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Abstract

The objective of this paper is to analyze the effect of thermal radiation on MHD mixed convection flow of a micropolar nanoliquid
towards a non-linear stretching surface with convective boundary condition. The governing equations are converted into non-linear
ordinary differential equations by using suitable similarity transformations. The homotopy analysis method is used for solving the non-
linear ordinary differential equations. The temperature profiles increase due to increase in thermal radiation parameter. The microrotation
profile increases when boundary parameter is increased. Also, the skin friction coefficient and local Nusselt are plotted for various

parameters.
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1. Introduction

The importance of MHD convective flow and heat(& mass)
transfer of fluid is discussed in [1]-[3]. Jagan et al. [4] discussed
about the effect of thermal radiation on 3D unsteady MHD
nanofluid flow over a stretching surface in a porous medium.
Mishra et al. [5] analyzed about the chemical reaction and Soret
effects on hydromagnetic micropolar fluid over a stretching sheet.
Abou-zeid [6] analyzed about the effects of thermal-diffusion and
viscous  dissipation on peristaltic flow of micropolar
non-Newtonian nanofluid. Mixed convection flow of a micropolar
fluid in a vertical channel with boundary conditions of third kind
was studied by Umavathi et al. [7]. Hayat et al. [8] examined
about the mixed convection flow of a micropolar fluid in the
presence of radiation and chemical reaction. Mahmoud et al. [9]
examined about the MHD flow and heat transfer of a micropolar
fluid over a stretching surface with heat generation/absorption and
slip velocity. In this paper, the effect of thermal radiation on
magneto-convection of a micropolar nanoliquid towards a
non-linear stretching sheet with convective boundary is analyzed.

2. Mathematical Formulation

The MHD mixed convection flow and heat transfer of micropolar
nanoliquid towards a nonlinear stretching sheet at y=0 in the
presence of thermal radiation are considered. It is assumed that the

stretching velocity of the sheet as uW(x):cxn where ¢ is a positive

constants. Here uW(x) is linear if n=1 and non-linear if n>1. A

n—1

non-uniform magnetic field B:BOXT which is normal to the

surface is imposed along y-axis. It is also assumed that the radia-
4 3 8T4

tive heat flux as q :f%—and the convective fluid tempera-
rog oy

ture Tf is higher than the ambient temperatureToo. The governing

boundary layer equations for the analysis can be expressed as
follows
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subject to the boundary conditions:
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where v, kv" p, 0, o, BO‘ Y. hou C o DB’D T, mO,kand

hf are kinematic viscosity, vortex viscosity, density of fluid,

acceleration due to gravity, electric fluid conductivity, magnetic
field, spin gradient viscosity, microinertia, thermal diffusivity,
dynamic viscosity, specific heat, Brownian motion co-efficient,
thermophoresis coefficient, ratio between the effective nano-
particle materials and fluid heat capacity, boundary parameter,
thermal conductivity and convective heat transfer coefficient.
Using the suitable transformation
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the incompressiblity condition of equation (1) is satisfied
identically and the equations (2)-(6) are reduced to

Qe K)F e ffro 20 g2

+Kg'+ A0
n+1 n+1 (8)
2
- (Ha)2 ' =0,
n+1
K 3n-1 2K
1+— |lg"+ fg - frg— [2¢ + 7]=0, )
2 n+1 n+1

4 2
1+—Rd | 0"+Prfg +(1+K)PrEct”
3

+ PrEc Ha’f'2 + NbPro'¢ + NtPro'? —o,  (10)

n+1

Nt
¢"+Scfg+—0"=0.

(11)
Nb
subject to the boundary condition
f(0) =0, f'(0) =1,g(0) = -mg "(0),
(12)

2
0'(0) = —y,| ——(1-6(0)). 4(0) = 1.
n+1

f'(7) =0,9(7) =0,0(7) =0,4(7) =0 as 7 — .

where K, n, A, Ha, Pr, Ec, Nb, Nt, Rd, Sc and y are micropolar
parameter, power law index, mixed convection parameter,
Hartmann number, Prandtl number, Eckert number, Brownian
motion parameter, thermophoresis parameter, thermal radiation
parameter, Schmidt number and thermal Boit number and are
defined as
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Using the similarity variables (7), the coefficients of skin-friction
and local Nusselt number are given by
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3. Method of the Solution

The equations (8) to (12) are solved using HAM by choosing the
initial approximation and auxiliary linear operators as
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which satisfies the property
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where A A2, Ag
The h-curve is plotted for K=0.2, 2=0.2, Ha=0.1, y=0.6, n=1.5,
Pr=1, Rd=0.3, S¢=1.5, m(=0.5, Ec=0.3, Nt=0.2 and Nb=0.2 at

25th order of approximation(see Fig 1) and observed that the ad-

1 Agel=0.
are the arbitrary constants.
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missible values of h¢ . hg.hg andh, are 1.0f
-15<hg <02, -15<hg <02 , -15<h, <-02  and 0.8/ A=0,05,1,1.5,2"
= 0.6 ]
-14<h, <-0.2. The convergence of — f"(0), —g'(0),— 6'(0) =
¢ _ ) “~ 04 ]
and — ¢'(0) are tabulated in Table 1 for different order of approx-
imations. 0.2¢ i
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Fig 1: h-curve for f"(0), g'(0),8'(0) and ¢'(0) 0.
Table 1: Convergence of the series f”(0), g'(0),&'(0) and ¢'(0) for )
- _ - _ - — - _ - 0.0-
K=0.2, 2=0.2, Ha=0.1, y=0.6, n=1.5, Pr=1, Rd=0.3, Sc=1.5, m0-0.5, 0 > 4 6 8
Ec=0.3, Nt=0.2 and Nb=0.2.
m™ order ap- - 1 ;
Broximation —£7(0) _g(0) _0(0) #(0) Fig 4: Influence of Haon f'(7)
1 0.98880 0.54440 0.22615 0.47500
5 0.94649 0.51667 0.20022 0.69623 0.5¢ ]
10 0.94553 0.51605 0.20025 | 0.70325 04\ A=0.0,0.5,1.0,1.5,2.0 1
15 0.94569 0.51607 0.20033 0.70264 ) 1
20 0.94566 0.51607 0.20031 0.70276 = 0.3F 1
25 0.94566 0.51607 0.20031 0.70276 =r 0.2 ]
4. Results and Discussion 0.1 ;
0.0t \ =
The discussions are made for different combinations of the 0 1 2 3 4 5 6
pertinent parameters involved in the study. It is clear from Fig 2-4 n
that thg velocity pr_ofile enlarges with rise in the migrqpolar (.K) Fig 5: Influence of & on g(77)
and mixed convection (A) parameters whereas it diminishes with
rise in Ha. In Fig 5-7, the microrotation profile increases with rise
in the Hartmann number (Ha) and boundary parameter (mO) Lo, ‘ ‘ ‘ ‘ ‘ ‘ B
0s\Ha=0,05,1,1.52

parameters whereas it decreases with rise in A. In Fig 8-11, tem-
perature profile expands while rising thermal radiation (Rd) pa-
rameter, Eckert number (Ec), Ha and thermal Boit number (y).
The skin-friction co-efficient decreases while rising Ha whereas it
increases while increasing Rd and m, (see Fig 12-14). The local

Nusselt number decreases with rise in Ec, but, it increases with
increase in y and Rd (see Fig 15-17).
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The regression equation of skin friction, Nusselt number and
Sherwood number correlated with thermal radiation parameter
(Rd), micropolar parameter (K), mixed convection parameter (1),
Biot number (y) and Hartmann number (Ha) are

1
Reg C¢ =-2.3572+0.0664* Rd — 0.5536™ K + 0.7428* 1

+0.0849* y — 0.7200* Ha,
1
Re, 2 Nu = 0.0840+ 0.2381* Rd — 0.0136* K + 0.0873* A

+0.2494* y — 0.1079* Ha,
1
Re, 2 Sh = 0.8036+ 0.0257* Rd — 0.0742* K + 0.0591* A

+0.0844* y —0.0067* Ha.

where Rd, K & A varies from 0 to 0.5 and y & Ha varies from 0 to
1.

5. Conclusion

In this paper, the effect of thermal radiation on
magneto-hydrodynamic mixed convection flow of a micropolar
nanoliquid towards a nonlinear stretching surface with convective
boundary condition is presented. The thermal boundary layer
thickness, skin friction coefficient and local Nusselt number
increase if thermal radiation parameter is increased. Increase in
boundary parameter results with increase in microrotation profile
and skin friction coefficient. When Hartmann number is increased,
the microrotation profile and thermal boundary layer thickness
increase where as the momentum boundary layer thickness and
skin friction coefficient decrease. The thermal boundary layer
thickness increase with increase in Eckert number, but, Nusselt

number decrease with increase in Eckert number. Increase in Boit
number leads to increase in thermal boundary layer thickness and
Nusselt number.
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