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Abstract In this paper, there is considered incompressible steady two-
dimensional laminar MHD boundary layer flow, heat and mass transfer charac-
teristics of micropolar nanofluid on a linearly stretching/shrinking porous sur-
face.The effects of the magnetic, thermal slip, mass slip and heat source sink pa-
rameters are also considered.By applying appropriate similarity variables,the sys-
tem of governing partial differential equations associated to micropolar nanofluid
flow is transformed into a system of non-linear ordinary differential equa-
tions.The resulting equations are numerically solved in the Maple software by
using shooting technique.The impact of the different applied parameters on skin
friction,couple stress, Nusselt and the Sherwood numbers along the related pro-
files are determined for both stretching (A > 0) and shrinking (A < 0) cases of the
surfaces.It was observed that with an increase in suction and magnetic parame-
ters,the fluid velocity decreased. An increment in the thermal slip, the fluid tem-
perature decreased and nanoparticles concentration decreases as the mass slip
parameter is enhanced. An increase in concentration decreases but temperature
increases. While, concentration and temperature both increase due to increase
in thermophoresis parameter, and concentration also increases by increase in
rate of chemical reaction. Thus, suction at the boundary and magnetic parame-
ter acted as flow controlling parameter.ltis believed that this type of investigation
is very much helpful for the manufacturing of complex fluids and also for cleaning
oil from surfaces.
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1 Introduction

The study of the non-Newtonian flowing fluid has acquired significant importance. Because of widely used
fluids, such as water, paints, colloidal, additives, liquid crystal, biological fluids, and others, cannot entirely
satisfy the characteristics of fluid flow in several industry sectors, Furthermore, the non-Newtonian fluid
category contains a variety of complicated fluids, including Maxwell fluids, Casson fluids, micropolar flu-
ids, etc. Eringen introduced one of the significant non-viscous fluids, which comprise micropolar fluid [13]
.The micromotion of the fluid components and the microscopic effects exerted by the local structure are
all taken into consideration in this hypothesis. According to the concept, a mathematical model for the
behaviour of non-viscous fluids is included. This model can be used to study the actions of non-standard
liquid crystals, polymers fluids, ferro-liquid, animal blood, lubricants, colloidal fluids, actual fluids with
suspensions, and other fluids for which the Navier-Stokes theory is insufficient. The above microstruc-
ture particles contain various shapes and revolve separately from the fluid’s motion [6].0n the inclination
plate, micropolar magnetohydrodynamic (MHD) fluid flow was examined by [7]. [11] also investigated the
micropolar fluid flow using inclination surface with various physical characteristics. The entropic develop-
ment of the micropolar flowing fluid over inclined channel using parallel plates was studied by [30]. [31]
investigated micropolar fluid flow of heat exchange process while combining various fluid characteristics.
[12] examined impact of Brownian motion, thermophoresis, and radiation over flow of micropolar Magne-
tohydrodynamic nanofluid over exponentially stretching and shrinking surfaces. [2] considered unsteady
micropolar fluid flow, heat and mass transfer across curved stretching sheet. Additional relevant types of
investigations on micropolar fluid from various aspects have been investigated in [1, 5, 17, 221.While, mag-
netohydrodynamic (MHD) is concerned to mathematical and physical scaffold that illustrates magnetic
dynamics in fluid containing electricity. Magnetohydrodynamic has many usage in advanced manufactur-
ing and other industries, which include films and drawing plastic wires, extruding polymers in the melting
spinning processes, glass fiber production and crystal growth, manufacturing of foods and electronic chips,
thermal energy storage, flow through filtering devices, fluid film in condensation processes, electrochem-
ical processes and others. Several scholars have applied physical parameters to explore magnetohydro-
dynamic boundary layer flow across stretching and shrinking surfaces [3, 7, 8, 21, 26]. Additionally, since
it has numerous uses in the medical and industrial sciences, nanotechnology has earned a great deal of
interest from researchers. Industries employ carbon nanotube-infused graphite to produce lightest ten-
nis racket, silver nano-particles to build storage containers particularly, zinc-oxide particles help shield
items from UV light, and clay nano-composites to generate impermeable packaging films. Researchers in
the biological sciences are constantly at work developing nano-capsules to replace injections which will
pass through into stomach and into the bloodstream, while nano-particles’ anti-bacterial abilities start
making them suitable for bandage stitching and cutting. A subclass of that kind of emerging area is the
nanofluid. These fluids are actually developed manufacturing fluids that are produced by suspending the
nano scale particles (109-1011 m) in the typical traditional fluids. Since these fluids contain nanoparti-
cles, [10] called these fluids "nanofluids." In the last few years different engineering problems which have
already been researched by many investigators on the advancement of nanofluids [18, 23]. Using two
phase nanofluid model Buongiorno [24] studied the extensive convection of heat transfers in nanofluids.
In addition, researchers [20, 29] have discussed the fluid flow of nanofluids over stretching and shrinking
surfaces, because of its huge prospects for use in engineering and technological applications.[28] consid-
ered the nanofluid flow at the stagnation point. Free convective boundary layer flow of the nanofluid over
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vertically moving plate was put into consideration by [19]. While, [9] applied the [24] Model to study mag-
netohydrodynamics mixed convective nanofluid flow including buoyancy effects. The natural convection
flow of nanofluid with magnetic parameter on a stretching vertical sheet was considered by [14, 27].[16]
considered characteristics of rate of heat transfer of the nanofluid in permeable media and have showed
natural convection in the nanofluid flow between two triangular entrapped cavities with effects of ther-
mophoresis diffusions and Brownian applying method of finite difference. Motivated from above cited
literature, there are considered two dimensional laminar magnetohydrodynamic boundary layer flow of
micropolar nanofluid on linearly stretching/shrinking surface with heat source sink parameter, magnetic,
concentration slip, thermal slip, Brownian motion and thermophoretic impacts .To modify the equations,
Buongiorno model is considered in porous medium. Here, we have extended the work done by [4].To best
of the author’s knowledge, such attempt on the MHD boundary layer micropolar nanofluid in existence
of heat source sink, magnetic field, thermal and concentration slips parameters on the linearly stretching
and shrinking surfaces have not been examined earlier. The acquired results are graphically displayed and
discussed in detail. The present investigation is expected to be useful for new researchers who are inter-
ested in examining the influence of different parameters on boundary layer flow of micropolar nanofluid
across stretching/shrinking surface at a time.

2 Problem formulation

Consider two-dimensional laminar steady MHD boundary layer flow of chemical reacting micropolar
nanofluid on the linearly stretching/shrinking surface to porous medium under thermal and mass slip
effects in the coordinate system (x, y). Where y-axis is considered perpendicular to surface and flow is
considered along the x-axis that is displayed in the Figure 1.

Boundary Layer
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Figure 1. Flow model and the coordinate system.
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Uniform magnetized field with By strength is used to transverse to linearly stretched surface, invoking a
Lorentz magneting body force with plane surface. The surface shrinks and stretches linearly with Uy = ax
velocity, here a > 0 Shows constant of stretching. Where, a viscous dissipation and heat source is consid-
ered. Also, the first ordered similar chemical reaction is taken into account. Eringen’s micropolar model
of micro-structural rheological features with Buongiorno's model is applied for nanofluid flow. Following
to the mentioned assumptions, continuity, momentum, angular momentum, energy and concentration
equations are written as:

Here, u and v represents velocity components in respective of x and y-axes. Electrical conductivity and
kinematic viscosity are denoted by ¢ and ¥, respectively. Density of fluid and specific heat with constant
pressure are denoted by p and ¢, respectively. Bo(x) is constant of magnetic field. 4* denotes spin gradi-
ent's viscosity, N denotes micro rotation, j is ratio between micro-inertia and mass unit and k; is vortex
viscosity, a stands for thermal diffusivity and k indicates thermal conductivity of fluid. The m is constant
and its range is 0 < m < 1. We obtain N = 0 when m = 0, that denote stronger concentration, bringing
the micro particles nearer to surface in which they are unable to revolve.Moreover, when m = % that ex-
hibits a weak concentration, it may cause anti-symmetric part of the stress tensor to be vanished. In the
boundary layer flows modelling, = 1 indicates turbulence [15]. In addition, several researchers assumed
v =+ l%)j =pux(1+ )j C is nanoparticles volumetric fractions, T is temperature, T, is ambient fluid
temperature, TW is surface temperature and K = uK is material parameter, Dg and Dy are Brownian and
thermophoresis diffusions coefficients respectively. Furthermore, following linear type of the similarity
transformation are used to get the similarity solutions.

n=y\/§.u=oxf ), v = =~V o) N = V§axg ),

o0 = 7l 0= el

(7)

where ¢ = Vadxf(n), is a stream function the continuity equation is obviously satisfied the ordinary diffren-
tial equations of following to dimensionless form ae achived by applying equation (7) in equation (2) to
(6);

(1 + K)f//l +ﬁ// _flz + Kg/ _ Mf/ - 0, (8)
(1 ' g) g’ +fg'~gf - 2Kg-Kf" =0, ©)
waﬁwNwW+m()+w 0, (10)
"+ Lef¢' + -Le.ep =0. (11)

Boundary conditions take the form.

f(0) = S, f'(0) = A, g(0) = -mf"(0), 6(0) = 1 + 67¢'(0), $(0) = 1 + 6c¢'(0);

12
f(n) — 0,g(n) — 0,0(n) — 0, p(n) — 0asn — oo (12)
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where, prime express derivative with respect to n, Pr = Q is a Prandtl number K = ﬁ indecates micropolar

- % % is a Brownian motion

parameter, and Le = Di is Lewish number, moreover,S = -—% is the suction parameter (S > 0), € = K— is

\/79
the chemical reaction parameter, 67 = j; \[ is the thermal slip and ¢ = ﬁz\/7 is the concentration Slip

material parameter, N¢ is therophoresis parameter Np =

parameters, Q = QO is the heat source/ Sink parameter.

3 Physical Quantities of the Engineering Intrest

The significant physical quantities of interests are skin friction coefficient Cr,couple stress Cg, Nusselt num-
ber (Nuy), and the Sherwood number (Shy).These quantities are significant for process of materials proce-
dures. These assume the given form as:

ou oT oC
C. = [(M+H)By+nN}y=O Ce = [ﬁaN} u [Y}yo (ay)yO (13)
f pu2 *"lady T T To) ' T (G o)

Using equation (7) in (13), we get:
ChRen)? = (1+(1-m)K)f" (0), Cs =(1+K/2)g'(0), Nu(Rex)2 = -0 (0), Shy(Rex)2 =-0'(0),  (14)

2 .
Where Rex = - is local Reynolds number.

4 NUmerical Methodology

The boundary value problem mentioned in the equations (8)-(11) associated to boundary conditions (12)
has been tackled by shooting method [25]. Boundary values problems (BVPs) are changed into initial
values problems (IVPs) with help of shooting method. Thus, there is obtained:

f = Fp, f" = Fpp,(1+K) Fpp + FFpp = (Fp)* + KGp - Mf' = 0 (15)
g'=@m(1+§>G;+R#—G$—ZMLJGW:O (16)
=0p, ¢’ = 2 9/ + Fp + NppOp + Ne (0p)* = (17)
@' = ¢p, ¢p + LeFp + NT: L -lecp=0 (18)

Subject to boundary conditions:

F(0)=S,Fr(0)=) Fpp(0)=a
G(0) =-may, Gp(0) = ap,
Op=1+draz, 0p(0)= a3,
¢(0)=1+0cas, ¢p(0)=ay,

Here, the missing initial conditions are denoted asaq, as, a3 and a4. The missing values of a4, a, a3 and
ay are crucial and may be selected carefully which may satisfy given boundary conditions mentioned in
equation (12). Using the Maple program with the help of the shootlib function, computations are carried
out in this problem [25].

(19)
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5 Result and Discussion

Numerical computation of equations (8)-(11) subject to boundary conditions specified in equations (12)
are obtained in Maple software using shooting method. The impacts of the different physical flow param-
eters on the skin friction coefficients f”(0), couple stress g’(0), Nusselt number -¢’(0) and the Sherwood
number ¢/(0),are determined and presented graphically in Figures 2-26. Some of our acquired results are
compared with results mentioned in previous research by Afify, [26] in order to validate our computed
results. The comparison demonstrates the excellent resemblance that has been presented in Table 1.
Moreover, numerical computations are carried out to explain velocity, angular velocity, heat and nanopar-
ticles concentration profiles. The effects of obtained results of used parameters on different profiles are
represented. Where, Figure 2-5 shows the variation of skin friction coefficient f”(0), couple stress g’(0) ,
Nusselt number -¢'(0) and Sherwood number ¢/(0) along A at various values of suction parameter S.

Pr A Afify[26] Present
0.07 1.0 0.0662 0.0663

0.20 0.1691 0.1689
0.70 0.4538  0.4539
2.0 0.91113 0.9113
0.7 1.8954  1.8953

Table 1. Comparison of -6(0) for different values of the PrwhenM=Nb=Nt=Q=e=Le=4§r=6c=0

There is examined from figure 2-3 that rate of skin friction and couple stress declines for stretching
surface X > 0 and rises for shrinking surface A < 0 when suction parameter is increased. While, Figures 4
and 5 show an increase in Nusselt and Sherwood numbers for shrinking and stretching cases of surfaces
as rate of the suction is increased, respectively.

U=17 ¥=03 301 s =01 Ne=03, No=04. Br=13.m=02 O=11F=03 M=0T z =01 V=03, No=04, Pr=I3m=01Le=
= Le=260= 0.1, 5,~03 3 G D1, 8,03

. §=3354 5=3354

S0

g

5

Figure 2. The variation of skin friction coeffi-
cient along X\ at various values of suction pa- Figure 3. The variation in couple stress g'(0)
rameter S. along X at various values of S
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R RN AR O A Rt L= ME0.LE=03, =02, N6=04, 0=1.2, Ne=0.5,Le= Jm0 1. Peml 5, 4= 01,
r= UL oe=l. §1-0.3
5=3354

152 85=3,3.54

- 8'(0)

Figure 5. The variation in Sherwood Number

Figure 4. The variation in Nusselt number i
along X\ at various values S

along X at various values S.

Figures 6-7 depicts impacts on velocity and angular velocity profiles due to variation of magnetic pa-
rameter M. The magnetic field generates the Lorentz force that resists the momentum of particles of fluid.
Figure 6 shows due to Lorentz force that causes the velocity boundary layer shift towards direction of the
surface. Figure 7 demonstrated that as the values of magnetic parameter enhances, the angular velocity
profile and its boundary layer thickness rises. The Lorentz force, which slows down fluid velocity, is primar-
ily to responsible for the decrease in the angular velocity profile. Figure 8-11 show influence on velocity f
angular velocity profile g(n), temperature 6(n) and concentration ¢(n) due to variation of suction parametgyr)
S. There are observed the velocity, temperature and the concentration profiles along thicknesses of their
boundary layers are decreasing with increase in rate of the suction S for both cases of surfaces. While at
the start angular velocity of micro-polar nano-fluid increases but after a point it decreases throughout the

flow.

=17 F=03,2=07, Wi=03, Nb=04, Fr=13, Le=1, =1, m=02,
5= 0.0,8,~0.3

0.3 O=T0 B=071 =023, Nr=03, N6=04 Pr=17, Le= 2 5=3. m=02, _
Gp=0.1,6,-03 Solid llngfclr A=0.3
i S];:[;tdeltlir;e fofr ?\:0633 010 M=0111.21 Dottad line for A=-0.3
.27 i =k
M=0.111,21 orecnetor
0,05
0.1
= =,
= =
“ —. % ol .
04 R T LA e Pl
-0.14 \ — (05 ) '.\
e M=011.1.21 iz e g
T L TS M=0.1,1.1,21
03k o 1 2 3
03¥ l - ; - .

Figure 7. Influence of S on the angular velocity

Figure 6. Influence of M on velocity profile /() orofile g(7)
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ONS{[P=12 E=03, M-0.1,c 02, Ne=0.3, 5603, Pr=15m=00Le=2

0.37 O=10 k=03 M=0.0 2=02 Ni=03 N4=04. Fr=1Im=02Lle=2
8= 01, 6,03 67=0.1,6,=03
Sclidlmefor 303 Solid fime for 7=03
0.2 Dotted line for 3=023 0,104 Dotted line for »=0.3
0.1 0.054
< g
L | L T CERNRAS, ol
o1 -0.054
—0z{ o
§=2253 -0.10]
—u.jfl .
0s ] 3 1.5 2 2.5 0 1 3 2 3
Figure 8. Influence of S on the velocity profile Figure 9. Influence of S on the angular velocity
I .
fi(n) profile g(n)

Figures 12 -13 exhibit the influence on temperature profile 6(n) due to increment in the Brownian mo-
tion parameter (Nb) and thermophoresis parameter (Nt) respectively. It has been observed that temper-
ature profile along with thermal boundary layer thickness rise due to any increment in Brownian motion
and thermophoresis parameters. Due to increment in(Nb)and (Nt) the rate of temperature gradient at the
surfaces are enhanced. Figures 14 - 15 show effect on concentration profiles ¢(n) for increasing rate of

Brownian motion parameter and thermophoresis parameter. Figure 14 demonstrates that concentration
of nanoparticles in the micropolar nanofluid decreases as (Nb) concentration rises throughout the flow.

Figure 15 illustrates that as (Nb) is enhances both temperature and thickness of its boundary layer when
it is raised. This is because of Brownian motion, in which particles flow with increasing kinetic energy in
a "zig-zag" pattern, causes more particles collisions. The concentration and the corresponding boundary
layer thickness decrease for stretching as well as shrinking surfaces as (Nb) increases.

| 0=12,K=03 M=01 £=02.Ni=0.5 Nb=04. Pr=15m=021e=2
5=01,5.=03

Solid line for =03

Dotted line for 2=-0.3

o6
D=12 £=03, 14=01,:=01, Ni=0.5, No=04, Fr=15m=02Ls=1 ]
8,=0.1,6,=03
Solid linc for  7=0.3 )
Dotted line for 3=-0.3 U3

5=223.26

Figure 10. Influence of S on the temperature Figure 11. Influence of S on the concentration

profile 6(n) profile ¢(n)
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. 3 ‘ PG R A et e Pl L 4 bl . | D=12 8203 M=01, Nb=04, £=02, Fr=13, Le=12, 52 m=0.2,
i Sr= 0.1, 5203 0.81 ™| B 0.1, 8,03
o Selid linc for  7=0.3 N Solid line for 7=0.3
Dotted line for =03 0.74 Dotted tine for =03
.6 0.6
- 5 0.5
= ~ Ne=04.060.
T . Nb=05081.1 =
A4 o 0.4
03 0.3
0z 0.2
0.1 0.1
o = 0 —= =
0 1 2 3 0 i 2 3
U 1
Figure 12. Influence of N, on the temperature Figure 13. Influence of N on the temperature
profile 6(n) profile 6(n)
P=12 E=03 M=01 Nr=03 =02, Pr=03 Le= I, 5=2 m=02, | M=01, k=03, Ke=02,Nb=04 Q=11 Pr=13, Le= 15=1m=0.2
0. 8= 0.1, B5=0.3 5=0.181=13
Solid line for  7=0.3 0.54 Solid linefor A=0.3
Dotted line for 9\‘=0-.3 Dotted line for A=-0.3
4+
04
0.3
‘E\“ 03
5] Nh=050709 = Ni=040506
0.2 L]
0.2
[RE | 0.l
o ' ==
0 ! 7 2 3 s 1 . 3 3
Figure 14. Influence of N, on the concentration Figure 15. Influence of N, on the concentration
profile ¢(n) profile ¢(n)
- > = = 0.94; | M=04, E=03 Ke=02 N#=0.4, =12 N=0.3Fr= 1.3, =2 m=01,
., [0=12 £=03 =01, Nb=04 z=02 V=03, Le=2 8=, m=02, i 520, 7103
] ‘ trlidee Solidlinefor A=0.3
o == = 0.8 \%, o] =0.
034 mﬁgi?—m' ;\2%33 o Dotted line for A=-0.3
L 0.7 z
0.74
o6] Pr=1113.15 L
§ 0.5 ?n.ﬁ
044 =04
0.34 03
0.2 0.2
0.1 (U8 ]
¥ T T o
o 1 2 3 [ T T
" [t 1 2
Ul
Figure 16. Influence of Pr on the temperature Figure 17. Influence of Le on the temperature
profile 6(n) profile 6(n)

Figure 16 shows the impact of Prandtl number(Pr) on temperatured(n). Basically, thermal diffusivity of
fluids decreases by increasing Prandtl number, which reduces the thickness of thermal boundary layers.
As a result, temperature profile along with thermal boundary layer thickness can be seen to decrease as
Pr increases.
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Figures 17 and 18 demonstrate the impact on temperature and concentration profiles due
to variation of Lewis number (Le). There is observed that any rise in Lewis number reduces temperature
and the concentration profiles and thicknesses of corresponding boundary layers thicknesses for cases
of stretching as well as shrinking cases. From Figure 18 it has been observed that concentration profile
declines by increase in Lewish number. Since mass diffusivity reduces with increasing Lewish number, a
decline in concentration field is caused by a higher mass diffusivity. Therefore, when Le rises, concentra-

tion boundary layer thickness reduces.

| M=01,K=03 Ke=02,Nb=04, 0=1.2Nr=0.5,Pr= .3, §=2,m=0.3,
0.5 6=01.51=03

Solid line for  A=D.3
Dotted line for 3=-0.3

Figur"e 18. Influence of L& on the concentration
profile ¢(n)

| =12 E-03, 401,02, 3i-03, Mi—04, Pr=13, Le- 2,
3=2m=02.6,=0.1

Solid line for  2=0.3

.64 Dotted line for #=-0.3
0.5
— 0.4+ 87010203
=
=
3
0.2
0.1
0 :
0 2 3

Figure 20. Influence of §c on the concentration
profile ¢(n)

0.3 | O=i2 M=01,2=02 Nt=03, Nb=04 Pr=17 Le=2Z 552 m=0.1,
=01 6,=03
Solid line for  2=0.3

0.2 Daotted line for ¥=203

0.1
i

0+ s
-1
E=03,0507
=0.2 i
S r . !
0 I 2 3

U
Figure 22. Influence of K on the velocity profile

f'(n)

| 0=12 E=03 M=01.=02 Ni=03, Nb=04 Pr=13, Le=2,
S=2m~0.3, 503

Sclid line for  3=03
0.6 Dotted line for 2=-03

0k 5r=0.102,03

0%

0 i z 3
Figure 19. Influence ofd; on the concentration
profile ¢(n)

0y =01 K=0.3 =01 Ni=0.3 Nb=04 Pr=13,Le=2 5=1, m=0.2,
% 6,=016.=03
oW\ Solid fine for  3=0.3

Datted line for =103

3

Figure 21. Influence of Q on the temperature
profiled(n)

D=1, =01, m=0.0 = =02, Nt=D03, Nb=0.4 Pr=13, Le=2,
5=1.67=0.1, 6,=03

Solid lme for  #=03

Dotted line for 3=-03

K=03.05,0.7

=
B @200 Cahaae e
~0.02 i
=00 :_.'_:-"‘\
~0.06 A
sl T K=030507
-0.084 "
0 i |I i ’j i i "

Figure 23. Influence of K on the angular veloc-
ity profile g(n)
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Figure 24. Influence of m on the velocity profile Figure 25. Influence of m on the angular veloc-  Figure 26. Influence of  on the

f'(n)

ity profile g(n) concentration profile ¢(n)

In contrast, Figure 19 visually depicts the significant influence exerted on the temperature profile by
thermal slip parameter ér. There has been observed that temperature profile and its boundary
layer thickness declines with increment in the rate of thermal slip parameter §; for stretching as well as
shrinking cases. Figure 20 demonstrates the impact of concentration slip parameter 6. on concentration
profile. It is seen that when the concentration slip parameter §. increases, the concentration profile and
its boundary layer thickness is declined for both cases of surfaces stretching and shrinking. The variation
of nanofluid temperature profile 6(n) for various values of the heat sink/source parameter (Q)is inspected
in Figure 21. Additionally, it has been shown that raising the heat source/sink parameter causes thermal
boundary layer thickness to decrease, which enhances temperature profiles. Figures 22-23 demonstrate
impacts on the velocity f'() and angular velocity profile g(n) of several values of micro material parameter
K.There is observed the velocity profile along their boundary layer thickness are increasing with increase
in rate of the micro material parameter K for stretching and shrinking cases. While at the start angular
velocity of micropolar nanofluid decreases but after a pointitincreases throughout the flow. Figures 24-25
show the variation of m on the velocity f'(7)and angular velocity profile g(n). The Figure 24 shows that the
velocity profile along the boundary layers thickness is decreasing with rise in the m for stretching as well
as shrinking cases while angular velocity profile along its boundary layers thickness is increasing with in-
crease in m for stretching and the shrinking cases that is shown in Figure 25. Figure 26 depicts the impact
of e on the nanoparticles concentration ¢(rn).The nanoparticles concentration and concentration boundary

6 Conclusion

The presentinvestigation is an attempt to analyze MHD flow and heat transfer of the micropolar nanofluid
over a stretching/shrinking parameter in regard of their significance in the heat transfer procedure in
industrial and cooling systems. The equations are constructed by using Buongiorno model with addition
of magnetic, heat ource/sink, chemical reaction and slip parameters. The shooting technique is used to
detect the influence of various used parameters numerically. The main finding observed during study
are:

1. The skin friction and the drag force are decreasing for A > 0 and increasing for A < 0 when rate of the
suction is increased.

2. The heat transfer and concentration rates are increasing for both A > 0 and A\ < 0 with increase in
suction parameter S.
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3. The velocity profiles of the micropolar nanofluid declines with increase in the magnetic parameter M
and the suction parameter S, while it rises by increase in stretching parameter A and micro-material
parameter K.

4. The angular velocity profile rises with rise in M and K, but, it declines by rise in S.

5. Temperature of micropolar nanofluid enhances with increase in Q, Nt and Nb, but it decreases due
to increase in the 6T, Prand S.

6. The concentration profiles decrease by increase in §C, ¢, Nb and Le, while it increases for increase in
the Nt.
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