interact with Maxwell fluid as it 

moves toward a stretched cylinder. Only Newtonian 

heating of heat transfer has been employed in previous 

studies to study the characteristics of various fluid models 

under varied aspects and flow geometries. Here, we took 

into account the Newtonian mass requirement for the non-

Newtonian liquid's stretching flow behaviour. The Stefan 

blowing condition and the activation energy issue were 

also covered. The problem's numerical solution is obtained 

by combining the Runge-Kutta and firing techniques. In 

two situations, the results are presented as charts and 

tables. An analysis of the prior research is conducted to 

confirm the accuracy of our inquiry, and all findings are 

discovered to be in commendable agreement. 

 

MATHEMATICAL FORMULATION 

Think about a smooth, 2D MHD Maxwell fluid 

flow that is being affected by a stretched, oa  radius 

cylinder that is encased in a porous substance. The 

cylinder's axis is subjected to a normal magnetic field. 

Where pu is the reference velocity and l is the particular 

length, the cylindrical object is stretched with velocity 

/pu z l  along the z  direction. Let's assume that the r 
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axis is constrained to the radial direction and that the z 
axis is considered to be next to the cylinder's axis, as 

illustrated in figure.1. For heat and mass transmission 

methods, thermal radiation, Brownian and thermophoresis 

characteristics are presented. A first-order homogeneous 

chemical reaction is considered to occur in the flow while 

also accounting for the concentration of diffusing species, 

thermal diffusion, and diffusion-thermal energy effects. 

The effects of Stefan blowing are also taken into account. 

Chemical reactions and activation energy are also included 

to analyze the nature of mass and heat transport. The 

governing equations for this physical scenario are based 

on the standard balancing laws of mass, linear momentum, 

energy, and mass diffusion adjusted to take into 

consideration the physical processes indicated above. 

Following are the equations for the Maxwell nanofluid 

model's estimated boundary layer in natural 

representation: 
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Here , , , pk c  stands for kinematic viscosity, 
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[54]) the equation of continuity (2) is fulfilled and the 

equations from (3) to (7) take the following form. 
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Solution Procedure 

Using the well-known R-K 4th order together 

with shooting technique, equations (7) through (11) are 

numerically analyzed. With this system, it is possible to 

select a workable solution for the flow parameters. To 

solve two-point boundary value issues, single order 

differential equations are used. The missing initial 

constraints are additionally assumed using the shooting 

method. Then, using R-K 4th order application, the 

resulting one is integrated. 

Tables 1-4 are used to compare the analysis of 

recent work with readily available information. These 

tables show the outcomes of several previous studies along 

with the findings of the current study using the R-K 4th 

order approach. This comparison demonstrates high 

compatibility criteria. Using the shot technique, the skin 

friction coefficient and Nusselt number findings are 

compared when subjected to various varied flow 

characteristics.  

 

RESULTS AND DISCUSSIONS 

A study is conducted to investigate the thermal 

and thermal-energy impacts of thermal diffusion and 

diffusion-thermal energy effects in the presence of 

activation energy and Stefan blowing as they relate to the 

heat and mass transport characteristics of MHD Maxwell 

fluid towards a stretched cylinder. To solve the resultant 

governing differential equations, the well-known R-K 4
th

 

order approach is used. 

Complete numerical computations for various 

parameters on velocity, temperature, and concentration 

profiles are available in this segment. The findings of the 

physical interpretation are displayed, examined, and 

debated utilising the graphical representations. In every 

graph, physical parameters for the whole numerical 

simulation are presented. 

The effect of the curvature parameter c on the 

velocity component, liquid temperature, and Maxwell 

liquid concentration is shown in Figures 2(a), (b), and (c). 

According to reports, when c increases physically, the 

radius of curvature reduces, reducing the region where the 

cylinder interacts with the liquid while the Maxwell liquid 

velocity, temperature, and concentration fields grow. As a 

result, the resistance provided by the outside decreases and 

Maxwell liquid velocity rises. It is also observed that 

larger values of c result in an increase in the boundary 

layer's temperature as well as its associated thermal 

thickness. As a result, the temperature of the Maxwell 

nano liquid rises and the heat transmission is reduced. 

The effect of the Maxwell parameter p on the 

velocity component, liquid temperature, and Maxwell 

liquid concentration is shown in Figures 3(a), (b), and (c). 

Figure-3a demonstrates that as p is increased, the 

velocity field drops because p causes resistance to the 

flow field. Figures 3b and 3c, however, illustrate the 

opposing behavior for heat and mass transmission. With 

rising Maxwell parameter values, the system's energy 

rises. Physically, the deformation of viscoelastic fluids is 

represented by p . The stress relaxation phenomena 

grows as p values rise, hardening the material under 

study, causing the gap between fluid particles to close. The 

velocity profile falls as a result and deformation takes 

more time to be sustained. Furthermore, the thermal 

conductivity of the fluid improves simultaneously, which 

eventually boosts the heat and mass transport 

phenomenon. 

The velocity component, liquid temperature, and 

Maxwell liquid concentration are all affected by the 

magnetic parameter pM , as shown in Figures 4(a), (b), 

and (c). Higher values of pM intensify the 

Lorentz/electromagnetic force caused by the external 

magnetic field, which creates resistance to fluid flow. As a 

result, as pM is increased, the velocity field diminishes. 

However, this force causes more fluid particle collisions, 

which dramatically raises the temperature and mass 

distribution. Figures 4b and 4c illustrate this result. 

Stefan's blowing parameter, pSb , is shown in 

Figures 5(a), (b), and (c), which show how it affects 

velocity, temperature, and concentration profiles. As seen 

in Figure-5a, increased Stefan blowing causes the velocity 

profile to grow. The temperature and concentration 

profiles accelerated as a result of Stefan's increased wind 

speed and were carried farther from the surface to reach 

ambient temperature and ambient concentration. In 

response, the temperature and concentration profiles rise, 

as seen in Figures 5b and 5c. 

The effects of thermophoresis ( pNt ) and 

Brownian motion ( pNb ) on the temperature and 

concentration distribution of Maxwell liquids are depicted 

in Figures 6(a, b) and 7(a, b). For escalating values of 

pNt and pNb on both distributions, same behavior is 

found. Physically, greater values of pNt raise the liquid 

temperature because the difference in temperature between 

the wall and the reference temperature grows. On the other 

hand, pNb is an ad hoc grouping of molecules that 

intensifies and improves the temperature field. Although 

the concentration of the Maxwell liquid implies that the 

intensifying values of pNt and pNb function differently. 

Dufour parameter pDu has an impact on temperature and 

concentration profiles, as seen in Figures 8a and 8b. It may 
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be inferred from Figure-8a that rising pDu values also 

raise the temperature. Figure-8b illustrates a decrease in 

concentration by enhancing pDu . Convection velocity 

increases due to the combined effects of heat and 

concentration while pDu is physically rising. As a result, 

concentration decreases as temperature rises. 

pSr
 

has an impact on temperature and 

concentration profiles, as seen in Figures 9a and 9b. We 

may infer from figure 9a that a decrease in temperature is 

caused by rising pDu values. For the enhancing values of

pSr , the concentration distribution field in figure 9b is 

enhanced. Due to the thermal gradients created by the 

increasing values of pSr , more mass fluxes have been 

generated, resulting in this condition. 

Prandtl number Pr 's impact on the temperature 

field is seen in Figure-10. As Pr increases, the liquid's 

specific heat capacity increases, which reduces the fluid's 

thermal diffusivity because heat transfer slows fluid 

movement. As a result, the temperature field and heat 

transfer rate both drop. 

Figures 11-12 show, respectively, how 

1 2and  an impact has on temperature and 

concentration profiles. The increasing functions at both 

points 1 and 2 are temperature and concentration. 

Actually, th is a prerequisite for the thermal conjugate 

parameter 1 . More mass and heat are transferred from 

heated to cold surfaces as a result of larger 1 2and   and 

corresponding increases in th and ch . The liquid's 

concentration and temperature are raised as a result. 

Schmidt number Sc 's effect on concentration is 

seen in Figure-13. Given that Sc  is a function of both 

momentum and mass diffusivity, when the diffusion ratio 

increases to 1, 2, 3, and 5, momentum diffusion takes 

precedence over mass diffusion. As a result, mass 

transportation declines. 

Reaction parameter   and activation energy 

parameter  E effects on concentration profiles are shown 

in Figures 14 and 15. With increasing   values in every 

example, a considerable decline in concentration profiles 

is seen. The Arrhenius expression grows when   values 

do, which eventually harms the chemical process. Because 

of this, the concentration profiles decline. Figure-15 shows 

how the concentration profiles are affected by Energy 

Activation Number  E . The concentration profiles have 

been shown to rise when  E values rise. Utilizing 

activation energy is more effective at speeding up the 

reaction and hence raising concentration. With an increase 

in  E values, the Arrhenius expression deviates, causing 

the development of the relational chemical reaction and an 

increase in the concentration profiles. The reduced 

reaction rate caused by the phenomena of low temperature 

and higher activation energy slows the chemical process. 

The concentration rises in this manner. 

 

CONCLUSIONS 

The features of MHD Maxwell fluid's mass and heat 

transport are investigated about a stretched cylinder. To 

solve the resultant governing differential equations, the 

well-known R-K 4th order approach is used. Below are the 

key takeaways from the current investigation. 

 

a) The influence of curvature parameter c on velocity 

component, temperature and concentration is the same 

b) Velocity exhibits decreasing nature for increasing 

values of ,p pM  

c) The influence of Stefan blowing parameter pSb on 

velocity component, temperature and concentration is 

the same 

d) Temperature exhibits upsurge behavior for increasing 

values of 1, , ,p p p pM Nb Nt and  and a reverse 

nature is detected for PrpSr and  

e) Concentration exhibits upsurge behavior for 

increasing values of 2,pSr E and  and a reverse 

nature is detected for , ,p p pNb Nt Du and . 
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Table-1. Comparative study Skin Friction Coefficient with the existing reports for distinct values of  

p when 0c 
. 

 

p  [37] [38] [39] [40] [45] 
Present 

Outcomes 

0 1.000000 0.999978 1.000000 1.0000000 1.000000 1.000000 

0.2 1.051948 1.051945 1.051889 1.0518890 1.051556 1.051889 

0.4 1.101850 1.101848 1.101903 1.1019035 1.101603 1.101903 

0.6 1.150163 1.150160 1.150137 1.1501374 1.150356 1.150137 

0.8 1.196692 1.196690 1.196711 1.1967114 1.196711 1.196712 

1.0 ---- ---- ---- ---- 1.241722 1.241753 

1.2 1.285257 1.285253 1.285363 1.2853630 1.285355 1.285366 

 

Table-2. Comparative study Skin Friction Coefficient with the existing reports for distinct values for  

pM when 0c p  
. 

 

pM  [41] [42] [43] [44] [45] 
Present 

Outcomes 

0.5 1.1180 ---- 1.118034 1.224745 1.224742 1.224745 

1.0 ---- 1.41421 1.414214 1.414213 1.414213 1.414214 

1.5 ---- ---- ---- ---- 1.581136 1.581139 

2.0 ---- ---- ---- ---- 1.732045 1.732051 

5.0 ---- 2.44948 2.449483 2.449474 2.446251 2.449490 

 

Table-3. Numerical data for Nusselt Number with the existing reports for distinct Pr values. 
 

Pr  [46] [47] [48] [49] 
Present 

Outcomes 

0.72 0.4631 
0.4617 

 
0.46315 

0.4631 

 
0.463145 

1 0.5820 0.5801 0.58199 0.5820 0.581978 

3 1.1652 1.1599 1.16523 1.1652 1.165253 

10 2.3080 2.2960 2.30796 2.3080 2.308025 

100 7.7657 ---- 7.76536 7.7657 7.765899 

 

Table-4. Numerical data for Nusselt Number with the existing reports for distinct Pr values. 
 

Pr  [50] [51] [52] 
Present 

Outcomes 

0.07 0.0663 0.0656 0.0656 0.065605 

0.2 0.1691 0.1691 0.1691 0.169089 

0.7 0.4539 0.4539 0.4539 0.453917 

2 0.9113 0.9114 0.9114 0.911361 

7 1.8954 1.8954 1.8905 1.895420 

20 3.3539 3.3539 3.3539 3.353935 

70 6.4621 6.4622 6.4622 6.462313 
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Figure-1. Flow configuration. 

 

 
 

Figure-2a. Variations in ( )G  caused by 
c . 

 

 
 

Figure-2b. Variations in    caused by 
c . 

 

 
 

Figure-2c. Variations in   caused by 
c . 

 

 
 

Figure-3a. Variations in  G  caused by p . 

 

 
 

Figure-3b. Variations in ( )  caused by p . 
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Figure-3c. Variations in ( ) caused by p . 

 

 
 

Figure-4a. Variations in  G  caused by pM
. 

 

 
 

Figure-4b. Variations in ( )  caused by pM
. 

 

 
 

Figure-4c. Variations in ( ) caused by pM
. 

 

 
 

Figure-5a. Variations in ( )G  caused by
 pSb

. 

 

 
 

Figure-5b. Variations in ( )  caused by pSb
. 
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Figure-5c. Variations in ( ) caused by pSb
. 

 

 
 

Figure-6a. Variations in ( )  caused by  pNt
. 

 

 
 

Figure-6b. Variations in ( ) caused by  pNt
. 

 
 

Figure-7a. Variations in ( )  caused by  pNb
. 

 

 
 

Figure-7b. Variations in ( ) caused by  pNb
. 

 

 
 

Figure-8a. Variations in ( )  caused by  pDu
. 
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Figure-8b. Variations in ( ) caused by  pDu
. 

 

 
 

Figure-9a. Variations in ( )  caused by  pSr
. 

 

 
 

Figure-9b. Variations in ( ) caused by pSr
. 

 

 
 

Figure-10. Variations in ( )  caused by Pr . 

 

 
 

Figure-11. Variations in ( )  caused by  1 . 

 

 
 

Figure-12. Variations in ( ) caused by 2  . 
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Figure-13. Variations in ( ) caused by Sc . 

 

 
 

Figure-14. Variations in ( ) caused by   . 

 

 
 

Figure-15. Variations in ( ) caused by E . 

 

 

 

 

Nomenclature 

oa – radius of cylinder
 

 - Non-dimensional 

temperature
 

l -reference length pSb - Stefan blowing 

parameter
 

G – Dimensionless 

stream function 
R - Radiation parameter

 

z -axial coordinate Pr – Prandtl number 

r  -radial coordinate 
C - Temperature of the 

fluid 

0B -strength of magnetic 

field 

wC -  Concentration of 

the surface 

wu - Stretching velocity C - Ambient fluid 

Concentration 

p -Deborah parameter 
mq –wall mass flux 

pM -Magnetic parameter pDu -mass flux 

relaxation time 

pc – Specific heat at 

constant pressure 

 - Non-dimensional 

Concentration 

T - Temperature of the 

fluid 
Sc – Schmidt  number 

wT -  Temperature of the 

surface 
pSr -soret parameter 

T - Ambient fluid 

temperature 

w – Condition at the 

surface 

 - thermal diffusivity  - Condition at infinity 

k - Thermal conductivity  – Similarity variable 

 - Thermal viscosity rRe - Local Reynolds 

number 

   -Fluid density fC - Skin friction 

coefficient 

 / - Kinematic 

viscosity of the fluid 

rNu -Local Nusselt 

number 

wq - Surface heat flux ‘ –  order of derivative 
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