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Abstract: The current analysis discusses Jeffery nanofluid’s thermally radiative flow with convection
over a stretching wedge. It takes into account the Brownian movement and thermophoresis of the
Buongiorno nanofluid model. The guiding partial differential equations (PDEs) are modified by
introducing the symmetry variables, leading to non-dimensional ordinary differential equations
(ODEs). To solve the generated ODEs, the MATLAB function bvp4c is implemented. Examined are
the impacts of different flow variables on the rate of transmission of heat transfer (HT), temperature,
mass, velocity, and nanoparticle concentration (NC). It has been noted that the velocity and mass
transfer were increased by the pressure gradient factor. Additionally, the thermal boundary layer
(TBL) and nanoparticle concentration are reduced by the mixed convection (MC) factor. In order to
validate the present research, the derived numerical results were compared to previous findings from
the literature while taking into account the specific circumstances. It was found that there was good
agreement in both sets of data.

Keywords: Jeffery nanofluid; symmetry variables; wedge; viscous dissipation; radiation effect;
Brownian motion; mass transfer

1. Introduction

Non-Newtonian transport phenomena can be found in a large number of scientific
domains such as mechanical, biochemical, and materials science. The momentum conser-
vation equations are usually modified in certain ways in non-Newtonian models. These
include tangent hyperbolic liquids, power-law fluids, Oldroyd-B systems, Reiner-Rivlin
systems, Walters-B short memory systems, and Bingham polymers [1-9]. The Jeffrey model
has shown to be quite successful, just like many other rheological models that have been
constructed. This beautiful yet simple rheological model was initially developed to repre-
sent issues with flow in the earth’s crust [10]. This model [11] is a viscoelastic fluid model
that displays strong shear viscosity, yield stress, and shear thinning features. When the
wall stress is significantly higher than the yield stress, the Jeffrey fluid model degenerates
to a Newtonian fluid. The rheological behavior of various liquids, such as physiological
suspensions, foams, geological materials, cosmetics, and syrups, is also approximated by
this fluid model fairly well. Jeffery fluid flow with a range of viscosities [12], Jeffery fluid ra-
diative transfer with a heat source [13], as well as the latest research on Jeffery fluid [14-16],
are also fairly well taken. It is important to analyze the HT of BL flow involving thermal
radiation (R) in a number of production processes, including extreme temperature solar,
glass production, and liquid metals. These transport mechanism issues turn out to be
incredibly nonlinear when combined with convection processes.
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Numerous studies that consider radiative-convective flow in multiple physical dimen-
sions have been carried out. Ara et al. [17] examined how radiation affected the BL flow of
a gradually declining Powell fluid sheet. They found a diminution in the BL, with a rise
in radiation and Prandtl number Pr. With the use of the Rosseland exemplary, Noor NF
et al. [18] examined the impact of R on magneto-hydrodynamics (MHD) with thermophore-
sis down an angled plate. Additionally, radiation, along with convection, in a Micropolar
Shrinking Sheet was investigated by Gupta et al. [19]. The physical characteristics of a
MHD Carreau nanofluid bi-convection flow across an upper paraboloid porous surface are
examined by Shahid et al. [20]. Chemical reactions and the presence of activation energy
are both investigated in this study. Bhargava et al. [21] investigated convective effects of
micropolar fluid with TR in a porous medium. The Falkner-Skan flow was only partially
considered in earlier studies [22,23]. The 2D wedge structure is connected to this class of
BL flows. Peddieson [24] employed the second-order Rivlin model to explain how non-
Newtonian flows through wedges develop. Researchers are interested in understanding
more about the mixed convection (MC) BL flow over a wedge as it has many applications
in engineering systems. Sparrow et al. [25] were among the first to investigate the MC
convection flow and HT around a non-isothermal wedge with a non-uniform velocity. The
flow of MC with constant injection or suction across a porous wedge was investigated by
Watanabe et al. [26]. By using a wedge, Kafoussias [27] and Nanousis [28] looked into the
effects of injection and suction on MC Flow. A power-law model was used by Gorla [29] to
examine HT in a flow via a wedge. Yih [30] investigated how radiation affected the flow of
MC around a wedge immersed in porous media. For a third grade flow generated by a
non-isothermal wedge, Rashidi et al. [31] used a homotopy approach. The calculations for
MHD forced convection flow across a wedge were determined by Chamkha et al. [32] using
a finite difference approach. MHD convection through a porous wedge was examined
by Hsiao [33], who found an increment in the HT rates with increases in R and Pr. In a
non-Newtonian flow, Ishak et al. [34] investigated mathematically the 2D, laminar flow
across a wedge. Dadhich et al. [35] investigated the MHD flow of Sisko fluid across a
wedge. For infinite shear rate, Khan et al. [36] investigated the effects of various factors of
Carreau flow across a wedge.

Nanotechnology is the strategy of investigating and isolating or adding an item’s par-
ticles and atoms that should be made tiny. Nanomaterials has had a substantial impact on a
wide range of initiatives over the past thirty years, such as the oil industry, food production,
medicine, nuclear energy, nuclear cooling, and the polymer firm. In order to improve
the heat transfer performance of a nanofluid utilizing thermomagnetic convection, Prab-
hakaran et al. [37] inspect the consequence of MHD mixed convective flow of CNTs/Al,O3
nanofluid in water past a heated stretchy plate with injection/suction, heat consumption
and radiation. Du et al. [38] explored a modified model based on the Buongiorno model
that took into account the Kelvin force in the presence of an inhomogeneous magnetic
field. Wang et al. [39] used numerical simulations to study the EHD effect for various
electrode configurations, electric field intensities, and frequency ranges. Sharma et al. [40]
examined an incompressible electrically conducting viscous fluid in the presence of heat
radiation, viscous dissipation, a first-order chemical reaction with thermophoresis, and
Brownian motion across a constantly expanding surface. The fluid flow zone is subjected
to an inclined uniform magnetic field. A few cutting-edge research reports have been
gathered in Refs. [41-44].

Given the above-mentioned literature, we observed that no investigation has been
carried out to examine the combined convection of heat and mass transmission in Jeffery
fluid across a wedge with heat production and radiation with Joule heating. To fill the space
in the existing analysis we studied Jeffery fluid across a wedge. By adding the necessary
similarity variables, the guiding partial differential equations (PDEs) are adjusted, resulting
in non-dimensional ordinary differential equations (ODEs). The numerical solution has
been obtained by the BVP4c method. The impact of velocity, temperature, and concentration
are manifested as graphs. The current issue, which has application to the simulation of
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nuclear waste and polymeric manufacturing processes, but has not yet been documented
in the scientific literature, is known to the authors.

2. Computational Modelling

In this work, 2D, steady, laminar flow of Jeffery nanofluid with radiation and a heat
source is investigated. It is presented in Figure 1 using a rectangular coordinate system. The
wedge surface is parallel to and perpendicular to the coordinate axes, and the free stream
velocity is e (x) = Px™ (P > 0). The wedge angle is (2 = 7 B, where B = sz1 Itis also
supposed that the nanoparticle fraction C and temperature T take constant values of Cy
and T, respectively, on the wedge surface. Too and Coo, respectively, are the surrounding
values for y tending to co. Transverse to the wedge surface is an imposed uniform magnetic

field (Bp). Mathematical model for the flow analysis is presented in Figure 1.

asy - o:u=u, =Px™ ,v>0,T->T,C- Cy

Nano Fluid

aty=0,u=0v=0; T=T,;C=C,

Figure 1. Mathematical model for the current analysis.

A non-Newtonian fluid described by Jeffreys [45] has the Cauchy stress tensor, S, with
the following form:

_®

T=—pl
pl+S, 5= T

(7 + A2%),

where v is the shear rate; a dot above a quantity indicates the material time derivative.
An elegant approach for modelling the retardation and relaxation effects that arise in non-
Newtonian polymer flows is provided by the Jeffreys model. In terms of the velocity vector,
V, the shear rate and gradient of the shear rate are further defined as follows:

§=VV+ (VW)
. d,.
7= g ()

For a 2D Jeffery fluid, the governing BL equations, which are the equations of continu-
ity, momentum, and energy, are given as follows [15]:

ou odv
ox * ay )
o 4 opdu g duoo+ Ry +07787u827u+@82u .
ox ady — T dx l+/\1 ayz 2 axayz dx 9y? dy dxdy @)

UBO - Too)sm( 2) +8p"(C— C@szn(?‘)
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o |, _ k2T a@ﬂ&(ﬂz_l%cz_
+ K1 (371/!)2 + ‘TBOZM2
(pCp), \ (vCp),”
aC | aC 9°C | Dro’T
o — Dpe = 4
“ox TPy T Bz T T, a2 @)
C
p indicates the nanofluid particle material density, T = Ei CP;” denotes the shear
p
stress, Dp signifies the Brownian diffusion coefficient, Dt denotes the thermophoresis
diffusion coefficient, g, represents the radiative heat flux, and G Ck Y, = ay represents
p

thermal diffusivity.
The related BCs are the following:

aty=0:u=0,0=0,T =Ty C=Cy;
asy — o0 : U =Ue = Px",0 >0, T = Teo,C = Ceo. (5)

A stream function 1 is used to satisfy the equation of continuity such that u = g—ﬁ and

v=— %ﬁ' The aforementioned BCs and equations are obtained in their non-dimensional

form by using the accompanying similarity transformations.
The following symmetry variables transformation was used:

- (25)

u = k(x)" f'(n);

0= \/(m;l)&‘k(x)’”l {f(q) + n(%)f’(n)};

T—Te
0(n) = m/
C - Coo
o(n) = Co—Cu’ (6)
The Rosseland diffusion flux model is defined as
40* 9T
qr = — 3K W ()

The symbols k* and ¢* represent the Stefan—-Boltzmann constant and the mean ab-
sorption coefficient of Rosseland, respectively. T* can be described as a linear function of
temperature by making the assumption that the temperature changes within the flow are
negligibly small [9,20].

T* = 4To® — 3Tx* (8)

Equations (7) and (8) are used in Equation (3) to produce

dqr _  160* Teo® aiT
dy 3k* oy’
Equation (6) is incorporated into Equation (2) through (5) to produce the nonlinear
ODE system shown below:
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(52l =2 (5) i (22} (2]

(

4R
14—
+3

9
+m(1—0—)\1)+)t{6—0—NCD}sin(%) =0 ©

" / ! o/ 2 2 2 _ (.
)9 +Pr(f9 + NyO'¢ + Ni# ) S e MPrE.f2 + E.f2 = 0; (10)
"+ PLfO + (Nt)e" —0; (11)

Ny

atn=0: f(n)=0, f(n)=0,0(n) =1, P(n) =1; (12)
asm—oo: f(n) =1, f(n) =1, 0(y) =0, &(y) =0. (13)

The “prime” denotes the differentiation with respect to 7, while the dimensionless
terms are defined as the following;:

M = 9Box _ kg 1S AMm ks AR o Magnetic field factor

Plhoo kgm=2s-1
P = % Prandtl number
N, = % Brownian motion factor
N; = %ﬂ:m Thermophoresis factor
Le = i Lewis number
R = % Radiation factor
2.-3,,-31—1 .
= pgb’:w = I’(‘gzifsf'gﬁa Sﬁ — Constant Source/sink factor
2
E, = ) Eckert number
(6) (7o)
N = % Concentration to thermal buoyancy ratio factor
A= (Rer) . Mixed convection factor
o _ 3 B
Gr, = sb mfsz ¥ 4’fo§,22 = Constant Grashof number
B = /\2% = % = Constant Deborah number

Heat and Mass Transport Coefficients

The primary objective of this research is to determine those characteristics which are
significant while dealing with heat and nanoparticle mass transportation processes.

These are described as the local Nusselt number N, = (k(qui—vT)> . and the local
w ) y=

nanofluid Sherwood number Sh, = (%) , where q,, = —k <%>yzo is the wall

heat flux. As a result of the transformations mentioned above, these parameters will be
=1 e
reduced to (Re,) ™ N, = — (1 + %)9’(0) and (Rep) ™0 Shy = —¢'(0), respectively.

3. Numerical Computation

The approximate solutions with the BCs in Equations (12) and (13) for the nonlinear
ODEs in Equations (9)—(11) are derived using the bvp4c MATLAB solver. The Equations
set (9)—(13) is converted into a group of first-order DEs in Equations (14)—(26), as stated
below, to execute the bvp4c coding:

f=vy (14)
fl'=n'"=y (15)
fr=v'=ys (16)
"=y =y (17)

0" =ys' =y (18)
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v =10"; (19)
yr=ys=¢"; (20)
vs =¢"; (21)
g = v (25L) = M(1+ A yp — (14 21) [m(y2)® — yyva( )]+ﬁiz21y>4(m—l)+(ya)z(%;])}JrMQJr/\l)+/\{y4+Ny6}5in¥; (22)
2
y_ o —(GEx)8Prys + MPrECyS + Pr(yiys + Noysys + Niwg) + Ecy3]
3
N [(57)Prys + MPrEcy; + Pr(yiye + Noyeys + Niyg) + Ecy3] — (1 + %)PrLeNhylys (24)
Yg=¢" = ;
’ N, (1 + %)
with the BCs:
(1) =0, ¥0(2) =0, yo(5) =1 =0, y(7) -1=0; (25)
y1(2) =0, y1(3)—1=0, y1(5) =0, y1(7) =0. (26)
4. Results and Discussion
4.1. A Impact on the Profiles of Velocity, Temperature, and Nanofluid Concentration (NC)
Figure 2a—c display the velocity, temperature, and NC patterns by altering the numeri-
cal values of A1. The velocity is seen to increase with an increase in A;. However, both the
temperature and the concentration considerably drop. Through the buoyancy term, the
mixed convection parameter connects the energy field and momentum field. This factor
significantly affects the velocity, temperature, and concentration interactions while being a
first-order factor. A thermal energy deficit brought on by the assistive buoyancy force’s
momentum increase, cools the BL, and lowers its temperature and NC.
1 1 T
gl m=05,4=0.1,M=0.5; ——A0s 6o 2054201 M=0.5 o
== == S = = ol\  ERimsEn
' obizles0.LNR0D e ' \\ 520.5,Lem0.TN05 - = itet2
0.7 \ =——e—r 1215
0.6 \
Eos
04 r ?D 3DD§ \}\}\.\\:\_
0.3 S §§§ \b\}\;*\»\q
0.2 1.961.98 2”202204
0.1 -
0 : : : : R
1 2 3 4 & 6 g 8 9

(a)

Figure 2. Cont.
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\ m=0.5,4=0.1,M=0.5;
0.9 3 z '
\\ R=0.1,8=0.5Ec=0.2,
Pr=0.7 Nt=0.5,Nb=0.5,
08 \\ 6=0.2,Le=0.7,N=0.5
0.7 \\
0.6 \\
§ 0.5 0.282
028
0.4
=0278
0.3 0276
0.274
0.2
238 24 242 244 246
0.1 - 1
0 \ .
0 ;| 2 3 4 5 6 7 8 9 10

(c)
Figure 2. (a) f' vs. A1, (b) 0 vs. Ay, and (c) D vs. Aq.

4.2. Impact of M on Velocity, Temperature, and NC Profiles

Figure 3a—c illustrates the distributions of velocity, temperature, and NC by altering
the numerical values of M. Figure 3a demonstrates that the nanofluid’s velocity reduces as
the M value is raised while holding the other parameters constant. As M rises, so does the
corresponding momentum BL thickness. Physically speaking, it makes sense that a greater
M value would be able to reduce the speed of the fluid elements because the Lorentz force
serves as a retarding force. Figure 3b,c show that as the magnetic parameter is increased
within the BL region, both the temperature and concentrations are increased. The reason
is that as the magnetic field intensity grows, the Lorentz force (a type of resistive force)
also increases. As a result, the fluid’s temperature rises since more heat is produced there.
Additionally, the TBL thicknesses show a similar pattern with a greater M value.

al T 1
0.9 m=05, 1=0.1,41=0.2, Mfo-s 09 % m=0.5, 1=0.1,41=0.2, J
R=0.1, § =0.5,Ec=0.2, =10 ‘ R=0.1, § =0.5,E¢=0.2,
0.8 Pr=0.7,Nt=0.5,Nb=0.5, T ] g sl ® Pr=0.7 Nt=0.5,Nb=0.5, i
5=0.2,Le=0.7,N=0.5 Me2h \ 5=0.2,Le=0.7,N=0.5
- = ‘mM=25 W
o7 —=—=m=30| [ | 07T
0.6 1 06
=05 . Zos
Ay x
0.4 04 r
03 E 0.3
02 g 0.2
0.1 ] 0.1 F
0 i ; i o
0 2 3 4 5 6 7 8 9 10 0
ul Ul
(a) (b)

Figure 3. Cont.
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0.9
0.8
07
0.6

Zos
0.4
0.3

0.2

0.1

Figure 3. (a) f’ vs. M, (b) 0 vs. M, and (c) @ vs. M.

4.3. Influence of Pr on Temperature, Concentration, and Velocity Patterns of the Nanofluids

m=0.5,1=0.1,41=0.2,
R=0.1, g =0.5Ec=02,
Pr=0.7 Nt=0.5Nb=0.5,
5=0.2,Le=0.7,N=0.5

(c)

Figure 4a—-c shows how the Pr value affects the dispersion of heat, nanoparticle
concentrations, and velocity. These graphs clearly show that a rise in Pr leads to a fall in
fluid temperature since the strong momentum transport and low thermal diffusivity are
demonstrated by high Pr. Due to its low heat dispersion and strong momentum transport,
a fluid with a high Pr has a higher convective HT and a lower conductive HT. As a result,
both the fluid’s temperature and its concentration of nanofluids fall, while the fluid’s

velocity rises as momentum is transported with greater Pr.

1
e s s Pre05 ] | m=05, 2 =0.1M=0.5; P05 |
m=05, 2=0.1,M=0.5; ———Pr=08 0.9 R=0.1, § -0.5E0=05, ——Pr-06
R=0.1, f <0.5Ec=02, —-==Pr=07 | | =02 Nt=0.5,Nb=05, —-—=pr=07] |
21=0.2Nt=0.5,Nb=05, Pr=0.8 osf 4 8502 L2207 N=05 Pr=0.8
o 5=0.2,Le=0.7,N=0.5. — = Pr=09 ) s D8
“\}‘ —=—=Pr=10| { 07 —=—=Pr=1.0| §
)
L0 0.6
s\
) =
R\ =05
R 04
T
\}\\\
WA\ 03
kY \
LI
LN 0.2
RN
O
o 0.1
n 0 0
1 2 3 4 5 8 7T 8 9 10 0 3 4 5 8 9
n n
(a) (b)

Figure 4. Cont.
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0.9

0.8 r

07
06
Eos
=
04
03
02

0.1

m=0.5, 1=0.1,M=0.5;

At=

5=0.2,Le=0.7,N=0.5.

———=pr=0.7

- = +Pr=09
———=pr=1.0

Pr=0.5
Pr=0.6

——

Pr=0.8

"~
;e

(c)

Figure 4. (a) 0 vs. Pr, (b) @ vs. Pr,and (c) f’ vs. Pr.

4.4. Effect of Ec on Temperature, Concentration, and Velocity Profiles of the Nanofluids

Figure 5a shows how the temperature changes as the Eckert number Ec varies. Ec is
an assessment of the conversion of kinetic energy to heat via viscous dispersion. A boost in
Ec results in an increase in temperature because heat is accumulated in nanofluid due to
frictional heating. While, as seen in Figure 5b, the concentration of nanoparticles drops as

the Eckert number rises. The velocity profile in Figure 5c¢ exhibits the same pattern.

- :
3\ Ec=0.1
NN m=05,11=0.1,M=0.5; Ec=05 ]
W R=0.1,§=0.51=0.2, ——Ec=0.7
Nt Pr=0.7 Nt=0.5,Nb=0.5, Ec=1.0| 1
VM 5=0.2e=07,N=05 - = ‘Ec=12
—=—='Ec=15| {
NS
~\‘s\¢\~\
ATy
W?m\
1 2 3 4 5 6 8 9 10

1

0.9

081

m=0.5,11=0.1,M=0.5; Ec=0.1

R=0.1,0=0.5.1=0.2, Ec=0.5| 1

Pr=0.7 Nt=0.5,Nb=0.5, m=r=iEc=0.7

5=0.2,Le=0.7,N=0.5 Ec=1.0|1
- = Ecs1.2
—=m=:Ec=1.5]

m=05,11=0.1,M=0.5;
R=0.1,=0.5,4=02,
Pr=0.7 Nt=0.5,Nb=0 5,
6=0.2,Le=0.7 N=0.5

(b)
Ec=0.5
Ec=1.0 l
—=—=Ec=15
Ec=2.0 1
= = tEc=2.5 /

(©

Figure 5. (a) f' vs. Ec, (b) 0 vs. Ec, and (c) @ vs. Ec.
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4.5. Impact of Ny, on Velocity, Temperature, and Concentration Patterns of the Nanofluids

Figure 6a—c show how N, affects the velocity, temperature, and concentration curves.
As Nj, rises, the velocity in the BL drops. The volume fraction patterns of nanoparticles,
however, decline. Through the direct transfer of thermal energy by the nanoparticles
or indirectly through the micro-convection of fluid adjacent to the nanoparticles, the
nanoparticle’s Brownian motion has the potential to boost thermal transmission.

; ; 1
-,
m=05, 2=0.1,M=0.5; Nb=1 ‘}‘\t‘ o T
09 R=0.1, # =0.5Ec=0.2, ———nNb=2 09 - W m=05,2.=0.1,M=05; b=z | 1
Pr=0.7Nt=0.5.11=0.2 === Nb=3 A R=0.1, § =0.5Ec=02, iaihibey
08 5=0.2,Le=0.7,N=0.5. Nb=4 i 08 \\ \\‘ Pr=0.7 Nt=0.5,11=0.2 Nb=4 | |
- = ‘Nb=5 Y 5=0.2,L6=0.7,N=05. — — -Nb=5
07 === Nb=6 1 07 AW i N |
\\iW,
06 1 06 \,“\‘ Y
\%:
= = \\i'\
=05 1 =05 AL
ES A\
L LR
4 L
0.4 04 W\
- A%‘\ \‘\
0.3 _ w4 9 03 N
Zo.525p" e N\
- P "\\\\
P y
0.2 sEr 02 \}Q\\
0.1 H 2 ZDZ 21 215 0.1 <Y
0 : : 0 ‘ ‘ ; .
0 4 5 8 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10
il n
(a) (b)
Nb=1
———Nb=2
—==—=Nb=3
Nb=4| |
- = ‘Nb=5
—=—=-Nb=6 | {

(©)

Figure 6. (a) f' vs. Ny, (b) 0 vs. N}, and (c) @ vs. Nj,.

4.6. Effect of 6 Temperature, Concentration, and Velocity Profiles of the Nanofluids

The heat transport in fluid is significantly impacted by 6 > 0. The temperature upsurges,
as depicted in Figure 7a—. The enormous amount of heat energy generated in fluid elements
escalates the thickness of the BL. This raises the thermal boundary’s temperature. However,
the concentration and velocity of the nanofluid drops with a rise in J.
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TEN \ R=0.1, f =0.5Ec=0.2, 02 ) I R=0.1,f =0.5Ec=0.2,
\ Pr=0.7 Nt=0.5 Nb=0 5, g;g'i op ¥ Pr=0.7 Nt=0.5Nb=05, |
N Le=0.7,N=0.5,11=0.2. e i Le=0.7.N=0.541=0.2.
08 ——5=0.6] | f

0.4

0.2

0 1 2 8 9 10 8 9 10
n n
(@) (b)
1 T T T T T T T T
m=0.5, 2 =0.1,M=0.5; 5=0.1
0.9 R=0.1, § =0.5Ec=0.2, 5=0.2 ’
Pr=0.7 Nt=0.5Nb=0.5, g |
08 Le=0.7,N=0.5,11=0.2. 5=0.4 II-
2 3 4 5 6 4 8 9 10
Ul
(©)
Figure 7. (a) 0 vs. , (b) @ vs. §, and (c) f vs. 6.
4.7. Impact of N on Concentration, Velocity, and Temperature Patterns of the Nanofluids
Figure 8a—c depicts how N affects the concentration, velocity, and temperature patterns
of the nanofluids. It is clear that a rise in N leads to a rise in @. Obviously, when the &
rises, the velocity reduces and hence the temperature rises as a result of less HT due to the
low velocity of the nanofluids.
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4.8. Influence of Le on the Concentration, Velocity, and Temperature Profiles of the Nanofluids

The variation of L, with @ in shown in Figure 9a. It is obvious that ¢ falls as L,
increases. This is because Dj, which is associated with Nj, and L. have inversely pro-
portionate relationships. The increase in L. thus causes the boundary layer’s thermal
diffusivity to decrease, which causes the speed in the boundary layer area to decrease.
Similar variation was seen for the temperature profiles. On the other hand, there is an
increment in velocity profiles for rising L. (See Figure 9b,c).

(c)

Figure 9. (a) @ vs. L, (b) 0 vs. L., and (c) f vs. Le.
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4.9. Impact of N; on Fluid Velocity, Concentration, and Temperature Patterns of the Nanofluids

Figure 10a—c portray the characteristic patterns for velocity, temperature, and NC for
different N; values. It has been found that a rise in N; causes a fall in velocity. At intermedi-
ate distances from the wedge, profile variations become more noticeable. However, raising
N results in a significant improvement in both the temperature and NC values. Ther-
mophoresis successfully heats the BL while assisting particle accumulation ahead of the
fluid regime (on the wedge), which explains the increased concentrations of nanoparticles

in Figure 10c.
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Figure 10. (a) f’ vs. N;, (b) 6 vs. N, and (c) @ vs. N;.

4.10. Impact of R on Velocity, Concentration, and Temperature Patterns of the Nanofluids

As seen in Figure 11a, a rise in R causes a rise in the fluid temperature. This is because
a higher value of R heats the working fluid more thoroughly inside the boundary layer
area. Figure 11b demonstrates that when R rises, so does the concentration of nanoparticles.

However, when R is raised, the nanofluid’s velocity falls (See Figure 11c).
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Figure 11. (a) 0 vs. R, (b) @ vs. R, and (c) f’ vs. R.
4.11. Impact of A on Concentration, Fluid Velocity, and Temperature Patterns of the Nanofluids
Figure 12a shows the variation of A on nanofluid concentration of the nanofluids.
As can be observed, ¢ lowers as A grows. This is because the nanofluid has a greater
viscosity, which raises its concentration. As a result, the nanofluid’s velocity drops due
to its increased viscosity, which is shown in Figure 12b. Hence the temperature of the
nanofluid increases due to a greater accumulation of heat inside the nanofluids Figure 12c.
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Figure 12. (a) f vs. A, (b) 0 vs. A, and (c) @ vs. A.

4.12. Influence of B on Fluid Velocity, Concentration, and Temperature Patterns of the Nanofluids

Variations in the velocity profile exposed to the Deborah number () are shown in
Figure 13a. For Lower f, material was shown to behave in a more fluid-like manner, with
an associated Newtonian fluid. For a larger 8, on the other hand, the fluid exhibits material
behavior as a non-Newtonian regime that is gradually controlled by elasticity, similar to
that of a solid. The impact of the § value on the temperature contour is seen in Figure 13b.
It is apparent that with increasing values of the Deborah number, a rising behavior in the
temperature profile manifests itself. Similar behavior was seen for nanofluid concentration
profiles in Figure 13c.
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Figure 13. (a) f’ vs. B, (b) 0 vs. B, and (c) @ vs. B.
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Table 1 compares the local Sherwood number and Nusselt number for increasing m
and it is very obvious that the findings of this investigation are compatible with work by
Gaffar et al. [15].

Table 1. Comparative study of N, and Shy for different m values (for R =2, A; =0.1, M = 0.5,
Ec.=02,=05N=05N,=05L, =07, N=05,P=0.7,6=02,A=0.2).

Gaffar et al. [15] Current Study
" Ny, Shy N, Shy
0.1 0.2083 0.3126 0.2292 0.3301
0.2 0.2122 0.3261 0.2362 0.3417
0.3 0.2162 0.3398 0.2376 0.3508
0.4 0.2202 0.3531 0.2426 0.3692

Table 2 displays the results of raising m, N, Pr, A, 6 on HT and mass transfer.

Table 2. Nu, and Sh, for various values of m, N, Pr, A and é (for R=2, Ay =0.1, M =0.5,
E. =02, N;t=05,N,=0.5,L, =0.7).

m N Pr A ) B Ny, Shy
0.1 0.1 0.7 0.2 0.2 0.5 0.2292 0.3301
0.5 0.2302 0.3322
1.0 0.2317 0.3348
0.5 0.7 0.2 0.2302 0.3322
1.0 0.2455 0.3318
2.0 0.2571 0.3309
0.1 0.7 0.2 0.2292 0.3301
0.3 0.2340 0.3605
0.5 0.2399 0.3723
0.1 0.7 0.2 0.0 0.2684 0.3092
0.2 0.2292 0.3301
0.4 0.1896 0.6527
0.1 0.5 0.7 0.2 0.2 0.5 0.2302 0.3322
0.7 0.2293 0.3213
1.0 0.2267 0.3124

Heat and mass transport rates are seen to significantly increase as A increases. Fur-
thermore, an increment in N improves the mass and heat transmission rates. Additionally,
arise in Pr is seen to enhance the HT rate while decreasing the mass transfer rate. Likewise,
increasing 8 slows down both HT and mass transfer rates. The mass transfer rate upsurges
as J increases, while the heat transfer rate is noticeably reduced.

5. Conclusions

The analysis of Jeffery nanofluid thermally radiative convective flow over a stretch-
ing wedge with viscous dissipation was studied in the current work. The effects of the
wedge angle parameter, the NC, R, heat generation, and other parameters are graphically
depicted. For a number of physical parameters, the numerical values of the HT and mass
transfer are provided, and significant features are thoroughly explained. To validate the
present analysis, the mathematical findings are compared to data that have already been
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published in the literature while taking into consideration the specific circumstances. It is
demonstrated that there is perfect agreement between the two sets of results. A summary
of the key findings is as follows:

1.  The fluid velocity reduces due to the higher range of radiation and Eckert number
parameters;

2. The augmentation in the Prandtl number leads to the improvement in velocity; at
the same time, it shows the decreasing phenomena in temperature and nanoparticle
concentration field;

3. The temperature field is an increasing function of the mixed convection and buoyancy
ratio parameters;

4. An increment in Brownian motion and the Eckert number parameters results in a
decrement in the nanoparticle concentration field.
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Abbreviations

List of Symbols

Nomenclature

By Magnetic field strength

c Concentration

Ceo Ambient concentration

Cw Sheet concentration

T Fluid temperature

Tw Sheet temperature

Teo Ambient fluid temperature

Dp Coefficient of Brownian diffusion

Dt Coefficient of Thermophoretic diffusion
E. Eckert number

k Thermal conductivity

L, Lewis parameter

m Pressure gradient parameter

M Magnetic field parameter

N Concentration to thermal buoyancy ratio parameter
Ny Brownian diffusion parameter

N; Thermophoresis parameter

P, Prandtl number

qr Radiative heat flux

R Radiation parameter

Ao Relaxation time

A Ratio of relaxation and retardation time
u,v Velocity components

X,y Cartesian coordinates
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Local Grashof number

Thermal diffusivity

Coefficient of thermal expansion
Coefficient of concentration expansion
Wedge angle parameter

Heat source/sink parameter
Similarity parameter

Temperature similarity function
Concentration similarity function
Mixed convection parameter
Kinematic viscosity

Density

Ratio of the effective heat capacity
Electrical conductivity

o

TRTE

I AD g o3 ™
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