I0P Publishing J. Phys. Commun. 4(2020) 015016 https://doi.org/10.1088,/2399-6528 /ab5260

Journal of Physics Communications

PAPER
® CrossMark

Numerical solution of micropolar nanofluids with Soret, Dufor effects

OPENACCESS . . -,
and multiple slip conditions
RECEIVED
11 August 2019 Wubshet Ibrahim' ® and Chaluma Zemedu
q;vgs?ober 2019 Department of Mathematics, Ambo University, Ambo, Ethiopia
' Author to whom any correspondence should be addressed.
ACCEPTED FOR PUBLICATION
29 October 2019 E-mail: wubshetib@yahoo.com and chalumaz48@gmail.com
PZ;B]I:;?;;' 5020 Keywords: three dimensional boundary layer flow, dufour and soret effect, micro-polar nano fluid, stretching sheet, multi-slip conditions

Original content from this
work may be used under Abstract

thetermsofthe (reative. *rphe hjective of this study is to explore the effects of Dufour and Soret with multiple slip conditions on

Commons Attribution 3.0

licence. 3D boundary layer flow of a micropolar nanofluid. The mathematical modeling for the flow problem
Anyfurther distribution of 1 a6 heen created. Using appropriate similarity transformation and non-dimensional variable, the

this work must maintain

attribution to the governing non-linear boundary value problem is reduced to a coupled high order non-linear ordinary

author(s) and the title of . . . . . . . A
thework, journal citation ~ differential equations which is numerically solved. The solutions were using method bvp4c from

and DOL matlab software for different quantities of governing parameters. The influences of different

parameters on skin friction coefficients (—f”(0), —g”(0)), wall duo stress coefficients
(—¢,'(0), —¢,’(0)) the Nusselt number —6#’(0), Sherwood number —s’(0) as well as the velocities,
temperature, and concentration are examined and discussed through tables and graphs. The finding
results indicate the skin friction coefficients, wall duo stresses coefficients (along both x- and y-axes),
the Nusselt number and the Sherwood number demonstrate decreasing behavior for an increase in
slip parameters but the opposite effects are detected with the values of stretching ratio parameters. A
comparison with previous studies available in the literature has been done and a very good agreement

is obtained.

Nomenclature

A,B velocity slip constants
a,b stretching constants (s ")

Cexzy Criyzy  Skin friction coefficient

Cp specific heat JKg 'K ")

Cs concentration susceptibility

C concentration

Coo ambient concentration

Cy wall concentration

Ciip concentration slip

d solutal slip constant

Dg Brownian diffusion coefficient (m?s™!)
Ds Dufour number

Dcr Soret-type diffusion coeff.

Dy Thermophoretic diffusion coeff.
Drc Dufour-type diffusion coefficient
f, g dimensionless velocity

fg dimensionless stream functions
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h thermal slip constant

D first order solutal slip parameter

H first order thermal slip

D, mass diffusion (m?s™})

A% velocity of the fluid (ms™ D)

U the characteristic of velocity (ms ")
L the characteristic of length (m)

j micro-inertia density (m?)

K thermal conductivity (Wm ™ 'K~ ")
n microrotation parameter

Rey, Re, local Reynolds numbers

s dimensionless concentration

M,,, My, wall couple stresses coeff. (m?*s ")
N,, N; micro rotations at surface (s~ 1)

Ny Brownian motion parameter
N*,N%, micro rotations in boundary layer
N, thermophoresis parameter

Nu, local Nusselt number

Pr Prandtl number

Qw> Qm heat and mass fluxes (Wm 2, Kgmzs)
Sc Schmidt number

Shy Sherwood number

Sr Soret number

T temperature of the fluid (K)

T, wall temperature (K)

T ambient temperature (K)

Ty thermal diffusion ratio (m?s~'})
T fluid mean temperature (K)

Taip temperature slip at the surface

u, vV, W velocity components (msfl)

Usiips Vlip velocities slip

XY,Z Cartesian coordinates

Greeks

A stretching rate parameter

16} material parameter

«a first order slip parameter

n dimensionless similarity variable
0 dimensionless temperature

b1, P2 dimensionless angular velocity
6 boundary layer thickness(m)

W coefficient of dynamic viscosity(Pas)
K vortex viscosity coefficient (Pas)
v kinematic viscosity (mzs_ 1)

Py, Wy stream functions (m’s ™ ")

p fluid density$(Kgm )

Vs spin -gradient viscosity (m?s ™"
Tw wall shear stress (pa)
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Subscripts
%) Conditions at the free stream
w Condition at the surface

1. Introduction

Eringen [1]is a pioneer in conceptualization of the magnificent non-Newtonian fluid called micropolar fluid in
the history of fluid dynamics. Then after two years, Eringen [2] himself has developed the ground-breaking
theory on micropolar fluid. Using this theory, the mathematical model of many non- Newtonian fluids were
developed for which the convectional Navier—Stokes theory unable determines it.

Following that, the computation of microplar fluid has received considerable attentions by different
researches in the area of fluid dynamics. Accordingly, Xinhui et al [3] have examined the boundary layer flow of
microplar fluid past expanding/contracting wall with porosity. Furthermore, Uddin and Kumar [4], Kucaba [5]
and Ali and Alam [6] have analyzed the flow of microplar fluid under the conditions such as magnetic field,
thermo diffusion and diffusion thermo and hall effect past a surface in different shape such as wedge, stretching
sheetand other. Moreover, Noor et al [7] have computed the effect of density variation on microplar fluid with
nonzero velocity slip condition. Furthermore, Haque et al [8] have examined the influences of viscous
dissipation, Haartmann effect, convection, and joule heating on the flow of microplarfluid.

Alam et al [9] discussed the influence of time variation, second order slip flow, convective heating over a
porous wedge with contracting or expanding characteristics. The result their study shows that the slip velocity
parameter considerable affects the flow field.

Also, Nabwey et al [10] have presented the analysis of non-Newtonian nanofluid with the combined effect of
natural and free convection flow past a vertically aligned extensible surface. The result signifies that Brownian
motion and thermophoresis parameters pay a great role in deterring heat transfer rate at the surface. Moreover,
Rasool et al [11] have examined the contribution of Laurenth force, chemical reaction and thermal radiation on
the flow of nanofluid with Marangoni convective condition. Further, Rasool et al [12] studied the Marangoni
and magnetic field effect on non-Newtonian nanofluid. The results indicate that Marangoni ratio significantly
reduces the velocity profiles.

Subhakar and Gangadhar [13] have discussed the importance of thermo-diffusion, diffusion thermo and
heat generation/suction on the flow Newtonian fluid. The result of the study reflects that heat source enhances
the velocity and temperature of the flow. The outcomes of the study signify that Dufour and Soret numbers are
to raise the skin friction.

Similarly, the effects of Dufour and Soret were reported on different papers by (EI-Kabeir et al [14],
Chamkha and Rashad [15], Rashad and Chamkha [16], EL-Kabeir et al [17] and Al-Mudhaf et al [ 18]. It was
found that an enhancement in the Dufour number produced a reduction in the local Nusselt number but boosts
the local Sherwood number. However, the opposite behavior was predicted as Soret number raised for which the
local Nusselt number was enlarged while the local Sherwood number was reduced. Hayat et al [ 19] have
examined the 3D flow of couple stress fluid with effects of chemical reaction and time variation over a stretching
sheet.

Sumitra [20] and Rashad et al [21] also reported the problem of mixed convection heat and mass transfer
near an exponentially stretching surface in combination with magnetic flied, and Soret and Dufour effects. It was
found that increasing material parameter resulted in enhancement of all the skin friction coefficient, Nusselt and
Sherwood numbers. Moreover, Ravi et al [22] presented the effects of time variation and buoyance force on
convective flow of micropolar fluid. It is indicated that vortex viscosity, material parameter and Prandtl number
have a significant impact on flow field. The problem of heat and mass transfer on MHD boundary layer flow over
amoving a vertical porous plate with suction, Soret and Dufour effects is investigated by Srinivasa et al [23].

Moreover, Uddin et al [24] addressed the impact of various physical parameters such as viscous and joule
heating, multiple wall slip phenomena, mass diffusivity, variable viscosity, thermal conductivity in porous
media. Furthermore, RamReddy et al [25] analyzed the effects of soret parameter on mixed convection flow
alonga vertical plate in nanofluid under the convective boundary conditions. Also Award and Sibanda [26]
studied the effects of the Dufour and Soret numbers on the heat and mass transfer on a micropolar fluid through
ahorizontal channel.

Ibrahim [27] and Ibrahim [28] presented the investigation on micropolar fluid taking into account various
determing parameters like Hartmann number, second order slip and passive control of nanoparticles. The
results designated that the flow field and the engineering aspects of the study are sturdily affected by slip and
material parameters.
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Figure 1. The flow diagram.

Rahman [29] and Ishak et al [30] have examined the boundary layer flow of micropolar fluid over isothermal
surface in the presence thermal radiation, viscous dissipation and Joule heating. Further, the examination of
micropolar fluid on bi-directional stretching surface has been carried out by Ali et al [31] and Ahmad et al [32].
The result shows that the boundary layer configuration is significantly affected by the material parameter.

The above cited research papers have discussed the flow over a plane, a vertical stretching surface, with MHD
boundary flow in other area. In this paper, we study numerically the combined effects of Dufour, Soret and
multiple slip conditions on three dimensional boundary layer flows to ward stretching sheet in micropolar
nanofluid, using bvp4c from matlab. The effects of physical parameters on fluid velocity, skin friction
coefficients, microrotation, wall couple stresses, temperature, Nusselt number, Sherwood number and
concentration were considered and shown in graphs and tables as well.

2. Mathematical formulation

Consider a steady, laminar, three dimensional boundary layer flow of a viscous, incompressible micro polar
nanofluid past a stretching sheet with Soret, Dufour effects, and multiple slip conditions. The fluid, which
occupies a semi-infinite domain bounded by an infinite surface remains in rest. Presumed the flat surface is
stretched in two lateral directions. The sheet is stretched in such a way that, the stretching velocity u,, (x) = ax
alongx-z plane, v, (x) = by alongy-z planeand w = 0. The flow is limited to z > 0. The induced first- order
slips flow at the wall are given by Ui, Viip» Telip and Cgip. The wall temperature T, = T, + AT. Similarly, the
wall concentration, C,, = C,, + AC.Where a, b > 0, AT and AC are constants. The harmonized frame
chosen in such that x-z and y-z planes are extending along the extending sheet and z-axis is normal to them as
shown in figure 1 below.

Following Ziaul etal [13], Ali etal [32] and Ahmad et al [33] the governing equations of boundary layer flow
can be defined as:
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The boundary conditions at the surface and far from the plate appropriate to the flow are defined as:
u=uy + Ugip, v =y + Vagip, w =0, T = T,, + Tgip, C = Cy, + Cyp,
Ju

szn—,le—nQ at z=20
0z 0z

u—0,v—-0N—>0,N,—>0,T—0,C—0,a5s z— (8)

Where u, vand w are velocity components along the x-, y- and z-axes, correspondingly; p represents the fluid
density; T and C are the fluid temperature and the species concentration, AT = T,, — T, is change of temperature,
AC = C,, — Cy ischange in concentration. pu is dynamic coefficient viscosity, N*; and N*, stand for the

components of the microrotation vector N normal to the planes x-z, and y-z in that order. j = — is the microinertia

density, » stands for coefficient of vortex viscosity, K is thermal conductivity, v = ( W+ k) j = v(l +: ) 7,
represents the microrotation(the spin gradient ) viscosity, 3is the material parameter, 7" = e =L is the ratio between

the effective heat capacity of the nano particle material and the heat capacity of the fluid, Dg and Dy stand for the
Brownian and the thermophoretic diffusion coefficient respectively, c,, c;, Tk, T, are specific heat capacity at
constant pressure, the concentration susceptibility, the thermal -diffusion ratio,and the fluid mean temperature,
correspondingly, Dy and D represent the Dufour and the Soret-type diffusivity, in that order.

Uy, Vi, are wall velocity along x-, and y-axes, respectively, N, N, stand wall microrotations x-, and y- axes,
in that order, n is microrotation parameter which is constant such that 0 < n < 1. Whenn = 0 that s,
N; = N, = 0, the flow particle concentration is strong in which the microelements closed to the wall surface are
unable to go around. When n = %, the anti-symmetric part of the stress tensor is vanishing which means weak
concentration whilst the case n = 1is used for developing the turbulent boundary layer flows.

Following Noor et al [8] and Uddin et al [25], the Ug;p, Vi, velocities and the Tgj, temperature, Cgjp,
concentration beside the stretching surfaces at the wall presented and defined as:

Usiip = Oéw((ﬂ + k)g_u + sz), Viip = aw((ﬂ + k)% + kl\]l),
4

oT oC
> C51 d_ 9
0z ( 0z ©

where, v, is the dimensional slips along stretching surfaces, h and d are constants.
The similarity variable is defined by:
n= Z\/E (10)
v

The dimensionless variables f, g, ¢,, ¢2, 0, s are introduced as:

slzp =h—

¢x
0 = -
f) = ,/ g(n) () = TiT » () = .

11
P(n) = ¢72 Nz 1n

The equation of continuity is satisfied if the we choose a stream function ¥)(x, y) such that
U= a—w V= — 8—2/] (12)

oy Ox

By means of the above similarity transformation and dimensionless variables, the main equations (2)—(7) are
reduced into the ordinary differential equations as follow:

L+ Bf" +f"(f+ g — (f)Bs, =0 (13)
(1+ 38" +¢"(f+8) — (g6, =0 (14)
(1 + g)wl L (fr ) — B+ 26) — gld =0 (15)
(1 + g)wz Lt bl — BUT + 20y — [y = 0 (16)

5
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Pia” + Dys” + (f+ g)0" + Nbs'¢’ + Nt(9')* = 0 (17)
r
1, 1 Nt
—s" + 850"+ ——0"+ (f+ s =0 18
S’ S. Nb (F+8)s (18)

With the boundary conditions:
= 0,1(0) =0, g(0) =0, g'(0) = Bg"(0), f(0)
= Af"(0), $,(0) = nf"(0), ¢,(0) = —ng"(0),
0(0) = 1 + HO'(0), s(0) = 1 + Ds'(0),
1 — 00, f'(00) = 0, g'(00) — 0, $,(c0) — 0,
¢,(00) — 0, 8(c0) — 0, s(c0) — 0 (19)

Here the governing parameters are defined by:

Df: DTCT;CCW - Coc’ Pr — pVCP) Sr — DTCT;C Tw - Too ,
cep T, — Ty K T.v C, — Cx
se= LoNp= P D5 o
Dpg (p)s v
A=14+a+0Q+nmp),B=1+ald+ 1 —-np),
Ne= e Dr o 20)
(pc)f TOOZ/

Where fand g are the dimensionless stream functions along the x- and y-axis respectively, f and g’ stand for the
dimensionless velocities, ¢y, ¢, 8 and s, the component of angular velocity along x-and y-axes, temperature, and
concentration correspondingly. 7 is the similarity variable, the primes (,”,’) show differentiation with respect to 7. The
Prandtl number, Pr, gives a measure of relative value of momentum and heat transport by diffusion in the velocity and
thermal boundary layers, correspondingly. The value Pr = 2 indicates that the relative growth of velocity boundary
layer is twice the growth of the thermal boundary layer. Dy, Sr, Sc, Nb, and Nt represent the Dufour number, the Soret
number, the Schmidt number, the Brownian motion parameter, and the thermophoresis parameter in that order.
The engineering quantities of curiosity in this study are skin friction coefficients, Nusselt and Sherwood

numbers, wall couple stresses M, and M,,. These can be defined as:

Txz Tyz xq xq My,
CZE—rCz:—:Nuziwrs}l:im) zx — T 5
e T L T T KT, — Ta) Y Dy — C) S pul
0 0 oT
sz:((,ul'i_k)_u +kN2) >Tyz:((ﬂ+k)_v+kz\]1) > 4, = _K(_)
82 z=0 82 z=0 82 z=0

where

4,=—Ds|l—]| >my=v|—| ,my=uv|—
82 z=0 82 z=0 BZ z=0

Using the above equations, we get:

(Rey )2 ” (x) (Rey)'/? "
Cpp————— = 0), Copl - |——— = 0),
v sasm L O arsam @
1 7 A _ !
M(W) - O sz(iu i)
1 , 1 _
Nux(w) = -0 (0), th(—(Rex)l/z) S (0) (21)

Where

(Re,)'/2 (x) (Re,)'/2
fxz T S o ij/z B YN
(14 61 + n) y ]+ 80 —n)

1+ 0.508)v 1+ 0.506)v

1 1
Nux((Rex )1/2 )) th((Rex )1/2 )) Rex
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are skin friction coefficients, wall couple stresses coefficients, Nusselt number, Sherwood number and local
Reynolds, respectively.

3. Numerical solution

The coupled six harmonized high order ordinary differential equations (13)—(18), subjected to the boundary
conditions, equation (19), are explained numerically using the function bvp4c from matlab software for different
values of physical parameters, namely slip parameters (A, B, D, H), Prandtl number Pr, Dufour number Df, Soret
number Sr, Brownian motion parameter Nb, thermophoresis parameter Nt, Schmidt number Sc, stretching ratio
parameter A\, material parameter 3 and micro rotation parameter n. Numerical results are found using Matlab BVP
solver bvp4c from matlab which is a finite difference code that applies the three- stage Lobatto IIla formula. To
apply bvp4c from matlab: equations (13)—(18) are converted into a system of first-order equations.

Second, set up a boundary value problem (bvp) and use the bvp solver in matlab to numerically solve this
system, with the above boundary condition and take on a suitable finite value for the far field boundary
condition, thatis,  — 00, say 7., = 50. The step-size is taken as A7 = 0.01 and accuracy to the fifth decimal
place as the measure of convergence. In solving the BVP by using matlab, bvp4c has only three arguments: a
function ODE:s for calculation of the residual in the boundary conditions, and a structure solint that provides a
guess for a mesh. The ODEs are handled exactly as in the Matlab IVP solvers. Further clarification on the
procedure of bvp4c is found in the book by Shampine et al [33]

Lettingy = [f f'f"g8'8" & &' ¢, ¢,' 065 s |" gives

y(1)
y(2)
y(3)
y4)
y(5)
y(6)
|l »@ |
an| y® |~
y(®)
y(10)
y(11)
y(12)
y(13)
y(14)
y(2)
y(3)
Q) @G + y@)y(3) + By(10))
1+ K)
y(5)
y(6)
Gy G)y(Q) + y4)xy(6) — By(8))
1+ k)
y(8)
(@) +y@)y@) +yG)y (@) + B2 y(7) + y(6))
(1 4 0.54K)
y(10) 22)
(=) + y(@)y(0) + y(2)y©) + B2 y(9)-y(3))
1 + 0.5.K)
y(12)
(=PrDfSc((y(1) + y(4)sy(12) = Pr((y(1) + y(4)y(12) + Nby(14) 4y (12) + Nt y(12)%)))
Nt
[1 + Pr Df(fsc(Sr + (l/Sc)(ﬁ)))
y(14)
fSc((Sr + (é)(%))(fPerSc((y(l) + y(@)xy(12) — Pr((y(1) + y(4)xy(12) + Nb y(14)y(12) + Nt Y(12)2)
[1 + Pr Df[—Sc(Sr + (I/SC)(%)))] + (y(1) + y(4)y(14))
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Figure 2. Graph (a) velocity profile graph f'(n)) and (b) velocity profile graph g'(n) for different values of A, and B, respectively when
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Figure 3. Graph (a) velocity profile graph f(r)) and (b) velocity profile graph g'(n) for different values of GwhenA = B=H =n=D =
Df = Nt = Nb = 0.5,Pr = Sc = 2,5r = 0.2, \ = 0.7.

4. Results and discussion

In this section, the influences of various governing physical parameters on non-dimensional velocities,
temperature, concentration, microrotations, skin friction coefficients, wall couple stress coefficients, local heat
and mass transfer rates have been considered.

4.1. Velocity profiles

The dimensionless velocity profile graphs of f'(7) and g'(n) for different values of the first order slip parameters
A, B, stretching ratio A and material parameter Jare represented in figures 2—4. Figure 2 illustrates that an
increase in values of slip parameters (A or B), causes a reduction in the fluid velocity profiles. However, figure 3
shows that rise in the magnitude of material parameters 3, reduces the viscosity of the fluid flow that results
increase in the velocity boundary layer thicknesses. Next, figure 4 reveals that an enlargement in the values of
stretching ratio parameters A\, upsurge the fluid velocity g'(n). On the other hand, an enhancement in the
magnitude of stretching ratio parameter A, results in reduction of the velocity boundary layer thickness along
X axis.

4.2. Angular (micro rotation) profiles
Figures 5, 6 show the upshots of material parameter $and microrotation parameter n on an angular velocity ¢,
(n) and ¢, (n). Figure 5 indicates that arises in the quantities of 3, reduce the absolute values of the angular

8
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Figure 5. Graph (a) angular profile graph ¢, (1)) and (b) angular profile graph ¢, (1) for different values of GwhenA = B = H = Df =
D =Nb=Nt=0.5n=1.0,S =Pr=2,Sr=02\=0.7.

velocities. These effects occur due to the fact that an increase in the values of material limitation, raise the vortex
viscosity of the fluid that causes the above effects. However, figure 6 shows that rise in the values of microrotation
parameter, falls the resistance to rotate the fluid that results raise the absolute values of angular velocities.

4.3. Temperature profiles

The consequences of the slip parameter H, Dufour number Df, Soret number Sr, Prandtl number Pr, Brownian
motion parameter Nb on temperature sketches are given in figures 7-9. Figure 7 indicates that boost in the
values of slip parameter and Prandlt number, decline the Nusselt number, the temperature distribution. These
effects are happen toward enhancing resistance to diffuse the temperature that causes decrease the Nusselt
number, temperature dissemination. However, figure 8 show that as values of Dufour number, Soret number
grow, result in reducing the kinematic viscosity (or increasing the thermal conductivity) of the fluid which
causes increase thermal boundary layer thicknesses as shown in figure 8 (a), and by same reasoning, it correlate
with decrease Nusselt number plus its boundary layer thicknesses, figure 8 (b). Moreover, figure 9 illustrates that
grow in the amount of Brownian motion constraint, drop the kinematic viscosity (or enhance the Brownian

9
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diffusion coefficient) of the fluid and resistance to diffuse the temperature that decrease in temperature profile
and Nusselt number.

4.4. Concentration profiles

Figures 10, 11 show the result of different values of slip parameter D, Dufour number Df, Soret number Sr and
Schmidt number Sc on concentration graph. From figure 10 it can be seen that increase in the values of D or Sc,
decrease the concentration distributions with their boundary layer thicknesses. These effects are happen toward
enlarge in the kinematic viscosity (or decrease in the Brownian diffusion coefficient ratio) of the fluid that causes
increase the Sherwood number. Moreover, figure 11 shows that as the values of Dufour and Soret numbers
grow, drop the kinematic viscosity (or enhance thermal conductivity) of the fluid result increase in Sherwood
number.
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4.5. Skin frictions

Table 1 drawn to assess the exactness of the method used association with previously presented data feasible in
the literature has been made. From table 1, it can be seen that the numerical values of the skin friction
coefficients, —f”(0), —g”(0) and the wall couple coefficients — qSi 0), — d); (0) in this paper for various values of
Band Awhenn = 0isin an excellent agreement with the pervious outcomes of published paper by Ali J [31].
The outcomes indicate that the numerical used in the report is appropriate and highly accurate.

Table 2 points out that an increase in values of slip parameters (A and B), causes reduction in the skin friction
coefficients along both axes. Moreover, as the magnitudes of material §and microrotation parameters n

increase, reduces opposition to flow the fluid that results reduction of skin friction coefficients. However, an

increase in the magnitude of stretching ratio parameter A, results an increase in the values of skin friction

coefficients along both axes.
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Table 1. Comparison of skin friction coefficients —{'(0) and —g'(0), — (0, $»(0), when n = 0 for different values of Fand

Awith previously published result.

present result AliJ[31]

s A -fO g0 ¢ -0 O O —¢O) =0
0.0 0.0 1.0000 0.0000 0.000 0.0000 1.0000 0.0000 0.000 0.0000
0.0 0.25 1.0487 0.1945 0.000 0.000 1.0493 0.1947 0.000 0.000
0.0 0.5 1.0929 0.4651 0.000 0.000 1.0931 0.4653 0.000 0.000
0.0 0.75 1.1343 0.7945 0.000 0.000 1.1348 0.7945 0.000 0.000
0.0 1.0 1.1735 1.1735 0.000 0.000 1.1740 1.0740 0.000 0.000
0.5 1.0 0.9481 0.9481 0.2011 0.2011 0.9482 0.9482 0.2012 0.2012
1.0 1.0 0.8080 0.8080 0.2831 0.2831 0.8083 0.8083 0.2833 0.2833
2.0 1.0 0.6410 0.6410 0.3403 0.3403 0.6410 0.6410 0.3405 0.3405
3.0 1.0 0.5427 0.5427 0.3510 0.3510 0.5430 0.5430 0.3513 0.3513
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Table 2. The computed values of skin friction coefficients -f'(0) and —g'(0), —¢,(0), ¢,(0), Nusselt number 6/(0),
Sherwood number s’(0) whenH = D = Nb = Nt = Df = 0.5, Pr = 2,Sc = Sr = 0.2 for different values of A, B, n, 3

and A\

A B &) A N —f'(0) g'(0) —¢1(0) ©2(0) 0'(0) §'(0)
0.4 0.5 0.2 0.7 0.5 0.3835 0.2387 0.3542 0.5570 0.5812 0.1369
0.6 0.5 0.2 0.7 0.5 0.3480 0.2365 0.3505 0.5069 0.5714 0.1338
0.8 0.5 0.2 0.7 0.5 0.3192 0.2345 0.3473 0.4660 0.5628 0.1310
0.5 0.2 0.2 0.7 0.5 0.3681 0.2740 0.4045 0.5363 0.5872 0.1385
0.5 0.4 0.2 0.7 0.5 0.3658 0.2484 0.3679 0.5323 0.5795 0.1363
0.5 0.6 0.2 0.7 0.5 0.3639 0.2277 0.3381 0.5290 0.5729 0.1344
0.5 0.8 0.2 0.7 0.5 0.3622 0.2104 0.3134 0.5261 0.5672 0.1327
0.5 0.5 0.0 0.7 0.5 0.6360 0.4216 0.1817 0.2966 0.5413 0.2005
0.5 0.5 0.5 0.7 0.5 0.5225 0.3439 0.3081 0.4702 0.5625 0.1815
0.5 0.5 1.5 0.7 0.5 0.4016 0.2621 0.3523 0.5311 0.5748 0.1494
0.5 0.5 2.0 0.0 0.5 0.3311 0.0000 0.000 0.4717 0.4467 0.0909
0.5 0.5 2.0 0.3 0.5 0.3470 0.0823 0.1267 0.4997 0.5124 0.1153
0.5 0.5 2.0 0.7 0.5 0.3648 0.1548 0.3523 0.5306 0.5761 0.1353
0.5 0.5 2.0 1.0 0.5 0.3766 0.2375 0.5508 0.5508 0.6139 0.1451
0.5 0.5 2.0 0.7 0.0 0.4257 0.2788 0.1654 0.2379 0.5667 0.1421
0.5 0.5 2.0 0.7 0.2 0.3989 0.2666 0.2470 0.3653 0.5709 0.1391
0.5 0.5 2.0 0.7 0.4 0.3755 0.2447 0.3192 0.4785 0.5745 0.1365

Table 3. The computed values of Nusselt number-6’(0) and
Sherwood number s’(0) when A = B=n = Nt = Nb = Df = 0.5,
Pr = 8 =2,Sr = Sc = 0.2, A\ = 0.7 for different values of H, D, Nt,
Sr, Pr, Df, Nb and Sc

H D Nt Pr Df —0'(0) §/(0)

0.5 0.5 0.5 2.0 0.5 0.5761 —0.1353
1.0 0.5 0.5 2.0 0.5 0.4743 —0.0742
1.5 0.5 0.5 2.0 0.5 0.3951 —0.0229
0.5 0.0 0.5 2.0 0.5 0.5978 —0.1786
0.5 0.5 0.5 2.0 0.5 0.5761 —0.1353
0.5 1.0 0.5 2.0 0.5 0.5631 —0.1093
0.5 2.0 0.5 2.0 0.5 0.5482 —0.0793
0.5 0.5 0.5 2.0 0.5 0.5761 —0.1353
0.5 0.5 0.6 2.0 0.5 0.4060 —0.0550
0.5 0.5 0.7 2.0 0.5 0.3183 —0.0075
0.5 0.5 0.5 1.0 0.5 0.1307 0.2472
0.5 0.5 0.5 1.5 0.5 0.0138 0.4125
0.5 0.5 0.5 1.6 0.5 0.0016 0.4579
0.5 0.5 0.5 2.0 0.1 0.0011 0.3867
0.5 0.5 0.5 2.0 0.2 0.0032 0.3662
0.5 0.5 0.5 2.0 0.3 0.0060 0.3510

4.6. Wall couple stresses

Table 2 illustrates that an increase in values of slip parameters (A and B), causes reduction in wall couple stress
coefficients along both axes. However, rise in the magnitudes of material parameter (3, drops the viscosity of the
fluid flow that results increase(it upsurge the values of ) in wall couple stress coefficients along both axes.
Moreover, an increase in the values of stretching ratio parameter A, results boost in wall couple stress coefficients
nearby both axes.

4.7.Nusselt number
Table 2 indicates that an enhancement in quantities of slip parameters (A and B), causes reduction in the Nusselt
number. However, rise in the magnitude of material parameters (3 and microrotation n, drops the viscosity of the
fluid flow that results in rise the Nusselt number. What’s more, an increase in the magnitude of stretching ratio
parameter ), results in rise the value of the Nusselt number.

Table 3 it can be seen that increase in the values of slip parameters (H, D) and Prandlt number, reduce the
local Nusselt number. Moreover, as the absolute values of Dufour and Schmidt numbers, and thermophoresis
parameter grow, result in reducing the kinematic viscosity of the fluid that causes decrease local Nusselt number.
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4.8. Sherwood number

Table 2 point out that an enlargement in values of slip parameters (A and B), causes reduction in the Sherwood
number. Moreover, rise in the magnitude of material parameters 3 and microrotation n, reduces resistance to
flow the fluid that results decrease in the value of Sherwood number. However, arise in the magnitude of
stretching ratio parameter A, results in rise the value of the Sherwood number.

Table 3 it can be seen that as H and D are increasing, the absolute values of local Sherwood number is
decreasing. These outcomes are happen due to the fact that fall the mass diffusion, associate in reducing the local
Sherwood number. However, as the values of Df and Sc grow, drop the kinematic viscosity of the fluid results the
local Sherwood number growth with Df and Sc. Moreover, boost in the amount of Prandtl number, increases
resistance to diffuse the temperature that results increase in the value of local Sherwood number. On contrary,
enhance in absolute value of thermphoresis parameter, causes in reduce the value of local Sherwood number.

5. Conclusions

This study considers the effects of Dufour and Soret with multiple slip conditions on three dimensional
boundary layer flow of a micropolar nanofluid over a stretching sheet were discussed. The boundary layer
equations of the flow problem are reduced into a twosome of high order non- linear ordinary differential
equations using the similarity transformation. Then, the obtained differential equations are solved numerically
using bvp4c from matlab software. Numerical results are obtained for different main parameters of the flow
problem. Comparison with previously published work was performed and very good agreement was obtained.
The effects of governing parameters are presented using figures and tables. The main findings are:

1. The velocity profiles reveal decreasing performance for raising values of slip parameters (A or B) while an
inverse outcome is seen when material parameter 3 is improved.

2. The existence of the stretching parameter A allows to decline the velocity boundary layer thickness near wall
for f'(n) and to enhance the velocity profile g'(7) near the surface of plane.

3. The temperature profile distribution within the boundary layer can be increased by the raise in the values of
Dufour number Df; but it can be decreased by the increase in either the values of prandtl number Pr or
Brownian motion parameter Nb.

4. An enhancement in either the values of Prandtl number Pr or Soret number Sr or Brownian motion
parameter Nb allows reducing the Nusselt number as well as its boundary layer thickness near the surface of
the wall.

5. Boost in the values of solutal slip parameter D agrees to reduce concentration boundary layer thickness.

6. Sherwood number exhibits increasing behavior for improve either Soret Sr or Dufour Df number. But it
exhibits opposite behavior for enhance in the values of Schmidt number Sc.

7. The skin friction coefficients —f”(0) and —g”(0) demonstrate decreasing behavior for the increase in either
velocity slip parameters ( A or B) or material parameter (3 or micro rotation parameter n while an inverse
outcome is observed when the values of stretching parameter )\ is raised.

8. The wall couple stress coefficients —¢](0), —¢,(0) reveal declining performance for growth velocity slip
parameters (either A or B) whereas opposite result is pragmatic for increase either material parameter 3 or
microrotation parameter n or stretching parameter \.
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