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1. INTRODUCTION

Magnetohydrodynamics (MHD) heat and mass transfer with nanofluid flow has
attracted several authors in science, engineering and several fields of endeavour.
Several Newtonian and non-Newtonian fluids experiences friction in the course of
motion due to the presence of viscous forces. The flow of Cu-water nanofluid
volume fraction with the combine effects of space, temperature dependent heat
source/sink and buoyancy forces is considered in this study. The governing
equation is transformed from partial differential to ordinary differential using the
stream function and the similarity variables and solved numerically using solved
numerical using the mathematical package called the Mid-point Richardson
extrapolation code in MAPLE 2021. Hence, results are shown in tables and graphs
for various increasing values of the governing parameters. It is revealed from the
result of the study that the increase in the second-grade parameter (o) results in
the increase of the fluid velocity, The increasing function of the volume fraction (¢)
brings about the increase in the fluid motion and in the temperature of the fluid at
free stream, the increase in the space and temperature dependent heat source/sink
parameters A and B respectively result to the increase in the of the temperature at
the free stream and decrease in the concentration of the fluid and the increase in
the yields result to increase in the motion, temperature and concentration of the
fluid.

magnetic field as discussed by Animasaun and
Sandeep (2016). The central focus of the MHD

Magnetohydrodynamics (MHD) is the study
fluid conduction electrically in the presence of
magnetic field. It is also referred to as
magnetofluid mechanics or hydromagnetics
which is described generally as any means of
electrically conducting fluid flow by magnetic
field. This study was first introduced by Hannes
Alven. (Sathy etal 2022). Any means of
electrically conducting fluid flow by magnetic
field. Magnetic induction is the production of an
electromotive force or voltage across an electrical
conductor due to its dynamic interaction with a

is that fluid conducted is supported by
magnetic field. The presence of magnetic field
produces the forces that acts upon the fluid.
The  fundamental  concept of the
magnetohydrodynamics (MHD) is the fact
that magnetic field can induce currents in the
flow of conductive fluid, this will in turn
produce forces on the fluid in motion and alter
the magnetic field itself, Mohsen and Davood
(2016). The MHD system is seen as a
converter working on the principle of link
between a magnetic field and the electrically
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conducting fluid. This was first initiated by
Faraday at the start of the 19" century.
(Vyacheslav chernyshev 2010). From various
literatures so far, it is discovered that MHD
focuses on the fluid conduction. This is also
applicable in ionic solutions. The potential
difference applied across two electrode immersed
in an ionic, aqueous solution in an appropriate
situation, electrochemical reaction occur at the
electrode surface and ion motion takes place in
the chemical composition. The ionic transport is
viewed as electric current under the microscope.
The electric current interact with the magnetic
field present in the system to produce a body
force and induce fluid motion. (Shizhi etal 2012).
The transfer of energy and species plays a large
considerable role in the field of sciences and
engineering. This has been a topic of great
interest amongst researchers across the world.
This is so because of its wide range of application
and uses in various industries as it plays a vital
and significant roles in the production processes.
Okedoye etal. (2022) examined the two
dimensional dissipative non-slip MHD flow of
Arrhenius chemical reaction with variable
properties. In the study, viscous fluid flows along
a fixed impermeable wall or rigid surface or an
immersed body with an essential condition that
the velocity at any point on the wall or other fixed
surface is zero. It is discovered that even at a low
Reynold number, nonlinear heat and mass
transfer flow occur close to x-axis boundary. The
application of the study of heat and mass transfer
also cut across the cooling of metallic plate,
oceanography and the movement of biological
fluids. Ramanahalli etal. (2021) analysed the
impact of binary chemical reaction and activation
energy on heat and mass transfer of marangoni
driven boundary layer flow of a non-Newton
nanofluid, the study reveals that the increase in
the value of the marangoni number enhances the
velocity gradient and reduces the heat transfer
and the increase in the porosity parameter
enhances the heat transfer and reduces the
velocity gradient of the fluid flow.

A mixed convective flow of fluid is referred to as
a process where both natural convection force
and force convection  mechanism
simultaneously act on the movement of fluid.
This can happen when a fluid is subjected to a
combine force. The natural convection is the
buoyancy-driven flow and the force convection
mechanism is the externally imposed force that
causes the flow fluid. The entire behaviour of the
fluid flow can be determined by the strength of

the two forces interacting to cause a flow in
the fluid. Okedoye and Akinrinmade (2017)
analysed the MHD mixed convection heat and
mass transfer flow from vertical surfaces in
poros media with soret and dufour effects.
Hatem etal.(2022), reported the analysis of
mixed convection on two-phase nanofluid
flow past a vertical plate in Brinkman-
extended darcy porous medium with nield
condition. A steady flow near an impermeable
vertical flat plate subjected to mixed
convection emended in a porous medium
filled with nanofluid flowing with non-
uniform free-stream velocity was considered.
It is revealed here that the increase in the
porosity parameter causes a decline in the
velocity of the fluid and that in buoyancy
aiding flow and buoyancy opposing flow,
there is an enhancement in the temperature
and concentration of the fluid flow. Ahmad
etal.(2022) examined the mixed convective
flow of an electrically conducting viscoelastic
fluid past a vertical nonlinearly stretching
sheet. The research work took into
consideration the viscoelastic fluid flowing in
mixed convection two dimensional MHD
flow across a stretching sheet. The x-axis is
drawn along the continuously extending
surface and faces forward but parallel to the y-
axis and the sheet is subjected to a
perpendicular magnetic field. The research
shows that the increase in the magnetic
parameter leads to the enhancement of the
distribution of the viscoelastic fluid
temperature and decline in the temperature
gradient of at away from the free stream. Also,
the increase in the radiation parameter causes
the increase in the temperature distribution
and the associated thermal layer.

Heating and cooling procedure is a vital
process in several industrial production. This
process takes place in petrochemical
industries, textile production industries, paper
industries, chemical industries, vehicular
cooling process in the transportation industry
and cooling systems in buildings are some of
the numerous applications of heat transfer. In
all of these applications, the thermal
conductivity of heat transfer plays a very
significant role in sustaining energy-efficient
heating system. Hence, there is the need of
production industries to create or invent a
stronger and advanced heat transfer
characterized with higher  thermal
conductivities. Here, the concept of volume
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fraction of nanofluid is required. The volume
fraction of nanofluid is described as the ratio of
nanoparticles volume over the total volume of the
entire nanofluid. Kannaiyan et al. (2017)
revealed in his work that fluids containing
nanoparticles provides a way to attain heat
transfer enhancement as a result of their
thermophysical properties and their high thermal
conductivity. However, when nano-particles are
added to the fluid, other thermophysical
properties of the fluid like viscosity and thermal
conductivity are influenced. To enable the usage
of nanofluids in practical applications, the extent
of the thermal conductivity and viscosity increase
of nanofluids with respect to pure fluids should
be thoroughly investigated. Choi et al. (1995)
reported that the nanofluids were proved to have
high thermal conductivities compared to those of
currently used heat transfer fluids, leading to
enhancement of heat transfer. Kwak and Kim
(2005) reported the variations in zero shear
viscosity for different volume fractions and
compared the obtained results with present
models. They also presented the variation of
nanofluid viscosity with various shear rates for
nanofluid diverse volume fractions. The effect of
temperature, nanoparticle size, and nanoparticles
volume fraction on thermal conductivity was
experimentally examined by Chon et al. (2005)
and they showed that nanofluid thermal
conductivity is also affected by temperature,
volume fraction of nanoparticles, and
nanoparticle size. Furthermore, Nguyen et al.
(2007) and Angue Minsta et al. (2009) studied
the effect of nanoparticles concentration,
nanoparticles size on nanofluids viscosity under
a wide range of temperatures experimentally.
They revealed that temperature deflates the
viscosity especially for high concentration of
nanoparticles. In view of all these facts, such
physics cannot be neglected and the dependence
of nanofluid properties on temperature, volume
fraction of nanoparticles, must be taken into
account in order to predict the correct role of
nanoparticles on heat transfer enhancement. This
reality motivated Abu-Nada (2009) to discuss the
effects of viscosity and thermal conductivity of
Al,Os—water nanofluid. More recently, Liu et al.
(2011) examined the thermal conductivity
relative to nanofluid for different copper oxide
nanofluid volume fractions.

The space, temperature dependent heat
source/sink is also refer to as the non-uniform
heat source/sink which is expressed in energy
equation. In considering thermodynamics, this is

described as the energy stored that can absorb
certain amount of heat without significantly
altering the temperature of the fluid. Several
researcher has evaluated the effects of the
space, temperature  dependent  heat
source/sink. Bijjanal et al (2011) examined
the boundary layer flow of an unsteady dusty
fluid and heat transfer over a stretching sheet
with non-uniform heat source/sink. The study
was focused on the effects of magnetic field
on unsteady boundary layer flow and heat
transfer of a dusty fluid over a stretching sheet
in the presence of non-uniform heat
source/sink. The temperature distribution is
evaluated with variable wall temperature
(VWT) and variable heat flux (VHF)
temperature boundary conditions. From the
study, it is revealed from the study that the
various physical parameters such as magnetic
parameter decreases the velocity of the fluid
flow when there is an increase and the
temperature decreases when there is an
increase in the prandtl number (Pr) in both
cases of (VWT) and (VHF). Also, Anjali devi
and Agneeshwari (2019) studied the effects of
non-uniform heat generation/absorption and
radiation on hydromagnetic dissipative flow
over a porous nonlinear stretching surface
with heat and mass fluxes.

Motivated by the findings and applications
mentioned above, the main aim of this study
is to Evaluate the Effects of Cu-Water
Nanofluid, Space/Temperature Dependent
Heat Source/Sink on Magnetohydrodynamics
(MHD) Heat and Mass Transfer Stretching
sheet with Buoyancy Forces. The research is
based on a combined analysis of the effects
thermophysical properties of copper-water
nanofluid, the mixed convective heat and
mass transfer MHD, the impact of the
thermophoresis and the Brownian motion, the
suction/injection effect with the non-uniform
heat source/sink and pressure gradient effect
on the flow field. This is numerically analysed
using the mathematical package package
known as the Mid-point Richardson
extrapolation code in MAPLE 2021.

2. MATHEMATICAL

ANALYSIS
Consider a two dimensional, unsteady,
laminar, incompressible  second-grade

nanofluid flow past a surface. The fluid is
driven by a constant pressure gradient and
buoyancy forces. We also consider the x-
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component equation along the direction of the oud?u N 23u ou 0%u N 03%u
fluid flow and the y-component equation W= a7 TU 5~ o Va3
perpendicular to it. The Reynolds number R Ox 632] 6y36x 9y ayzax 62/

dvo“v 0°v ov 0°v 0°v

tends to infinity, or the kinematic viscosity v _77 +u o I
tends to zero, of a limiting form of the equations d0x dy? dy?dx 0y dyox dy3

(6)

T2

of motion, different from that obtained by putting
v =20 in the first place. A solution of these
limiting equations may then reasonably be
expected to describe approximately the flow in a
laminar boundary layer for which R is large but
not infinite. This is the basis of the classical
theory of laminar boundary layers. The nanofluid
under consideration in this study has water (H.0)
as the base fluid with a nanoparticle of Copper
(Cu). Taking the dynamic viscosity(uy,y),
effective density (p,s), thermal conductivity
(ans) and the heat capacity (pCp)ns into
account. It is assumed that the base fluid and the
nanoparticles are in equilibrium and no slip
occurs between them. Hence, the full equation of
motion for the two-dimensional equation is

equations (1) to (5);

It is assumed that the radiation heat flux is
to be presented in the form of a
unidirectional flux in the y direction.
Using the Roseland approximation in
Shankar and Eshetu (2015), the radiative
heat transfer and the Roseland
approximation  for  diffusion, the
expression for the radiative heat flux q,
can be given as;

B (—40) oT* ;

Qr - 3k$ ay ( )
In Equation (7), the parameters o and k;
represent the Stefan Boltzmann constant
and the Roseland mean absorption

coefficient, respectively. Now on
assuming that the temperature differences

ou ov within the fluid flow are sufficiently
ox Ty 0 M small, T* in Equation (7) can be expressed
ou ou ou 1 0p  pnr0%u as a linear function of T,, ' using the Taylor
— 4+ u—+rvr—=-——--=+——— . . .
at 0x dy Pn;0X  pps 0y series expansion. The Taylor series
X expansion of T*about T, , after neglecting
O ouB; (x) (u—"1) the higher order terms, takes the form
k ~
72 (2) ol -0y + 2L -1, = 4T3T — 3T (8)
pnf v TLf . . . :
9B Hence, substituting Equation (7) into
+ P ( Equation (8) and simplify, we have;
—Co) (2) —40\ (0(4T3T-3T4
v v v 1 dp qr = <_) <(°o—°°))a qr =
tu—+v—=-——— 3ks 9y
at dx dy Pn, ady (—40) (4T3 ﬂ)
Pnp 0°U 0y ouBZ (x) 3ks oy
et w—-0) 3)
pnf y pnf nfkl qr'
2
or, or, T _ @ 0T 160T3 oT
ot ox 9y  (pCp)nys 0y? =~ 3% 3v 9
1 o, . [, 0T9C Dr (OT)Z s 9y
(PCny 0y M |"Payay T, \dy We employed chemical reaction of
Pnp  (OUN’ q" A Arrhenius type of the /s¢ order irreversible
(PCpdus (@) * (PCp)ns ) reaction given by;
ac  aC  9C D,k;0*C R, Ry
—tu—+v—= =+ ) . E,
ot Ox y Py ady Pns =ki(T — To) exp|——=—=](C
1 0 R;T
oy 3y (€ — Co) (10)
— C)Vr) (5) Where k2 is the reactivity of chemical
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reaction defined by frequency of collision w
and orientation factor p as k, = k,.(w,p) =

wp, Rg is the universal gas constant?
In the same analysis, non-uniform heat

source/sink (q''") and thermo-phoretic
velocity (V) are given by

. = <Kuw(x)> [A*(Tml;x— Ty) U

XV

+B*(T - Tm)l (11)

Vr
k vaT 12
=3y (12)
Using equations (6) — (12), the x-momentum
equations (2), y-momentum equation (3), the
energy transfer equation (4) and the mass

(species) transfer equation (5) becomes;

ou ou ou 10 0%u
Ouy w0 10 O
Jat 0x ay Pr 0x  pyy 0y
ouB2(x oud?u 3u
uB; (x) w—U)+ ( L
Pk Py \0X ay? ' dy?ox

ou 9%u N 23u

dy dydx v6y3

ky T
$i<;) -+ 2P -1y

pnf Tlf
4 9B

Prg
ov ov ov 1 0dp | s 0%*v

—tu—+v—= —
ot ox 9y Py 0y png0y?
ouB;(x)

(€C—-Cx) (13)

w-U)+
pnfkl
ov d%v v 0v 0%v N %v 14
pnf 6x6y ayzax dy dydx vay3 a4

or, O 0T _ ay 0’T

o, ot

ot ox "oy (oC Dy 0Y2
1 160T3 92 T+ [D 0T3C Dy (6T> ]

(PC)ns 3ks 0y? 53y dy | T, \dy

Hng (a_u )2 Dmknfa_c O-ﬁo u?

(pcp)nf ay pnf ayz (pcp)nf
1 K"U.W(X) A*(Tw - Too)
(pCp)nf ( XV ) [ bx w-0)
+B*(T - Tw)] (15)
9C  9C  OC Dyky0%C

at ”£+ 6y Pns ay

Lea-r )Texp(—i)(C —C)
oy 0 T RoT »

k'v 0%T
TPy, 0y?

(16)

Where u and v are the velocity component
in the x and y direction respectively. p is
the fluid pressure. A wall is located in the
plane y = 0. @« is the second-grade
fluid parameter (also known as the normal
stress moduli), t; and 7, are the second-
grade model on the x and y momentum
equations respectively, k; is the
permeability of the porous medium, 7 is
the temperature of the nanofluid, C is the
concentration of the nanofluid, T, is the
ambient temperature, C,, is the ambient
concentration, g, is the radiative heat flux,
D,, is the mass diffusivity, k; is the
thermal diffusion ratio, according to
Buongiorno (2006), Dg is the Brownian
diffusion  coefficient, Dy is the
thermophoretic diffusion coefficient and
Nyps is the Buongiorno’s parameter
expressed as
oty
PLlp)s
= G, )
Then according to Shankar and Eshetu
(2014), the dynamic viscosity(iyy),
effective density (ppf), thermal
conductivity ~ (anr) and the heat
capacitance of the nanofluid (pCp)ys are
expressed as;

_ K

SR
Py = (1= P)ps + dps
an. = S (18)

i (pcp)nf

(pCp),., = A= D(PC)s + B(PC,)s
The thermal conductivity of nanofluid of
a spherical Nanoparticle according to

Shankar and Eshetu (2014) is given as:

ko

N L 20(ks - ks) (19)
T ke + ke — 0(ks - k)

A= (T, —Ty),B*

= (Cw

— Cy) (20)
Where A*,B* > 0 the coefficients of
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space and temperature dependent heat are
source/sink respectively is defined as;

The appropriate initial and boundary
conditions relevant to the problem are
analysed as;

t<0:u = U,,v = v,0t), T =T,C = C,Vy \
T =T(x,t)
u="U,v=0, aT ,C=C,,y=0
—k—= ,t w
t>0: J ay U (. 6)

5}
lu - Um(x,t),ga 0,T » Tp,C » Casy — OOJ

Where U, is the plate characteristic velocity
defined as;

U,(x,t) =
ax

1-At

(22)

The stream velocity is given by

Us(x,t)
cx
T1-at (23)
At free stream,
u-UT - Ty, C - Cy, (24)

While at time y = 0, the suction/blowing is
a function free stream given as
v(t,0) = v,(t)
Vo

- _v1—)1t (23)

vo(> 0) is the suction velocity and vy(<
0) is the blowing velocity.

Fig. 1.Physical configuration.
The transformed governing equations with
its boundary/initial conditions with the
special cases becomes;

£
+ (G(x)+%(f’—1)
+ao{2f'f”'—(f”)2—ff”’}—gf”—f'

+ 2+ ff" 1%(}" — 1)+ Gr(Gryg + h))
=0 (26)

(1 + g) g’ + Pr¢3kk—;(Nbg’h’ +Ntg'?—g'

, Ec ..,

+f9 +af
HAG -1 +Bg))
=0 (27)

Ly P (A1)

Sc pr\a2

r g "
+ Q(g) exp<1+e )h—Srg

= (28)
With the Boundary/Initial conditions

f'=1f=S5,9g = 1,,h= 1Vyattimet

<0
c
f' _)E'f” -0,g > 0h > 0asy » watt
>0 (29)
Prime denotes differentiation with respect
ton, Pr= Z—f (Prandtl number), y =
f

k7 LToo (Cw—Coo - i 1
KlTeo(Cw=Co0) (yr=1 s the chemical

U
reaction parameter, k; = :—i (Porous
2
medium parameter), M = 8o (magnetic
bpg
k' VLToo (Ty—T. .
parameter), Sr = KVLTooTw=Teo) o the
pTI.fT
pnpUS? .
Soret number, Sc = oIS the Schmidt
m
*m3
number, R = 4Z*Z°° (Radiation
u
parameter), Ec = +2(Eckelrt

() (Tw=Teo)
number), @y = % is the elastic parameter,
f

a, 1s the second grade parameter (also

known as the normal stress moduli), Ha =
2

2% s the Hartman number, Re = i

prak, Priy

is the Reynolds number, Fs = ckes (ﬁ) |z]
pr \v

is the Darcy-Forcheimer number, Gr =

9B (Tw—Teo)
Pf

(Buoyancy due to temperature) and Gry =

is the grashof number
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9Bc(Cw—Co)
Pf
(Buoyancy due to concentration), N =

is the ratio of grashof number
1-At

ax
is the inverse of the dimensionless parameter
in constant interaction with the flow of the
anDB(Cw—Coo)

nanofluid. Nb = is the
(Cp)f
. . anDT .
Brownian motion parameter, Nt = ——=——1s
(Cp)fToo
RgTwo

the thermophoresis parameter, € = is

a
the activation energy parameter.

b = (1—¢)2-5(1—¢+¢(§—;)).¢>2=1—¢>+
#(2) ds=1-0+0(L22), po=01-

(PCp)f
$)>S (1 —p+¢ (%D To simply the above

(pep)f
equation, let ¢, = (1 — $)%5 (1 —9+¢ (ﬁ_f)) is

the product of the nanofluid viscosity with
the ratio of the nanofluid base fluid and
nanoparticles.

Rate of flow at the wall: Physical quantities
of engineering interest in the flow are skin
friction coefficient C; and Nusselt number

Nu and local Sherwood number Sh defined
respectively as;

_ 2Ty _ d_u _ Xqw
Cf - Pfu\%v\/R_ex’ Ty = :unf (dy)y=0’ Nu = kf(T_Too)’
_ dar _ aw
Gw = kny (dy)y=0 and Sh = Dty
dc
qw = DB E
_ 2" _knp (. 4R\
f = (1-¢)25’ Nu = kf (1 3 )g (0)9
1
Sh=—hn'(0 30
S (©) (30)

Table 1: The thermophysical properties of
water (H20), copper (Cu) and Alumina
(A1203) Motsumi and Makinde (2012).

3. RESULTS AND DISCUSSION
The transformed governing equation in
the form of ODE (26), (27), (28) with the
boundary/initial conditions (29)
associated with this study is solved and
evaluated  using the  Rchardson
extrapolation  techniques which is
executed by  MAPLE2023.  The
Richardson extrapolation techniques is a
sequence acceleration method used to
improve the rate of convergence of
sequence which was introduced by Lewis
Fry Richardson in the early 20™ century. It
is a mathematical software that combines
complex mathematical equation with
interface that makes it easy to analyse,
explore, visuallize and solve
mathematical problems. It is a powerful
tool for both symbolic and numerical
mathematical computation. Hence, this
section presents the impacts of the various
governing parameters like Prandtl number
(Pr), chemical reaction parameter (y),
Porous medium parameter (k;), magnetic
parameter (M), Soret number (S7), the
Schmidt number (Sc), Radiation
parameter (R), Eckert number (Ec),
elastic parameter (), the second grade
parameter (also known as the normal
stress moduli (a4), the Hartman number
Ha, the Darcy-Forcheimer number (Fs),
the grashof number (Buoyancy due to
temperature) (Gr), the ratio of grashof
number (Buoyancy due to concentration)
(Gry), Brownian motion parameter (Nb),
the thermophoresis parameter (Nt) and
the volume fraction (¢).

Table 2: Nanofluid Volume Fraction

effect on the flow field
Parameter(¢) Cs Nu Sh
PROPERTIES
0.0 0.555104 0.614044 -0.484875
PHYSICA p(Kg | C,J/Kgk) | KW
L /m?) /mk) 0.2 2.113220 1.435831 -1.051900
QUANTIT
IES 0.4 1.943455 0.710324 -1.524882
Pure water 997.1 4179 0.613
(H20)
Copper 8933 385 400
(Cu)
Fupre Journal 9(2), 164 - 178(2025) 170
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Table 3: Variation of reactivity
parameter(£)), reaction index (), second
grade fluid parameter («,), unsteadiness
parameter () with wall rate transfer and
sheet stretching parameter

Parameters Cy Nu Sh
Q,r,ayBand 1)
when ¢ = 0.2

Nanoflui | Nanoflui | Nanoflui

d d d

0 =0.03 -
2.130257 | 1.508161 | 1.332235

0 =0.05 -
2.135968 | 1.512947 | 1.130285

Q=0.07 -
2.141852 | 1.517924 | 0.923463

r =0.0 -
2.134357 | 1.511550 | 1.183502

r=1.0 -
2.135538 | 1.512808 | 1.163114

r=2.0 -
2.137471 | 1.514889 | 1.131511

ay =0.3 -
2.135146 | 1.512137 | 1.149599

ay, =0.4 -
1.789960 | 0.720487 | 1.256043

ay =0.5 -
1.548841 | 0.427346 | 1.280995

1=0.2 -
2.135146 | 1.512137 | 1.149599

A=04 -
2.120730 | 0.775143 | 1.467782

1=0.6 -
2.101336 | 0.474465 | 1.727259

3.1 Discussion

VELOCITY FIELD

The velocity field constitute every motion of
fluid within specific regions or movement of
fluid within a specific region over a surface.
This is characterized by velocity vector at
every point in the surface. The wvarious
governing parameters directly affects the
movement of the fluid under consideration at
some point in the region. Figure 2 depict the
effects of the volume fraction parameter (¢)
on the velocity field. The volume fraction of
a nanofluid is the ratio of nanoparticles
volume over the total volume of the
nanofluid. It is observed from the figure that
the increase in the volume fraction parameter
leads to an increase in the velocity field of the
fluid. Figure 3 shows the effect Hartman
(Ha) number on the motion of fluid. This
brings about the equilibrium between the
Lorentz forces and the viscous forces in

diffusive magnetic layer at an interface
between materials with difference electric
properties in conjunction with magnetic
field which has the tendencies of slowing
down the motion of fluid. This is observed
in figure 3 as the increase in the Hartman
number (Ha) results to the decrease in the
movement of the velocity field. Figure 4
indicate the impact of Darcy Foreichemer
parameter (Fs) on velocity field. It is
observed from the figure that the velocity
of the fluid decreases with an increase in
the Darcy Foreichemer parameter(Fs).
Figure 5 shows the effect of Buoyancy
Parameter (Gr) on velocity field. It is
observed from the figure that increase in
the buoyancy parameter causes a n
increase in the fluid away from wall, but
shows a bit reduction in the velocity of the
fluid at the free stream. Figure 6 indicates
the effect of Pressure Gradient parameter
(G) on velocity field. The pressure
gradient is described as the rate of change
of pressure with respect to distance. This
usually brings about the increase in the
motion of fluid in a specific direction.
From the figure, it is seen that the increase
in the pressure gradient parameter brings
about the increase in the velocity of the
fluid flow.

TEMPERATURE FIELD

The temperature field expresses the ratio
of the environmental and surface
temperature difference of a body to the
difference between the environmental
temperature and the average integral
volume temperature. The parameters
under consideration plays a vital role in
the control of temperature in the
temperature field. Figure 7 shows the
effect of volume fraction (¢) on
Temperature field. It is observed from the
figure that there is a decrease in the
temperature away from the wall and an
increase in the temperature at the free
stream when there is an increase in the
volume fraction parameter. Figure 8
depict the effect of Hartman Number
(Ha) on Temperature Field. From the
figure, it is observed from the figure that
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the increase in the Hartman number show
little increase in the temperature at some
point and shows no significant effect at other
point. Figure 9 indicates the effect of
Thermophoresis  parameter (Nt) on
Temperature field. The figure shows a
significant increase in the temperature at all
point when there is an increase in the
Thermophoresis parameter. Figure 10 shows
the effect of Buoyancy parameter (Gr) on
Temperature field. It is observed from the
figure that there is increase in the temperature
of the fluid at all point when there is an
increase in the Buoyancy parameter. Figure
11 shows the effect of radiation parameter
(R) on Temperature field. It is revealed from
the figure that the increase in the radiation
parameter leads to the decrease in the
temperature of the fluid away from the wall
and shows a little increase in the temperature
at the free stream. Figure 12 symbolizes the
effect of Eckert Number (Ec) on
Temperature field. The Eckert Number is
used to characterize the heat transfer
dissipation. From the figure, it is observed
that the increase in the Eckert Number
parameter shows little or no significant effect
at the wall, but yields a significant increase
away from the wall and at the free stream.
Figure 13 and figure 14 depicts the effect of
parameter (A) and (B) on Temperature field
respectively. Both figures share similar
characteristics as both figure shows a
decrease in temperature from the wall and
away from the wall, meanwhile at the free
stream, there is a significant increase in the
temperature of the fluid. Figure 15 shows the
effect of Second-Grade parameter (@y) on
Temperature field. The figure shows a
decrease in temperature away from the wall
and an increase in the temperature of at the
free stream. Figure 16 indicates the effect of
Stretching  Sheet parameter (1) on
Temperature field. It is revealed from the
figure that the increasing effect of the
parameter leads to a decrease in temperature
away from the wall and an increase in the
temperature of at the free stream. Figure 17
shows the effect of Pressure Gradient
parameter (G) on Temperature field.

Observation shows from the figure that
temperature of the fluid increases at all
point when there is an increasing effect of
the Pressure Gradient.

Mass species (concentration) field

Mass species field describes the chemical
processes, composition and quantities of
substances. Figure 18 depict the effect of
volume fraction (¢p) on Concentration
field. From the figure, the increase in the
volume fraction parameter leads to the
decrease in the concentration of the fluid
at all point. Figure 19 indicates the effect
of Hartmann number (Ha) on
Concentration Field. It is a clear
indication that the increase in the
Hartmann number parameter would result
in the significant increase in the
concentration of the fluid. Figure 20
shows the effect of Soret Number (S7) on
Concentration field. The concentration of
the fluid increases with the increase in the
Soret number parameter. Figure 21 shows
the effect of Buoyancy parameter (Gr) on
Concentration field. From the figure, the
increasing effect of Buoyancy parameter
brings about the increase in the
concentration of the fluid. Figure 22
shows the effect of Chemical reaction
parameter (£1) on Concentration field. It is
revealed from the figure that the increase
in the chemical reaction parameter yields
an increase in the concentration of the
fluid. Figure 23 represents the effect of
radiation parameter (R) on Concentration
field. The figure shows a slight decrease
in the fluid concentration when there is an
increase in the radiation parameter. Figure
24 represents the effect of Stretching
Sheet parameter (A1) on Concentration
field. It is seen in the figure that when
there is an increase in the stretching sheet
parameter, the fluid concentration
decreases slight at all point. Figure 25 and
figure 26 portraits the Effect of (4) and
(B) on Concentration field respectively.
From both figures, it is observed that the
increase in the parameters leads to a slight
decrease in the concentration of the fluid.
Then Figure 27 shows the effect of
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reaction index (7) on the mass species field.
It is observed from the figure that the
increase in the parameter results in a slight
increase in the concentration field of the
fluid.

Table 2 shows the effect of nanofluid Volume
Fraction effect on the flow field (skin
friction, Nusselt number and Sherwood
number). It is observed from the table that the
increase in the volume fraction ¢ = 0.0, 0.2
yields an increase in the skin friction
coefficient f''(0) and at ¢ = 0.4 it causes a
decrease in the skin friction. This is also
observed in the case of the wall temperature
transfer g’'(0), meanwhile, the wall mass
transfer h'(0) decreases as the volume
fraction ¢ = 0.0,0.2, 0.4. Table 3 shows the
Variation of reactivity parameter (1),
reaction index (r), second grade fluid
parameter (), unsteadiness parameter (f3)
with wall rate transfer and sheet stretching
parameter (A) It is observed from the table
that the increase in the reactivity parameter
(Q) causes an increase at the wall rate
transfer, the increase in the reaction index
brings about the increase in the skin friction
coefficient f'(0), wall temperature gradient
g'(0) and the mass transfer h'(0). With the
increase in the second-grade fluid parameter
(ap) and the sheet stretching parameter (4),
the skin friction coefficient f(0), wall
temperature gradient g’'(0) and the mass
transfer h'(0) decreases
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Fig.2: Effect of volume fraction (¢) on
velocity field.

Table 3: Buoyancy force (Gr), Space/Temperature
Dependent  Heat  Source/Sink (4 and B)
parameter, stretching sheet parameter (4),
Hartmann number (Ha) and the Darcy-
Forcheimer parameter (Fs) with wall rate transfer.
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Parameter Cs Nu Sh
(Gr,Nb,Nt,Sr, 1
Gr
0.0 1.8939 1.32040 -
02 3 1.2810
51
0.5 2.1372  1.51420 -
35 0 1.1007
42
1.0 2.3902 1.73248 -
07 0 0.8647
54
Aand B
0.2 2.1329 1.50923 -
16 54 1.1493
95
0.4 2.1193  0.80523 -
94 3 1.2633
27
0.6 2.1116  0.52551 -
93 2 1.3059
91
A
0.2 2.1351 1.51213 -
46 7 1.1495
99
0.4 2.1207 0.77514 -
30 3 1.4677
82
0.6 2.1013 0.47446 -
36 5 1.7272
59
Ha
0.0 2.1323  1.47276 -
57 5 1.2905
96
0.3 2.1362 1.47002 -
22 2 1.0472
56
0.6 2.1189 1.44015 -
73 4 0.8130
55
Fs
2.0 2.1296 1.47065 -
40 7 1.2906
98
4.0 2.1333  1.47262 -
63 6 1.2904
45
6.0 2.1297 1.46488 -
17 6 1.2899
77
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Fig.3: Effect of Hartman Number (Ha)on
the velocity field.
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Fig.6: Effect of Pressure Gradient
parameter (G) on velocity field.
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Fig.9: Effect of Stretching sheet parameter
(4) on Temperature field.
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on Temperature field.
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Fig.18: [Effect of Stretching Sheet
Fig. 15: Effect of Soret Number (Sr) on parameter (4) on Concentration field.
Concentration field.

) 4. CONCLUSION

0 S_'*l This resaerch “Analysis of the Effects of
T Cu-Water Nanofluid Volume Fraction,
06] Space/Temperature ~ Dependent  Heat
h(n) 0.4 3 Source/Sink on Magnetohydrodynamics
Ty (MHD) Heat and Mass Transfer of
0.2 ’\ Stretching sheet with Buoyancy Forces”,
0 M, has been analysed extensively. The
1 2 3 4 3 b various controlling parameters shows the
n characteristics properties of the fluid
|_ = Gr=0 0 — — Gr=0.5 Gr=1 _D| under consideration. From the study, the
following conclusion is drawn;
Fig.16: Effect of Buoyancy parameter (Gr) 1. The increase in the volume
on Concentration field. fraction leads to an increase in the
15 velocity field and a decrease in the
: temperature of the fluid of the
[’-9"': fluid, meanwhile, an increase in
0.6 \ the volume fraction leads to the
hin) Ty decrease in the concentration of
0.4 “{l the fluid at all point and the
% increase and the increase in the
0.2 A Hartman number results to the
0 \"‘*-a_ U decrease in the movement of the
1 2 3 4 3 & velocity field and an increase in
n the temperature and mass
N concentration of the fluid.
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Fig.17: Effect of Chemical reaction parameter 2. The increase in the porous
(Q) on Concentration field. medium causes a decrease in the

velocity of the fluid. Also, the
increase in the Buoyancy force
leads to the increase in the motion
of the fluid. Also, the pressure
gradient is described as the rate of
change of pressure with respect to

Fupre Journal 9(2), 164 - 178(2025) 176



Damisa et al.(2025)/ FUPRE Journal, 9(2):164-178(2025)

distance. This usually brings about
the increase in the motion of fluid in
a specific direction. This is shown in
this study.

The temperature at all point increases
when there is an increase in the
Thermophoresis parameter and the
Buoyancy forces. On the other hand,
the increase in the radiation
parameter leads to the decrease in the
temperature of the fluid and the
increase in the Eckert Number
parameter shows yields a significant
increase away from the wall and at
the free stream.

The increase in the space/temperature
heat source/sink brings about a
decrease in temperature at some point
and an increase at some other point.
Also, a decrease in temperature away
from the wall and an increase in the
temperature of at the free stream
occurs when there is an increase in
the buoyancy force.

The increasing effect of the stretching
sheet leads to a decrease in
temperature away from the wall and
an increase in the temperature at the
free stream and that temperature of
the fluid increases at all point when
there 1s an increasing effect of the
Pressure Gradient.

The concentration of the fluid increases
with the increase in the Soret number.
Meanwhile, the increasing effect of
Buoyancy force brings about the increase
in the concentration of the fluid and the
increase in the chemical reaction
parameter yields an increase in the
concentration of the fluid.

There is a decrease in the fluid
concentration when there is an increase
in the radiation, an increase in the
stretching sheet parameter causes the
fluid concentration to decrease at all

point and the increase in the reaction
index results in increase in the
concentration field of the fluid.
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