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ABSTRACT 
Ternary nanofluids have been show cased to substantially enhance the 
thermal conductivity and heat transfer attributes of base fluids when com-
pared to ordinary fluids, nanofluids, and hybrid nanofluids. As expected, 
they are beneficial in thermal management and cooling, and other applica-
tions that require effective heat transference. The present analysis deals 
with the ternary nanofluid flow with heat transmission across Riga plate 
considering Newtonian heating effect. Fe2O4, ZnO, and CoFe2O4 are in a 
base fluid H2O creating a unique combination of Fe2O4 − ZnO − CoFe2O4 − 
H2O that offers various physical and chemical properties. Using appropriate 
similarity variables, the controlling PDEs are deformed to ODEs, that are 
analyzed via shooting method and byp4c algorithm. The consequences of 
several parameters are discussed Graphical on temperature, concentration, 
and velocity profiles are shown. The outcome of the present analysis 
shows that in the presence of a Newtonian heating effect, the temperature 
profile shows better thermal performance than in the absence of the 
Newtonian heating effect. Additionally, the nature of certain significant 
engineering coefficients for specific parameters is studied in this article. It 
is seen that the heat source elevates the rate of heat transfer between a 
solid surface and fluid flow, whereas opposite trend is observed when the 
heat sink is considered. Also, the rate of mass transfer is achieved by rising 
values of the chemical reaction parameter.

ARTICLE HISTORY 
Received 20 July 2023 
Revised 2 October 2023 
Accepted 21 October 2023 

KEYWORDS 
Chemical reaction; inclined 
magnetic field; nonlinear 
heat/source sink; Newtonian 
heating; stagnation point; 
ternary nanofluid   

1. Introduction

Ultra-high thermal performance is one of the most vital needs of many automobile industries. 
Generally, thermal system radiators, engine oils, coolants, and other high-temperature heat trans-
fer fluids found in typical trucks have inherently poor heat transfer properties. This could be 
benefited by employing nanofluids resulting from nanoparticles addition (typically 1–100nm) that 
offer high thermal conductivity compared to conventional fluids [1]. Choi and Eastman [2] were 
the first to explore nanofluid thermal properties, and they explained that these fluids show super-
ior heat transfer to those of host fluids. In order to enhance fluid thermal conductivity beyond 
that of conventional mono and hybrid-material type nanofluid, Manjunath et al. [3] did the initial 
survey to examine the thermophysical properties of the ternary nanofluid model. Due to its high 
thermal efficiency, it has many industrial applications such as heat exchangers in power plants, 
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manufacturing processes, cancer treatments, and automotive parts [4]. Yang et al. [5] applied the 
Artificial Neural Network model to examine the thermal conductivity of ternary nanofluids made 
of carbon-based materials, titania, and zinc oxide. Recently, using a ternary nanofluid, Kopp et al. 
[6] studied Brownian diffusion and thermophoretic effects with MHD.

The fluid flow with the magneto-hydrodynamic (MHD) effect having many applications such 
as the design of liquid metal cooling systems, MHD power production, accelerators, pumps, and 
magnetic drug targeting [7–13] some researchers conducted study using MHD are . Because of 
such applications, numerous researchers have researched peristaltic motion problems under the 
magnetic influence. Nadeem and Akram [14] inspected the impact of inclined MHD on peristaltic 
flow in an inclined symmetric/asymmetric Williamson Fluid channel. In his research, Aslani et al. 
[15] considered micropolar flow through the porous medium on a stretching/shrinking surface 
for the study of the joint effect of inclined MHD radiation and mass transpiration effect. 
Employing inclined MHD, Mahabaleshwar et al. [16] brought up an analytical method to investi-
gate key role of carbon nanotubes under the influence of Newtonian heating and radiation effect 
over-stretching stretching and shrinking sheets. Recently, a notable work on MHD was done by, 
Selimefendigil and �Oztop [17] and Manna et al. [18].

The fluid flow at the stagnation point becomes a more interesting area among researchers due 
to its wide applications in engineering. A stagnation point in a flow stream is a place in which 
the velocity of a fluid is nil with a stronger pressure gradient. The concept of stagnation point 
flow may be found practically everywhere in technological applications such as axial fan designs, 
nuclear reactor cooling, and also in aerodynamics applications. The pioneering work on this con-
cept was done by Hiemenz [19], he proposed a numerical study on steady viscous stagnation 
point flow. Subsequently, an analytical study on axisymmetric stagnation point flow was put for-
ward by Homann [20]. Afterward, Howarth [21] did an extension of this study for better results. 

Nomenclature 

U1 ambient fluid velocity Öms−2Ü
T1 ambient temperature ÖKÜ
Öx, yÜ Cartesian coordinates ÖmÜ
a, d constants 
UwÖxÜ constant velocity Öms−2Ü
Cw concentration at wall Ömol m−3Ü
C1 concentration at far field Ömol m−3Ü
j0 current density ÖAm−2Ü
A1, A2, A3, A4 constants 
Kc chemical reaction parameter Ös−1Ü
D diffusivity Ö m2s−1Ü
Ha Hartman number 
hs heat transfer coefficient ÖW=m2KÜ
M0 magnetization of permanent magnets 
M magnetic parameter ÖTÜ
B0 magnetic field ÖA=m2Ü
qm mass heat flux Ömol s−1 m−2Ü
q000 nonlinear heat source/sink param-

eter Ökgm−1s−3Ü
A⇤, B⇤ parameters of the space-dependent and 

temperature-dependent internal heat 
generation/absorption 

Pr Prandtl number 
Re Reynolds number 
Sc Schmidt number 
Öu, vÜ velocity components Öms−2Ü

Tw wall temperature ÖKÜ
Cp specific heat ÖJ kg−1K−1Ü
k thermal conductivity Ökgms−3K−1Ü
qw wall heat flux Ökgs−3Ü
l dynamic viscosity Ökgm−1s−1Ü
q density Ökgm−3Ü
r electrical conductivity ÖX−1m−1Ü
s inclination angle 
⌫ kinematic viscosity Öm2s−1Ü
b width of magnets and electrodes ÖmÜ
a thermal diffusivity Öm2s−1Ü
u solid volume fraction 
c Newtonian heating parameter 
sw shear stress at the wall Ökgm−1s−2Ü

Subscripts 

nf nanofluid
hnf hybrid nanofluid
tnf ternary nanofluid

Abbreviations 

BLF boundary layer flow
CWT common wall temperature
MHD magnetohydrodynamics
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Stagnation point flow in the presence of MHD in an extended surface was examined by Ishak 
et al. [22]. Anusha et al. [23] examined unsteady non-non-Newtonian Casson fluid flow on a flat 
plate with combine effect of MHD and radiation.

Heat absorption/generation is a huge phenomenon nowadays in many industrial applications 
because it has a significant impact on flow stability. Heat generation/absorption is a temperature- 
dependent phenomenon that is extremely important in the thermal convectional process where 
there is substantial temperature variation along the plate and the far-field fluid. It has other several 
applications such as in semiconductors, electronic chips, and nuclear power reactors. Many 
researchers are showing their interest to explore the effects of heat absorption/generation on various 
factors such as Ashwinkumar [24], Poojari et al. [25], Sandeep et al. [26], Nanda et al. [27], Sandeep 
et al. [28]. Abel et al. [29] examine the physical properties of viscoelastic fluids flowing across 
stretched surface with MHD being present with an influence of a nonuniform heat generation. In 
order to account for the impacts of internal heat generation/absorption and frictional heating, 
Vajravelu and Hadjinicolaou [30] examined the heat transmission properties on a constantly linear 
stretched sheet with impact of a viscous fluid. via highly conducting micropolar fluids, Pal and 
Mandal [31] conducted a numerical study to look into the consequences of nonuniform heat gener-
ation/absorption and radiation across a stretched sheet with MHD.

The development of methods for predicting thermal circulation between fluid bodies in the occur-
rence of chemical reactions has sparked the interest of many researchers in the current state because of 
its vital impact in managing mass and heat transfer in many chemical industries. Motulevich [32] was 
the first to investigate the impact of chemical reactions on heat transport phenomena. Mahabaleshwar 
et al. [33] scrutinized the impact caused by radiation, chemical reaction with a heat sink/source over a 
thermosolutal Marangoni flow on a porous media. In a perpendicular channel with a couple stress 
fluid considering heat source/sink employing first order reactions, Mallikarjun et al. [34] developed 
computational methods for the flow of mixed convection. Sandeep et al. [35] explored the dynamics of 
Casson liquid flow over a curved surface using chemical reaction.

There are numerous industrial applications for Newtonian heating in solar radiation, oil indus-
tries, and heat exchangers. Newtonian heating boosts fluid flow by acting as a foster agent. Merkin 
[36] pioneered the study of Newtonian heating in 1994. In his work, he investigated natural convec-
tion along the boundary layer movement (BL) produced by NH (Newtonian heating). Various 
researchers have recently investigated NH effects due to their real-world applications [37,38]. Due to 
its unique electromagnetic surface, the Riga plate can generate MHD behavior in fluid flow. In 1961, 
pioneering research was done by Gailitis and Lielausis [39]. Later, his work was carried out by many 
researchers. Eugen Magyari and Asterios Pantokratoras [40] investigated opposing and assisting 
mixed convective flow on the Riga plate. Recently, Using Particle Swarm Optimization (PSO), 
Upreti et al. [41] analyzed the nature of heat and diffusion transmission in a Casson nano-based 
liquid containing microbes on Riga plate. Khashi’i.e. et al. [42] studied an unstable isolated stagna-
tion point flow under EMHD conditions and heat generation on a Riga plate.

The aforementioned study indicates that TNF has important scientific applications in a variety of 
fields (engineering and industrial) due to its much higher heat transfer rate than conventional fluids. 
This current research is extension of Ahmed et al. [43] comprising of ternary nanofluids with add-
ition of magnetic field, nonlinear heat source/sink, and chemical reaction. The three nanoparticles 
Fe2O4, ZnO, and CoFe2O4 possess numerous industrial and scientific applications due to its mag-
netic properties. Hence for better heat transfer these above-mentioned nanoparticles are considered.

2. Mathematical modeling

The following assumptions are considered while making a modeling of the study. The flow of the 
liquid is steady, two-dimensional, and incompressible in nature. Further, the geometry Riga sur-
face is normal to the y-axis, and u, v represents velocity units of the coordinate axis x, y:
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Magnetic effects, nonuniform heat absorption/generation effects, Newtonian heating and chemical 
reaction effects are considered. Further, it is expected that Riga approaches free stream velocity 
UwÖxÜ à ax with x axis and is warmed on a custom basis by an imposed temperature Tw: Tw and 
T1 denotes wall and ambient fluid temperature, Cw and C1 are concentration at wall Öi:e:; y à
0Ü and beyond boundary layer Öi:e:; y!1Ü at the Riga plate respectively (see Figure 1) and u à
0 and v à 0 denotes the boundary conditions for velocity profile at y à 0 and as y!1 the hori-
zontal velocity reach to U1, i.e. u! U1: The governing equations can be expressed using the 
Oberbeck-Boussinesq model as follows [43–45].

@v
@yá

@ u
@x à 0, (1) 

v @u
@ yá u @u

@ x à ⌫tnf
@2u
@ y2 á a2xá pjoMo

8qtnf
e−p

by − rtnf B2
o sin 2s

qtnf
u, (2) 

v @T
@y á u @T

@x à
q000

qCpÖ Ütnf
á atnf

@2T
@y2 , (3) 

u @C
@x á v @C

@y à Dtnf
@2C
@y2 − K2

c C − C1Ö Ü: (4) 

The above equations are subjected to following bcs,

u à 0, @T
hs@y à −T NHÖ Ü, v à 0, C à Cw at y à 0

u! U1, T ! T1 CWTÖ Ü, C! C1 at y!1

9
=

; (5) 

Here, q000 is the nonuniform heat source sink given by [45],

q000 à
kf UwÖxÜ

x⌫f
A ⇤ Tw − T1Ö Üf 0 − T1 − TÖ ÜB⇤
⇥ ⇤

: (6) 

In the above Eq. (6), the term B⇤ is temperature and A⇤ is space dependent internal heat 
absorption/generation.

Figure 1. Schematic diagram of the flow problem.
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Thermophysical properties with expressions of ternary nanoparticles are given below [33],

ltnf à
lf

1 − u1 á u2 á u3Ö ÜÖ Ü2:5
, qtnf à 1 − u1Ö Ü 1 − u2Ö Ü 1 − u3Ö Üqf á qS3u3

⇥ ⇤
á qS2u2

� �
á qS1u1, 

qCpÖ Ütnf à
qCpÖ ÜS1u1

qCpÖ Üf
á 1 − u1Ö Ü 1 − u2Ö Ü 1 − u3Ö Ü á

qCpÖ ÜS3u3
qCpÖ Üf

 !
á

qCpÖ ÜS2u2
qCpÖ Üf

" # !
qCpÖ Üf , 

rtnf à
rS1 1á 2u1Ö Ü á rhnf 1 − 2u1Ö Ü
rS1 1 − u1Ö Ü á rhnf 1á u1Ö Ü

 !
rhnf , rhnf à

rS2 1á 2u2Ö Ü á rnf 1 − 2u2Ö Ü
rS2 1 − u2Ö Ü á rnf 1á u2Ö Ü

 !
rnf , 

rnf à
rS3 1á 2u3Ö Ü á rnf 1 − 2u3Ö Ü
rS3 1 − u3Ö Ü á rnf 1á u3Ö Ü

 !
rf :

ktnf à
kS1 á 2khnf − 2u1 khnf − kS1

� �

kS1 á 2khnf á u1 khnf − kS1
� �

 !
khnf , khnf à

kS2 á 2knf − 2u2 knf − kS2
� �

kS2 á 2knf á u2 knf − kS2
� �

 !
knf , 

knf à kf
kS3 á 2kf − kf − kS3

� �
2u3

kS3 á 2kf á u3kf − u3kS3
� �

 !
, Dtnf à 1 − u1 á u2 á u3Ö ÜÖ Ü2:5Df 

where Cp-specific heat capacity, electrical conductivity and thermal conductivity are represented 
by r and k, respectively, l and q denotes dynamic viscosity and density. And u1, u2, u3 are 
volume fractions of nanoparticles mentioned in following Table 1.

2.1. Similarity analysis

g à
ÅÅÅÅÅa
⌫f

r
y, u à ax f 0ÖgÜ, v

f ÖgÜ à − ÅÅÅÅÅÅÅÅÅÅÅa ⌫ f
p

(7) 

CWTÖ Üh gÖ Ü à
T − T1

Tw − T1
, ÖNHÜ : hÖgÜT1 à T − T1, C à C1 á ÖCw − C1ÜvÖgÜ (8) 

Now by introducing the above similarity variables, governing Eqs. (1)–(4) and Bcs. (5–6) are 
transmuted into non similar ODEs.

f 000 á A1A2 ff 00 − f 02áHa
A3

e−dg − rtnf

rt

M
A3

f 0 sin ÖsÜ á 1
✓ ◆

à 0, (9) 

h00 á 1
A4

B⇤há A⇤f 0
� �

á Pr A3
A4

✓ ◆
h0f à 0, (10) 

v00 á Sc f v0
� �

− Sc Kc v à 0: (11) 

With corresponding Bcs:

Table 1. Thermophysical characteristics [46].

H2O Fe2O4 ZnO CoFe2O4

Density 997.1 5180 5606 4907
Specific heat capacity 4179 670 544 700
Thermal heat conductivity 0.613 9.7 19 1:3⇥ 10

−5

Electric conductivity 0.05 25000 0.01 1:1⇥ 107
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g à 0 : vÖ0Ü à 1, f Ö0Ü à 0, f 0Ö0Ü à 0,
hÖ0Ü à 1ÖCWT − CaseÜ, h0Ö0Ü à −c hÖ0Ü á 1Ö ÜÖNH − CaseÜ
g!1 : f 0Ö1Ü! 1, hÖ1Ü! 0, vÖ1Ü! 0

g (12) 

Here, c à hs

ÅÅÅÅ
⌫f
a

q
is conjugate parameter for Newtonian heating,

A1 à Ö1 − u1 − u2 − u3Ü
2:5, A2 à Ö1 − u1Ü

2:5 1 − u2Ö Ü 1 − u3Ö Ü á
qS3
qf

u3

 �
á qS2

qf
u2

✓ ◆
á qS1

qf
u1,

A3 à
ÖqCpÜS1u1
ÖqCpÜf

á 1 − u1Ö Ü 1 − u2Ö Ü 1 − u3Ö Ü á
ÖqCpÜS3u3
ÖqCpÜf

 !
á
ÖqCpÜS2u2
ÖqCpÜf

" # !
, A4 à

ktnf

kf
, 

Dtnf à A1Df , d à p
b

ÅÅÅÅ
⌫f
a

q
is dimensionless parameter, Ha à pjoMo

8qf a2x is the modified Hartmann 
number, M à rf B2

o
qf 

represents Magnetic parameter, Pr à ⌫f ÖqCpÜf
kf 

is known as Prandtl number, 

Scà ⌫f
D is Schmidt number, Kc à K2

a is referred as chemical reaction constraint.
The significant engineering coefficients like Sherwood number, Skin-friction, and local Nusselt 

number is given, along with their simplified forms [47].

shx à
xqm

Df Cw − C1Ö Ü where, qm à −Dtnf
@C
@y

����
yà0

(13) 

Cfx à
swÖxÜ
qf U2

1
where, swÖxÜ à ltnf

@u
@y

����
yà0

(14) 

Nux à
xqw

kf Tw − T1Ö Ü where, qw à −ktnf
@T
@y

����
yà0

(15) 

Re1=2Cfx à
f 00Ö0Ü

A1
, Re−1=2Nux à −A4 h0Ö0Ü, shx à −A1v0Ö0ÜRe1=2 (16) 

where Re à U1ÖxÜx
⌫f

:

2.2. Numerical procedure

Using the computational tool byp4c with shooting technique, the set of reduced Eqs. (9)–(10)
and reduced BCs in (12) are solved. Due to the high order of converted equations and two-point 
boundary nature of the equations that were obtained. They are converted into first order system 
to obtain solutions by replacing as follows:

On Deducing 
f , f 0, f 00,
h, h0,
v, v0

* +

à
y1, y2, y3,
y4, y5,
y6, y7

* +

the equations become,  

f 000 à −A1A2 y1y3 − y2
2 á Ha e−dn − M sin ÖsÜy2 á 1

h i
(17) 

h00 à − 1
A4

A ⇤ y2 á B ⇤ y5Ö Ü á
A3
A4

✓ ◆
Pry1y5

 �
(18) 

v00 à Sc −y1y7 á Kcy6Ö Ü (19) 

And Bcs. becomes,
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f Ö0Ü à 0,
f 0Ö0Ü à 0,
f 0Ö1Ü! 1,
hÖ0Ü à 1,
h0Ö0Ü à −c 1á hÖ0ÜÖ Ü,
hÖ1Ü! 0,
vÖ0Ü à 1,
vÖ1Ü! 0

2

66666666664

3

77777777775

à

ya1
ya2
yb2 − 1
ya4 − 1

ya5ác⇤Öya4á1Ü
yb4

ya6 − 1
yb6

2

66666666664

3

77777777775

(20) 

Table 2. Computational results of the skin-friction coefficient f 00Ö0Ü for different values Ha and d with Pr à 6:2, d à 0:5, 
Sc à 0:5, Bi à 50:

Ha d

f 00Ö0Ü[43] f 00Ö0Ü

Shooting bcp4c Shooting bcp4c

0 0.5 1.4294038 1.4294037 1.4293998 1.4294020
0.5 0.5 1.7243537 1.7243587 1.7243619 1.7243619
1.0 0.5 2.0099196 2.0099297 2.0099090 2.0099196
1.5 0.5 2.2874751 2.2874603 2.2869977 2.2869997
1.0 0 1.5394682 1.5394732 1.5394651 1.5394698
1.0 1 1.9023442 1.9023488 1.9023450 1.9023481
1.0 2 2.2416224 2.2416273 2.2416219 2.2416278
1.0 3 2.5631502 2.5631452 2.5631499 2.5631455

Table 3. Computational results of local Nusselt number −h0Ö0Ü at various values of Ha, d, and c with other parameters 
Pr à 6:2, Sc à 0:5, Kc à 0:5:

Ha d c

−h0Ö0Ü[43] −h0Ö0Ü

Shooting bvp4c Shooting bvp4c

0 0.5 5 0.52262732 0.52262707 0.52262700 0.52262701
0.5 0.5 5 0.55588512 0.55592229 0.55588519 0.55592225
1.0 0.5 5 0.58383262 0.58389767 0.58383265 0.58389763
0.5 0.1 5 0.56029900 0.56030037 0.56029889 0.56030034
0.5 0.2 5 0.55592167 0.55592274 0.55592159 0.55592277
0.5 0.3 5 0.55232480 0.55232517 0.55232476 0.55232511
0.5 0.5 0 0.0 0.0 0.0 0.0
0.5 0.5 0.5 0.27715283 0.27715312 0.27715284 0.27715311
0.5 0.5 1.0 0.38397307 0.38397360 0.38397310 0.38397363

Figure 2. Plot of f 0ÖgÜ for different values of Ha:
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3. Results and discussion

The primary motive of this section is to summarize this research. Graphs are used to depict and 
explain the results in detail.

The outcome of numerous parameters such as Hartmann number, MHD, internal heat gener-
ation and heat absorption, Schmidt number, Chemical reaction parameter, that determine the 
fluid flow and heat transfer characteristics of ternary nanofluids has been studied numerically and 
represented via graphs. Through graphs, the essential engineering aspects Cfx, Nux, and Shx are 
also examined. The computational values of Skin-friction and Nusselt number with different fixed 
parameters are presented in Table 2 and Table 3, respectively, which found exceptional corelation 
with previous results.

Figures 2 and 3 display the curves of f 0ÖgÜ for distinct values of Ha and M have been deter-
mined at specific values of other parameters. We observed a reasonable rise in the curves of f 0ÖgÜ

Figure 3. Plot of f 0ÖgÜ for different values of M:

Figure 4. Variation of temperature hÖgÜ for ÖA⇤ > 0Ü and ÖA⇤ < 0Ü:
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as the value of Ha is increased, Physically, rise in Ha decreases viscous force in the fluid flow 
owing to increase fluid flow velocity. As M is varied in an increasing manner, reduction in the 
fluid velocity is seen in Figure 2. It is due to fact that magnetic field produces Lorentz force 
which hinders motion of fluid particles, resulting in drop of fluid velocity.

Figures 4 and 5 demonstrate the impact of a nonuniform heat generation and absorption on 
temperature distributions. The fluid’s thermal distribution rises as a result of the existence of a 
heat generation (A⇤ > 0 and B⇤ > 0), where the thermal boundary layer generates energy and 
the thermal distribution drops as a result of the heat absorption ÖA⇤ < 0 and B⇤ < 0Ü absorbing 
the heat energy from the boundary layer. From physical point of view, spike in heat generation 
increases temperature in the fluid flow, promoting thermal distribution, whereas in the case of 
heat absorption, it absorbs the heat from the material leading to decrease in the temperature 
profile.

Figure 5. Variation of temperature hÖgÜ for ÖB⇤ > 0Ü and ÖB⇤ < 0Ü:

Figure 6. Effect of Newtonian heating on a hÖgÜ for ÖA⇤ > 0Ü and ÖA⇤ < 0Ü:
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In Figures 6 and 7, due to the presence of the Newtonian heating, temperature distribution is 
enhanced when compared with Figures 4 and 5 where there is the absence of Newtonian 
heating effect. From physical standpoint, presence of Newtonian heating increases the heating 
of fluid due to heat generated by viscous dissipation followed by enhancing the temperature 
profile.

The nature of the concentration profile under the influence of the Schmidt number is 
described in Figure 8. It is evident from that figure the concentration profile declines as the 
Schmidt number rises. Owing to mass diffusivity and the Schmidt number having an inverse rela-
tionship. A fluid flow domain with a higher Schmidt number entails decreasing mass diffusion 
values as the concentration decreases.

Figure 7. Effect of Newtonian heating on a hÖgÜ for ÖB⇤ > 0Ü and ÖB⇤ < 0Ü:

Figure 8. Nature of Sc over vÖgÜ:
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Figure 9 illustrates that increasing the chemical reaction constraint significantly reduces 
the concentration profile because is obvious that as the Kc is amplified, the solute molecules 
involved in the chemical reaction grow, and also as the value of Kc is increased it results in 
smoother access of the fluid molecules close to the boundary which diminishes the associated 
solute boundary layer. This result shows a great parallel outcome with that obtained by 
Bejawada [48].

The behavior of the skin friction coefficient against the u3 is depicted in Figure 10. An 
upsurge in M will reduce surface drag force (Cfx). This is caused by a rise in u3, which increases 
the boundary layer thickness and slows down the motion of the fluid. Additionally, a rise in u3 
displays Lorentz force in the occurrence of a MHD, which also hampers the mobility of 
ferro-oxide nanoparticles in the fluid. These two factors will have a prompt effect on the surface 
drag force. This feature contributes to reducing friction and extending the machine’s life in the 
automotive industry.

Figure 9. Nature of Kc over vÖgÜ:

Figure 10. Plot of Cfx on u3 for different values of M:
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Figure 11 shows the evolution of the local Nusselt number versus u3 the. The increase in 
the concentration of u3 enhances the heat transfer rate, so the addition of heat source A⇤ > 0 
which acts as a heat generator aids the heat transfer process at the boundary thermal layer 
whereas in Figure 12 the A⇤ < 0 where the absorption of heat energy takes place lowers the 
heat transfer rate at the boundary. Figure 13 illustrates the relationship between the Sherwood 
number and volume fraction. Therefore, a rise in chemical reaction increases atom/molecule 
interaction, which leads to a upsurge in mass transfer rate, and hence the Sherwood number 
consequently rises. u3: Chemical reactions occur as a result of the bombarding of atoms, 
molecules, and ions, and they make up the fundamental basis for all chemical processes in nature 
and industry.

Figure 11. Plot of Nux over u3 for several values of A⇤ > 0:

Figure 12. Plot of Nux over u3 for A⇤ < 0:
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4. Conclusion

A theoretical model of a ternary nanofluid of MHD fluid flow was instigated to analyze the heat 
transfer in presence of Newtonian heating over a Riga plate with nonuniform heat generation/ 
absorption, chemical reaction. The governing equations are developed using proper assumptions 
with suitable similarity variables to convert a bunch of PDEs into ODEs. Later on, these reduced 
equations were studied numerically using the bvp4c package. The graphs for many constraints 
and key engineering factors are thoroughly addressed. In the previous study [33], author exam-
ined nanofluid flow over a vertical Riga plate subjected to convective boundary conditions. TNF 
is taken into account for better heat transmission, also extended the study with inclined magnetic 
field, nonlinear heat absorption/generation, and chemical reaction subjected to Newtonian 
heating.

The main conclusions from the aforementioned observation are outlined below.

1. The velocity profile rises when the Hartmann number increased and falls when the magnetic 
parameter goes up.

2. The influence of Newtonian heating across walls can be seen in the temperature profile as a 
significant improvement in heat transfer and temperature distribution.

3. When the Sc and Kc is altered, the concentration profile exhibits similar characteristics.
4. Varying in M and u3 drop the Cfx:
5. Heat transfer rate increases for heat generation and decreases for heat absorption.
6. Under the influence of chemical reaction there is a rise in Sherwood number for increasing 

values of u3:

This study is limited to different nanofluids and can be extended by considering different 
effects with different fluids such as hybrid nanofluids, CNTs and more over other geometries 
with different physical conditions.
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