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Present research article describes the effectiveness of improved Fourier-Fick fluxes
and temperature-dependent conductivity on the 2-D, incompressible steady micro-
polar material flow over a stretchable surface. Non-linear mixed convection, dou-
ble stratification and heat generation aspects are considered. The considered flow
non-linear PDE are converted to ODE via appropriate transformations. Through
implementation of homotopy method the obtain system is solved for series solu-
tions. The effects of pertinent parameters are discussed through graphical sketch.
Skin friction coefficient (drag force) is calculated. Main findings are pointed out.
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Introduction

To elaborate the energy transportation through heat conduction, the well-known
Fourier relation has been extensively applied in engineering utilizations [1]. Heat conduction
expression via Fourier situation has parabolic nature which permits thermal instabilities to
communicate thermal propagation of wave having infinite speed and requires to be improved
at extremely smaller time scales and length in a few nano or micro-scale structures [2]. A
well-known methodology in which limited velocity of thermal wave proliferation is accounted
via relaxation time concept is initiated which turns heat conduction expression from parabolic
form to the hyperbolic one [3-5]. Numerous researchers have contributed further developments
subjected to Cattaneo model [3]. Christov [6] modified Cattaneo model [3] via insertion of
upper-convected Oldroyd’s derivative. Some researches elaborating flow subjected to Catta-
neo-Christov (non-Fourier) heat flux are given in [7-12].

Among numerous models of non-Newtonian materials, the micropolar material model
has acquired ample consideration in view of the fact that it is capable to illustrate the micro-mo-
tions and local structure features of liquid components which are overlooked by traditional
models. Several real materials (liquid crystals, animal blood, polymeric suspensions, muddy
fluids, small scales water models efc.) reveal microscopical characteristics (like rotation) being
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effectively described through micropolar material model. From physical viewpoint, this model
claborates materials involving large quantity of tiny spherical components uniformly dissem-
inated inside the viscous medium. Related rheological model is established on novel vector
field introduction and rotating particles (microrotation) angular velocity field. Accordingly, one
novel vector expression is inserted to Navier-Stokes structure coming from angular momen-
tum conservation. Therefore, we finish off with a multifaceted (coupled) PDE system fulfilled
by velocity of fluid, microrotation and pressure with four novel viscosities established. The
micropolar material model was initially modeled by Eringen [13]. Lukaszewicz [14] presents
a monograph which comprehensively addresses the novel mathematical concept covering this
unique model. Afterwards numerous investigators consider micropolar material subjected to
distinct aspects (see [14-18]).

Here micropolar material flow near a stagnant point is formulated in frames of mod-
ified Fourier-Fick laws and heat generation. Variable fluid properties (temperature-dependent
conductivity) and double stratification characteristics are considered. Homotopy solutions [19-
25] are established for developed systems. Physical interpretation is given for various aspects
of sundry variables against the profiles of velocity, thermal and solutal fields.

Formulation

Here incompressible micropolar material stagnation point flow highlighting the
non-Fourier-Fick fluxes is modeled. The concept of heat generation is utilized for energy ex-
pression formulation. Double stratification and variable fluid properties (temperature-depen-
dent conductivity) are also considered. Non-linear version of mixed convection is introduced.
Application of boundary-layer theory yields the following governing expressions [15]:
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u=U,(x)=cx, v=0, N:—mo%, r=T,=T,+ax, C=C,=Cy+bx at y=0

(6)

u—U,(x)=ex, N>0, T >T, =Ty +a,x, C—> C,=C, +b,x when y— o

Here u,v indicate liquid velocities (horizontal, vertical), v — the kinematic viscosity,
p — the liquid density, k£ — the vortex viscosity, g — the gravitational acceleration, N — the mi-
cro-rotation velocity, f,,f, — the thermal expansion (linear, non-linear) coefficients, 7,7, —
the temperatures (fluid, ambient), j — the micro-inertia, C,C,, — the concentrations (fluid, am-
bient), f;,f, — the solutal expansion (linear, non-linear) coefficients, y* — the spin gradient
viscosity, 4, 4, —the relaxation time fluxes (thermal, solutal), 7, C, — the reference (tempera-
ture, concentration), a,,a,,c,b,,b,,e — the dimensional constants, O — the coefficient of heat
generation, m, — the boundary parameter, D — the mass diffusivity, and ¢, — the specific heat.
The conductivity K(T") dependent on temperature is given:

T-T,
K(T):Kw(1+gT —To) (7)

w

where K, signify ambient fluid conductivity and ¢ small parameter.
Employing [11]:

f7=y\E, u=cxf'(n), v=—Jevf(n), N=cx\/§g(77)

O =~—T=, gy =~ v
U_TW_TE)’ U_CW_CO
Equations (2)-(6) yield:
(A+K) "+ ff" = f?+Kg' + A[(1+50)0+ N(1+5,4)p |+ 47 =0 9)
(1+§Jg”+fg'—f!g—1<(2g—f")=0 (10)

(1450)0"+ 50" +PrSy,(S,f '+ [0~ f6")+PrSO -
—Pr(S. S 1O fO)=Pry (S f P+ [P O [0S [~ "0+ £70")=0 (1)
¢"—SC(S2f’+f'¢—f¢')—3072(Szf'2+f'2¢—ﬂ'¢—Ssz"—ﬂ"¢+f2¢")=0 (12)
£(0)=0, f'(0)=1, f'(w)—>4

(13)

g(0)=-myf"(0), g()—>0
0(0)=1-5,, (x)—>0 (14)
$(0)=1-5,, p()—>0 (15)

Here K = k/u denotes material parameter, 4 = e/c — the velocities ratio, A = Gr,/Re> —
the thermal buoyancy factor, Gr, =gpf (7T, — To)x3/ v? — the thermal Grashof number,
Re, = xU(x)/v —the Reynolds number, ¢ = 5, (T,, —T,)/f, — the non-linear thermal convection
parameter, N = Gr; /Gr, — the solutal buoyancy factor, Gr: =gB(C,, —Cy)/ v? — the solutal Gra-
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shof number, 6, = B,(C,, — Cy)/p; — the non-linear solutal convection parameter, Pr= uc,/K,,
— the Prandtl number, S, = a,/a, — the thermal stratified variable, & = Q/cpc,, — the heat generation
variable, (3, = A;¢, ¥, = 4,¢) (thermal relaxation time, solutal relaxation time) factors, S, = b,/b,
— the solutal stratified variable, and Sc= v/D- the Schmidt number.

The coefficient of skin-friction, C s is expressed:

T
=2 16
o (16)

where 7, characterizes surface shear stress provided below:

TW:{(,u+K)a—u+KN} (17)
a.y y:()
In non-dimensional variables one has:

Re)* C, =[1+(1-m))K]f"(0) (18)

Solution procedure and convergence

Here homotopy algorithm is selected for computation of egs. (9)-(12) subjected to
boundary conditions given in eqgs. (13)-(15). We select [15]:

Jo(m) = An+(1-A)1-e),  g,(n)=myexp(-1)
0 (1) = exp(=17),  ¢,(17) = exp(-77)
Lf:fm_f'a Lg:g”_g" Ly=0"-0, L¢:¢"_¢ (20)
where operators (L, L,, Ly, L;) expressed in eq. (20) have subsequent properties:

(19)

Lo (C+Ce" +Ce")=0, L,(Cie"+Cse")=0

Ly(Cee” +Cre™), Ly (Cee" +Coe™) =0
in which C, (i = 1-9) elucidate arbitrary constants.

The implemented scheme i. e. HAM involves auxiliary factors (7 ;,%,,7,,%,). These
factors effectively regulate series solutions convergence. Plots are portrayed for 13" order in
fig. 1. Suitable values for hiyshg,hy, and h, are -1.25<h,<-0.35, -1.2<nh, <-0.65,
-1.35<h,<-0.45, and -1.3 <71, <-0.4. Moreover, convergence of solutions is confirmed in
tab. 1. Cleraly 25" order approximations are sufficient for convergence of egs. (9)-(12).

21)

K=)=6=N=6=m,=5=5=02A=e=5=01,Pr=Sc=12,y,=y,=0.5 Results

This segment elucidates the extraordi-
nary characteristics of sundry variables vs.
temperature 6(77), concentration ¢@(77), and
coefficient of skin-friction Re!? C, via
figs. 2-10.

Influence of ¢ against () is scruti-
nized through fig. 2. As expected 6()
boosts subject to higher & estimations.
From physical perspective, liquid conduc-
tivity augments when ¢ is increased. As a
Figure 1. The 7i-curves sketch for f, g,6,and ¢ result, extra heat is transported towards lig-
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£"(0), 9'(0), 6'(0), #'(0),(0)
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Table 1. Convergence analysis of governing ordinary expressions for
distinct order approximations when K =A=6=N=6,=my=8,=5,=0.2,
A=e=85=0.1,Pr=Sc=1.2 and y, =y, =0.5

rder of " ' ' )
appgg;;m —£"(0) ~2'(0) —-0/(0) 20)
1 1.1375 0.89375 09113 1.5875
5 1.1131 0.8851 0.8161 1.5176
10 1.1129 0.8853 0.8147 1.5139
20 1.1129 0.8853 0.8147 1.5139
25 1.1129 0.8853 0.8147 1.5139
30 1.1129 0.8853 0.8147 1.5139

uid from surface and so () increases. Outcomes of Prandtl number vs. 8(r7) are expressed
through fig. 3. Larger Prandtl number estimation corresponds to less diffusivity which di-
minishes 6(77) and allied thermal layer. Figure 4 explains y, features on 8(77). It is witnessed
that higher values of y; yields 8(77) diminution. Here we noticed non-conducting behavior
when y; is augmented. Furthermore, 8(77) improves only for y;, =0 however it reduces for
7, > 0. Variations of 8(77) subject to S and S, are elaborated in figs. 5 and 6. Clearly ()
augments for larger S whereas it diminishes subject to larger ). Physically, consideration
of higher § provides extra heat amount in the system due to which 8(n) rises. Figure 7 re-
ports Schmidt number influence on ¢(77). One can see that ¢(r7) reduces when Schmidt

Figure 2. The ¢ influence vs. 8(77) Figure 3. The Pr influence vs. 6(17)

Figure 4. The p, influence vs. 6(r) Figure 5. The S influence vs. 8(r7)
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Figure 7. The Sc influence vs. ¢(77)
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Figure 10. The K and m, influences vs. C, Re

Final remarks

Figure 9. The S, influence vs. ¢(7)

number is augmented. In fact the expres-
sion of Schmidt number comprises mass
diffusivity. In other words, an increase in
Schmidt number delivers lowers mass dif-
fusivity. Hence ¢(77) decreases. Influences
of y, and S, against ¢(n) are disclosed
through figs. 8 and 9. These figsures clearly
demonstrate that ¢(77) is decreasing func-
tion of larger y, and S,. Figure 10 is por-
trayed to express the influences of K and m,,
vs. Re!? C,. Here Re!? C, rises when K
and m, are increased.

The present investigation has following worth-mentioning points:
e We noticed 6(n7) and @(77) are higher in cases of y;, =0=y, in comparison to y; >0 and

¥, > 0.

Consideration of higher S, and ¢ yield an improvement in 6(77) and ¢(77).
Thermal field 8(77) is lower for both , and Prandtl number, respectively.
Heat generation factor, S, causes extra heat amount.

Coefficient of skin-friction, Re?* C 1> rises when K and m, is enhanced.
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