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ABSTRACT

The MHD stagnation point flow and heat transfer in a micropolar fluid over an exponentially vertical stretching/shrinking sheet are
investigated in the presence of convective boundary conditions in the current work. The buoyancy effect, also known as mixed
convection, is also taken into account. Several researchers are conducting research on the fluid in the current state of mixed
convection. To convert the governing equations from a system of partial differential equations to ordinary differential equat ions,
similarity variables were used. The modified equations are then numerically solved in MATLAB using BVP4c. There is a lot of
agreementwhencomparedtopreviousfindings. Contradictoryphenomenaare observed between Micropolarand mixed convection
for fluid velocity, angular velocity and temperature distribution profiles. The significant variables' characteristics are graphically
presented, and the numerical results are tabulated.
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1. Introduction

Stagnation point flow with heat transferacross a stretching/shrinking sheet has several industrial
uses. Some applications include boundary layer along material handling conveyors, blood flow
difficulties, aerodynamics, plastic sheet extrusion, cooling of metallic plates in a bath, textile and
paper industries, and so forth [1]. According to Crane [2], Hiemenz was the first to investigate it,
demonstrating that using similarity transformation, the Navier-Stokes equations regulating the flow
can be reduced to an ordinary differential equation of third order. Because of the nonlinearities in
the reduced differential equation, no analytical solutionis accessible, and the nonlinearequation is
normally solved numerically with two-point boundary conditions, one of which is set to infinity.
Extrusion of polymerfluids, solidification of liquid crystals, cooling of a metallicplate inabath, animal
blood, exotic lubricants, and colloidal and suspension solutions are a few of the uses for micropolar
fluids. These fluids resemble rigid molecules, magneticfluids, dusty clouds, muddy fluids, and some
biological fluids [3]. The problem of stagnation pointflow ina micropolar fluid has been extended in
numerous ways to include various physical effects such as Nazar et al., [4] Ishak et al., [5], Borrelli et
al.,, [6], Dash et al., [1], Soid et al., [7], Attia[8], and Mishra et al., [9]. Many academics have examined
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the non-uniqueness of solutions to fluid flow issues on moving, shrinking, and stretching sheets in
the presence and absence of a buoyancy effectin the last few years [10] such as Lakshmi Devi et al.,
[11] and Song et al., [12].

The purpose of thisstudy is to investigate the MHD stagnation point flow and heat transfer over
an exponentiallystretching/shrinking vertical sheet submergedinamicropolarfluid with abuoyancy
effect. Similarity variables were employed to turn the governing partial differential equations (PDEs)
into ordinary differential equations (ODEs). The amended equations were then numerically solved in
MATLAB using BVP4c. We expect that the results gained will be beneficial for applications and as a
supplementto prior research.

2. Methodology

Consider a micropolar fluid flow towards a stagnation point on a vertical sheet as illustrated in
Figure 1. The designed was exactly based on the original profile of Waini et al., [13]. The x and y

axesare Cartesian coordinates where x is assigned verticallyalong the surface and y isorthogonal

to it withthe origin 0. The symbol u, (X):an/L is free stream velocity where g >0 (constant) and
L is reference length. Next, u (X):be"” is an exponential velocity when the surface is stretched
(b>0), shrunk (b<0) or b=0 is for the static surface. The surface temperature is given as

7, (X)sz +7;)92X/L where 7, is a constant and 7 is the ambient temperature. Hence, g is a

symbol of acceleration due to gravity.

\ & 7, (x) & Z,(x)

u, (x)

(a) Stretching (b) Shrinking
Fig. 1. The geometry of the flow problem of (a) Stretching and (b) Shrinking sheet

The governing boundary layer parabolic partial differential equations (PDEs) are written as
continuity, linearmomentum, angular momentum and energy equations [14, 10, 13]:

ou/ox+0ov /oy=0 (1)
u(@u/aX)+V(8u/8y):

2 2 2 (2)
ue(ﬁue /8X)+(U+K/p)(6 u/oy )+K/p(8N/6y)+gﬂT (T—Tw)—aB /p(u—ue)
u(@N/GX)+V(6N/QV):;(/pj(&zN/ﬁyz)—K/pj(ZN+8u/8y) (3)
u(o7 /ox)+v(oT Joy)=k / pc, (62T/6y2)—1/pcp (oq, /o) (4)
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Subject to the boundary conditions:
u=u,v=0,T=T,6 N=—m(du/dy)at y=0

u—u,T—>T, N—>0asy—>x (5)
where u and v are component of velocity along x and y direction respectively. The symbol
v=u/ p isthe kinematicviscosity, p isthe fluiddensity, u is the coefficientof fluid viscosity, N

is microrotation or angular velocity, j=2Lve ** /a is micro-inertia per unit mass,

;(z,u(l +K /2)/’ is spin gradient, x is the vortexviscosity. The electrical conductivity of the fluid
assigned as o, B(X):Boe"/“ is the variable magneticfield where B isa constant and c, is the

specific heat. The symbol £ is the thermal expansion coefficient. Eq. (1) to Eq. (4) along with the

boundary condition Eq. (5) can be expressedina simplerform by introducing the following similarity
transformation [13]:

n= fz;iLeZXLy, u=aeif'(77), V:—\/%e;; (£ (n)+nf"(n)). 9(”):;:7; ’

N:a‘/zl;i[le“b(n) (6)

where 77 is similarity variable, while u and v denotesthe stream function that the continuity Eq. (1)

is identically fulfilled. Thus, the transformed linear momentum Eq. (2), angular momentum Eg. (3)
and energy Eqg. (4) become:

FP(1+K)+ £ F=2(F) M (£ ~1)+ K ' +226+2=0
(1+K/2)11”—K(2b+f”)—3f'h+fh’:0 (7)

Pr(4f'0—-£6')-6"(1+4R /3)=0

The corresponding boundary conditions:

f(r;):O, f’(n):g, 6’(77):1, b(n):—mf”(n) atn=0

f’(n)—)l, 0(77)—)0,11(77)—>0 as 17— o0 (8)
where the prime indicates differentiation with respect to 7 and M=ZJBOZL/pa is Hartmann

number or magnetic parameter. ﬂ:gﬂﬂ;[,/az is buoyancy parameter, e=b/a is the

stretching/shrinking parameter where a >0 (constant) and the surface is stretched ( >0 ) orshrunk
(b<0). Therefore, the value of ¢ is directly proportional to b. Next, K =x / u, Pr=puc, / k and

R:40'*T;/k* are the micropolar parameter, Prandtl number and the radiation parameter
respectively. The involved physical quantities are the skin friction coefficient €, the local Nusselt

number Nu_and the local couple stress M [8]:

ON /0
C = TWZ,MX:Z( / f)y=°,1vu :—L(aT/ay)yzo (9)

pu, pXU, * (TW —Tw)

where the surface shear stress 7 =[(/J+K')8LI/@_]/+KN:| . Then, the reduced skin friction

y=0
coefficient, the local couple stress, and the reduced local Nusselt number:
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C,(Re,) "2/ x =[1+(1-m)K |F"(0), M Re, =(1+k /2)#'(0)
Nu,(Re,) " 2L/ x =-0'(0) (10)

Re =xu_ /v isthe local Reynolds number.

3. Results and Discussion

An analysis of the behaviors of the velocity, angular, and temperature profilesis carried out. The
numerical solutions are obtained using BVP4c in MATLAB. The numerical values of

Cf(ReX)l/ZJZL/X and NLIX(ReX)l/Z\IZL/X are obtained for wvarious values of

stretching/shrinking parameter &, when Pr=6.2and non-buoyantcase A =0 with other parameter
was settobe constantat K =M =m=R=0.Tables1and 2 show the comparison of the skin friction

coefficient and the local Nusselt number between the results found by Ur Rehman et al., [15] and
Waini et al., [13] with the present study, respectively.

The current results were in great agreement with the earlier study when the numbersin Tables 1
and 2 were compared. As a result, the approach employed for this study was valid and accurate to
verified. The values of the skin friction coefficient decrease while the values of the local Nusselt
number increase whenthe parameter stretches/shrinkingincreases.

Tablel
. . 1/2
Comparison for Numerical Values C, (Rex) \J2L/x for £=-0.5,0,0.5
& Ur Rehmanetal., [15] Wainietal., [13] Present Study
-0.5 2.1182 2.11816867
0 1.68720 1.6872 1.68721817
0.5 0.96040 0.9604 0.96041608
Table2
. . 1/2
Comparison for Numerical Values Nu_ (Rex) \J2L/x for £=-0.5,0,0.5
& Wainietal., [13] Present Study
-0.5 0.0588 0.05878644
0 2.5066 2.50662545
0.5 48016 4.08157327

Micropolar parameter K and buoyancy or mixed convection parameter A will be examine.The
other parameters such as material parameters m, Prandtl number Pr, magnetic M/ and radiation
R are fixedto m=0.5, Pr=6.2, £¢=—1 and M =R =2 are considered. This result is focusing for

shrinking plate where the ratio is 1. The Figures 2, 3 and 4 illustrate the effects of the velocity f’(n)
, the angular velocity 11(77), and the temperature 0(77) profiles on the values of micropolar

parameter K respectively. The value for micropolar parameter is K =0,1,2,5and buoyancy
parameter is A =2. These profiles asymptotically satisfy the boundary condition in Eq. 8, giving us
confidence inthe solutions’ accuracy. The decreasing behavior of f’(n) isobserved with the increase

of K as shown in Figure 2. The behavior of b(n)is givenin Figure 3. It is illustrated that 12(77)
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N 4

increasesto b(n)z—O.S and decreasestothe boundary condition withincreasing of K . Meanwhile,

Figure 4 shows (9(77) increases dueto increasing of X .

The Figures 5, 6 and 7 show the effects of f’(n), 12(77), and 49(77) on the buoyancy parameter

A values, respectively. There is an opposite phenomenon with micropolar effect. The value of the
buoyancy parameters is 4=0,1,2,3 and micropolar parameter X =2. the fluid velocity increases

while the angular velocity decreasesto h(n)z—OA and thenincreasesto zero when A increasesas

depictedinFigures5 and 6 respectively. Meanwhile, the temperature behavior decreases due to the

presence of 1.

K=0,12,5

2 25 3 35

15 2 25 3 35

05

hin)

4 7
/ Lambda =0,1,2,3
s |

Fig. 6. Angular velocity profile 11'(77) for varies of A4

Fig. 7. Temperature profile 0(77) for varies of A

4. Conclusions

From this present paper, we detect the following:
i. The velocity profile at the vertical plate increases on increasing the buoyancy force but

reduce with micropolar.

ii.  The angular profile forthe particle rotation occurs intwo phenomenawhich are decrease
and increase for buoyancy force reversible for micropolar.
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The temperature of the fluidis drop with buoyancy force and rises for micropolar.
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