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ABSTRACT

The current research relates to numerical analysis of the unsteady MHD mixed convective 
flow over a curved stretching surface. The Dufour and Soret effects, chemical reaction and 
joule heating are accounted into the flow together with the thermal and velocity slip effects. 
The governing partial differential equations of the flow which are in curvilinear coordinates 
are transformed into ordinary differential equations by using suitable similarity transforma-
tions. The numerical results are obtained using the MATLAB built-in solver bvp4c. The sta-
bility of the numerical technique has been verified and compared with the available literatures. 
The resultant boundary layer flow field parameters and the parameters of engineering interest 
have been presented graphically along with tabular data. The results thus obtained show that 
the surface drag significantly drops by about 9.4% and 23.4% respectively upon enlargement 
of the curvature parameter (0.5 ≤ K ≤ 0.7) and velocity slip parameter (0.4 ≤ λ ≤ 0.6) at the 
stretching surface. The thermal boundary layer thickness and heat transfer rate also tend to 
be drastically depleted as lesser heat gets transferred from the curve surface to the fluid. In-
crementing the unsteadiness parameter (0.5 ≤ δ ≤ 1) significantly improves the heat and mass 
transfer rates by about 13.5% and 13% respectively. It is also found that the rates of heat and 
mass transfer can be increased by enhancing the Dufour and Soret effects respectively.
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INTRODUCTION 

In recent years, stretching surfaces have drawn a 
lot of attention from researchers. It is as a result of their 
wide-ranging uses in engineering, industry, and metallurgy. 
Stretching sheet applications are important in processes like 

continuous metal casting, glass blowing, fiber production, 
flow generation in rubber sheets, polymer sheets, and wire 
drawing. Crane [1] was the first to analyze the viscous fluid 
across a stretched surface. He came up with an accurate and 
closed-form similarity solution. Nano fluid over a stretched 
sheet was another option explored by Mabood and Das [2]. 
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In the studies mentioned above, the stretched flat surfaces 
were modelled mathematically by using the cartesian coor-
dinate system.

Sajid et al. [3] and Abbas et al. [4] explored flow result-
ing from stretched curved surfaces, and the governing 
equations are found using a curvilinear coordinate system. 
The above studies found that pressure is not important for 
flow across stretched flat surfaces, but it is important for 
stretching curved surfaces inside boundary layers. Several 
civil engineering issues that require pressure barriers are 
designed using curved shaped geometry. Due to its obvious 
uses in modern technology, the polymer industry, and engi-
neering processes, flow through curved stretched surface 
is a popular issue. Such applications include liquid crystal 
in the condensation process, glass fibers, filaments, anneal-
ing of copper wires, manufacturing of polymer sheets and 
rubber, cooling of large metallic plates in cooling baths, 
polymer extrusion from a dye, melt-spinning, etc. Some of 
the recent studies were conducted by Okechi et al. [5] to 
analyze flow induced by a rapidly stretching curved surface 
with exponential velocity, Ijaz Khan et al. [6] also priori-
tized entropy generation in MHD flow of viscous fluid. The 
flow of Williamson fluid through a curved stretching sur-
face with linear thermal radiation was investigated by Raza 
et al. [7].

MATERIALS AND METHODS

Unsteadiness is a significant issue in many engineer-
ing devices. Most mechanical devices, including ship pro-
pellers, helicopter rotors, and cascades of turbomachinery 
blades operate in an unstable environment. Roşca and Pop 
[8] provided a numerical analysis of viscous flow over an 
unsteady curved stretching/shrinking sheet using the bvp4c 
method. The study concluded the existence of dual solution 
for the stretching/shrinking curved surface. Naveed et al. 
[9] accounted MHD flow over an unsteady curved stretch-
ing surface. While Imtiaz et al. [10] numerically studied 
MHD flow caused by an unsteady extending curved sur-
face while taking homogeneous-heterogeneous chemical 
reactions into account. An unsteady micropolar fluid over 
a stretching / shrinking curved surface was presented in 
the study conducted by Saleh et al. [11]. Abbas et al. [12] 
also accounted the unsteady flow over a curved surface 
for magnetized micro polar fluid with thermal jump and 
velocity slip and the results concluded that the surface and 
fluid friction enhance and depletes the heat transfer rate 
upon enhancing the magnetic field. Abbas and Shatanawi 
[13] studied the unsteady flow of a micropolar fluid over a 
curved stretching surface to explore the Brownian motion 
and thermophoresis effects. Yasir et al. [14] implemented 
the bvp4c scheme to numerically analyze the movement 
of nano fluid across a porous stretching/shrinking surface. 
Chandel and Sood [15] numerically analysed unsteady 
flow of Williamson fluid under the impact of prescribed 
heat flux (PHF) and prescribed surface temperature (PST) 

heating conditions. Saranya et al. [16] conducted a study on 
the bio-convective heat transfer caused by the swimming of 
gyrotactic micro- organisms in a nanofluid flowing over an 
unsteady curved stretched sheet. The study concluded that 
as the curvature parameter increases the concentration of 
motile bacteria drops dramatically.

Again, mixed convection has a significant impact on 
boundary layer flow. When either a forced or a natural 
convection is insufficient to achieve the desired results, 
mixed convection is desired. The flow nature (laminar or 
turbulent) and fluid temperature determine how much 
natural or forced convection will occur. In a few contem-
porary and designing processes, such as synthetic partition 
instruments, electronic device cooling processes, nuclear 
reactor cooling, and water transportation system, mixed 
convection is used. Hussein [17] conducted a compre-
hensive overview of over one hundred research papers on 
mixed convective flow in cylinders and presented the need 
for more analytic, numerical and experimental research to 
understand the flow and heat transfer behavior of free and 
forced convective flow in cylinders. A numerical analysis 
of mixed convective flow in a lid-driven cavity with cor-
ner heating and internal heat generation was conducted by 
Sivasankaran et al. [18]. The study concluded that the rate 
of heat transfer improves at the regime where the forced 
convection is dominant. Hussein and Hussain [19] inves-
tigated mixed convective flow, within a parallel motion 
of two-sided lid driven parallelogrammical cavity in the 
presence of MHD. The study concluded that the circula-
tion of rotating vortices reduces, and the conduction mode 
of heat transfer becomes dominant as Hartmann number 
increments. Mallikarjuna et al. [20] accounted non-Darcy 
convective flow past a rotating cone to study the effects of 
transpiration and thermophoresis. Also, mixed convective 
flow past a stretching surface with convective surface con-
dition was considered by Bhuvaneswari et al. [21]. Laouira 
et al. [22] numerically investigated heat transfer phenome-
non inside a horizontal channel with an open trapezoidal 
enclosure considering heat source of varying lengths. The 
study concluded that the temperature is maximum at the 
heat source location and the isotherm distributions were 
significantly dependent on the length of the heat source. 
Waini et al. [23] accounted for the mixed convection flows 
over an exponentially stretching/shrinking vertical surface 
in a hybrid nano fluid. Ahmad et al. [24] presented mixed 
convection Sisko fluid flow for a curved stretching surface 
with a chemical reaction. 

When the relative fluid velocity to the boundary is zero, 
the no-slip condition is considered. A situation where the 
viscous impacts at the wall are undetectable is the boundary 
slip condition. For symmetrical surfaces, boundary slip is 
also an acceptable boundary condition. In the slip wall con-
dition, the normal velocity is zero, but the tangential veloc-
ity is not zero. Such flows have an essential role in reducing 
surface drag forces and increasing heat transfer rates. Micro-
pump, micro-nozzle and hard disc drive studies of slip 
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effects are crucial. Ramzan et al. [25] performed research on 
nano fluid flow with chemical reaction and slip conditions 
over a curved surface. Moreover, Ramzan et al. [26] exam-
ined the MHD flow of a hybrid Ag-MgO/water nano fluid 
for an extended surface with thermal and velocity slip. 

Due to the concentration and temperature differences in 
a medium there arise a heat and mass flux which are also 
known as the Dufour and Soret effects respectively, which 
are an important mechanism in the transport phenomenon. 
In a wide range of situations these effects are crucial, includ-
ing the fabrication of optical fibers, solidification of binary 
alloys, vapor deposition, isotope separation in mixtures of 
gases, chemical reactors, groundwater pollutant migration, 
and separation of distinct polymers. The Dufour effect is 
typically regarded as minimal for binary liquid mixtures, but 
it can have a big impact on binary gas mixtures. Khan et al. 
[27] considered the Soret effect as well as thermal radiation, 
Imtiaz et al. [28] also considered Dufour and Soret effects 
to study a steady viscous fluid flow over a curved surface. 
In order to analyze the flow of an unstable Sisko fluid on a 
curved surface. Ali et al. [29] identified the impact of Soret 
and Dufour on rotating flow of Oldroyd-B nanofluid over a 
stretching sheet under the influence of magnetic field. The 
Dufour and Soret effects for an unsteady MHD flow across 
a vertical permeable plate under a velocity slip condition 
were also studied by Jamir and Konwar [30]. Furthermore, 
Shatanawi et al. [31] considered second grade fluid flow to 
numerically study the heat and mass transfer of generalized 
Fourier and Fick’s law. Another study on the effects of Soret 
and Dufour across an unsteady stretching cylinder was con-
ducted by Jamir and Konwar [32]. 

The suggested model serves as a reference for choosing 
an appropriate coupling to achieve the intended applica-
tions. The primary goals of the work are to offer numerical 
studies of an unsteady boundary layer flow of an incom-
pressible viscous fluid across a stretching curved surface 
with chemical reaction, Dufour and Soret effects, and ther-
mal and velocity slip conditions. Before being numerically 
solved using MATLAB’s bvp4c solver, the governing partial 
differential equations (PDE) are first converted into a system 
of ordinary differential equations (ODE). Collective figures 
were used to demonstrate and show the impact of vari-
ous flow parameters on the momentum, temperature, and 
concentration fields. Also, the surface drag force,  Nusselt 
and Sherwood numbers have been tabulated. The current 
objective of the study has not been considered or studied in 
any of the literature mentioned above and hence serves the 
novelty of the study; also, the results obtained are compared 
with previously published literature and were found to be in 
excellent accord. 

Mathematical Formulation
Consider a two-dimensional, unsteady mixed con-

vective boundary layer flow of an incompressible, chemi-
cally reactive viscous fluid over a stretching curved sheet 
wounded in a circle of radius R. The radius of the curved 

stretching surface is taken to be a function of time (t) hav-
ing the relation . The surface is stretched 
with velocity  at time t = 0  and the respec-
tive surface temperature and surface concentration are 
taken as ,  [12]. A 
magnetic field of strength  [16] is applied in 
the radial direction with the additional assumption that the 
fluid is electrically conducting, and joule heating effect is 
present. A weak magnetic Reynolds number of assump-
tion results in the disregard of the induced magnetic field. 
Moreover, at the solid - fluid interface thermal and velocity 
slip states are considered.

Under these presumptions, the governing equations for 
the flow are stated as follows: (Naveed et al. [9], Saranya et 
al. [16])

  (1)

  (2)

  
(3)

  

(4)

  
(5)

Boundary conditions are: (Abbas and Shatanawi [13], 
Ramzan et al [25])

Figure 1. Flow geometry.
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(6)

  (7)

To transform the above set of equations Eq (1) – Eq (7) 
to ODE’s the following transformations are used: (Abbas et 
al. [12], Saranya et al [16])

  

(8)

The non-dimensional forms of Eq (2) and Eq (3) are:

  (9)

  
(10)

Where prime denotes differentiation with respect to η. 
It is also important to note that when K → ∞, Eq (10) can be 
condensed to the case of a flat stretching surface.

From Eq (9) and Eq (10) upon eliminating the pressure 
terms, the modified non-dimensional momentum equation 
becomes:

  

(11)

And the non-dimensional equation of energy Eq (4) 
and equation of species Eq (5) are as follows:

  

(12)

  
(13)

Together with the non- dimensional boundary 
conditions:

  
(14)

  
(15)

The following physical quantities are relevant: (Saranya 
et al [16])

Surface drag coefficient

  (16)

Here, wall shear stress, 

  (17)

Nusselt number

  (18)

Here, wall heat flux,

  (19)

Sherwood number

  (20)

Here, wall mass flux,

   (21)

Upon applying Eq (8) into Eq (16) – Eq (21) the follow-
ing non-dimensional equations are obtained:

Surface drag force

  (22)

Nusselt number

  (23)

Sherwood number

  (24)
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Numerical Procedure
In order to solve the nonlinear coupled equations Eq 

(11) – Eq (13) and the flow conditions Eq (14) and Eq (15) 
at the surface, MATLAB’s built-in bvp4c solver scheme has 
been implemented and the tolerance level is taken as 10−5. 
In order to solve the flow problem under consideration, an 
analytical technique is not appropriate because it involves 
highly non-linear terms. The current approach is a finite 
difference code that applies the three-stage Lobatto IIIa for-
mula (Shampine et al [33]), and it enforces a collocation 
approach for resolving a current issue. This approach uses 
three functions to solve the boundary value problem: a set 
of initial conditions, a set of first order differential equa-
tions, and a set of boundary conditions (residuals).

The nonlinear ordinary differential equations Eq (11) – 
Eq (13) subject to the boundary condition Eq (14) and Eq 
(15) have been transformed into Eq (26)- Eq (28) and Eq 
(29)- Eq (30) respectively, by implementing the new set of 
variables given below (Eq 25): 

  (25)

  

(26)

  

(27)

  
(28)

Including associated boundary conditions:

  (29)

  (30)

RESULTS AND DISCUSSION

This section investigates the effect of several factors on 
the velocity f '(η), temperature θ(η) and concentration ϕ(η) 
profiles. All the results are attained using MATLAB bvp4c 
numerical technique with fixed values for various parame-
ters unless stated.

Verification of Methodology
The numerical results obtained in the study has been com-

pared with those obtained using the Runge-Kutta Fehlberg 
method and the homotopy analysis method (HAM). Figure 

Figure 2. Comparison of  values for varying K pa-
rameter with available literature.

Figure 3. f '(η) profile for ascending K.
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2 and Table 1 serve to evaluate the reliability of the current 
results and to substantiate the study’s approach. Figure 2 
compares the surface drag force ( ) for different K 
values to the limiting instances according to Abbas et al [4] 
and Ahmad et al [24]. Whereas Table 1 compares the surface 
drag force ( ) with results from limiting instances 
according to Mabood and Das [2] and Imtiaz et al [28] for 
various values of M. Figure 2 and Table 2 both show that 
the findings are largely consistent, proving the validity of 
the current methodology. Table 2 shows results obtained for 
surface drag force, rates of heat and mass transfer for various 
flow parameter values.

Fluid Flow, Heat and Mass Transfer Results
The effect of increasing the curvature parameter K on 

the boundary layers are displayed in Figures 3-5. It is evi-
dent that the fluid velocity improves as the value of K enlarge 

(the results obtained are in correlation to those obtained in 
the study conducted by Abbas et al. [12]). This trend in the 
velocity profile can be justified by the fact that the curved 
surface continues to take the form of a planner sheet as the 
value of K grows and thereby improves the fluid velocity. 
Also, it has been found that the temperature profile is pos-
itively impacted by the enlargement of K, thus a growth in 
heat transport can be found. Physically, the kinematic vis-
cosity is negatively correlated with K and hence thicken-
ing of the solutal boundary layer is observed in Figure 5. 
Furthermore, from Table 2 it can be concluded that enlarg-
ing K leads to a reduction in surface drag together with the 
rates of heat and mass transfer by about 9.4%, 3.6% and 
3.4% respectively as the value of K varies from 0.5 to 0.7.

The graphical data for altering magnetic parameter M 
on the velocity profile is illustrated in Figure 6. According 

Figure 6.  f '(η) profile for ascending M. Figure 7.  f '(η) profile for ascending δ.

Figure 4. θ(η) profile for ascending K. Figure 5. ϕ(η) profile for ascending K.
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to the figure the momentum boundary layer is seemingly 
depleted upon letting M grow. This result obtained is due 
to the presence of the growing strength of M leading to 
the build-up of the resistive force also known as Lorentz 
force which drags down the fluid motion. It is noticed that 
the surface drag gets uplifted by about 4.7% while the heat 
transfer rate weakens by about 5.8% as M varies from 0.5 to 
1.5 which can be referred from Table 2.

In Figures 7-9, the impact of the presence of the 
unsteadiness of the fluid flow across the unsteady stretch-
ing curved surface is presented. Upon increment of the 
unsteadiness parameter δ a decline in the thicknesses of the 
momentum, thermal and solutal boundary layers is noted. 
Physically, as δ increments more heat gets depleted from 
the curved stretching surface that eventually reduces the 
fluid temperature. Due to the growth of δ the surface drag, 

heat and mass transfer rates become more prominent as it 
improves by about 1.3%, 13.5%, and 13% respectively when 
δ varies from 0.5 to 1.

Figure 10 demonstrates how the velocity profile 
gets impacted when the mixed convection parameter λ1 
increases. It is evident that the velocity profile responds 
well to ascending λ1 values. Physically, introducing λ1 to the 
flow gives rise to buoyancy forces which is responsible for 
enhancement of the velocity profile. Hence the surface drag 
force at the curved surface faces a decay of about 3.8% as λ1 
value varies from 0.5 to 1 (ref Table 2).

Figure 11 demonstrates the impact of Prandtl number 
Pr on the thermal boundary layer. The figure demonstrates 
that the thermal boundary layer thickness undergoes a 
depletion as Pr gets larger. The result obtained comes in 
agreement with the idea that thermal conductivity and Pr 

Figure 9. ϕ(η) profile for ascending δ.Figure 8. θ(η) profile for ascending δ.

Figure 10. f '(η) profile for ascending λ1. Figure 11. θ(η) profile for ascending Pr.
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are inversely proportional to each other and thus higher the 
Pr value lower is the temperature profile. Also, higher Pr 
indicates higher viscosity, thus surface drag force and heat 
transfer rate both undergo growth by about 0.1% and 19.8% 
each, respectively when Pr is varied from 1 to 3, see Table 2.

The Dufour number Du influence on the thermal and 
solutal boundary layers are shown in Figures 12 and 13. 
From the figure it is observed that incrementing Du leads 
to enhancement of the thermal boundary layer while deple-
tion of the solutal boundary layer. When Du ascends it 
yields growth in thermal diffusion which then results in the 
resultant growth of the temperature profile. Also Du being 
the ratio of the temperature gradient to concentration gra-
dient, it is clear that as Du increments the concentration 
profile will consequently deplete; this result has been shown 
in Figure 13. Furthermore, it can be concluded that the heat 

transfer rate reduces by about 9.1% whereas the mass trans-
fer rate evolves by about 1.4% when Du varies from 0.2 to 
0.4, which can be referred from Table 2.

Figure 14 and Figure 15 are the representation of the 
thermal and solutal boundary layers due to Soret number 
Sr. As observed in the figure higher Sr causes the thermal 
boundary layer to deplete while causing the solutal bound-
ary layer to be thickened. Physically, the viscosity of the fluid 
and Soret number are inversely related and thus ascending 
Sr causes less resistance to the flow, eventually lowering the 
temperature profile. Furthermore, Sr being ratio of the con-
centration gradient to temperature gradient, it is clear that 
as Sr ascends the concentration profile will consequently 
increment; this result has been shown in Figure 15. From 
Table 2 it is observed that Sr causes the heat transfer rate 

Figure 14. θ(η) profile for ascending Sr. Figure 15. ϕ(η) profile for ascending Sr

Figure 12. θ(η) profile for ascending Du. Figure 13. ϕ(η) profile for ascending Du.
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growth by 0.4% while a significantly reduction in the mass 
transfer rate by 2.3% for Sr changing values from 0.3 to 0.5.

Figure 16 shows the effect of ascending Schmidt num-
ber Sc on the solutal boundary layer. It is a known fact that 
the rate of molecular diffusion is inversely proportional to 
Sc and thus higher Sc indicate that the rate of molecular 
diffusion is lower, this justifies the results shown in Figure 
16, which shows that for higher Sc thickness of the solu-
tal boundary layer reduces. Furthermore, Table 2 shows 
that the mass transfer rate is significantly boosted by about 
14.7% when Sc varies from 0.6 to 1.

Figure 17 and Figure 18 depict the impact of the chem-
ical reaction on the thermal and solutal boundary layers. 
The solutal profile decreases while the thermal profile 
increases for rising values of Ch. As the chemical reaction 
becomes stronger, a destruction consequence is noticed, 

which causes the reactant species to decay; hence leading to 
the depletion in the concentration profile. Also due to high 
Ch values the temperature tends to raise causing growth in 
the thermal boundary layer thickness. Finally, from Table 2, 
it is concluded that a stronger chemical reaction causes the 
mass transfer rate to improve by about 13.2% and reduces 
the heat transfer rate by about 2.6% as Ch value ranges from 
0.5 to 1.

Figure 19 shows the influence of velocity slip parameter 
λ on the velocity profile. Since greater slip effect give rise to 
higher frictional force, the velocity of the fluid is found to 
deplete faster, it is also noted that at a distance away from 
the sheet the variation in velocity profile vanishes. This 
reduction in fluid velocity at the curved surface implies that 
the fluid flow takes place at the stretching curved surface 
and thereby any increment faced by the fluid slip velocity 

Figure 16. ϕ(η) profile for ascending Sc. Figure 17. θ(η) profile for ascending Ch.

Figure 18. ϕ(η)  profile for ascending Ch. Figure 19.  f '(η)  profile for ascending λ.
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parameter at the stretching curved surface leads to decre-
ment of the fluid velocity that is because in velocity slip 
condition, the pulling of the stretching curved surface can 
only be partially transmitted to the fluid. It is also noted 
that the surface drag lessens by about 23.4% as λ varies from 
0.4 to 0.6 (see Table 2).

The thermal slip effect L on the temperature profile is 
shown in Figure 20. The figure leads us to the deduction 
that the thermal boundary layer depletes upon enhancing 
L but after a certain distance η = 4 this effect is seen to be 
smeared out. The findings show that when heat is trans-
ferred from the curved surface to the fluid less efficiently, 
the thermal boundary layer thickness continues to shrink. 
And thus, a significant decline in heat transfer rate by about 
14.7% is noticed when L shifts from 0.4 to 0.6 (see Table 2).

Furthermore, more from the numerical results com-
puted in Table 2 it can be concluded that the surface drag 
force improves upon enhancing M, δ, Pr, Sr and L; the heat Figure 20. θ(η)  profile for ascending L.

Table 1. Surface drag force  comparisonfor varying M values when K = 109, δ = λ1 = λ2 = Pr = Du = Sc = Sr = Br 
= Ch = λ = L = 0

M Present
(bvp4c)

Imtiaz et al [28]
(HAM)

Mabood and Das [2]
(Runge-Kutta Fehlberg)

1 1.4142144 1.4142266 1.4142135
5 2.4494872 2.4495271 2.4494897
10 3.3166287 3.3166679 3.3166247
50 7.1414284 7.1414769 7.1414284
100 10.049875 10.049924 10.049875

Table 2. Computation results of surface drag force , heat transfer rate  and mass transfer rate 
 for varying physical parameters.

K M δ λ1 λ2 Pr Du Br Sc Sr Ch λ L

0.5 0.5 0.5 0.5 0.5 1 0.2 1 1 0.3 0.5 0.4 0.4 1.470583 0.777849 1.456839
0.7 1.332543 0.749567 1.407432

1.5 1.539899 0.733133 1.463632
1 1.490129 0.882857 1.646106

1 1.415041 0.779138 1.463812
1 1.446784 0.778420 1.459734

3 1.471910 0.931610 1.413581
0.4 1.469986 0.707178 1.476699

3 1.470241 0.763092 1.461743
0.6 1.471799 0.798959 1.242679

0.5 1.470829 0.780984 1.423709
1 1.469918 0.758025 1.648995

0.6 1.126315 0.776004 1.446780
0.6 1.474618 0.663825 1.465631
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transfer rate improves upon enhancing δ, λ1, λ2, Pr and Sr; 
the mass transfer rate improves upon enhancing M, δ, λ1, 
λ2, Du, Sc, Br, Ch and L.

CONCLUSION 

Considering the abundant applications in the field of 
engineering and development of various industrial devices, 
the mathematical model describing the involvement of the 
Dufour and Soret on a chemically reacting unsteady incom-
pressible fluid flow across a stretching curve surface with 
thermal and velocity slip at the surface - fluid interface has 
been presented.

The key outcomes of the study are: 
• The surface drag force, heat and mass transfer rates are 

all seen to be more profound when the radius of the 
curved surface is smaller.

• Upon strengthening the magnetic field (0.5 ≤ M ≤ 1.5), 
surface drag can be enhanced by about 4.7%.

• As the unsteadiness parameter elevates, the momentum, 
thermal and concentration profiles undergo continuous 
depletion, while the heat and mass transfer rates improve 
by about 13.5% and 13% respectively (0.5 ≤ δ ≤ 1.0).

• The mixed convection parameter gives rise to buoyancy 
force causing velocity of the fluid to enhance and deplet-
ing the surface drag by about 3.8% (0.5 ≤ λ1 ≤ 1.0).

• The heat transfer rate improves around 0.4% and mass 
transfer rate reduces by about 2.3% as the Soret number 
ascends (0.3 ≤ Sr ≤0.5). 

• Ascending the Dufour number (0.2 ≤ Du ≤ 0.4)   conse-
quently reduces heat transfer rate by about 9.1%, while 
improving mass transfer rate by about 1.4%.

• As the chemical reaction gets stronger (0.5 ≤ Ch ≤ 1.0), 
the mass transfer rate boosts by about 13.2%, and the 
heat transfer rate drops by about 2.6%.

• The velocity of fluid near the curved surface region 
drastically decrements and surface drag also decays 
by about 23.4% upon incrementing the velocity slip 
parameter (0.4 ≤ λ ≤ 0.6).

• The Thermal slip parameter can be reduced to enhance 
the temperature profile as well as the heat transfer rate 
by about 14.7% (0.4 ≤ L ≤ 0.6).
It is intended that the physics of flow across the curved 

surface with thermal and velocity slip may be applied in a 
variety of physical domains such as industries, aeronautics, 
pharmaceutical science and engineering sciences, and so on.

NOMENCLATURE 

α Stretching rate
B0 Constant magnetic field
B(t) Strength of magnetic field, T
Br Brinkman number, PrEc
C Species Concentration, Kgm-3

C0 Constant concentration
Ch Chemical reaction parameter, 

cp Specific heat at constant pressure, JKg-3K-1

C∞ Ambient fluid concentration, Kgm-3

Cw Surface concentration
cs Concentration susceptibility
D Mass diffusion coefficientm2s-1

Du Dufour number, 

Ec Eckert number, 
f Dimensionless stream function
Gr Local Grashof number, 

g Acceleration due to gravity, ms-2

K Curvature parameter, 

k Thermal conductivity, 
Kr* Chemical reaction
KT Ratio of thermal diffusion, Kgm-3

L Thermal slip parameter, 

L1, L2 Velocity and thermal slip constants

M Magnetic parameter, 

p Pressure, Nm-2

P Dimensionless pressure
Pr Prandtl number, 
R Radius of curved surface, m

Res Local Reynolds number, 

R0 Positive constant
r, s Curvilinear coordinates
Sc Schmidt number, 

Sr Soret number, 

PT Fluid Temperature, K
t Time, s
T0 Constant temperature
Tm Mean fluid temperature
Tw Surface temperature
T∞ Ambient fluid temperature, K
u, v velocity components in sr directions, ms-1

Greek Symbols 
ρ Fluid density, Kgm-3

η Similarity variable
σ Electrical conductivity of the fluid, sm-1

v Kinematic viscosity of the fluid, m2s-1

BT, BC Thermal and solutal expansion coefficients, K-1, Kg-1

θ, ϕ Dimensionless fluid temperature and concentration

δ Unsteadiness parameter, 

λ1 Mixed convection parameter, 

λ2 Buoyancy parameter, 

λ Velocity slip parameter, 
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