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Abstract: This work focuses on the impact of a magnetic
field and viscous dissipation on the mixed convective flow
of a couple stress nanofluid over a sheet that is stretching
linearly. The research focuses on how these variables
impact the model’s overall heat transfer characteristics
and the fluid’s behavior. The sheet’s stretching causes the
fluid to move as it extends, which is what causes the flow.
When considering a heating procedure at the prescribed
surface temperature, the heat transmission problem has
been examined. The modified Adomian decomposition
method (ADM) is a computational method that simplifies
the complex governing equations of the model under study
and finds their numerical solutions. This technique uses
the Mohand transform in conjunction with the ADM, which
ensures a high degree of convergence, producing a series
solution that closely resembles the exact solution to the
problem. In addition, we evaluate the residual error func-
tion to satisfy the effectiveness and accuracy of the intro-
duced technique. When the current findings were com-
pared with other methods for particular flow scenarios,
they demonstrated strong agreement, confirming the accu-
racy of the solution. A complete examination of the effects
of the different parameters has been provided, including gra-
phic and tabular illustrations of the effects. Additionally, a
comparison chart illustrating the agreement between the
two sets of data has been given to show the coherence
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between the present numerical outcomes and previously
published findings.
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1 Introduction

When forced and natural convection occurs together in
fluid flow, it is referred to as the mixed convection phe-
nomenon (MCP) [1]. The interaction of these convection
types is important in many industrial applications, such as
heat exchangers (which maximize heat transfer processes),
nuclear reactors (which depend on effective cooling), elec-
tronic devices (which improve heat capture), and central
solar receivers (which aid in thermal management) [2].
Because it combines the advantages of forced and natural
convection, the MCP through nanofluids is very significant
because it improves heat transfer efficiency [3].

Flow characteristics are becoming harder to explain in
modern engineering when Newtonian fluid models are
the only ones used. When it comes to effectively repre-
senting flows in a variety of industrial and technical appli-
cations, these models frequently fall short in capturing the
intricacies and behaviors of real-world fluids, especially
those with non-Newtonian features. The theory of non-
Newtonian fluids has become extremely helpful and rele-
vant. It is essential for solving problems in contemporary
engineering and industrial processes because it offers a
more precise framework for simulating and evaluating
the intricate flow behaviors seen in many real-world fluids.
Non-Newtonian fluids can be categorized into different
kinds, such as the power-law model [4], Casson model [5],
Bingham plastic model [6], and Carreau model [7], among
others. A more accurate representation of the intricate
fluid dynamics seen in engineering and industrial contexts
is offered by these models, which capture a variety of flow
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behaviors such as shear-thinning, shear-thickening, yield
stress, and viscoelastic properties. The models provide for
a more accurate understanding and prediction of fluid
behavior in processes where classic Newtonian assump-
tions are inadequate by taking into consideration these
various features. Couple stress model [8] is a well-known
non-Newtonian fluid model in the literature. It is helpful
for analyzing complex flow behaviors in a variety of applica-
tions since it incorporates microstructural interactions and
rotational effects. The importance of this subject has moti-
vated a great deal of research in a variety of disciplines.
Numerous investigations [9-11] and developments in theore-
tical and practical applications have resulted from its signifi-
cance in comprehending intricate fluid behaviors.

Khan et al [12] studied the characteristics of micropolar
flow in a suction- or injection-driven porous channel,
describing the fluid dynamics. The governing nonlinear partial
differential equations (PDEs) were reduced to a nonlinear
system of ordinary differential equations (ODEs). using simi-
larity variables. The differential transformation method was
used to obtain approximate solutions to this system. Khan et al
[13] studied the characteristics of micropolar flow in a suction-
or injection-driven porous channel, describing the fluid
dynamics. The governing nonlinear PDEs were reduced to a
nonlinear system of ODEs using similarity variables. The
optimal homotopy asymptotic method was used to obtain
approximate solutions to this system. Kanwal et al. [14] studied
the peristaltic flow of dusty fluids, in which dust particles are
evenly distributed. This model has a vital role in biomedical
sciences and industry. The laws of momentum and energy
conservation are used in the mathematical modeling of this
problem, and slip conditions are incorporated into both the
momentum and thermal properties. The resulting system of
coupled equations is solved using the small wavenumber
approximation (perturbation technique).

The model under study is limited to a system of highly
nonlinear ODEs, and therefore, an exact analytical solution
is not possible. Consequently, a robust numerical method
is required to approximate the solution effectively. This
approach allows us to navigate the model’s complexity and
derive meaningful numerical results. Additionally, we tackled
the issue analytically by employing a novel, recently widened
methodology, offering a deeper insight into the solution pro-
cess. This technique utilizes the modified Adomian decompo-
sition method (MADM), which dislodges the conventional
ADM with Mohand transform (MT). This novel strategy repre-
sents a substantial advancement in the resolution of challen-
ging analytical items since it supplies increased efficiency and
accuracy [15]. Through the application of the MT [16,17], the
improved decomposition approach enhances the solution
strategy and produces more accurate results for many
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implementations. The accurate resolution of the problem is
aided by a number of solution forms that are obtained from
the MADM. Further confirming the efficiency and depend-
ability of this approach is the solution to the ensuing non-
linear system of ODEs. A thorough validation of the scheme is
provided through careful analysis and comparison of col-
lected data utilizing tables and charts.

Mahariq et al. [18] introduced an effective mathema-
tical model in fractional form for studying the energy
transfer from an unsteady flow of an incompressible vis-
cous fluid using radiative heat flux, using the Rosseland
discretization and Boussinesq approximations. The model
was studied in terms of velocity, temperature, and concen-
tration using statistical approaches. Akhund and Abro [19]
presented a conceptual overview of the properties and
computational applications of a Newtonian fluid model
in its fractional form (fractal-fractional) under exact ana-
lytical solutions, using the Sumudu and Laplace trans-
forms. They also compared the solutions and properties
with the non-fractional case. They also presented a sensi-
tivity analysis of this model to study the rheological phe-
nomenon using Pearson correlation, regression equations,
and potential error. Abro and Atangana [20] studied an
important mathematical system within the intrinsic bio-
physical effects, namely, the reliable neuron model based
on Maxwell’s electromagnetic induction in its fractional
form (several modern definitions of the fractional deriva-
tive were used). The cumulative chaotic phenomenon was
described and mathematically modeled using Mittag—Lef-
fler kernels of fractional, variable orders. This model was
numerically studied using the Adams—Bashforth—-Moulton
method to obtain an approximate solution.

The aim of this work is to give a novel numerical
approach to the nonlinear system of ODEs that charac-
terizes our suggested model. This method seeks to provide
a fresh and efficient approach to solving complex non-
linear problems by fusing the MT and ADM. We will con-
sider the impacts of MCP, magnetic field, and viscous dis-
sipation, guaranteeing a thorough examination of these
elements and their impact on the system being studied.
No prior research has been done on the topic, hence this
work constitutes a novel investigation of it.

2 Statement of problem-based on
physical formulations
In this study, the behavior of couple stress nanofluid flow

over a porous, linearly extending sheet is scrupulous con-
sidering the impacts of mixed convection, viscous



DE GRUYTER

dissipation, and an applied magnetic field with strength Bj.
The output magnetic intensity is taken to be nonexistent or
negligible, meaning that its effects are not present in the
analysis. The elastic sheet can be stretched by the equation
u = bx, where b is a constant, and is positioned at the
x-axis (Figure 1).

It is thought that the concentration at the wall indicated
as C, (where C, > C), is uniform. In the meantime, it is
presumed that the temperature at the wall T, follows the
formula T, = Ax* + T., where A is a constant, T, is the
ambient temperature far from the wall, and A is the exponent
of the wall temperature. Since a suction velocity can be cre-
ated, it is presumed that the sheet is porous. The analysis’
representation of this suction velocity, v,,, shows how quickly
the fluid is sucked through the sheet’s pores. The nanofluid is
assumed to have the Brownian diffusion coefficient that is
mathematically denoted by Dp and it has a thermophoretic
diffusion coefficient that is denoted by Dy. Further, the nano-
fluid is thought to flow through a porous medium with per-
meability, denoted mathematically by the symbol k. This
property, known as permeability, describes how easily a fluid
can pass through a porous structure. These presumptions
allow us to write the following governing equations for the
current problem [9,21]:

Uy + Vy = 0, m
§ 0%u o%u aB;
wLv)Vu+ ——— =v_—+ T-T.,)-—u
T ot Vo T T - DR
u

- p_ku + gB.(C - Cu),

wvyvr= KO, viou i[fﬁ_u] [6_u]
’ pcy 0y:  cp|0y  up|ay? ]| oy @
oCc Dy aT]IaT]
+ w|Dp— + =——|—|,

oy T, oy | oy
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Dy 02T 9%C

(u, v)VC - ETW = Dy 5 )
where the ratio between the micro-particles and the base
fluid’s heat capacity is denoted by w. ¢ is the base fluid’s
electrical conductivity, and v is the kinematic viscosity.
Also, the amount that a material expands when heated is
measured by its coefficient of thermal expansion f,, while
p. represents the concentration expansion coefficient, which
quantifies the extent to which a material’s concentration
changes in response to variations in its surroundings.
Likewise, the specific heat at constant pressure is denoted
by ¢,. Interestingly, the non-Newtonian couple stress model
may be converted to a Newtonian model by setting the mate-
rial couple stress coefficient (§ = 0) to zero. Furthermore, in
order to correctly depict the behavior of the double-stressed
nanofluid model within the system, the following boundary
conditions (BCs) must be met [9]:

o%u
u=bx, —=0, v=-v, T=1T
6y2 w w (5)
=Ax*+T,, C=C, aty=0,
ou
u-0 —-0, T-T,, C—Coaty—o. (6
ay y 6

2.1 Dimensionless form of the model

The previous model can be made simpler by using dimen-
sionless transformations. This method reduces the number
of independent variables, which reduces the complexity of
the problem and makes the solution process easier to
handle and more efficient. This leads to the transformation
of the model with its partial differential equation nature
into a dimensionless system of ODEs. The transformations

—————> Momentum boundary layer

> Thermal boundary layer

Suction direction

Porous medium

—> Concentration boundary layer

u
B’
v
Couple Stress Nanofluid

>V

Figure 1: Geometry of couple stress fluid flow.
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simplify the equations, which facilitates their analysis and
solution and can be characterized as [10]

b): T-T,
’7 = [_]y’ u= qu/(r’)’ 6= _ >

A b= Lo ™
R R R GO ()}

The model is given as a system of ODEs and the necessary
BCs are included in the system that follows. The dimension-
less transformations previously described in Eq. (7) were
applied to derive these equations. Understanding and advan-
cing the research depend on their formulation

Bf© ~f7 ~ff" +f% + Mf' + Af' -Q0-Qp =0, (8

0" + PrEc(f” - Bf@)f” + Pr(fo’ - Af'6)

©
+ Pr(Lyp’ + L6)6’ = 0,

T,¢” + 0" + TLef¢’ = 0. (10)

Together with the following related BCs

=Y, =1, 6=1, =1, m =0,

/ f ¢ / an
atn =0,

f -0, 6-0, ¢—-0, f"—-0, asn-— o (12)

In the previously mentioned and most recent system
that governs our physical model, the thermal expansion
coefficient Q;, the magnetic field parameter M, concentra-
tion expansion coefficient Q,, suction parameter Y, Eckert
number Ec, dimensionless couple stress parameter f,
Brownian motion parameter I}, Prandtl number Pr, porous
parameter A, thermophoresis parameter I;, and Lewis
number Le are provided below:

Ty — To)x®
Qt=gﬁ(w 2 ) ’ M=1B021
v pb
(13)
g - BC=CI w8
c ~ VZ ) - \/E ) - Vzp,
Ec = HV%, ’ = (U(CW - Coo)DB ’
c(Ty — T) % (14)
1% [le
A=— Pr=—
bk Tk
w(T, — T.)Dr %
L=—2—L 1e=—, 15
t VT, ’ ¢ Dg {15

As stated below, the local skin friction coefficient Cf, the
Sherwood number Sh,, and the Nusselt number Nu, are the
three important physical quantities in the current flow
analysis
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CERez = =(f"() = BFP())y=o,

; _ (16)
ShiRez = ~¢'(My=0,  NuRez = =)=,

where Re = % is the local Reynolds number.

3 Investigation for solutions of the
model

3.1 Basic concepts on the MT

The MT of the function g(n) is denoted and given as follows
[16]:

Mg} = 6@ = 02 gnevidn, kisosk

The inverse MT of G(g) is M™H{G(0)} = g(n).
The main properties of the MT [22] are as follows:
* For arbitrary constants aj, a,, we have

W{ag,(n) + axgy,(M} = aM{gy(m} + aM{g,(m}-
+ The MT of the derivatives g(n).

Mig™(m)} = 0"G(e) - 2"'g(0) - ¢"g’(0)

@a”n
- 0%g(0), n=12,..
» The MT for the power functions
n!
1 neN;
M} = 11(n + 1)
, n>-1

Qn—l

3.2 Utilizing the MADM

To implement the MADM in the given system (8)-(12), it
will be rewritten in the following operator form:

f(S)(r)) = NL«(f, 0, ¢) = B—l[f,,, + _f,z

18)
- (M + Nf” + Q.0 + Q.0],
6”(n) = NLy(f, 6, ¢) = PrEc(Bf® - f")f” 19)
+ Pr(Mf'0 - f9°) - Pr(Typ’ + LO))0’,
¢”(n) = NL3(f, 0, ¢) = —(L/T)0” - Lefg’. (20)

Take the MT of model (18)-(20) as follows:
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SF(s) = $7(0) = 5¥(0) = s°(0) = $%(0)

(21)

- s ™(0) = M[NLy(f, 6, 9)],
s%0(s) - s30(0) - s20°(0) = M[NLy(f, 6, )],  (22)
s20(s) - s3p(0) - s2¢’(0) = M[NLs(f, 6, ¢)].  (23)

We can solve the above algebraic system after using BCs
(11) and (12):

1 1 1
F(s)=sY+1+ E€1 + 552 + EM [NLy(f, 6, )], (24

O(s)=s+6;+ éM [NLo(f, 6, @)1, (25)

1
B(s) =5+ &+ ZMINLy(f, 6, §)]. 26)
By operating the inverse MT of Eqs (24)—(26), we can obtain

1 1
fay=Y+n+ gmz + ﬁ&rf

1 27

| ML, 6, 0]
0(n)=1+46&n+ M_l[éM [NLy(f, 0, ¢)]], (28)
¢l =1+ &y + M7 %M [NLs(f, 6, ¢)]l, (29)

where 4,1 =1, 2, 3, 4 are defined as follows:
€1 = f”(o)3 €2 = f(4) (O)) €4 = ¢I(O))

these quantities ¢, i =1, 2, 3, 4 will be found later by
imposing the given BCs (11)-(12).

Now, the components of the approximate solution to
the problem under study will be obtained using the itera-
tive scheme as follows:

€3 = 01(0)1

1 1
fo)=Y+n+ E&nz + ﬂ€2’)4,

Bo() =1+ ¢, (30)
do(m) =1+ &y,
— -1 1 — -1 1
Fsa (D) =M1 SMINLi(£, 6, $)]| = M71| =M LAy ]
1 1
Omr(1) =M1 ?M [NLy(f, 0, 9)]| =M1 EM [Am]],  (BD

Bt = M| SMINL(F, 8, 91| = MM ]|

We decompose the nonlinear terms NLx(f, 8, ¢),k=1,2,3
by utilizing Adomian’s polynomials in the following form:

NLi(f,0,0) = ) Axm k=123,

m=0

(32)
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where,
lom = L) NLy %Xifw gxif)i: %XW ,
Comat lw s s ), 69
k=123.

Applying the previous formula, we calculate the first Ak m,
k =1,2,3 in the following form:

Aro= By * fofy — fF — (M + D)fy + Q00 + Qehy]

= g

1 1 1
&n + [Y +n+ 551'72 + ﬂ€2f14][€1 + 532'72]

1 2
- [1 +4n + 652’73] -(M+ A)[l +an 34)

v g s o s an v o+ ap)

A= B+ R+ ASY - 2] - (M +
+ Qtel + gc¢1], [XP)

Az = PrEC(Bfs" - fi)fy + Pr(Afy 6o - £,60)
= Pr(Typy + T:6)6g

= Pr[Ec(ﬁ€z - (6 + 056202))(51 + 0562']2)
1
+ A1+ €3n)[l +on + €€2n3] - €3[Y +1 35)

1 1
+ =Nt + —¢ 4]— L6 + Li63)es),
21'] 24217 A 1¢3)03

Ayy = PrEC(Bf® - fI)fy + PrEc(BfY - ffy
+ PrA(f/6, + f61) - Pr(f,6; + £,6{)
- Pr(g, + L6765 - Pr(Tup; + L,69)65, ...,

Az =—(Tt/Ty)0y — Lefyd,

1 1
=-Leg|Y + n + =4n? + —&n* 36
ety n 2€1I’] 24€2ﬂ s (36)

Ag1=-(L/TY0; - Le(fdg + /o9, .

We can calculate the first component of the approximate
solution using the iterative formula (31) in the following
form:

fim =M~ %M[ALO] ,

1

6:(n) =M1 ?M[Az,o] , (37

ORYE EN|

Thus, we can obtain the approximate solution by collecting
m of these approximated terms as follows:
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m-1

f) =f,() = 3 filn), 6@ = 6m(n)
k=0

m-1

o) = d(m) = Y (),
k=0

(38)
m-1
= 2 6,
k=0
when m — o, this form is close to the true solution.

The values of 4, i = 1, 2, 3 will be given by applying the
BCs (11) and (12).

To attain a complete numerical investigation, we esti-
mate the residual error function REF f(m, i), REF o(m, n),
REF 4(m, n) [23] for the solution f(n), 8(n), and ¢(n),
respectively, of Eqgs. (8)-(10) as follows:

REF (m, ) = B (D) = f/ () = fre () + fr2 ()
+ Mf, () + Af; (0) = Qbm()
- Qf¢m(’7) = 0,
REF o(m, 1)) = 6:() + PrEc(fy;(n) = BfSY (M) ()
+ Pr(f,(mBn(m) = Afy, (MBm(0)
+ Pr(Dpg, () + Libn(m)Br(n) = 0,

REF 4(m, n) = Ty, () + T05(n) + TpLef,, (M@, ()
= 0.

(39

(40)

(41)

4 Verification of the numerical
approach and its precision

The values for Nusselt number -6(0) are examined and
contrasted in this section with the values found by Khan
and Pop [24] for various Brownian motion parameter [} in
Table 1. This comparison demonstrates how accurate and
consistent the present findings are. We can see how well
this comparison agrees for all values of I},. This reassures
us that the existing results are extremely accurate and that
the numerical method has been suggested as a reliable and
effective procedure to handle this kind of fluid flow pro-
blem. All computations in this research were conducted
utilizing Mathematica 8.0.

To validate our approximate solutions at Le = A =
Y=10, Ec=f=M=A=L=02 TI,=07 Pr=3.0,
Q¢ = 0.5, Q. = 0.1, we give a comparison in Tables 2—-4 for
£, 6(n), and ¢(n), respectively, with the ADM [25,26]
with different values of m by computing the REF in the
two methods. This comparison displays the thoroughness
of the introduced method in this work. The error-REF
reduction and accuracy of the method can be controlled
by choosing appropriate values for the approximation
order m.
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Table 1: Variation of —=6'(0) against I, withY =Ec =M =A=Q, =
B=Q.=1=0,T; =03, and Pr = 10

I Work [24] Current results
0.5 0.0291 0.028997880
0.4 0.0641 0.063990218
0.3 0.1355 0.135477089
0.2 0.2731 0.272998074
0.1 0.5201 0.520079982

5 Results and discussion

We show graphically each of the temperature, velocity, and
concentration profiles, which were obtained by combining
the Adomian decomposition approach with the Mohand
transform. These illustrations provide a more in-depth
understanding of the fluid flow’s behavior and properties
under different circumstances. Figure 2 shows how the
concentration, temperature, and velocity amplitudes are
affected by the thermal expansion parameter Q. This
graph shows that the velocity amplitude increases with
the values of the thermal expansion parameter. But it

Table 2: Comparison of the REF between the MADM and ADM via var-
ious quantities of m

MADM-REF; at ADM-REF; at

n m=6 m =12 m=6 m=12

0 9.25 x 1077 3.65 x 10711 4.02 x 107 3.26 x 1077
0.6 9.25 x 1078 824 x 1070 329 x 1073 5.21 x 1077
1.2 7.26 x 1076 6.53 x 107° 2.65 x 107 6.33 x 1078
1.8 6.02 x 1076 532 x 1079 9.01 x 1073 6.26 x 107
24 9.26 x 1076 2.40 x 1070 7.37 x 1073 7.23 x 1075
3 6.23 x 1075 2.15 x 107 7.45 x 1073 6.26 x 107

Table 3: Comparison of the REF between the MADM and ADM via var-

ious quantities of m

MADM-REF, at ADM-REF; at
n m=6 m=12 m=6 m =12
0 5.00 x 1077 9.26 x 1079 3.67 x 1074 3.26 x 1077
0.6 7.26 x 106 5.24 x 107 9.26 x 107* 5.29 x 106
1.2 8.03 x 1076 2.02 x 10710 2.01 x 1073 2.60 x 1078
1.8 7.03 x 1076 1.48 x 1071 6.10 x 1073 9.26 x 1076
24 7.26 x 1076 7.65 x 1078 2.02 x 1073 2.31 x 1076
3 6.03 x 1075 7.01 x 1078 6.20 x 1073 2.30 x 1073
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Table 4: Comparison of the REF between the MADM and ADM via var-
ious quantities of m
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MADM-REE; at ADM-REF,; at
n m=6 m=12 m=6 m =12
0 7.26 x 1076 6.26 x 107° 6.26 x 107* 7.26 x 1077
0.6 8.27 x 1075 7.56 x 10710 9.01 x 107 2.59 x 1078
1.2 9.03 x 1076 2.59 x 10710 7.20 x 1073 2.94 x 1076
1.8 2.50 x 1075 7.01 x 107° 7.26 x 1074 9.26 x 1076
24 8.06 x 1076 2.23 x 1070 2.26 x 1073 8.25 x 1075
3 6.00 x 1073 3.25 x 1078 6.03 x 1073 527 x 107

also results in a simultaneous drop in 8(n) and ¢(n). This
offers that as Q, increases, there is a trade-off between the
fluid’s velocity and its temperature and concentration dis-
tributions. Physically, the buoyancy force in the model,
which is brought on by the MCP, is responsible for the
boost in velocity.

LOFA 1
08} 1
0.6} 1
g 0,=0.0,0.5, 1.0
0.4 1
i Q,=0.1, M=0.2, A=0.2
0.2 r b
7 Y=1.0,=02,1=1.0 |
0'0 7\ S S S T T S S S [ S S S S S AN S S \7
0.0 0.5 1.0 1.5 2.0 25 3.0
n
(a)

1.0 S E
0A8; B
0,6; B
s 0,=0.0,0.5, 1.0

04+ B

i Q,=0.1, M=0.2, A=0.2
0.2 B

Y=1.0, 8=0.2, A=1.0
00, L L L | N 1]
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Figure 3: (a) f'(n) for assorted Q. and (b) 8(17) and ¢(n) for assorted Q..

Figure 3 shows how the solution domain is affected by
the concentration expansion parameter Q.. The concentra-
tion expansion parameter improves the velocity f'(n) greatly
away from the wall, but it also significantly reduces (1) and
¢(n). This can be attributed to the expansion parameter’s
enhanced diffusion rates, which speed up fluid motion and
encourage the temperature and concentration boundary
layers (BLs) to thin. The fluid’s capacity to transmit mass
and heat is thereby diminished, resulting in lower concen-
tration and temperature profiles.

In Figure 4, the couple stress nanofluid flow character-
istics are affected by M. This parameter introduces a resis-
tive force that interacts with the couple stress properties of
the nanofluid, causing significant changes in the fluid
dynamics, including 6(n), ¢(n), and f’(n). It is evident
that when M increases, the velocity’s amplitude decreases,
and the opposite trend appears for the coupling stress
nanofluid concentration and temperature. Reduced velo-
city and higher heat dissipation in the fluid are the results

10F L |
3 Le=1.0,T,=0.7, Ec=0.2 ]
ol Pr=3.0,T,=0.2, \=1.0
M €,=0.0,0.5, 1.0 n) 1
06F ) 1
04F 1
02f ]
0.0 ;\ L P T H S T Tl 11
0.0 05 1.0 15 20 25 3.0
n
(b)

1.0 F AR
r Le=1.0,T,=0.7, Ec=0.2
osl Pr=3.0,T,=0.2, A=1.0
[ 0.=0.0,0.5,1.0 o)
0.6} () 1
0.4; B
02 i
000, v v v e e——
0.0 0.5 1.0 1.5 2.0 2.5 3.0
n
(b)
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Figure 7: (a) 6(n) for assorted Ec and (b) ¢(n) for assorted Ec.

Table 5: ShyRez , NuRe: , and CERe? values as function of specific
governing parameters with Pr = 3.0,Le = 1.0, = 0.2,I, = 0.7, ; = 0.2,
and Y =10

€ @ M A A Ec (cfpe; NuRe: ShRer

00 01 02 02 10 02 184110 146017 0769252
05 01 02 02 10 02 166553 146351  0.900485
10 01 02 02 10 02 149909 146689  1.017123

04 00 02 02 10 02 186158 145352  0.763014
04 05 02 02 10 02 159192 148133  0.908501
04 10 02 02 10 02 135315 150095  1.030782
04 01 00 02 10 02 171182 145155  1.003220
04 01 10 02 10 02 214261 142334  0.889382
01 01 20 02 10 02 251377 136042 0778145
04 01 02 00 10 02 17118 145155  1.003220
04 01 02 10 10 02 214261 142334  0.889382
04 01 02 20 10 02 25377 136042 0778145
04 01 02 02 00 02 181143 198007 0740195
04 01 02 02 20 02 181545 259051  0.573093
01 01 02 02 30 02 18198 299660  0.424228
04 01 02 02 10 00 181519 220524  0.794047
04 01 02 02 10 05 181014 143017  1.009481
04 01 02 02 10 10 180216 0.66047  1.224301

of the Lorentz force generated by M acting as a resistance
force to the flow. Because of the decreased convective
transport, this raises 6(n), ¢(n) levels and causes the
thermal and concentration BLs to get thicker as the mag-
netic field strength rises.

Figure 5 shows, while holding the other parameters
constant, how f’(n), ¢(n), and 6(n) affect various values
of A. The attracting body force with the porosity parameter
is orientated in the opposite trend of x on the x-axis. Con-
sequently, a larger value for the porous parameter will
lead to greater resistance against the axial velocity, which
will lower the velocity and improve the concentration and
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=02, Le=1.0,T',=0.7

08 1
[ Ec=0.0,0.5, 1.0 ]

0.6 -

()

0.2

0.0

temperature profiles. This happens as a result of the fluid
flow being slowed down by the increased resistance, which
gives the BL more time to transfer mass heat and produces
thicker thermal and concentration BLs.

Retaining all other parameters constant, Figure 6 illus-
trates the effect of the wall temperature exponent A on 6(n)
and ¢(n) fields. The nanofluid temperature is negatively
impacted by a surge in the surface temperature parameter;
however, the nanofluid concentration is positively impacted.
BL thickness decreases, fluid temperature drops, and concen-
tration rises, as the surface temperature parameter rises. The
physical explanation for this behavior is because that the
fluid’s surface has a greater ability to transmit heat, which
produces a cooling effect that is more effective. Consequently,
the fluid temperature decreases due to a smaller thermal BL,
and an increase in solute concentration near the surface is
promoted by a compressed concentration BL.

Figure 7 shows how with all other parameters fixed or
unchanged, Ec affects a couple stress nanofluids 6(n)
and ¢(n). Eckert number generally results in a fall in nano-
fluid concentration, especially close to the sheet surface,
and a surge in the temperature field and thermal BL
thickness. This is due to the fluid temperature rising as a
result of viscous dissipation, which transforms energy
from motion into internal energy. Due to the increased
temperature, the thermal BL thickens due to enhanced
thermal diffusion. Further, greater energy dissipation
enhances molecular diffusion and lowers concentration,
leading to a thinner concentration boundary layer near
the surface.

Table 5 now provides a knowledge of how all control-
ling parameters affect CfXRe§ , thRe’z1 , and NuXRefz1 . These
numbers allow us to estimate the total heat and mass
transfer (HMT) rates, examine the fluid flow’s effective-
ness, and evaluate the nanofluid’s performance in various
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scenarios. Understanding how various factors impact the rate
of the HMT, as well as the frictional forces, is essential for
optimizing industrial processes and applications employing
nanofluids. Undoubtedly, the skin-friction coefficient’s ampli-
tude increases when the magnetic parameter, porous para-
meter, and wall temperature exponent go up, but it reduces as
the thermal and concentration expansion factors improve.
Furthermore, by boosting the porous and magnetic field para-
meters, the same table demonstrates that the local Nusselt
number reduces monotonically. It also turns out that as the

Eckert number rises, Sh,Re: rises and Nu,Rez falls. On the
other hand, the exponent of the wall temperature exhibits

the opposite pattern for ShyRez and NuyRe: .

6 Conclusion

The authors are aware that no previous studies have expli-
citly investigated the mixed convection behavior of a
couple stress nanofluid flow over a permeable stretching
surface in a Darcy porous medium, taking into account both
viscous dissipation and magnetic field effects. Because it
tackles a unique combination of physical phenomena crucial
to different industrial and technical applications, where the
interaction of magnetic fields, fluid dissipation, and porous
media play a crucial role, this gap in the literature under-
scores the novelty of the current study. In light of the afore-
mentioned assumptions, the main goal of this work is to
simulate the mass, flow, and heat transfer of the couple stress
fluid. Utilizing both the ADM and MT, the problem is
addressed numerically. Graphs are used to show how dif-
ferent parameters affect the results. This problem’s prin-
cipal conclusions are as follows:

1) At the same time that 6(n) and ¢(n) of the nanofluid
decreases, both the thermal and concentration expan-
sion parameters cause the velocity to increase.

2) The exponent of the wall temperature causes the tem-
perature to drop, but the Eckert number causes it
to rise.

3) The 8(n) and @(n) increase in response to both the mag-
netic field and porous parameters, while the nanofluid
velocity decreases.

4) A greater function of the porous parameter, the expo-
nent of the wall temperature, and the magnetic field
parameter result in an increased drag force. By raising
the temperature and concentration expansion para-
meters, on the other hand, it decreases.

5) Future research could expand this model to better
reflect real-world conditions by incorporating 3D flow

DE GRUYTER

dynamics, temperature-sensitive material properties,
and machine learning algorithms. These enhancements
would improve both the precision and computational per-
formance of the solutions.

6) Residual error functions are utilized to verify the accu-
racy of the derived solutions in the absence of exact
solutions. Comparisons with well-established numerical
models in the literature were accomplished.

7) In addition, by increasing m, we can control the accu-
racy and effectiveness of the numerical solutions by
using the given computational scheme. The results dis-
played in the tables and figures validate that the pro-
posed technique is both highly precise and efficient, as
well as adept at addressing a range of analogous model
challenges.

8) In future work, we will try to study the convergence by
presenting a theoretical study to prove it, as well as
making further modifications to the proposed method
to avoid shortcomings and to increase the accuracy of
the solutions and the efficiency of the technique. Also,
we try to solve this problem using other methods, such
as the finite element method or finite difference
method.
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