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Abstract— The study of heat and mass transfer
in electrically conducting nanomaterial flows over
a stretching sheet is a complex phenomenon
involving fluid mechanics, thermodynamics, and
electrical conductivity. The flow of electrically
conducting nanomaterials over a stretching sheet
is governed by the Navier-Stokes and Maxwell
equations, which describe momentum and electric
field distributions. The electrical conductivity of
the nanomaterials plays a crucial role in the flow
behavior, as it affects the electric field distribution
and fluid motion. Numerical simulations using the
finite volume method were conducted to
investigate the effects of electrical conductivity,
nanoparticle volume fraction, and stretching
velocity on the flow, heat, and mass transfer
characteristics. Results showed that electrical
conductivity significantly impacts the flow
structure, leading to the formation of electrically
induced vortices and streamlines.  The
nanoparticle volume fraction also affects the flow
behavior, increasing fluid viscosity and
decreasing fluid velocity. These findings have
important implications for the design and
optimization of nanomaterial-based devices and
processes, such as energy harvesting, water
purification, and drug delivery.

Keywords—Magnetohydrodynamics,
Nanomaterials, Stretching sheet, Heat transfer,
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l. INTRODUCTION

The study of heat and mass transfer in electrically
conducting nanomaterial flows over a stretching sheet
is a complex phenomenon involving fluid mechanics,
thermodynamics, and electrical conductivity. The flow
of electrically conducting nanomaterials over a
stretching sheet is governed by the Navier-Stokes and
Maxwell equations, which describe momentum and
electric field distributions. The electrical conductivity of
the nanomaterials plays a crucial role in the flow

behavior, as it affects the electric field distribution and
fluid motion. Numerical simulations using the finite
volume method were conducted to investigate the
effects of electrical conductivity, nanoparticle volume
fraction, and stretching velocity on the flow, heat, and
mass transfer characteristics. Results showed that
electrical conductivity significantly impacts the flow
structure, leading to the formation of electrically
induced vortices and streamlines. The nanoparticle
volume fraction also affects the flow behavior,
increasing fluid viscosity and decreasing fluid velocity.
These findings have important implications for the
design and optimization of nanomaterial-based
devices and processes, such as energy harvesting,
water purification, and drug delivery. Melting fluid
dynamics and heat transfer are crucial in
manufacturing processes, and simulation is complex
due to Stefan moving boundary problems, with melting
front position and Nusselt number being key variables.
Computational strategies are needed for problems
involving melting heat transfer; however, a more
straightforward method is to simulate the melting effect
as a boundary condition that is consistent with
boundary layer flow models and vyields precise
approximations.

Nanofluids can be considered as the next-
generation heat-transfer fluids, as they offer exciting
new possibilities to enhance heat-transfer performance
compared to pure liquids. This concept attracted
various researchers to nanofluids, and various
theoretical and experimental studies have been
performed to find the thermal properties of nanofluids.
[1] study A benchmark study of thermal conductivity of
nanofluids. [2] study Flow and heat transfer of a
nanofluid over a nonlinearly stretching sheet. [3] study
MHD Free Convection Flow of a Nanofluid past a
Vertical Plate in the Presence of Heat Generation or
Absorption Effects. It is an established contention that
several industrial and engineering processes involving
heat and mass transport such as glass fiber, metal
extrusion, rubber manufacturing, and many more takes
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place in the presence of simultaneous effects of
thermal and species buoyancy forces. Different studies
on the fluid flow through an inclined, horizontal and
vertical surface in the existence of magnetic field have
been examined. [4] investigated gravity driven flow of
reactive hydromagnetic fluid through a vertical channel
in the presence of magnetic field. [5], [6] studied
hydromagnetic reactive fluid flow through horizontal
porous plates with radiation and internal heat
generation. A computational solution of a convective
transient fluid flow with thermal radiation over a moving
plate of a Sisko binary fluid was analyzed by [7]. A few
great reports on the flow of fluid through a stretching
surface are presented by [8], [9], and [10]., [11] also
examine effect of free convective flow is characterized
by linear density difference embodies buoyant forces.
[12] examined the radiation effect on the conducting
flow fluid influenced by pressure and magnetic field in
nonlinear porous media with Soret and Dufour effects
using symmetric Lie group. Their study revealed that
the fluid molecular bonding force was influenced with
rising radiation and magnetic field terms. In recent
time, the investigations of heat transfer by convective
wall conditions on different configurations have
received extensive devotion from researchers due to
their general applications and better prediction of heat
transfer. [13] conducted research using convective
conditions at the boundary for the transport of classic
Blasius flow along a horizontal surface. Later, this
concept has been extended to different geometries by
quite several authors. [14] also examined a natural
convective transport of electro conducting fluid past an
inclined surface using isothermal wall conditions with
thermal radiation influence. In recent times, [15]
Investigate the Effects of Magnetic Fields on MHD
Flows in Industrial Applications. [16] studied Numerical
Simulation of MHD Flow and Heat Transfer in a
Rotating Channel with Porous Walls. [17] Analyze
MHD Mixed Convective Flow Over a Stretching Sheet
with Chemical Reaction and Thermal Radiation. [18]
studied MHD Flow and Heat Transfer Characteristics
in a Curved Channel with Porous Medium and Heat
Source. [19] did Analytical Study of MHD Casson Fluid
Flow over a Stretching/Shrinking Sheet with Thermal
Radiation and Heat Source/Sink. [20] Did a Numerical
Study of Unsteady MHD Flow and Heat Transfer Over
a Stretching Sheet in Presence of Heat Source/Sink
and Chemical Reaction. [21] investigate Effect of
Magnetic Field on MHD Blood Flow with Radiative
Heat Transfer and Joule Heating. [22] investigate MHD
Flow and Heat Transfer of Nanofluid over a Stretching
Sheet with Heat Source/Sink and Thermal Radiation.
These reviews demonstrate the evolving
understanding of electric field flow on a steady MHD
fluid over stretching sheets. The integration of electric
and magnetic fields presents a rich area for further
exploration, promising insights into fundamental fluid
dynamics and potential applications in various
engineering disciplines.

Nomenclature

Parameter Definition
wp Velocity components along
’ x —and y — axis, respectively
C Concentration of the fluid
T Fluid temperature
r Arrhenius heat of reaction order
g Acceleration due to gravity
A Space Heat Generation
B Internal Heat Generation
B; Convective heat transfer parameter
C; Concentration slip
S Suction/Injection Parameter
By Magnetic Field Strength
Cp Specific heat at constant pressure
t time
Greek Symbols
By Thermophoretic Parameter
Ao Unsteadiness Parameter
1) Velocity Stretching parameter
B Coefficient of thermal expansion
B Coefficient of mass expansion
v Kinematic viscosity of the fluid
& Variable Viscosity Parameter
p density of the fluid
Yo Viscosity Parameter
Q Reactivity Parameter
T Skin friction
a Visco-elastic term
Dimensionless group
M Hartmann number
N Buoyancy Ratio
Ec Eckert Number
Gr Thermal buoyancy
R Radiation Parameter
Pr Prandtl number
Sc Schmidt number
Sr Soret Number
Sh Sherwood number
Nu Nusselt number
Subscript
o Ambient condition
w Wall condition
0<eKk1

Despite the effort of previous researchers as
reported in the literature, there is still much need
studying heat and mass transfer in mixed convective
electrically conducting nanomaterial flow over a
stretching sheet is essential for advancing scientific
knowledge, addressing engineering challenges, and
driving innovation in various fields, including crude oil
extraction, thermal insulation, chemical catalytic
convertors, grain storage, and food industry.
Therefore, this paper explores heat and mass transfer
characteristics of mixed convective electrically
conducting nanomaterial flow over a stretching sheet,
addressing  engineering challenges, advancing
emerging technologies, improving energy efficiency
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and sustainability, enhancing electronic and thermal
management, advancing materials science, and
facilitating optimization and design in various
engineering applications.

1. MATHEMATICAL/PROBLEM FORMULATION

Consider a non-steady, laminar and two-dimensional
flow of an incompressible, Walter’s liquid B fluid past a
flat sheet coinciding with the plane y = 0 in the
presence of Arrhenius chemical reaction and the flow
being confined to y > 0. The flow is generated due to
stretching of the sheet, caused by the simultaneous
application of two equal and opposite forces along the
x —axis. Keeping the origin fixed, the sheet is then
stretched with a speed varying linearly with the
distance from the slit. The x —axis is taken parallel to
the plate and the y —axis normal to it, the velocity field
depends only on y. The governing equations consists
of the incompressibility condition

V-V =0 (€))]
and the momentum equation

wv_1 V-tdivT )

—T=—V-tdiv

dt Pnr

where p,( is the nanofluid density, V is the velocity
and t the Cauchy stress tensor. Under the
consideration of flow, it follows from Eg. (1) that for a
uniformly porous plate

u = ulx,y),v = -1, 3)
in which v, > 0 is the suction velocity and v,, < 0
corresponds to the injection velocity.
In view of the above, the governing thermal boundary
layer equation in the presence of viscous dissipation,
elastic deformation and non-uniform internal heat
source/sink, thermal radiation on the heat transfer of a
Newtonian fluid having temperature dependent
diffusivity past stretching surface with variable heat
flux, The Concentration, Energy and Momentum
Equations are defined by the following partial
differential equations:

6u+ 617_0 4
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du Jdu Jdu

E+uax+ V@
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=Gt g 45 (1) 35 (k)
23 a3 d a2
_k0<uaxa 2u+vﬁu+(ax )(Wu)

0 02 our
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-C) ()
The viscosity of the fluid is assumed to be an inverse
linear function of temperature, and it can be
expressed as following:

Plnf

I Ty Ty, - 1Y
While the variable thermal conductivity and
thermophoretic terms are respectively given as

kT koT (9
szT_a dVT yT(x,y,t)

Too

where y is a constant. The problem mentioned here is
a fundamental one and frequently arises in many
practical situations such as polymer extrusion
process. It is also encountered in other process like
drawing, annealing and tinning of copper wires,
continuous stretching, rolling and manufacturing of
plastic films and artificial fibers, heat treated materials
traveling on conveyer belts, glass blowing, crystal
growing, paper production and so on.
The initial and boundary conditions become:

T(t,x,y) = Tl + (TW - T1)9(77)

C(t,x,y) =C, + (Cy — CP(M)

t<0:ulx,yt)=0,;

T. ac

t>0u=cx,v= vw,{ Ywrease _p— = h,(Co — C)y >0
Tyhr case dy

u->UT - T, C - Cy as y > 00
were
Tx,y,t)=T, VWT case
and
oT
_kﬁ = qf (x,t) = hy(T, — T) VHF case

At infinity (outside the boundary layer), away from the
plate, we have that
u->u,(x), T > Ty, C - Cqy

WWW.jmest.org

JMESTN42354376

16806


http://www.jmest.org/

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 11 Issue 4, April - 2024

The wall shearing stress 7, ,0n the surface of the
stretching sheet and the local heat flux q, can be
expressed as

[ ou . 0°u  odudu
tw= ”ay 0 ”axay oxaoy )| '’
y=0
qw

oT —160T2\ /0T
=gy~ () (55)
y s Y/,

with the local mass flux as

=5l

Hence, the friction drags, heat and mass transfer at
the wall are defined by
TW qW hW

=1 M=y Sh = —¢
fpnful?v ( oo) ( oo)

Il. METHOD OF SOLUTION

Now, to access the numerical solution of the
governing equations, the similarity transformation
variables defined below was used to convert the PDE
to its ode equivalent without loss of generality.

1

1 1
Py = )fom) n(y. 0 = (ﬁ)y

T — — Co,
o(m) = T , () = ﬁ

where 7 is similarity variable and i is stream function
defined as
oY oY

u=Eandv——a,

Substituting as appropriate,
governing equations becomes

the system of

sc (ag @ - f(n)(qb’)(n))
= (¢")() + ScQ + S5r(6")(n)
d 0
—€p, 3y <¢(n) * 3 9(?7)) €))

d
Pr (zog— f(n))%em)

d d
= %<1 + 6(9(17))—9(77)>

f'm?
<1 * B> (1 + Vo(n))
— Bo(f"m)(F'mf" M)

4R
- (Fmf"m)—-(6"(m)
—A(f'(n) = 6) + B6(m) 9

d 2
( f@ - Ed_an(n)> <%f(77)>

2

d
- f(m d—n2f(77)

B O S
B/ dn\1+y,6(n) dn?

+ 620 + 62
—a2f' mf" ) = Faf* ()

f'am—1 )
— M - - -
((1 + VOH(U))
+Gr(6(n) + No(n)) (10)
With the Initial and Boundary Conditions as:
Fo=1+v(1 +B)f”(0) f) =5
Bi(6'(0)) = 6(0),

Ci(¢'(0)) =¢(0), f'(©)=6
0(c)=0, ¢)=0

Thus,

£'(0) = 6,£(0) = S,Bi(6'(0)) = 6(0),6(0)

=1,Ci(¢'(0)) = ¢(0), $(0) =1

Also, the engineering parameters of curiosity are the
Friction drags, heat and mass flux at the wall
respectively found to be:

= [ )
<= lavem” 7l

3
Shy = =¢'(Mly=0

The flow governing parameters are:

Nu, = — <1 iRy 69(17)> (6'(m)

n=0

1k _ pa’x _ax
ProuC, T kb, Y T T+ 1
40T2 B?
A = *( a )’ = O- ’M = O-H 0’
b(—At+1) kk, pa
_ gBib, _ Bia’x _ B:by A
Gr - ) - 1] - ylo -
pa? k(—=t+1) Bcb, a
4 u Dr(T,, — T;)
6=—Y =y, —T,),Sc ==,5r = —@—,
;Yo =v(Tw —T),Sc =1, 5r DC, —Cy)
_/’lt + 1 ako
Q= ka, By = ap

V. RESULTS AND DISCUSSION

In order to discuss the effects of various terms on the
flow behavior, calculations have been made for
various values of Gr,M, and for fixed values of
Pr,Sr,Ec,and Sc to demonstrate the different
parameter sensitivities to the flow characteristic, the
values of Schmidt number (Sc) are chosen for plasma
(Sc= 0.6), at temperature 25° C (room temperature),
and one atmospheric pressure. The values of Prandtl
number are taken into consideration to be 0.71, which
matches helium at temperature 25°C and one
atmospheric pressure. Positive values of the
buoyancy terms i.e., species Grashof number Gr > 0,
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which specifies, in addition to being related to cooling
issues, the chemical mass mixture in the far flow zone
is less than the mass diffusion at the boundary layer.
In industrial applications, such as the cooling of
nuclear reactors and electronic components, the
cooling problem is commonly observed. The merging
flow parameters primarily chosen are: Gr =
0510 =01,6= 04y 0= 01l,a= 01,M =
0.2,N = 0.1,Ec =4,B_.0=0.15R = 0.06,4 =
0.1,B= 0.2,Pr 0.71,2 = 0.3,S= 0.2,Bi =
0.1,Ci= 0.2,5r= 04,V =0.1,_1= 01,e= 0.1
and Sc= 0.6 , unless otherwise stated. Grid-
independence studies show that the numerical field
0 <n <n. can be intervals divided to an equal step
size of 0.02. This lessens ranges points in 0 <n <
Ne Without loss of exactness. The value n, =3 is
confirmed to be sufficient for all the parameter ranges
in the study. The temperature gradient Nu, wall mass
gradient Sh, and wall friction 7 all exhibit increasing or
decreasing effects with parameter variation,
depending on the thickness or thinness of the
boundary layer viscosity. Numerical simulation shows
how the current study findings were validated against
those of comparable earlier investigations. There was
a strong agreement between the current and earlier
research. This shows a reasonable indenture with the
report presented by [23].

Table 4.1a: Wall rate data for various Parameters

Table 4.1b: Wall rate data for various Parameters

Parameters Cr Nu Sh
By =05 -0.68751 -0.41912 0.14874
B =1.0 -0.68754 -0.41917 0.15444
B =15 -0.68758 -0.41921 0.16061
B =20 -0.68762 -0.41926 0.16730
Q=05 -0.68738 -0.41881 0.14190
0=10 -0.68050 -0.40204 -0.17620
Q=15 -0.68761 -0.41932 0.15926
0=20 -0.70273 -0.44947 1.02983
R =10.0 -0.68860 -0.35831 0.13326
R=0.1 -0.68663 -0.46543 0.15301
R=10.2 -0.68407 -0.60829 0.17928
R =103 -0.68061 -0.80846 0.21615

Table 4.2a: Effect of Slip and suction conditions
on wall rate transfer

Parameters Cr Nu Sh
V=05 -0.44448 -0.11040 0.03920
V=10 -0.31039 0.00915 -0.00213
V=15 -0.23893 0.05704 -0.01889
V=20 -0.19437 0.08100 -0.02735
S=0.5 -0.76389 -0.45717 0.15381
S$=1.0 -0.90110 -0.50051 0.16116

S =-05 0.76389 0.45717 -0.15381
S=-1.0 0.90110 0.50051 -0.16116

Table 4.2b: Effect of Slip and suction conditions

Parameters cr Nu Sh
do=05 |-067129 |-040286 | 0.13911 (F),gr";'r?]”etr::g ”a”Sfir ™ -
Ao=1.0 |-0.74559 [-0.47560 | 0.15122 sicos 1o 6631’81 030489 010833
do =15 |-0.80832 | -0.54608 | 0.26173 O T T B
do =20 |-0.86149 |-0.61342 | 0.23155 T VT B e o B
g — (1)3 :8:84118%3 69'22377%%0 ?6?(?@?53;1 Bi=20 |-0.63212 [-0.15197 | 0.06149
Sic Tossoa 027225 Toilo00 Ci=05 |-0.68842 | -0.42027 | 0.13282
20 211081 299303 T0.85003 Ci=10 |-0.68970 | -0.42186 |0.11712
Ci=15 |-0.69071 |-0.42312 | 0.10475
Yo=0.0 |-0.68688 | -0.42096 | 0.14507 e T oeess T oasaia 000y
Yo=0.5 | -0.68998 | -041173 | 0.14212 : : : :
Yo =10 -0.69323 -0.40265 0.13922 Table 4.3: Effect of Buoyancy on wall rate transfer
Yo=15 |-0.69654 | -0.39364 | 0.13634 S ‘, ™ o
— 2(5) _8:2;;33 _8;212% 8:1@33? Gr=05 | -0.68748 |-0.41909 | 0.14447
St Toeris o04is7s Tolsves Gr=10 |-0.67382 | -0.43487 | 0.14854
e T oea0 T oais7e To.1l3553 Gr=15 |-0.65369 | -0.43800 | 0.14810
= Gr =20 |-0.62886 | -0.42908 | 0.14344
@=00 |-065076 |-0.39113 | 0.13460 =
01T Toes7as | o0a1900 ToLloazs N=05 |-069050 |-041913 |0.14458
07 T 073260 025156 1015601 N=10 |-069420 | 041013 [014469
@a=03 |-079022 |-0.48972 | 0.16964 B=2s B0 e aalt
B, =05 |-0.69292 |-0.35194 | 0.12165 T L e T
By=10 |-0.70090 |-0.25321 | 0.08810 T N T o=l
By=15 |-0.70913 |-0.15104 | 0.05339 T T oo AT T
By = 2'2 'g'gggs 'g'gig% g'géggg Ec=20 |-0.70892 | -0.13017 | 0.04592
Sr=05 |-0. 0. . : : : :
Sr=10 |-0.68862 |-0.41911 | 0.36128 M=05 |-0.62678 |-0.26116 |0.09310
Sr=15 |-0.68956 |-0.41913 | 0.54205 M=10 |-055228 |-0.11441 | 0.04568
Sr=20 |-069054 |-0.41933 | 0.72327 =5 Sa0S | Lamass | 2Di/ee
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Under the influence of buoyant force and magnetic
fields with viscoelastic properties, the study examines
a continuous heat transfer mixed convective
electrically nanofluid over a stretching sheet. The
radiative fluid satisfies non-Newtonian properties in
the presence of heat generation, utilizing the Runge-
Kutta techniqgue in conjunction with midpoint
extrapolation and shooting, a comprehensive
numerical solution to the dimensionless flow is
obtained using MAPLE mathematical software and
Impact of Flow Velocity on Stretchable sheet Velocity
has:

i. Ambient pressure supports suction
decreasing flow effect and injects rising flow
influence.

ii. Thermal diffusion strongly impacted by
increasing heat generation and radiation.

iii. Species destructive reaction reduces mass
transfer; generative species mixture increases
molecular species transfer.

The petrochemical, and technological industries can
all benefit from the study’s important findings. Since
the radiative fluid satisfies non-Newtonian properties
in the presence of heat generation. The study can
therefore be expanded to include Newtonian fluid flow
in a channel, concentric cylinder and other flow media,
as well as isothermal boundary wall under the
influence of activation energy, buoyant force, chemical
kinetic and magnetic field with viscoelastic properties.
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V. CONCLUSION

This article evaluates the heat and mass transfer
dynamics in a hydromagnetic electrically micropolar
conducting nanofluid flowing over a stretched sheet.

Brownian motion effects, viscous dissipation,
thermophoresis, and nonlinear thermal radiation are
all included in the transport equations that control the
physical scenarios. Convective heating and isothermal
wall conditions were the two heating scenarios used in
the energy sector. The outlining equations were
converted from partial to ordinary differential
equations using a similarity transformation technique.
After that, the altered equations were numerically
solved in MAPLE mathematical software by combining
the shooting approach and the Runge-Kutta method.
A pertinent discussion of the generated results for the
governing parameters' effects on the heat distribution
processes was included in both tabular and graphical
presentations. Based on the analysis, it has been
observed that:

i. The Convective Heating Condition improves
heat transmission for large magnitudes of
temperature ratio and radiation factors, but
the Isothermal Wall Condition exhibits an
opposite trend for same parameters.

ii. Improving the magnitudes of the material
micropolar term, Eckert number,
thermophoresis, and Brownian motion
parameters reduces heat transfer at the
material surface under both heating regimes.

iii. The Isothermal Wall Condition decreases
surface  temperature  with increasing
micropolar parameter, while Convective
Heating Condition shrinks thermal boundary
layer structure due to increased thermal
buoyancy term and Prandtl number.

iv. In the presence of radiation, temperature ratio
parameters, and thermophoresis parameter,
the surface temperature rises and the thermal
boundary layer thickens.

V. The higher magnitude of the material
micropolar term and buoyancy term causes
the momentum boundary layer to rise along
with the fluid velocity, whereas the fluid
motion decelerates in the presence of the
magnetic field and Darcy terms.
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