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Abstract:

In the present paper we investigated the heat and mass transfer in the MHD micropolar Jeffery fluid flow over
stretching sheet in the presence of porous medium. By using suitable similarity transformations, we get non-linear
ordinary differential equations with the help of governing partial differential equations. We used DTM method
for finding the analytical solution from the nonlinear ordinary differential equations. Obtained DTM solution is
explored by bvp4c numerical solver built in MATLAB and effect of porosity parameter, Deborah number,
magnetic field parameter, Jeffery fluid parameter etc. on velocity profile, temperature distribution, microrotation
and concentration profile are explained by graphs. It is found that that as porosity parameter increases velocity
decreases while increases in Prandtl number decreases the temperature profile distributions.
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I. Introduction:

Now a days the micropolar fluid has vast applications in various aspects (fields) of science and
engineering technology. Eringen [1,2] introduces the theory of micropolar fluids. Wilson [3] investigated the basic
flows of micropolar fluid. A spin vorticity relation for unidirectional plane flows is studied by Kilne [4]. Gorla
[5] and Adnan [6] analyzed the flows along the horizontal and vertical axes. Crane [7] studied the flow of an
ambient fluid over a sheet (linear stretching) for the two-dimensional steady problem and found a correspondence
solution in the form of a closed analytical. Ariman et al. [8] analyzed micropolar and thermos-micropolar fluid in
engineering and technology. Fully convective flow in a vertical channel for micropolar viscous fluid was
investigated by Prathap Kumar et al. [9]. Srinivasacharya et al. [10] investigated the unsteady flow of micropolar
fluid between two parallel porous plates. The mixed convection flow of micropolar fluid with uniform suction
driven by a porous stretching sheet using a finite element method (FEM) is presented by Bhargava et al. [11].

The boundary layer flow, Heat and mass transfer in a stagnant Newtonian and non-Newtonian fluid
driven by a continuous stretching sheet are of relevance in a large number of engineering processes in industry
such as the drawing of filaments or a polymer sheet extruded consistently from a die, metallic plate’s cooling in a
bath, the aerodynamic extraction of plastic sheets, the continuous rolling casting, thinning and annealing of copper
wires, fiber coating and wires etc. The final obtained product of desirable characteristics depends upon the
cooling’s and stretching’s process. Mohammadi and Nourazar [12] investigated the insertion of a gas layer which
was very thin in micro cylindrical couette flows containing power law liquids. The analytical solution between
two rotating cylinders filled with a gas of micro layer and power-law liquid for two phase flow has been studied
by Mohammadi et al. [13]. Gupta and Gupta [14] analyzed the effect of transfer of Heat_Mass on a stretching
sheet along with blowing or suction. Apart from these different aspects for the problem have been analyzed by
Chen and Char [15] and Dutta et al. [16]. Hina et al. [17] Investigated the impact of heat and mass transfer on the
MHD peristaltic flow of a Maxwell fluid in a planer channel with compliant walls. In a permeable channel the
effect of heat transfer of micropolar fluid was analyzed by M. Sheikholeslami et al. [18]. A. Mirzaaghaian and
D.D. Ganji [19] got the DTM solution through permeable walls for micropolar fluid with heat transfer. P. Sibanda
et al. [20] studied about the flow for a micropolar fluid with the transfer of heat and mass through a channel. Also,
some boundary value problems for the flow of micropolar fluid was analyzed by Bhupander Singh [21-23].

It is very well known that commonly the industrial fluids are different from viscous fluids because of
diverse rheological characteristics. These fluids belong to the category of non-Newtonian fluids and have different
applications like wire and blade coating, dying of, paper and textile plastics manufacturing, polymer industries,
geophysics, food processing, petroleum and chemical processes. Materials like apple sauce, soaps, foams, drilling
muds, sugar solution pastes, clay coating, ketchup, lubricant, certain oils, suspension and colloidal solutions are
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the non-Newtonian liquids movement of biological fluids and many others. The normal Navier-stokes equations
are unable to characterize the behavior of the flow of non-Newtonian liquids. No one relationship is capable of
predicting the properties of all non-Newtonian materials. As a result, many non-Newtonian model types are
offered in the literature. The present study is about the Jeffery fluid. A rate-type substance called Jeffery fluid
exhibits the fluid’s linear viscoelastic effect. There are several uses of Jeffery fluid in the polymer industry. Jeffery
fluid can have several forms, one of which is diluted polymer solution. Generally, Jeffery fluid is complicated
direct model to utilize time derivative in place of convected derivative and utilized by most fluid models. Jeffery
fluid model is implemented for depicting the qualities of relaxation times and retardation. Hayat et al. [24] have
studied about the series solutions for MHD flow of Jeffery fluid through a porous channel by using homotopy
analysis method. Using long wavelength and low Reynolds number approximations, Srinivas and Muthuraj [25]
have examined the issue of MHD peristaltic transport of a Jeffery fluid in an inclined asymmetric channel under
the impact of slip condition at the channel wall. Eldabe et el. [26] used the perturbation approach for a small
geometric parameter to examine the impact of wall attributes on the peristaltic transport of a dusty fluid with
heat_mass transfer. According to long wavelength and Low Reynolds number assumptions, Vajravelu et al. [27]
explored the peristaltic flow of a Jeffery fluid in a vertical porous stratum with heat transmission. In a channel
with slip effect at a lower wall, Aruna Kumari et al. [28] explored the impact of heat transfer on MHD oscillatory
flow of Jeffery fluid. The formulas for the velocity and temperature are determined analytically. The MHD flow
of a Jeffrey fluid in convergent and divergent channels is examined by Asadullah et al [29]. Physical and biological
sciences heavily rely on fluxes between no parallel barriers. In a horizontal channel with chemical reaction, Idowa
et al. [30] investigated the impact of heat_mass transfer on unstable MHD oscillatory flow of Jeffery fluid. In a
channel with a porous medium, Adesanya and Makinde [31] investigated MHD oscillatory slip flow and heat
transfer. Al-Khafajy [32] examines how heat affects the body. A.M. Abd-Alla et al. [33] studied impact of heat-
mass transfer in a rotating frame for a Jeffery fluid in presence of chemical reactions. Wall properties are also
taken in consideration. Kottakkaran Sooppy Nisar et al. [34] found semi analytical solutions of Jeffery fluid flow
in presence of chemical reaction and heat source.

Fig. 1 Graph for the problem;
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Il. Mathematical Formulation
Let us considered a two-dimensional incompressible Jeffrey micropolar fluid flow across a stretched
sheet that coincides with the plane y = 0 and the flow is contained within the plane with y > 0. It is expected that
the surface will extend linearly at a speed u = u,, = ax, where a is the stretching constant. The coordinates (x, y)
in this case are selected such that the x-axis is parallel to the vertical surface and the y-axis is normal to it. In
addition, (u, v) are the flow's velocity components, and N designates the internal speed of the micropolar particles.
The unit of gravity is g. The sheet is subjected to B,, uniform magnetic field that is applied normally. Heat and

mass transfer also taken into consideration. The Jeffery fluid equations are written as:
dR

T= —pl+Sands= L [R1 + A, (a—tl +V. v) Rl],

Where, Cauchy stress tensor is denoted by t while extra stress tensor is denoted by S, A, and A, are
material parameters of Jeffery fluid, Rivlin Ericksen tensor is defined by R; = (VV) + (VV)!, u represents
dynamic viscosity.

Now, Equations for the problem are given as:

du , Ov
4+ 2=
ox 0y 0 (1)
ou ou v %u a3u u  ou d*u  oudiu oBo’u | k ON
Z+y == | — - 4+ = i) | Il M B S —
u ax v dy 1+ ( u) [ayz + /12 (u dxdy? v dy3 = dyoxdy ox Byz)] p p 0y g'BT(T
Tw)+gPc(C — Co) 2
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The appropriate boundary conditions for the problem are given by
u=u, =ax, v=0N=-n2 T=T,aty=0
, Y (6)
u—->0,N->0T->T,aty - o

where u and v are velocity components along the x-axis and y-axis respectively, p is the fluid density, N
is the angular or micro rotation velocity, A, is relaxation ratio while A, is relaxation time, T is the fluid temperature
and c,, is the specific heat at constant pressure, k is the thermal conductivity and j is the micro-inertia density, S
is coefficient of thermal expansion and . is coefficient of concentration expansion, D = diffusion coefficient. n
is boundary concentration parameter of fluid., the case n = 0 represents strong concentration, n = 0.5 indicates
weak concentration.

Now, Under Rosseland diffusion approximation the Thermal radiation is simulated and in accordance

with this, q, the radiative heat flux is given by:
q = 40* 9T*
L=

3o0k* E
(72)

where ¢*is the Stefan—Boltzmann constant and k* is the Rosseland mean absorption coefficient. If the
temperature differences are sufficiently small, then by expanding T* into the Taylor’s series about T, and
neglecting higher order terms, we get T*= 4T3 T — 3T4

and then
dqr _  160°T3, 82T
oy~ 30k" 0y?
(7b)
We now introduce the following Similarities variables:
u=ax n= [y v=—f@rtm.N=a gm0 =T
(8)
By using equations (6) — (8), equations (2) — (5) transformed in to the equations:
A+ + A+ D [{(F )" = (Faf @)} — (M +K)f () +Ag'G) + 6.6 +Gep | +
a+ap[{(rrm)’ - (Farm)}| =o (9)
(1+32R)6" () + B F(6' () = 0 (10)
(1+2)g" @) + Fg' () — gGf () — A (2g() + £ () = 0
(11)
2¢"(m + fe'(n) =0 (12)
Boundary conditions (6) in similarity variables become
f(0)=0,f(0) =0,9(0) = —nf"(0),6(0) = 1,¢(0) =1
f'@m) = 0,9(n) — 0,0() > 0(0),p(n) =1lasn > o
(13)
Where A = E (Micropolar Parameter), M = %‘iz, (Magnetic Parameter), K, = pﬁ, (Porosity
Parameter),
P. = ”Kﬁ (Prandtl Number), R = 4;;& (Radiation Parameter), E. = ﬁ (Eckert Number)

B = A,a(Deborah number) , G, = W (Grashhof number for Heat transfer),

Gc — 9" Bc(Cw—Coo)

" (Grashhof number for mass transfer) , g = S, ( Schmidt number)

Also, skin friction, Nusselt numbers and Sherwood numbers are defined as:
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= 2w =_w (X =_m
f = pug ! N, = Tw-Too (K) and Sn = D(Cyy—Coo)
(14)
_ v [ou 9%u a%u 3 _ aT _
Where TW = —m [5 + /‘12 (u% + Uﬁ) + (;) N]yzo qQw = — (E)yzo and qw =
ac
—-D (= 15
&),., @
By using similarity conditions, we get:
ReY*C, = o (/@ + B @) . MR =-0'0)(1+2R) . SuReV? = —4'(0)
(16)

I11. Method of solution
Fundamentals of DTM (differential transformation method) [27] are explored as follows:
Differential transformation of the k‘"derivative of a function f(n) is defined as

1 [d*r@m)
F(k) - F [ dnk

n=no
(17)
Where F(K) is called the T function of f(n) atn = n, in k-domain.
The differential inverse transformation of F(K) is defined as
f(m) = Xieo F(k) (n — 10)"
(18)
By combining Equation (17) and Equation (18), f(n) can be obtained as
w  [d¥ra
fm) = XYr-o [ dZ: % (n — no)¥
n=mno
(19)
In practice, to achieve a finite one, this infinite series truncated as follows
fm = z‘ﬁ:o F(k) (n = 1)
(20)

Theorems to be used in transformation procedure, can be evaluated from equations (17)-(18), are given in table 1.

Table 1: Some basics operations of DTM

Original Function Transformed Function
fp = ag(rzi) }_L( /ih(n) Flk] (=kaG[l§] + BH[k]
_d'f(n _(k+n)!
fm = df(p) Flk] === Gk +m)]
f@) = gmh() .
Fl) = Z F(m)H(k —m)
mn m=0 k
f=e Fk) = %
f=Q+n™ F(k)=(m)(m_1) ...};.!...(m—k+1)
— ™ 1, k=
f =0 F(k) =8k —m) = {0' P Z}
f@) = sin(on + a) o* | mk
F(k) = k—l!{sm (7 + a)
f(@) = cos(wn + a) w k
F(k) = Fcos (7+ zx)

Now we will find DTM Solution of the problem so applying differential transformation method to (9) - (12), we
obtained:

A+A)EK+1DE+2)K+3)F[K+3]+ (1 +D[EE_FIK—m].(m+ 1)(m + 2) F[m + 2] +
M+K) K+ DFEK+1D)+AK+1D)GEK+1) +GK+1)OK+1) + G (K+1) d(K+ D]+(1 +
ABRE(K—m+2)(K—m+ DF[K—m+2].(m+ 1) (m+ 2)Fim+ 2] - ¥X_, (K—m+ 1)F[K —
m+1l.(m+1) (m+2)(m+3)(m+4)Fim+4]] =0
(21)

(1+2R) (K+ (K + 2)0[K + 2] + P,[ZK_o FIK —m] . (m + 1) 6[m + 1]] = 0.

(22)
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(1 + ‘;‘) (K+ DK+ 2)G[K+ 2] + [XK-oFIK—m].(m+ 1) G[m + 1]] — [XX- G[K — m] . (m +
1) Flm + 1]] — A[2 G[K] + (K+ 1) (K + 2) F(K + 2)] = 0. (23)
%(K + DK+ 2K+ 2]+ [ FIK—m].(m+ 1) ¢p[m+1]] =0

(24)
With boundary conditions:
F[0] =0, F[1] =1, F[2] = «;. (25a)
G[0] = —2nay, G[1l] = a,, O[1] = a3 ¢[1l]=a, (25b)

At infinity DTM is not possible. So, Pade approximation will be applied to find the value of coefficients
a,, a,and a; as a result the Pade coefficients a; = 0.226552, a, = 0.584349,a; = 0.835702 and a, =
0.758397 are substituted into the Equations (21)-(24), therefore, the expressions of f(n), g(n),8(n) and ()
can be obtained in case of A =10, P, =20, Gc=08,G,=07M=25 =03, K, =05,n=05R=
1.5,4, = 0.6,S. = 0.6 as:

f(m) = n+(0.226552)n? + (—0.021458883)n° + (—0.007193689 )n* +
(—0.019994244 )n® + (—0.002776511)n° + (0.009348757)n” + (—0.001923854)n8 +
(—0.000194596)1° +......... (26)

g(m) = (—0.226552 ) + (0.584349) 1 + (—0.075509782)n2 + (0.104165638)n° +
(—0.000808365)n* + (—0.013948162)1° + (—0.001911567 )n® + (0.006016452)n” +
(=0.001329722)n® + (—0.0000370873)n°+...

(27)

0(n) =1+ (0.835702) n + (—0.092846492)n% + (—0.010602478 )n* + (0.005193903)n5 +
(0.002478341)n° + (—0.000089355)n7 + (—0.00025413)78 + (—0.000146973)1° +....veevvvenn....
(28)

d(m) =1+ (0.758397) n + (—0.0758397)n° + (—0.008590818 )n* + (0.011865387)n° +

(0.001827277)n° + (—0.000589437)n7 + (—0.00026435)n% + (—0.000074758)n° +.........
(29)

IV. Graphical Result and discussion:

The objective of this study is to analyze the heat and mass transfer in MHD micropolar Jeffery fluid in a
porous medium over a stretching sheet. In this section we discuss the effect of various parameters like Porosity
parameter, Deborah number, magnetic field parameter, Jeffery fluid parameter, Grashoff number for mass transfer
and Grashoff number for heat transfer on the velocity profile, microrotation, temperature distribution and
concentration profile.

In Fig. 2 we see the effect of porosity parameter (i.e. K, = 0.5,1.5,2.5) on velocity profile with the
values A=1.0, P.=2.0, G.=0.8,G, =07,M=25 3=03n1n=05R=151=0.6S.=0.6 as and we
observe that as porosity parameter increases velocity profile decreases.

Also In Fig. 3 we analyze the Deborah number’s effect (i.e. B = 0.3, 0.6, 1.0) on velocity profile with the
values A = 1.0, P, = 2.0, G, = 0.8,G, = 0.7,M = 2.5, K, =0.5,n1=0.5,R = 1.5,4, = 0.6,S, = 0.6 and we
find that as Deborah parameter increases velocity decreases. Fig. 4 shows the behavior of velocity profile
corresponding to magnetic field parameter (i.e. M = 2.5, 4.0, 6.0) with the values A= 1.0, P. =2.0, G, =
08,G. =0.7,K, =0.5,1=05R=151=06,S. = 0.6and we observe that as magnetic field parameter
increases velocity decreases. Fig. 5 depicts the effect of Jeffery fluid parameter (i.e., 1 = 0.4, 0.6, 0.8)on velocity
profile corresponding to the values A =10, P. =2.0, G =0.8,G., =0.7,M =25, K, =0.5,1=05R=
1.5,S. = 0.6 and we see that velocity decreases as Jeffery fluid parameter increases.
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Fig.2. Simulated velocity for
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Fig.5. Simulated velocity for
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Fig.8. Simulated YWelocity Profile for different values of micropolar parameter
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It is shown in Fig. 6 and Fig. 7 that velocity decreases as Gr and Gc increases with the values A =
1.0,P. =2.00M =25, K, =05,1=05R=151=10.6S.=0.6. Fig. 8 shows the depict effect of
micropolar parameter on velocity profile corresponding to the values P. = 2.0, G. = 0.8,G, = 0.7,M = 2.5,
K, =0.5,1=0.5R=1521=0.6, S =0.6and we observe that as micropolar parameter increases velocity
also increases. Fig. 9 and Fig. 10 represents the behavior of microrotation for the micropolar parameter and
magnetic field parameter for the values of different parameters and with the behavior of figures we conclude that
as micropolar parameter increases microrotation also increases while as the magnetic field parameter increases
microrotation decreases.
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Fig.13. Concentration profile
far different values of Sc
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In Fig. 11 we see the effect of different values of Prandtl number on temperature distribution with the
values A=1.0, G.=0.8,G.=07,M=25, K, =05,1=0.5R=151=0.6S. =0.6and we observe
that as temperature distribution decreases as Prandtl number increases. Fig. 12 depicts the effect of different values
of radiation number on temperature distribution for the values A = 1.0, P, = 2.0, G. = 0.8,G. = 0.7, M = 2.5,
K, =0.5,1=0.5,4=0.6,S. = 0.6 and we find that temperature distribution increases as radiation number
increases. In Fig. 13 we see the effect of different values of Schmidt number on concentration profile with the
values A=1.0, P.=2.0, G.=08,G, =0.7,M = 2.5, K, =0.5,1=0.5,R=15,1= 0.6, and we observe
that Concentration profile increases as Schdmit number increases
We also discussed the effect of various parameters on Cr N, and S, and represented the results tabular form.

Table 2: Effects of various parameters on Cr

uS.NO. A A Sc Gr £(0) Re;"C; = %/11 (F"(© + p1"()

1 11 06 06 0.7 0.3274 0.266013
2 13 06 06 0.7 0.334 0.271375
3 15 06 06 0.7 0.3376 0.2743

4 17 0.6 0.6 0.7 0.3444 0.279825
5 1 06 06 0.7 0.3235 0.262844
6 1 0.8 06 0.7 0.3123 0.253744
7 1 1 06 0.7 0.3007 0.244319
8 1 12 06 0.7 0.2889 0.234731
9 1 06 0.8 0.7 0.3239 0.263169
10 1 06 1 0.7 0.3243 0.263494
11 1 06 12 0.7 0.3246 0.263738
12 1 06 14 0.7 0.325 0.264063
13 1 0.6 0.6 0.9 0.3175 0.257969
14 1 056 056 11 0.3114 0.253013
15 1 0.6 0.6 13 0.3053 0.248056
16 1 06 06 15 0.2979 0.242044

Table 2 shows the effect of micropolar parameter, Jeffery fluid parameter, schmidt number and Grashoff
number for heat transfer on skin friction and we observe that as skin friction increases as micropolar parameter
and schmidt number increases and decreases as Jeffery fluid parameter and Grashoff number for heat transfer
decreases.
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Table 3: Effects of various parameters on N, :

S.NO. R 1 P, Gr Ge 6'(0) =—6'(0) (1 +§R)
1 17 0.6 2 0.7 08 -0.4031 1.2093
2 1.9 0.6 2 0.7 08 -0.3975 1.1925
3 2.1 0.6 2 0.7 08 -0.3928 1.1784
4 23 0.6 2 0.7 08 -0.3887 1.1661
5 15 0.6 2 0.7 08 -0.4097 1.2291
6 15 08 2 0.7 08 -0.4099 1.2297
7 15 1 2 0.7 08 -0.4102 1.2306
8 15 12 2 0.7 08 -0.4105 12315
9 15 0.6 2.2 0.7 08 -0.4178 1.2534
10 15 0.6 24 0.7 08 -0.4261 1.2783
11 15 0.6 26 0.7 08 -0.4345 1.3035
12 15 0.6 2.8 0.7 08 0.443 1.329
13 15 0.6 2 0.9 08 -0.4098 1.2294
14 15 0.6 2 11 08 -0.4099 1.2297
15 15 0.6 2 13 08 -0.4101 1.2303
16 15 0.6 2 15 08 -0.4117 1.2351
17 15 0.6 2 0.7 1 -0.4098 1.2294
18 15 0.6 2 0.7 12 -0.4099 1.2297
19 15 0.6 2 0.7 14 -0.4101 1.2303
20 15 0.6 2 0.7 16 04117 1.2351

Table 3 shows the effect of radiation parameter, Jeffery fluid parameter, Prandtl number, Grashoff
number for mass transfer and Grashoff number for heat transfer on Nusselt number and we observe that as Nusselt
number increases as Jeffery fluid parameter, Prandtl number, Grashoff number for mass transfer and Grashoff
number for heat transfer increases and decreases as radiation parameter decreases.

Table 4: Effects of various parameters on S,

S.NO. A Sc Gr Gc —¢'(0)
1 0.6 0.6 0.7 0.8 0.4016
2 0.8 0.6 0.7 0.8 0.4018
3 1 0.6 0.7 0.8 0.4021
4 1.2 0.6 0.7 0.8 0.4024
5 0.6 0.8 0.7 0.8 0.4261
6 0.6 1 0.7 0.8 0.4515
7 0.6 1.2 0.7 0.8 0.4778
8 0.6 14 0.7 0.8 0.5048
9 0.6 0.6 0.9 0.8 0.4017
10 0.6 0.6 1.1 0.8 0.4018
11 0.6 0.6 1.3 0.8 0.402
12 0.6 0.6 1.5 0.8 0.4034
13 0.6 0.6 0.7 1 0.4017
14 0.6 0.6 0.7 1.2 0.4018
15 0.6 0.6 0.7 14 0.402
16 0.6 0.6 0.7 1.6 0.4034

Table 4 shows the effect of Jeffery fluid parameter, schmidt number, Grashoff number for mass transfer
and Grashoff number for heat transfer on Sherwood number and we observe that as Sherwood number increases
as Jeffery fluid parameter, schmidt number, Grashoff number for mass transfer and Grashoff number for heat
transfer increases.
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V. Conclusions:

We have the following conclusion from the graphs:

[9].

[10].
[11].
[12].
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[14].
[15].
[16].
[17].
[18].
[19].

[20].

[21].
[22).
[23].
[24].
[25].

[26].

Velocity profile decreases as the different parameters like porosity parameter, Deborah number, magnetic field
parameter, Jeffery fluid parameter, Gr, Gc decreases.

Velocity profile decreases as the micropolar parameter increases.

Increases in Prandtl number decreases in temperature profile distributions.

Concentration profile increases as Schmidt number increases.

Microrotation increases as micropolar parameter increases.

Skin friction increases as micropolar parameter and schmidt number increases

Skin friction decreases as Jeffery fluid parameter and Grashoff number for heat transfer decreases.

Nusselt number increases as Jeffery fluid parameter, Prandtl number, Grashoff number for mass transfer
Nusselt number decreases Grashoff number for heat transfer increases and decreases as radiation parameter
decreases.

Sherwood number increases as Jeffery fluid parameter increases.

Sherwood number increases schmidt number increases.

Sherwood number increases Grashoff number for mass transfer and Grashoff number for heat transfer
increases.
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