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Abstract

This Research conducted for the micro-rotational flow of nanoliquid over an extendable surface. In current era dispersion of nano 
particles in the regular liquids have become a significant importance in nanotechnology. Nanoparticles dispersion improve the ther-
mal conductivity of the regular liquid which is very helpful for energy production and transmission. The transportation of energy has 
been taken as a key factor of investigation in this research.In this study thermal radiations and Dufour impacts have been utilized. 
Moreover, the Dufour effects are also considered. The well-known computational scheme of Keller Box (KBS) has been used in this 
work. More exactly, in this work, the Buongiorno model is considered for the numerical investigation. The flow equations are trans-
formed in to the nonlinear differential equation by employing an appropriate similarity transformations. The physical quantities 
with several effects of material constraints are portrayed in the form of graphs and tables. It is found that inclination impact causes 
reduction in velocity profile. 
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Introduction

The present world, in light of regularly growing utilization of 
thermal energy management, becomes serious and challenging. 
The potential structures of nanotechnology and nanoscience to 
improve the pace of heat extraction from the inevitable sources 
have pulled in various analysts. Besides, nanofluids have presented 
vast extent of advantageous applications, for instance, brain tumor 
injection, cancer identification, sun oriented vitality, high control 
lasers, and penetrating.

Moreover, in existing work, there are a few procedures that in-
tension to improve the heat exchange factor in the flow to upgrade 
the capability of concentrating collector. Nanoparticles have more 
prominent thermal conductivity as equated with base liquids, the 
idea of submerging stable nanoparticles in the base liquids was 
experienced. Nanoliquids improve the productivity of the solar 
system because of their predominant thermal attributes. The term 
nano was first presented by Choi [1]. Pak and Cho [2] scrutinized 

the energy transportation of base fluid by immersing the submi-
cron metallic oxide and determined that the energy exchange im-
provement depends on the thermal conductivity and size of the 
particles. In previous centuries, several academic studies are stated 
on the flow of nanofluids. The core subjects of these studies are, the 
employment of effective thermal conductivity and the effective vis-
cosity in the energy and momentum equations, including the slip 
mechanisms between the nanoparticles and base liquid molecules 
(see Buongiorno [3]). The researchers have investigated the flow 
of nanofluids by using both methodologies. For more literature on 
nanofluid flow on a slanted surface, see [4-9].

The effects of thermal radiations on the flow and heat transpor-
tation have considerably fascinated the attention of experts and in-
vestigators. It is due to their remarkable applications in solar tech-
nology, in production and quantum mechanics, and particularly in 
high heat processes. These influences may also include an essential 
portion of the dynamics controlling the energy exchange in the 
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industry where the excellence of the last piece depends upon the 
temperature adjusting mechanisms to some extent. Sandeep and 
Kumar [10] inspected the influence of the radiation on the nanoflu-
id flow towards an inclined sheet. Later on, Govindrajan and Rani 
[11] examined inclination influence on the nanofluid flow with ra-
diative impacts. Also, Khan., et al. [12] discussed Carreau nanofluid 
flow on an enlarging cylinder with an inclination effect. Recently, 
the investigation of radiation effects on the Casson nanofluid flow 
over an inclined disk investigated by Saeed., et al. [13]. Besides, dif-
ferent researchers investigated the radiation’s effects on the nano-
fluid flow with different geometries, see [14-19]. 

The flow performance of non-Newtonian liquid is an investiga-
tion of the profound fascination of researchers and practical im-
portance. There are a couple of ordinary and mechanical usages of 
such liquids, liquid polymers, infiltrating mud, oils, specific coats, 
molten suspensions, nourishment items and curative and various 
others. In literature, there are several statistical models with differ-
ent constitutive settings containing a unique set of rigorous factors. 
The micropolar liquid model is appropriate for exocitic oils, blood 
of animal, liquid minerals with firm atoms, specific biological so-
lutions, and colloidal solutions. The micromotion of liquid compo-
nents, spin inertia, and the impacts of the couple stresses are very 
essential in micropolar liquids. Eringen [20] presented the idea of 
micropolar liquids based on constitution equations. For in depth 
study on the micropolar nanofluid flow by considering several ge-
ometries see [21-29].

The assessed literature reveals that no investigation till now 
has been done in the direction concerning micropolar nanofluid 
flow on inclined surface with radiations and Soret, Dufour effects. 
Therefore, here we have offered the numerical simulation to tackle 
the features of micropolar type nanofluid flow towards an inclined 
sheet by employing KBS. The graphical diagrams are provided to 
demonstrate the effect logs of our concern parameters on tempera-
ture, velocity, and concentration contours. The current outcomes 
are novel. 

Mathematical formulation
This study is focused with the radiations and Soret effects on 

micropolar nanofluid flow on a slanted surface. Flow made due to 

linear stretching with a stretching rate ''b . The surface is slanted 

with an inclination Ω . Brownian motion and thermophoretic in-
fluences are incorporated. The magnetic field is considered per-
pendicular the slanted surface.

 The governing equations for the flow under consideration are:
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Where, the Rosseland approximation characterized as
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Where *σ  stands for the Stefan-Boltzmann coefficient and *k
denotes mean absorption coefficient. By applying Taylers series 

the expansion of 4T  in terms of ∞T written as:
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By using equations (5) and (6) the equation (3) converted into:
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The stream function ),( yxψψ =  is defined by
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By employing equation (11), equations (2), (3), (8) and (5) be-
comes

( ) ( ) ( ) ,0'cos'''''''1 2 =−Ω+++−++ fMGcGrKhffffK xx φθ  
------- (12) 

( ) ,0''2''''
2

1 =+−−+





 + fhKhffhhK  -------------- (13)

,0''''''''Pr 2 =++++ φθθφθθ fN DNtNbf  -------------- (14) 

.0''''' =++ θφφ SrLeLef  --------------------- (15) 

Where, 

Magnetic parameter : ,
2
0

ρ
σ
a
B

M =  

Brownian motion factor : ( )
,

ν
τ ∞−

=
CCD

Nb wB

Thermophoresis factor : ( )
,

∞

∞−
=

T
TTD

Nt wT

ν
τ

Local Grashof number : 
( )

,2

1

a
xTTg

Gr wt
x

−
∞−

=
β

Local modified Grashof number : 
( )

,2

1

a
xCCg

Gc wc
x

−
∞−

=
β

Modified Prandtle number : ,
3
41

Pr
1Pr 






 += NN

Dufour effect : ( )
( ) ,

∞

∞

−
−

=
TTCC
CCKD

D
wps

wTT
f ν

Soret effect : ( )
( ) .

∞∞

∞

−
−

=
CCT
TTKDSr

w

wTT

ν
 

Here, to find similarity solution xGr and xGc should be with-

out .x  Hence, suppose that [30,31].
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Where 1n  and n  denotes constants. Replacing equation (17) in 
to the parameters  and , results become

( )
2

1

a
CCgn

Gc w ∞−
= , ( )

2a
TTgn

Gr w ∞−
= . ----------- (17)

The conditions at the boundary are converted into
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The associated expressions of ( ) ( ) ( ),010 fKC fx ′′+=  )0(θ ′−

, and )0(φ′−  (skin friction, Nusselt number, and Sherwood num-
ber) becomes

 

------------- (19)

Results and Discussion
This portion of article exhibited different graphs and tables for 

physical parameters containing magnetic factor M , local Grashof 

number Gr
, local modified Grashof number Gc

, inclination i.e. Ω
, Pr

( Prandtl number), radiation effect N , Soret factor Sr
, Dufour 

parameter fD , Lewis number Le
, Brownian motion i.e. Nb, thermo-

phoresis i.e. Nt, and material factor K . To match current outcomes 
with already published results of Khan and Pop [32] prepared Table 
1, in the absence of                                                                       and with 

. Table 2 shows the variations in ),0('),0(' φθ− and in )0(fxC . 
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In Table 3.2 bold parameters presents the change in that particular 
parameter value how energy and mass flux along with skin friction 
vary.

Figure 1 portrays the velocity field behavior against magnetic 

field effect. It demonstrates that )(' ηf  reduces on improving 
the magnetic field strength. Physically, velocity profile declines on 
the growth of the magnetic factor because resistive force (Lorentz 
force). The velocity profile increases with changed numerics of 
local Grashof number see (Figure 2). Physically, the viscous force 
declines by growing magnitude of the buoyancy forces. Figure 3 

)(' ηf follow the same shape on the increment of local modified 
Grashof number as like local Grashof number effect in figure 2. Fig-
ure 4 reveals the inclination impact on the velocity profile. It dem-

onstrated that )(' ηf enhances on growing angle. The buoyancy 
force diminishes at                     which causes a reduction in the 
velocity profile. 

Figure 5 shows the influence of the material parameter on ve-
locity profile. It is found that velocity field for the altered values of 

K  increases. Physically, the increment in the material factor drops 
the viscosity and raises the velocity. The magnetic effect impres-

sion on )(' ηh  offered in Figure 6. The angular velocity decreases 
against changed numerics of magnetic factor.

On the other hand, against the higher magnitude of the factor, 

K  the angular velocity upturn (see Figure 7). This demonstra-
tion corresponds with the outcomes of Rafique., et al. [21]. Figure 
8 express the impact of radiation on the temperature distribution. 
Physically the conductive heat transfer is larger than the radiative 
heat exchange, which reasons behind the lessening of boundary 
layer thickness and buoyancy force. The liquid becomes warmer 
against the increment in the radiations due to which the energy 
flux enhances. The energy and mass flux rates along skin friction 

are portrayed in Figures 9-14 for distinct magnitudes of Ω,Nb  

and Nt . Figures 9 and 10 exhibit the energy and mass fluxes di-
minish with growing of Brownian motion and inclination effect.

Moreover, the skin friction increases against cumulative mag-
nitudes of Brownian motion and inclination effect portrayed in 
Figure 11. Further, heat and mass fluxes are descents compared 
to the cumulative magnitudes of thermophorectic and inclination 
parameters (see Figures 12-13). While, wall shear stress improved 
on growth of inclination and thermophoretic influences (see Fig-
ure 14).

Table 1: Contrast of )0(θ ′−  and )0(φ′−  against  

 

Nb Nt
Present Results Khan and Pop [32]

)0(θ ′− )0(φ′− )0(θ ′− )0(φ′−
0.1 0.1 0.9524 2.1294 0.9524 2.1294
0.2 0.2 0.3654 2.5152 0.3654 2.5152
0.3 0.3 0.1355 2.6088 0.1355 2.6088
0.4 0.4 0.0495 2.6038 0.0495 2.6038
0.5 0.5 0.0179 2.5731 0.0179 2.5731

Figure 1:                versus M. )(' ηf
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Nb Nt Pr Le M K Gr Gc Sr Df N Ω )0(′− )0(φ′− ( )0fxC

0.1 0.1 6.5 5.0 0.2 1.0 0.1 1.1 1.0 1.0 1.0 450 0.5641 0.5100 0.9362
0.3 0.1 6.5 5.0 0.2 1.0 0.1 1.1 1.0 1.0 1.0 450 0.6167 0.4552 0.8998
0.1 0.3 6.5 5.0 0.2 1.0 0.1 1.1 1.0 1.0 1.0 450 0.4842 0.4702 0.9484
0.1 0.1 10.0 5.0 0.2 1.0 0.1 1.1 1.0 1.0 1.0 450 0.5588 0.5380   0.9640
0.1 0.1 6.5 10.0 0.2 1.0 0.1 1.1 1.0 1.0 1.0 450 0.6162 0.5058 0.9171
0.1 0.1 6.5 5.0 0.5 1.0 0.1 1.1 1.0 1.0 1.0 450 0.5469 0.4954 1.1289
0.1 0.1 6.5 5.0 0.2 3.0 0.1 1.1 1.0 1.0 1.0 450 0.5876  0.5299 1.3739
0.1 0.1 6.5 5.0 0.2 1.0 0.5 1.1 1.0 1.0 1.0 450 0.5752  0.5195 0.7731
0.1 0.1 6.5 5.0 0.2 1.0 0.1 2.0 1.0 1.0 1.0 450 0.5916 0.5336 0.5568
0.1 0.1 6.5 5.0 0.2 1.0 0.1 1.1 2.0 1.0 1.0 450 0.3750 0.4878 0.9930
0.1 0.1 6.5 5.0 0.2 1.0 0.1 1.1 1.0 2.0 1.0 450 0.5829 0.3954 0.8267
0.1 0.1 6.5 5.0 0.2 1.0 0.1 1.1 1.0 1.0 2.0 450 0.5687 0.4646 0.8925
0.1 0.1 6.5 5.0 0.2 1.0 0.1 1.1 1.0 1.0 1.0 900   0.5009  0.4129 1.4990

Table 2: Values of )0(θ′− , )0(φ′−  and ( )0fxC .

Figure 2:                versus λ. )(' ηf Figure 3:                versus δ. )(' ηf
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Figure 4:                versus Ω. )(' ηf

Figure 5:                versus K. )(' ηf

Figure 6:    h        versus M. ηf

Figure 7:    h        versus M. )(' ηf

Figure 8:    θ'        versus N. )(' ηf

Figure 9:  -θ'(0)  versus Nb and Ω.    
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Figure 10:  -θ'(0)  versus Nb and Ω.    

Figure 11:  -Cfx(0)  versus Nb and Ω.    

Figure 12:  -θ'(0)  versus Nt and Ω.    

Figure 13:  -θ'(0)  versus Nt and Ω.    

Figure 14:  -Cfx(0)  versus Nt and Ω.    

Conclusions 
This research has been carried out for the micro-rotational ef-

fects on nano liquid flow over the slanted sheet which is extend-
able. The impacts of the radiations are visualized via graphs and 
numerically with the utilization of Keller box technique. This re-
search is very useful for practical applications in the industry and 
engineering. Table 2 cleared the up and downs of energy and mass 
transport variations which is helpful for practical applications. The 
key findings in this work are listed below. 

•	 Velocity field declines against inclination effect.
•	 The temperature field increases with the growth of the ra-

diation effect.
•	 By increasing Brownian parameter and inclination effect 

the energy and mass flux diminishes.
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