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ARTICLE INFO ABSTRACT

In these days, due to the demand of compact systems the heat dissipation rate is subject
under discussion. Water cooling systems and air cooling systems are not that much
suitable in tiny systems sue to their structure. Therefore, using of nanofluids for heating
and cooling is preferred in industries, and by minimizing the structure of the system, cost
may also be minimized. By increasing the rate of energy transmission, nanoliquids aids in
strengthen the performance of thermal systems. Nanoliquids are widely employed in
many different applications including gasoline, automotive coolant and medical and
electrical equipment to lower heat resistance. In view of these applications, the main goal
of this research is to study the energy and mass transmission of micropolar nanofluid flow
through a vertical surface by incorporating viscous dissipation and Joule heating effects.
The flow model converted into nonlinear ODE’s via similarity variables. Furthermore triple
solutions are derived via MATLAB BVP4C package. Moreover, examination is performed
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to evaluate their stability. The investigation showed that only first result is stable
remaining two are unstable. The results reported that the temperature distribution shows
increasing behavior for the increment in Eckert number. While the velocity of the liquid
slow down on the increment in magnetic strength. In the same vein the temperature

analysis; BVP4C. distribution decreases for the increment in Brownian factor.

1. Introduction

The investigation of energy transmission for the boundary layer flow over a stretching/shrinking
surface has generated an extensive importance worldwide, since it has many engineering and
industrial applications, for instance, paper production, hot rolling, glass-fiber production, etc. [1-2].
Recently, due to the advancement in nanotechnology nanofluid has gained intension of the current
researchers. Nanotechnology has wide use as nanomedicine in the medical field. Few nanoparticles
have possible utilization in targeted medicinal products, novel diagnostic instruments,
pharmaceutical products and tissue engineering. Moreover, heat transfer ability of nanofluid is
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almost better than the regular liquid because of its thermophysical characteristics. In view of this
ability, researchers have utilized this energy transfer liquid in practical uses.

Nanofluid has utilized in several real life uses including vehicle radiators, refrigerators, cooling
systems, thermal energy storage system etc. Nanofluid is comprised by mixing nanometer-size
particles in regular liquid [3]. The numerical treatment for bio-convection of nanoliquid was
examined by [4]. Recently, shape characteristics effect on the flow phenomenon of nanoliquid was
studied by [5]. Furthermore, investigation of thermal analysis for nanoliquid flow on a sphere was
examined by [6]. Further, [7] probed nanoliquid flow phenomenon for thermal analysis through a
vertical cylinder.

Also, the numerical investigation by taking ternary nanoparticles for rotatry flow was discussed
by [8]. The effect of nanofluid stability on thermal efficiency has been investigated by [9]. Dual
solution for hybrid nanoliquid via stability analysis was obtained by [10]. Analysis of energy and mass
transmission for the flow of nanofluid by incorporating radiations was studied [11].

Soret and Dufour play significant role in the real life applications. A mass flux caused by change
in temperature known Soret effect which is referred as thermal diffusion. While energy flux cause by
change in concentration called Dufour effect. Soret and Dufour effects are very important for the
applications in industrial processes, geothermal energy, petroleum reservoirs etc.

The numerical investigation of nanoliquid with the impact of the Soret and Dufour was analysed
[12]. For nonlinear extendable surface with Soret and Dufour’s impacts the flow of Casson nanoliquid
was conducted [13]. Further Soret Dufour effect was along with chemical reaction investigated [14].
Soret and Dufour impacts by incorporating multiple slip effects through a flexible surface was
examined [15]. Moreover, a Soret and Dufour impact on MHD mixed convection through
extending/shrinking surfaces was calculated [16]. Three dimensional rotating flow of nanoliquid with
Soret Dufour effects was examined [17]. Soret and Dufour impacts on a flow across a vertical plate
in a porous medium were discussed [18].

MHD is an essential part of engineering applications and natural phenomena; it defines the
contact among electrically conducting liquids and magnetic fields. In real life magnetic field occurs
everywhere in the nature which indicates that MHD properties available under the presence of
electrically conducting liquids in natural phenomenon. It has many application for instance, in space
weather, plasma physics, and in power plants etc.

MHD helps us to improve our knowledge for plasmas and their performances in various
atmospheres. Thermal analysis of electrically conducting fluid flow of nanoliquid by incorporating
Joule heating was studied [19]. Further, [20] examined nanoliquid flow phenomenon with magnetic
field effect numerically. Moreover, the numerical treatment of magnetized nanoliquid flow for a
flexible surface was discussed by [21]. In the same vein [22] studied that magnetic field impacts are
very useful for x-ray, ultrasound and many electric vehicles. Whereas, the dual solution of nanoliquid
flow phenomenon with magnetic effects was examined by [23].

The role of viscous dissipation in boundary layer flow phenomenon for industrial applications is
remarkable due to which it becomes hot area of research. It has many applications in heat
transmission for instance apparatus chilling, internal freezer and chiller. The numerical investigation
viscous dissipation on hybrid nanoliquid was examined by [24]. Recently, [25] examined the viscous
dissipation impact on the nanoliquid flow phenomenon for a vertical cone numerically. Furthermore,
for nonhomogeneous nanoliquid flow phenomenon with viscous dissipation for stagnation flow was
examined by [26].

The main aim of this research is to analyze the impact of Joule heating and viscous dissipation on
micropolar nanoliquid flow through a vertical surface. This study has many uses in energy
transmission such as internal freezer and chiller, vehicle thermal controlling, curative progressions
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and firewood cells. The primary goals of this investigation are to evaluate the multifaceted physical
significance of key flow parameters including thermal radiation and Dufour impacts, viscous
dissipation, Joule heating and porosity through detailed graphical analysis. Furthermore, the stability
analysis for multiple solutions of micro-rotational nanofluid flow with Brownian motion,
thermophoretic effects, Joule heating and viscous dissipation through permeable vertical surface
offers novel insights. In view of author best knowledge there is no study conducted to find the triple
solution for micropolar nanofluid flow with Joule heat and viscous dissipation impacts. Therefore, in
order to fill this research gap this study has been conducted.

Moreover, the utilization of Soret and Dufour impacts play a key role in practical applications
including nuclear reactors, production of plastic sheet, cooling electronic devices, polymer
manufacture and ceramics. Whereas, for various technology systems a high temperature required
which can be possible with thermal radiations, thus thermal radiations are uses in solar systems,
electric devices and in exploration of space missions.

The rest of the article is organized as; in the next part 2, the problem formulation is provided. In
part 3, we provide the detail of stability analysis. In part 4, we discussed the numerical and graphical
results. The main finding of this research work is presented in the part 5.

2. Problem Formulation

An incompressible Micropolar nanofluid flow over a vertical surface by incorporating Joule
heating and viscous dissipation is considered. The stretching/shrinking sheet is supposed to have
velocity u,,(x) = ax™, with variable surface temperature T, (x) = T, + bx?™1 along with wall
concentration C,,(x) = C, + cx?™1, where a, b, ¢ are constants. The magnetic field is taken an
inclined to the surface. Further, thermal radiation effects are considered in this study. The flow model
with coordinate system is presented in Figure 1. The limitations and assumptions in this study are

e The vertical surface is porous.

e g represents the gravitational acceleration.

® B, is taken as magnetic field strength.

e Soret effect and viscous dissipation incorporated in energy equation.
e Dufour impact incorporated in mass equation.

Momentum boundary layer

Thermal boundary layer

Concentration boundary layer

Uy

Stretching sheet

By
Nanoparticles

A S B S T B R e B o B

o

Fig. 1 Flow structure with coordinate system

The flow equations in view of above mentioned asumptions can be expressed in the form.
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V. V == O, (a)

pz—z = (u+ K)V2V + kVN — 6B?cosyV + g[ Br(T — Ts,) + Bc(C — Co)], (b)
AN o

P =VV N —k(2N -V xV), (c)

pc, = = (k)V2T + o (pcp)[D5VC. VT + 22 Dr = (VD)?] - DCKT V2C + 6B2cosyu? (d)

%L = pyv2c + 2L ver 4 Znlfrger (e)

dt Teo T

In view of [27, 28] above model converted into

ou av

ox oy 0 (1)
p(uZ—Z+v ) =(u +k)gi;;+kg—1;— oB?cosyu + pg[ Br(T — Tw) + Bc(C — Co)] (2)
W2 L2 (o 4 22 "
u‘;—i+ vg—;= (a + 136;??3>%+ (%;l:)) (6y) + Ty [DB Z—}C}Z—;+ %(Z—;) ] DC’:?;T g ¢ +—cosyu (4)

Subject to boundary conditions

v=vw;u=/1uw(x);N=—ng—;;T=TW;C=CW at y=0
Uu->0;v-50; No0; T>Tyw; C—-Cy at y—-> o (6)

Where u and v represents the velocity coefficients along the x-axis and y-axis, respectively. While
p, k,j, N,v,y are density, vortex viscosity, micro-inertia density, angular velocity, kinematic viscosity,
spin gradient viscosity, respectively. K*, * mean absorption factor, and Stefan-Boltzmann constant,
respectively. D,,, Dg, Dy, Ty, K show the mass diffusivity, Brownian motion, thermophoresis
diffusion, fluid mean temperature, thermal diffusion ratio parameter. Whereas, A is
stretching/shrinking factor where 4 < 0 denotes a surface that is shrinking while 4 > 0 denotes a
surface that is expand. The similarity variables utilized for this research are given as.

(m+ 1Dva ax™! (m+ 1axm-1

u=ax"f', v= - mef—}/f (m-1), n=y o )

_ m |am+1)x™m-1 _ (T-Tw)
N= ax /—ZV h(n), 0(n) = —=

The following ODEs are obtained by utilizing the similarity variable from Eq. (1) to Eq. (5).
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A+K)f" +Kh' + ff" + (ﬁ) (Gr 0 + Gc ¢) — (%) F7— (%) cosyf' =0 (8)
(1) h = () b = () @+ 70 =0 o
—(1+5Rd) 6" + Nb6'¢p' + Nt 0> + EcMf'cosy + 6'f — Df ¢ + (1+ k)Ecf"? = 0 (10)
¢ +--0" +SrScO" +¢'f Sc =0 (11)

Here, primes represent the differentiation with respect to n.
=2 M= Np=wPEwCo) K py 40T o G pp VgV
pCp pa ’ v ! v’ kk* '’ ReZ ’ a’ Dp

The associative boundary conditions take the form:
fQO)=fw, f'(0) =2, h(n) =-nf"(m), 6mM=1  ¢m=1f'®M -0,
h(n) -0, 6(0) > 0,p(0) >0 asn—> o (12)

1 m-1 . .
Here, v, = — /% xCZ ) denotes suction factor, f,, > 0 for suction. For the current

problem, Nusselt, Sherwood number, and skin friction given as follows:

_ Xqw — Xqm — Tw
N = -1y S = Dty & = uyap (13)

When,
160*T°3°) aT

ac 5}
qQw = —(k+ 3K ay ’ dm = _DBg; and Tw:(.u-l'k)%_'_k]v (14)

The relevant skin friction factor is Cry = (1 + (1 —m)K)f"(0), local Nusselt number
—6'(0), and the Sherwood number is —¢' become in the form

—6'(0) = Nt , —¢'(0) = =22 ¢..(0) = C /LRe (15)
(1+§Rd) m+1Rex ’mglRex fx f m+1 x

2

Uy X

Where, Re, = - -
3. Stability Analysis

In this research work, more than one solution was found; therefore, in order to find a stable
solution, a Stability analysis is performed. For finding a stable solution via stability analysis, first of
all, it is necessary to convert the flow model into an unsteady flow, for which we introduce a new
variable 1. Therefore, a new form of the flow model in unsteady form is

B P P a2 aN
p (6—1:+ u£+ vﬁ) =(u+ k)# + kE_ oB%cosyu + pg[ Br(T — To) + Bc(C — Co)] (16)
oN oON oON 1 %N ou
(Gerusetvsy) = [r5r—k(ev+3)] (17)



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 138, Issue 1 (2026) 1-14

oT oT oT 160*Ts 3\ 92T +k ac aT Dy (9T\2 DmKr 9%C
(24wl 4 p20) = (g 4 26Tt 2T (k) (9u)? [y 0607 | or 9TV _ Dy 2P
at d0x ay 3k*pCy ) 0y? pCp ay dy dy Too \Oy CsCp 0y?

oB?

Ecosyu (18)
ac ac 9%C . Dr 0°T | DymKr 9°T
(Getuss+vsy)=Degi+ o+ 2T 20 (19
The following are the new similarity parameters that have been presented:
. m9f(m,7) _ _ |Gn+1)va XM af(n T) ax™1 _
U= ax o v = Py fn,t) —y—=+— > —(m-1)
n=y ‘%’ T = axm_lt N = ax™ ’a(rn+3xm_l h(n'-{)’
_ (T-Tw) _ (C Coo)
8(’7) T) - (Tw_Too) d)(nl ) - -C ) (20)
Eq. (16) to Eq. (19) are used to obtain it by using Eq. (20).
2 2 9*f 2m Of., 2M of _
1+ K) + K +f + (Gr 6 + Gc @) e e (617) i1 COSY 5o = 0 (21)
9%h oh 3m—1 of 2K 0%f 2 0h _
(1+ )an + a—(mﬂ)ha—m(z“ﬁ)—ma—o (22)
20 0 26 d
—(1+3% Rd) +Np22 "t Nt )2 o ge + EeM (é) cosy + f 22 + Df $+Ec(1+
K (62f ) —0 (23)
92 ¢ ¢ Nt 920 2 a¢ _
+- fS +Nb6n — Sc+ Sr Sc——O (24)
Subjected to boundary settings
2
FO0,7) = fi L02 =2, h(0,7) = 25D, 0(0,0) = 1, $(0,7) = 1
%’;‘”ﬁo,h(n,r)—>0,9(n,r)—>0,¢(n,r)—>0 asmn — (25)
The perturbation function's goal is to investigate any possible disturbances in the solutions.
f(m) = fo(m),h(m) = ho(),0(n) = 6,(m), (1) = $o(M)
fm,0) = fom) + e *"F(m)
h(n,7) = ho(n) + e™*"H(n)
6(m,7) = 6o(n) + e =G (1)
¢, 1) = po(m) + e*'S() (26)

Where smallest eigenvalue is ¢ and F(n), H(n, G(n), S(n)are small relative to
fom), ho(m), 8o(m), do(n) respectively. Eq. (26) is used to create the linearized eigenvalue
equations for Eq. (21) to Eq. (24), which generate the following:

(14 K)F)" + KH, — (( +1)) Fy[M —e—2mfj] + (( +1)) [GrGy + Ge So] + foFy + Ff) (27)
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K 7 2 2K 7 ’ ’ 3m-1 ’ ’
(143) Hi' = G Ho2K — €) = s o' + foHg + Fohty — (=) [Hofg + hoFig] = 0 (28)
—(1+5Rd) Gy + O5[Nb S§ + Nt 2G4 + Fo] + G4 [Nb ¢ + fo] + £Go + 2EcMcosy fFs — Df Sy +
Ec(1+K)fI'FY =0 (29)
S§ + GYl |n5 + S1 Sc| + Sc eSo + GFo + Sifo = 0 (30)

With boundary conditions:
Fo(0) = 0,F3(0) =0,  Ho(0) = —nFg'(0), Go(0) =0, So(0)= 0

Fo(n) = 0,Ho(m) = 0,Go(0) = 0,5(0) >0 asn—co (31)

As stated by [29], variables Hy = 1 is used in place of the boundary conditions H,(n) — 0 as
1 — oo In order to make sure that the least nonzero eigenvalues are produced accordingly.

4. Results and Discussion

In this research work Joule heating and viscous dissipation along with inclined magnetic effects
have be discussed numerically for micropolar nanoliquid flow on a nonlinear extending/contracting
surface. The governing equations of micropolar nanofluid flow Eq. (8) to Eq. (11) according to the
boundary conditions Eq. (12), are numerically elucidated to examine the flow and thermal
performance of the liquid. The flow characteristics are examined in graphical form. Table 2 describes
the contrast among current results and already published work [30]. The obtained results are showns
good agreement with available published work.

Table 1

Contrast of (Cf(Rex)%) against Kand n=0,0.5 forA =1, wheny = 1,57,Df,Ec,Rd = 0.
n=>0 n = 0.5

K Hayat et al. [30] Present Hayat et al. [30] Present

0 -1.000,00 -1.000,00 -1.000,00 -1.000,00

1 -1.367,870 -1.367,870 -1.224,739 -1.224,739

2 -1.621,222 -1.621,222 -1.414,214 -1.414,214

4 -2.004,129 -2.004,129 -1.732,047 -1.732,047

Triple solutions have been obtained in this research by employing Stability analysis. Eq. (27) to
Eg. (30) have a small eigenvalue, which is obtained via bvp4c MATLAB solver. With reference of [31]
presents that an unstable flow with an initial change of disturbance is inferred by a negative lowest
eigenvalue, whereas a positive smallest eigenvalue express a stable flow with an initial fall of
disturbance. Table 2 presents the values of smallest eigenvalue. The first solution is available for
positive smallest eigenvalue (¢ > 0), while the second and third solutions are available for negative
smallest eigenvalue (¢ < 0). For positive value of € (¢ > 0), solution is stable while for negative value
of € (¢ > 0), solution is not stable and feasible. Therefore, the decisions taken depend on first
solution results. Moreover, there is quiet mathematical importance in the second and third solutions.
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Table 2
different values of K and f,, for smallest eigenvalue
&

K fw 1t Solution 2" Solution  3"Solution
0 3 0.44122 -1.02391 -1.02112
0 2.5 0.36221 -0.66541 -0.65441
0 2 0.01426 -0.10150 -0.10240
1 3 0.36726 -0.75005 -0.64004
1 2.5 0.11161 -0.43401 -0.28570
2 3 0.23073 -0.48260 -0.41260

Figure 2 exhibits the velocity distribution behavior against magnetic field parameter M. The graph
presents the velocity distribution for triple solutions for which necessary to fulfill the boundary
conditions. The growth of magnetic field strength cause reduction in the velocity distribution in the
first solution, the logic behind this behavior is rise in Lorentz force. In view of Lorentz force
characteristic it creates high resistance which is the motive behind the decline of momentum
boundary layer thickness. Moreover, in the second and third solutions, the velocity distributions
shows increasing pattern against the growth of magnetic field’s effect.

Figure 3 presents velocity distribution against the variation of n. It is clear from the graph the
velocity distribution and boundary layer thickness both improve with the increment in n all 1st, 2nd
and 3rd solutions. Physically it happens due to the shear thinning/thickening behavior of the liquid.

0
Nb=0.1
Nt=0.1 Nb=0.1
0.2 1st Solution Pr=1.0 Nt=0.1
2nd Solution ——— Rd=0.2 TetSomton Pr=10 | -
3rd Solution Ge=0.1 2nd Solution Rd=0.2
m=0.1 3rd Solution Ge=0.1
0.4+ n=05 m=0.1
Sr=0.9 M=0.1 b
- D, =0.1 Sr=0.9
£ .06H K=03 | - by=01
.- Gr=09 £ K=03
A=-12 R Gr=0.9
- A=-12
' -0.8 1
-1 4 1
1.2 : : ‘ ‘ 1.2 ‘ ‘ ‘ ‘ |
0 1 2 3 4 5 6 7 “o 1 2 3 4 5 6 7
N 1
Fig. 2. Velocity profile variations for various M Fig. 3. Velocity profile variations for various n values

values

Figure 4 exhibits velocity of the liquid against variation of buoyancy parameter Gr. The buoyancy
forces help to move fast the fluid flow because the viscous force reduces in this case therefore the
fluid velocity graph shows increasing behaviour against the increment of buoyancy factor Gr. The
velocity distribution displays increasing pattern in all solutions.

Figure 5 exhibits the influence of material factor K on the microrotation profile. The result
presents the boundary layer thickness drop in the case of increasing material parameter value K for
the 1st solution while the second and third solutions show increasing behavior with the growth of
material parameter K.
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Nb =0.1
02 Nt=0.1
1st Soluton ————— Pr=1.0 05+ Ist Solution Pr=1.0
2nd Solution ———— Rd=0.2 . 2nd Solution  —— Rd=0.2
04 3rd Solution Gec=0.1 3rd Solution Gec=0.1
m=0.1 m=0.1
M=o0.1 M=0.1
Sr=0.9 -1 Sr=09
A-O.G D, =0.1 - D, =0.1
= E !
-~ K=0.3 ; Gr=0.5
‘-.057 n=05 n=05
-
-2
1.2
14 ‘ ) ‘ ‘ ‘ 25 ‘ ‘ ! ‘ ‘ )
0 1 2 3 4 5 6 0 1 2 3 4 5 6
7 !
Fig. 4. Velocity profile variations for various Gr values Fig. 5. Microrotation profile variations for various K

values

Figure 6 presents the temperature distribution decline for all three solutions with the growth of
thermal radiation Rd. The thermal boundary layer and rate of heat transmission both decline in the
first, second and third solutions by increasing thermal radiation.

Figure 7 exhibits the effect of Brownian motion factor Nb on temperature distribution. The result
express the temperature of the liquid increases with the growth of Brownian motion factor Nb.
Logically Brownian motion is an irregular movement of the liquid particles which helps to generate
heat which becomes cause of increment in the temperature of the liquid. Finally first, second and

third solutions present increment in temperature distribution
1 T T T T - 1

Rd=1.0

0.9 f Nb =0.1
Nt=0.1 Nt=0.1
1st Solution ——— Pr=1.0 1st Solution ——— Pr=1.0
0.8 | 2nd Solution —— K=1.0 2nd Solution K=10
\ 3rd Solution Ge =‘0_1 3rd Solution Gc=0.1
0.7 m=0.1 m=0.1
M=0.1 M=0.1
0.6~ Sr=0.9 Sr=0.9
Py D,=0.1 = D,=0.1
= f =
< 057\ Gr=05 g Gr=05
® n=05 n=0.5
A\ = =-1.2
0.4 \ Ec-='11-.20 Ec=1.0
03 \\\
0.2
0.1
ol . . . . . 0 -
2 25 3 35 4 45 0 1 2 3 4 5 6
n n
Fig. 6. Temperature profile variations for various Rd Fig. 7. Temperature profile variations for various Nb values

values

Figure 8 elucidates the effect of the thermophoresis paramter Nt on temperature distribution.
The graphical result illustrates that the thermal boundary layer thickness and the temperature
distribution both show increasing behavior against the growth of thermophoresis factor Nt

Figure 9 represents the impact of Eckert number on the temperature distribution. As Eckert
number describe the heat dissipation with in the thermal boundary layer. Therore logically by
improving Eckert number values the heat dissipation produce with in the thermal boundary lay in
return the temperature distribution profile shows increase behavior in all three solutions.
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Rd=1.0 Rd=1.0
Nb =0.1 Nb =0.1
1st Solution Pr=1.0 1st Solution ____ Pr=1.0
2nd Solution —— K=1.0 2nd Solution —— K=1.0
3rd Solution Ge=0.1 3rd Solution Ge=0.1
m=0.1 m=0.1
M=0.1 M=o0.1
Sr=0.9 Sr=0.9
D’= 0.1 DI= 0.1
= Gr=05 Gr=0.5
A=-1.2 A=-1.2
Ec=1.0 Nt=0.1
-
" L L L o — n
3 4 5 6 0 0.5 1 15 2 25 3 3.5 4 4.5
n n
Fig. 8. Temperature profile variations for various Nt Fig. 9. Temperature profile variations for various Ec
values. values

Figure 10 exhibits Brownian movement of the particles drops the concentration distribution of
the flow phenomenon in all three solutions. Logically concentration boundary layer thickness reduces
against the increment in the Brownian motion factor Nb. Figure 11 presents the impact of
thermophoresis factor on the concentration distribution. The graphical representation shows that
the concentration distribution increases for all three solutions because the boundary layer thickness
increases for the growth of thermophoresis factor Nt.

4 6

Rd=1 Rd=1.

Nt =0. 5F Nb =0.

1st Solution Pr=1. 1st Solution ——— Pr=1.1

2nd Solution ——— K=1. 2nd Solution K=1.0

3rd Solution Ge=0 3rd Solution Gc=0.

m=0. 4 m=0.1

M=0.: M=0.1

Sr=0. Sr=0.

D,=0. = D,:O.

Gr=0. =3 Gr=0.

n=0.5 he n=0.5

Ec=1. Ec=1.

2 |Ee=1.

1
‘ o . ‘
2 25 3 35 0 05 1 15 2 25 3 35
n n
Fig. 10. Concentration profile variations for various Nb Fig. 11. Concentration profile variations for various Nt
values values

Figure 12 shows the impact of Dufour factor (Df) on the temperature profile. The temperature
distribution contour presents the temperature profile increases in first second and third solution,
logically the mass diffusion rate increases. With the increment in mass diffusion-induced, more
effective energy transfer. Therefore, with the growth of Df the temperature profile increases. Figure
13 presents the influence of Soret number Sr on concentration distribution. The graph of
concentration distribution shows increasing behavior in the first, second and third solutions for the
increment in Sr. Physically, the increment in Sr it becomes clear that temperature gradients
contribute significantly to species diffusion, which raises concentration.

10
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1 1
Rd=0.1 Rd=0.1
Nb=0.1 1 0.9 No=01]| |
M=0.2 M=02
1st Solution ——— Pr=1.0 4 0.8 Pr=10 | +
2nd Solution fw=35 ) 1st solution fw=35
3rd Solution A=12 2nd solution A=12
K=02 b 3rd solution ——— K=02 |
Ge=0.1 Ge=0.1
Gr=0.9 4 Gr=09 4
D,=0.1 DI=0‘1
Ec=0.1 | G Ec=0.1| |
Nt=0.1 I Nt=0.1
m=0.1 m=0.1
n=0.5 — n=05 1
. N -
6 7 0 0.5 1 1.5 2 2.5 3 3.5 4
n K
Fig. 12. Temperature profile variations for various Fig. 13. Concentration profile variations for
Df values various St values

5.5

1st solution
2nd solution

- 3rd solution

3.5

2.5
S —
ED (

0.5

0.5 Ay = —1.2321

Agz =-—1.7621 A, =-1.5313
-1.5
fw=0.1,0.3, 0.5
-2.5
-2.5 -2 -1.5 -1 0.5 0 0.5 1

Fig. 14. —6'(0) versus A for different changes in f,,,.

Furthermore, figures 14 and 15 shows changes in heat and mass transmission rates against
stretching/shrinking factor along with changes in suction factor and magnetic effect. These graphs
portray two solutions merges in one another at critical values denoted by 4. ,4.,,4., against
changes in suction factor. Figure 14 shows second and third solutions join each other at critical points
while first solution move continuously in the same way. Figure 15 portrays mass transmission rate
against different values of M. It shows an increasing behavior for changes in suction factor.
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5. Conclusion

In this study triple solutions of the micropolar nanofluid flow were obtained by performing
stability analysis. Further Joule heating along with viscous dissipation are taken in account. In addition
the stretching/ shrinking surface is porous. Moreover, Soret and Dufour impacts along with inclined
magnetic field are considered in the research work. The numerical outcomes were recovered by
utilizing bvp4c solver. While for the authenticity of current results a contrast with already published
work performed and found a good agreement between results. The main findings of the study under
consideration are:

1.

ouneswn

The temperature distribution reduces with the growth of thermal radiations.

The concentration distribution upsurges by improving N;.

Eckert number improves the temperature distribution of the liquid.

Mass transmission rate increases with the increment in magnetic strength.

Heat transmission rate increases with the enhancement of suction/injection factor.
It is observed first solution is physically stable while remaining two are unstable.

In future this study of micropolar nanofluid flow can be extending for many geometries including,

disk, cylinder, sphere, cone and many more.
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