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ABSTRACT

The study investigated how thermo diffusion alters fluid properties, the heat absorption
capacity of permeable media, the stability of MHD heat transfer in Jeffrey nanofluid
under convective boundary conditions, and key dimensionless factors governing the
flow. The mathematical model was initially transformed into ordinary differential
equations via Lie symmetry group renovation. These renovated equations were then
numerically solved using a bvpdc MATLAB solver, with outcomes presented through
graphs and tables. Model validation against the published results demonstrated excellent
agreement, with a maximum relative discrepancy of approximately 0.00021% in the
reduced skin-friction values. The porosity, magnetic and Jeffrey parameters notably
diminishes the velocity of Jeffrey nanofluid. Significant enhancements in temperature
flow were observed with the inclusion of nonlinear thermal radiation, heat source-sink
parameters, and the Biot number. Additionally, the Soret parameter positively influences
mass transfer, while the Lewis number and chemical reaction parameters act as
stabilizing factors. Considering the unique properties of Jeffrey fluids in conjunction
with nanomaterials, the findings of this study are anticipated to hold practical
significance in industries such as polymer, metallurgy, chemicals, and automobiles.

Porous Material, Thermophoresis, Thermodiffusion, Nonlinear Thermal Radiation, Heat

Keywords: Source-Sink

INTRODUCTION

The impact of Soret has been adopted by countless
researchers in their work, which is crucial from an
engineering standpoint for the storage of petroleum
reservoirs, nuclear waste, and other materials. Soret's effect is
the temperature slope, which is caused by mass fluxes that are
located in the mass equation. Irfan and Muhammad (2023)
looked at the computational framework of MHD radiative
heat transfer to carreau nanofluid with Soret-Dufour effects
and activation energy. The impact of thermo-diffusion and
diffusion-thermo on magnetohydrodynamic heat and mass
transmission in a tube was discussed by Khan et al. (2017). It
was observed that by enhancing diffusion-thermo and thermo-
diffusion, mass and heat transmission are progressive. Using
an extended sheet, Bidemi and Ahamed (2019) also with
Williams and Yabo (2024) examined magnetohydrodynamic
nanoliquids, addressing both diffusion-thermo and thermo-
diffusion aspects of their research. Diffusion-thermo
decreased the mass transfer, while thermo-diffusion
developed the heat transfer. These studies demonstrate that
Soret mechanisms can substantially modify the coupled
thermal and concentration fields. However, most existing
investigations have considered these effects in relatively
different fluid models and geometries, with limited attention
to their combined interaction with Jeffrey fluid behaviour,
porous-medium resistance, and nonlinear thermal radiation.
This provides motivation for incorporating cross-diffusion
effects into a more comprehensive non-Newtonian MHD flow
model.

A nanofluid is a based fluid that contains dense, minute
particles. Examples of nanofluids include ethanol fuel, oil,
water, glycol, and so on. Nanofluids can also be thought of as
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a method of amplifying the effect of heat transfer in liquids.
Car engines and welding equipment can be treated with
nanofluid to lower the temperature of high heat flux devices,
like high microwave tubes. Transportation, nuclear reactors,
home refrigerator engines, biomedicine, food storage, fuel
cells, and microelectronics are just a few of the industries that
can benefit from nanofluid. The Sutterby nanofluid flow
under shear thickening and shear thinning behaviour over
biaxially stretchable exponential and nonlinear sheets was
examined by Ishtiaq et al. (2023) for variable physical effects.
The impact of heat source-induced thermal slip-on trihybrid
nanofluid flow across an extended surface was investigated
by Ali et al. in 2023. Three distinct shaped nanoparticles were
used by Hasnain et al. (2023) to assess thermal growth in
ternary nanofluids based on motor oil and water over linear
and nonlinear stretching sheets. Powell nanoliquid with the
appearance of viscosity was found in an upright partition by
Lawal et al. in 2022. By using thermophoresis and advancing
Brownian motion, the temperature outline accelerates and
takes the inverse case for fluid concentration. Analytical work
was done by Aman et al. (2017) to thin out the Casson liquid
stream of different convective heat transfer of multiwall and
single-wall carbon nanotubes on a perpendicular sheet.
Interval fractional offshoots were examined by Aman et al.
(2018) using convective magnetohydrodynamic nanofluid
flow in an expanding surface. Recycled nanofluid can be used
in manufacturing facilities to create solar energy resources. In
aparallel plate, Abbas et al. (2020) investigated the Rosseland
approximation for heat radiation and leaky nanoliquid
surfaces. Sobamowo (2018) examined how nanoparticles
along an expanding sheet are affected by
magnetohydrodynamics. Brownian motion and
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thermophoresis were included in the magnetohydrodynamic
heat transfer flow of nanoliquid along a parallel plate that was
conducted by Das et al. (2017). Recently, Disu et al (2026)
reported on MHD hybrid nanofluid in a vertical channel with
engine oil as the base fluid under Poiseuille and Couette flow
Collectively, these investigations establish the importance of
non-Newtonian behaviour, nanoparticle transport, Brownian
motion, thermophoresis, and thermal radiation in controlling
heat and mass transfer. Nevertheless, the existing Jeffrey
nanofluid literature has generally treated these mechanisms
separately or in limited combinations. In particular, the
simultaneous effects of Soret diffusion, porous resistance,

Table 1: Nomenclature
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nonlinear thermal radiation, magnetic forces, and Jeffrey fluid
parameters remain insufficiently explored.

Nonetheless, a conventional method for obtaining
correspondence reduction of nonlinear differential equation is
the Lie group technique. Partial differential equations can be
converted to ordinary differential equations with fewer
variables by applying the similarity transformation. Scaling
group conversion, a unique type of Lie group analysis that is
frequently employed in nonlinear dynamical structures, is set
up to create similarity transformations. Numerous scholars,
such as Ahmad et al. (2022), Rashidi et al. (2014), and
Kandasamy et al. (2011), use the Lie group.

Symbol Description Symbol Description
Pr Prandtl number M Magnetic parameter
Ra Rayleigh number Le Lewis number
Nr Buoyancy ratio Nb Brownian motion parameter
Nt Thermophoresis parameter N Thermal radiation parameter
B, Magnetic field strength pr Density of base fluid
u,v Velocity components along X, y-axis T Temperature variable
(pc)p Nanoparticles specific heat Co Ambient liquid concentration
T Heat capacity ratio 0y Stefan-Boltzmann constant
C Nanoparticles concentration Qo Non-uniform heat generation
K* Mean absorption coefficient ki Absorption coefficient
Teo Ambient liquid temperature Q Heat source/sink
(pc)f Fluid specific heat Bi Biot number
B Deborah number Ct Temperature ratio
S Mass transfer parameter K Thermal conductivity
Dg Brownian diffusion Dy Termophretic diffusion
Cy Specific heat at constant pressure K Porous material
U Free stream velocity of the flow Cw Reference concenteration
Ty Reference temperature g Gravitational acceleration
f Dimensionless velocity Sr Soret parameter
U(x) Velocity of the exterior stream B(x) Transverse magnetic field
Voo Condition far away from the plate b Constant
y Chemical reaction parameter o Electrical conductivity

v Kinematic viscosity
A Relaxation time
Y Stream function
¢ Dimensionless concentration
w

A Jeffrey parameter

n Similarity variable

0 Dimensionless temperature
a Thermal diffusivity

Volumetric thermal expansion coefficient of

the base fluid

The researchers working in fluid technicality have been
informed of a completely new trend by the invention of
Jeffrey nanofluid. Muhammad et al. (2021) Jeffrey nanofluid
heat transfer using reflected magnetohydrodynamics using
parallel plates. Thermophoresis was employed to demonstrate
the identification of nanofluid Brownian motion. Convective
conditions of the magnetohydrodynamic Jeffrey nanoliquid
on a perpendicular plate were presented by Hayat et al.
(2017). In an upright plate, Reddy and Makinde (2016)
examined the MHD flow of Jeffrey nanofluid. They converted
the system of partial differential equations into an ordinary
differential equation system by making wavelength
assumptions. In a perpendicular channel, Wagas et al. (2019)
reported linear thermal radiation using an external heat
source-sink of Jeffrey nanofluid. The MHD Jeffrey
nanoliquid was strengthened by Abbasi et al. (2016) using
thermophoresis and Brownian motion in the flow.

Because porous materials are used in nuclear reactors,
automobile industries, food processing and storage, fibre
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insulation, and other fields, they have drawn a lot of attention
from researchers throughout the years. The Dufore effect
across a parallel plate and Jeffrey nanofluid with porous
material were studied by Michael and Isah (2023). The
artificial neural network method was created by Nasir et al.
(2023) to forecast the thermal transport study of nanofluid
inside a porous enclosure. The fluid's velocity was positively
impacted by the porous material's action. Rana (2021)
discussed the Darcy model for a porous media using Jeffrey
nanofluid as the basis fluid in a convective Jeffrey nanofluid
flow. Zin et al. (2017) investigated magnetohydrodynamics
(MHD) with thermal radiation and a porous media.
Convective heating conditions on the flow of Jeffrey
nanofluids with coupled porous and magnetic effects were
demonstrated by Khan and Shehzad (2020). These studies
confirm that porous resistance can significantly alter
momentum and thermal transport and that its interaction with
magnetic and non-Newtonian effects is important in
engineering flow systems. However, most existing porous-
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medium studies involving Jeffrey nanofluids do not
simultaneously incorporate Soret diffusion, nonlinear thermal
radiation, and internal heat generation or absorption. A more
integrated treatment is therefore required to understand the
coupled influence of these mechanisms on heat and mass
transfer.

Furthermore, because of its potential use in engineering
projects, nonlinear thermal radiation on a conducting heat and
mass transfer on stretched sheets has garnered the interest of
numerous researchers. In engineering operations where high
temperatures are necessary for optimal performance, it is
increasingly significant. Nonetheless, it is helpful in industrial
processes like gas turbines, liquid metal fluid, power
generation facilities, and others where the quality of the final
output depends on heat regulation. In the presence of
nonlinear thermal radiation, Bafakeeh et al. (2022)
investigated the heat and mass transfer flow of nanofluid in
an extended sheet with the result of porous medium and
magnetic ~ force.  Electrically ~ conducting  viscous
incompressible heat and mass transfer flow of mixed
convection of nonlinear thermal radiation  with
suction/injection were hashed out by Jha and Samaila (2022).
Other investigations on nonlinear thermal radiation include
Isah et al. (2022), Abdullahi et al. (2022), Yabo et al (2023),
Michael et al. (2023), Disu et al (2025), and Shuaibu et al
(2026). The above studies demonstrate that nonlinear thermal
radiation can substantially modify temperature distributions
and heat-transfer rates, particularly when coupled with
magnetic fields, porous resistance, and internal thermal
effects. However, the combined influence of nonlinear
thermal radiation with Jeffrey fluid behaviour and Soret effect
remains relatively underdeveloped. This limitation is
particularly important for vertical-channel configurations
where buoyancy, magnetic forces, porous resistance, and
coupled heat and mass transfer can interact simultaneously.
Although considerable progress has been made in the study of
MHD nanofluid flow, heat and mass transfer, Soret effect,
Jeffrey fluid behaviour, porous media, and nonlinear thermal
radiation, the existing literature largely considers these
physical mechanisms in isolation or in limited combinations.
In particular, there remains a need for a comprehensive
investigation that simultaneously accounts for Soret diffusion,
nonlinear thermal radiation, porous-medium resistance,

G
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Jeffrey fluid characteristics, magnetic effects, and heat
generation/absorption in buoyancy-driven flow through a
vertical channel. The interaction of these mechanisms may
significantly influence the velocity, temperature, and
concentration distributions and, consequently, the skin-
friction coefficient, Nusselt number, and Sherwood number.
Motivated by this gap, the present study investigates the
combined effects of the Soret mechanism, nonlinear thermal
radiation,  porous-medium  resistance, Jeffrey  fluid
characteristics, magnetic field, and heat generation/absorption
on MHD buoyancy flow and heat and mass transfer in a
vertical channel. Lie group analysis is employed to transform
the governing partial differential equations into a system of
ordinary differential equations through appropriate similarity
transformations, while the resulting boundary-value problem
is solved numerically using the MATLAB bvp4c solver. The
study provides a comprehensive assessment of the influence
of the governing parameters on the velocity, temperature, and
concentration fields, as well as the skin-friction coefficient,
Nusselt number, and Sherwood number. The results are
expected to provide useful insights into the coupled transport
mechanisms relevant to thermal management and other
engineering applications involving electrically conducting
non-Newtonian fluids.

MATERIALS AND METHODS

Flow Examination

Mathematical Formulation

Figure 1 present the flow geometry of two- dimensional free
convective boundary layer flow of conducting Jeffrey
nanofluid over a stretching sheet with nonlinear thermal
radiation and porous material in the present of Soret effect.
The flow is assumed to be in the x-direction which is taken
along the plate and y-axis is normal to it with the non-uniform
velocity U (x)and a uniform transverse magnetic of strength

B(x) == and V(x) is the momentum of suction/injection,

the energy wall is represented with T,, and the wall of
concentration withC,,. Also in the flow, effect of
thermophoresis and Brownian motion are taken into account.
The magnetic Reynolds number of the flow is taken to be
small enough so that induced magnetic field is assumed to be
insignificant in contrast with applied magnetic field.

Figure 1: Geometry of the Flow for
Porous Stretching Sheet

Applying the Boussinesq approximations we obtain the
following governing equations as Ahmad et al. (2022)

Du

nm ?
u_+ Yoy T 1m ax2+ _+2 axay -
Ljy" [ = Cadpp, (T = To)=(pp = p1,, )€ = C)lg
aBpf(x) [u+/11(]117u ]— )
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or L 0T _x 0T 1 24, @ (p
(pC)f

ax ay ~ (po)yay?  (pc)s Ay
(3)

+ [DB X&L o (a—T)Z]

8y 8y ay
Dr Dk, (T—Te) 02T
.|_ = DB + _Tu_z
0y?  To Tw(C—Ce) 0y

-5 ot 4)
The boundary conditions for the above models are as follow:

_oo)
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u="U,(x) =

T= k—aThf(Tf T)

aty =0
c=¢C,
u—-0,T->T,C - Cs,asy > o
Using Rosseland approximation, the radiative heat flux term
qr along yis expressed as follows

40, OT*
= ey ®
In order to nonlinearized equation (6), expand T* about T,
into Taylor’s series expansion gives
T* = (6(T, — To) + To)* (7
Substitute equation (6) and (7) into equation (3) we get
[1 +2 (Ct +6)3 ]

TOO)

Cixv = v, (x) \I

®)

4N[CE + 9]2 (—y) T -

(pc)
Dt (9T
S
Stream Function and Non- Dimensional Variables

Using stream functionyp, defined by

ac BT

+7 [DB 3y 3y

®

i - _% __%
u=s andv = ——= andv = o 9)
together with non- dimensional variables illustrated below
9 = T— Tw ¢ C—Coo
- T Cw—Coo’
Pr :E,M = "‘30 B =10,
Sc = D—B,K = ”;”,
v bk,
Rq = 0=9)Bg40
TR
Uk C.
Lle=-y="y= \Fy,
B B 10
Q — Qo — (pA)p ﬂx ( )
o)y’ o)’ ’
Nb = DBA¢(pC)p,u _ i,
K Uy
= _(prmpreo)ad
NT = ha0G -0’
N = 4TE 04 Nt DTAB(pc)p”
Kk KToo
Sr = _ Dpki(T-Te) k
Tw(C~Ce0) (pC)f

Equations (9) and (10) are substituted into equations (1), (2),
(4), (5) and (8), note that equation (1) is satisfied identically.
Hence the following are obtained

o 0%y 0y oY
(1 + A) [03/ dxdy  Ox 0y2] +

aP\2 a3y aP\2 a3y apap %y | _
B [(5) sony— Ge) 55— ga—axayz] =
3
a—‘” + (1+A)Rald — N,¢] —
(1+/1)M (—y— ‘;—"g) A+D 3 (11)
oo apao] _ 4N 9260
Pr[ga—gg] [1+ 3 (Ct+9) ]ayz
+4AN[Ct + 0]2 (aj) +0Q0 +
3¢ 36 862
Ny S22+ N, (5) 12)
0Yop Y og) _ 3¢ | NiST 9?6
[ay ox ox ay] ay? Np 0y? ]/¢ (13)
The boundary condition becomes
W_ W W g \
ay 7 ax  Jow' o T —
-B,(1-6),¢=1 (14)

]aty 0
Z—?—)O,G—)O,(p%o}asy—wo j

Lie Group Exploration

Following the classical Lie group approach (Ahmad et al
(2022) and Das et al. (2017)) the special scaling group
transformations of equations (11) — (13) and (14) are defined
by the following:
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ix* = xef®,y* = yet%2, 1" = 1)es%s
0" = ges ¢*y: ¢eyws vy } (15)

By putting equation (15) into equation (11) — (13) yield’s the
following which transformed coordinates (x,y,v, 6, ¢) to
(x*, y*,¢*, 6% ¢*), whereeis parameter of the group and ais
the real number.

ay 2%y 9y 3ty

eQa, + a; —2a;)(1+ 1) [5% ——=
Py _

e(2as+3ap-3az) | (WW)? %W w)?
pe e [(03’) 9x29y + (ax) ay3
= ¢£Gar-a) OV | o-cai[(1 4 )Rab] —
ay3
€% [(1 + DRaN,¢] - (1 + DM? [ee(eaew) T geleraaz=2as)]

woy oy
9y 9x dxdy?

—estarma (1 4+ )22 (16)
5(“1*‘12 az— ‘14)13 [ﬂﬂ—ﬂﬂ =
dy ox ox Oy

esCaztad [1 1+ 2N (Ct - ) ]
+etl= 0!4)Q9+65(2012 ag— as)N

+ efGatalaN[Ct + 012 (52 )
a¢ 20
By By

2
eQaz—2ay) ( )
+e Ne (3, @an
e(ay +az—az—as) [‘3_1’“’_‘7’ _ a_wa_¢] — pe2ap-as) ¢
ert Le dy dox dx Ay € o ay?
2
+efQarma) NS00 —c(as)), g, (18)

Np 9y?
By comparing various exponential terms of equations (16) -
(18) the invariant of the system is achieved as obtained below
2a, + a; — 2a; = 2a, +3a, — 3a;
=30, — Q3 ==, =—Qs = Q; — Q3 =n
a, +2a, —2a3 =a, —az
a, ta; —az—a, =2a, —4a, =
20, —4a, = —ay = 20, —ay — as] i
=2a, — 2a,
a; +a, —az —ag = 2a, — s |
=20, —a, = —0Q5 } J
From equation (14) the invariance of the boundary conditions
becomes
a, = as, a; =y = As =0 (20)
Subject to the solutions of equation (19) using equation (20)
the groups of transformations (15) take the form:
P X = xeS Yt =yt = e,
0°=0,9"=¢ }
Also, employing Taylor series expansions yields
x*—x = exa; + 0(e?),

(19)

)

¥y —y=0,

W' = = epay +0(e2), (22)
0*—0=0,

¢ —¢=0 )

Sincea; # 0, rewrite equation (22) to give the following
characteristic equations

X*—X_ * — 1/}*_1/}_
wa, oY TV =0 = 5'} (23)
0" —0=0,¢"—¢p=0

Now, in terms of differentials equation (23) becomes

dy* dx

ol ra (24)

dy*=d0* =d¢p*=0 (25)

By integrating equation (24) — (25) the following similarity

transformations were determined:

y =9y =xf(m), 6" —9(71)}
=¢@m (26)

Where n is avariable andf (n), 0(n), and ¢(n) are functions

Employing equation (26) into equations (11) — (14), the

equations below emerged:

"+ A+ DS = f21 = B S

A+D MG =B +5f| +

—2f'ff"1-

(14 D)Rald — N,.¢p] = 0 (27)
[1+2N(ce+0)°|6" +4N[ce + 6107 +

Prif6' + Q6 + Ny¢'6' + N,6'2] = 0 (28)
"+ 0" + Lelf ¢’ —yp] =0 (29)
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f=S8f=1 )
0'=-B,(1—-0),patn =0 }

p=1 (30)

f’—>0,9—>0,¢—>0}asn—>00J

Physical Quantities
The interested physical term are the reduced Skin friction
coefficients(C;), the reduced Nusselt number(Nu) and
reduced Sherwood number(Sh)
Cr = %Rex_E Cr = f"(0)

1
Nu =Re, 2 Nu = —6'(0)

(1)
(32)

1
[1+%N(Ct+y4)3][

NtSr,

Result Validation

To ensure the authenticity of the existent result, in the absence
of the Jeffrey parameter and porosity parameter, the present
work coincides with that of Hayat et al. (2010),
Turkyilmazoglu (2013), and Ahmad et al. (2022). From table
(3.1), which illustrates numerous values for magnetic
parameter(M), our result with Ahmad et al. (2022)
established a brilliant agreement. So, it defends the use of the

[ﬁ] [‘ZBY2Y1Y3—(1+70 [y1ys —yg]+(1+7t)[M(YZ —BY1Y3)+%Y2]+(1+7\)RH[Y4—NTY6]]

—4N(Ct+y,)2y3-Pr(y,y5+Qys+Nby,ys +Nty?)]

FJS

1
Sh =Re, 25h = —¢'(0) (33)
Computational Method
The nonlinear boundary-value problem was solved using
MATLAB bvp4c with a relative tolerance of 10710, while the
solver automatically adapted the computational mesh to
satisfy the prescribed error tolerance. The systems of coupled
nonlinear differential equations placed in equations (27) —
(29) were scaled down into first order initial value problem
via the following transformation:
(h1, ha, bz, by, hs, he, by, hg, ho, hyg) =

(f:fl;f”;fm: 9,9’, 9//' d)' ¢)/‘ ¢u) (34)

Y2
Y3

Ys

y7

N Vs Lelyiyr—vyel

numerical code for the present work. Also, table (3.2) and
figure (2) show the numerical results and graphical results,
respectively, when Ra # 0 for both present results and
Ahmad et al. (2022). From figure 3, shows that nonlinear
thermal radiation emits more heat than linear thermal
radiation.

Table 2: Comparative Numerical Outcomes for the Reduced Skin Friction f"(0) when = Ra =S =Bi=21=0and

K — oo with Previous Work

M Hayat et al. (2010) Turkyilm Azoglu (2013) Ahmad et al. (2022)  Present Results
0.0 -1.000000 - 1.000000 -1.000000 -1.000000
0.5 -1.224747 -1.224744 -1.224745 -1.224745
1.0 -1.414217 -1.414213 -1.414215 -1.414214

Table 3: Comparative Analysis of the Reduced Skin-Friction Coefficient for the Linear Thermal Radiation Model of
Ahmad et al. (2022) and the Present Nonlinear Thermal Radiation Model

M Ahmad et al. (2022) Present Resu;ts
Linear thermal Radiation Nonlinear thermal radiation
0.0 -1.178175524 -2.320956912
0.5 -1.404724611 -2.504852607
1.0 -1.621708085 - 2.676532794
0.35;
linear thermal radiation
0.3 ‘ ------ nonlinear thermal radiation

20

n

Figure 2: Comparative Analysis
Between Linear Thermal Radiation
and Nonlinear Thermal Radiation
for 6(n)Outlines
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RESULTS AND DISCUSSION

This exact fragment is allotted to scrutinize the soret effect of
stable-state magnetohydrodynamic heat transfer of Jeffrey
nanofluid with nonlinear thermal radiation. In this study, the

1 1 1
default valuesare: Nr ==, N =—, S=— Ra=—,Le =
1 1 1 12 107(?1 110 %00 1
M=_, Nt=-y=— Pr=——1=- Nb=_, K=",
5 1 5 1 5 1 10 1 100 1 2
B == Ct== Q =—, Bi =—, Sr = —. Unless otherwise

_5 5 100 10 10

detail.

Velocity Outline

However, figure (3 - 6) illustrates the effect of velocity outline
for different values of Rayleigh number, porosity parameter,
Jeffrey parameter, and magnetic parameter respectively. By
enhancing the values of Rayleigh number, the velocity of

1
0.8

0.6

(n)

0.4

0.2}

-

0
0

Jechira et al.,

FJS

Jeffrey nanofluid goes up and the opposite direction is noticed
for raising porosity, Jeffrey and magnetic parameters.
Physically, when Rayleigh number is less than zero the flow
is unstable and turbulence can occur. The porosity parameter
provides accommodations for outflows of heat through the
exterior. As a result, the inter molecular forces that are
holding the molecules of the Jeffrey nanofluid will become
stronger. An increase in Jeffrey parameter signifies weaker
retardation time. The reduction in the velocity profile with
increasing Jeffrey parameter is physically consistent with the
viscoelastic behaviour reported in previous Jeffrey-fluid
investigations. Generally, magnetic parameters yield Lorentz
forces; such forces cause a resistance in the flow of the fluid.
This behaviour agrees with the general MHD trends reported
in earlier studies.

Ra=0.1,0.2,0.3,0.4

5 10

n
Figure 3: f'(n) Outlines for Ra

K=0.1,03,0.6,09

0 5 10

U
Figure 4: f'(n) Outlines for K

1
0.8

0.6

fi(n)

0.4

A=0.1,03,06,0.9
0.2

n
Figure 5: f'(n) Outlines for A
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0.4

0.2
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M=0.1,09,1.5,2.0

o 2,

4 6

7
Figure 6: f'(n) Outlines for M

Temperature Outline

In addition, figure (7 - 9) showcases the outcome of nonlinear
thermal radiation, heat source-sink parameter and Biot
number on temperature contour. An increase in nonlinear
thermal radiation, heat source-sink parameter and Biot
number leads to the increase in temperature outline.
Generally, more heat is produced by raising nonlinear thermal

0.4

0.35

4

0.05

0 10

radiation. The enhancement of the temperature field with
increasing nonlinear thermal radiation parameter agrees with
the findings reported in the literature on radiative nanofluid
transport. The heat transfer occurrence is improved by the
presence of an external heating source. Biot number signifies
the quotient of conductive resistance in solids to the
connective resistance in thermal boundary layer.

N=0.5,15,2.5,35

20 30

7
Figure 7: 8(n) Outlines for N

0(n)

0.15;

0 10

Bi =,‘0.1, 0.2,0.3,04

20 30

n
Figure 9: 8(n) Outlines for Bi
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Concentration Outline

Furthermore, figures (10 — 12) depicts the upshots of
concentration contour for diverse values of Lewis number,
chemical reaction parameter and Soret parameter
respectively. The concentration contour goes down by raising
the values of Lewis number, chemical reaction parameter and
took the reverse case for Soret parameter. Actually, the Lewis
number is a quotient of thermal diffusivity to mass diffusivity.
Thus, the boundary layer thickness will rise if the fluid
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viscosity is more than the diffusion coefficient. Soret is a
thermal gradient which is used for solute transportation.
Physically, increase in Soret brings about higher thermal
gradient which raises the convective flow. The present results
further indicate that the Soret mechanism remains important
when coupled with Jeffrey fluid behaviour, magnetic effects,
porous resistance, and nonlinear thermal radiation, thereby
extending the physical interpretation of the thermo-diffusion
effects reported in earlier studies.
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Figure 12: ¢p(n) Outlines for Sr

Also, the influence of the Jeffrey parameter and magnetic
parameter on skin friction is disclosed in figure (13) and (14)
respectively. By boosting the Jeffrey parameter and magnetic
parameter the skin friction is diminished. Generally, the
nanofluids are slightly depressed as the Jeffrey parameter is

increased. Also, the use of magnetic parameter yields Lorentz
force, this force causes a resistance in the Jeffrey nanofluid
flow which decreases the thickness of the momentum
boundary layer.
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Also, the effect of Brownian motion and Biot number on Nusselt number goes down. This reduction is due to the
Nusselt number is noticed in figure (15) and (16) respectively. nanoparticles of high thermal conductivity which is driven
By strengthening Brownian motion and Biot number the away from the hot sheet to the quiescent fluid.
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Furthermore, the effect of Brownian motion and Soret
parameter on Sherwood number is noticed in figure (17) and
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(18) respectively. The Sherwood number goes up by
enhancing Brownian motion and Soret parameter.
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CONCLUSION

The numerical exploration of the stable state

magnetohydrodynamic heat transfer of Jeffrey nanofluid

laminar boundary flow of a perpendicular plate influenced by

viscous dissipation was carried out. The Lie group approach

was used to alter the main partial differential equations into

ordinary differential equations solved numerically. Some of

the significant findings are:

i. The strength of the porosity, magnetic, and Jeffrey

parameters slows down the velocity of the Jeffrey
nanofluid.

ii. By boosting the thermal radiation parameter, the heat
source-sink parameter, and the Biot number, escalates
the flow of temperature.

iii. By escalating the chemical reaction, the Lewis number
diminished the concentration of the Jeffrey nanofluid
and went up with the Soret parameter.

iv. Skin friction is diminished by enhancing the Jeffrey
parameter and the magnetic parameter.

v. By raising Brownian motion, it reduces the Nusselt
number and takes the reverse case for the Biot number.

vi. The Sherwood number goes up by enhancing Brownian
motion and the Soret parameter.
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vii. Model validation against the published results
demonstrated excellent agreement, with a maximum
relative discrepancy of approximately 0.00021% in the
reduced skin-friction values.

Limitations

Despite the comprehensive consideration of the coupled
transport mechanisms, the present study has certain
limitations. The analysis is restricted to steady-state flow in a
stretching sheet geometry, with the thermophysical properties
and modelling assumptions maintained throughout the
computational domain. In addition, the study considers the
specific fluid model and parameter ranges adopted in the
present formulation. Consequently, the obtained results may
not fully represent flow configurations involving transient
effects, alternative geometries, or substantially different fluid
and material properties.

Future Work

Future investigations may extend the present framework to
unsteady MHD flow and alternative geometries, including
stretching  surfaces, porous channels, and curved
configurations. Further studies could also examine different
nanoparticle shapes and hybrid or ternary nanofluids to
determine their influence on heat and mass transport. Other
potentially  important  extensions include variable
thermophysical properties, Forchheimer porous resistance,
viscous dissipation, Joule heating, and non-Fourier heat-
conduction models. Such extensions would provide a broader
understanding of coupled momentum, heat, and mass transfer
in MHD non-Newtonian flows and enhance the applicability
of the present model to practical thermal and engineering
systems.
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