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Abstract
Nanoparticles have the ability to increase the impact of convective heat transfer in 
the boundary layer region. An investigation is made to analysis of magnetohdro-
dynamic nanofluid flow with heat and mass transfer over a vertical cone in porous 
media under the impact of thermal radiations and chemical reaction. In addition, 
thermal radiations, Hall current, and viscous and Joule dissipations and chemi-
cal reaction effects are considered. Considered three different nanoparticles types 
namely copper, silver, and titanium dioxide with water as base fluid. The govern-
ing equations are transformed by similarity transformations into a set of non-lin-
ear ordinary differential equations involving variable coefficients. Two numerically 
approaches are used to solve the transformed boundary layer system Finite Differ-
ence Method (FDM) and Chebyshev-Galerkin Method (CGM). As stated in the pre-
sent analysis, it is appropriate to address a number of physical mechanisms, includ-
ing velocity, temperature and concentration, as well as closed-form skin friction/
mass transfer/heat transfer coefficients. Different comparisons are done with previ-
ously published data in order to validate the current study under specific special cir-
cumstances, and it is determined that there is a very high degree of agreement. The 
main results indicated that as the Prandtl number increases, the temperature profile 
decreases, but it grows for higher values of the thermophoresis parameter, Brownian 
motion, and Eckert number. Moreover, higher Brownian motion values lead to a less 
prominent concentration profile. Consequently, this speeds up the cooling process 
and enhances the surface’s durability and strength.

Keywords  Chebyshev-Galerkin · Chemical reaction · Heat transfer · Mass transfer · 
Hydromagentic flow · Nano-fluid
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C
∞

	� Ambient concentration
Cf 	� Skin friction coefficient
cp	� Specific heat at constant pressure
DB	� Mass diffusivity
DT	� Thermal diffusivity
Ec	� Eckert number
f	� Dimension stream function
g	� Acceleration due to gravity
Grx	� Grashof number
k	� Thermal condactivity
K	� Darcy permeability
m	� Hall parameter
M	� Magnetic parameter
Nb	� Brownian parameter
NR	� Radiation parameter
Nt	� Thermophoresis parameter
Nux

	� Nusselt number
Pr	� Prandtl number
qm	� Mass heat flux
qr	� Radiation heat flux
qw	� Surface heat flux
r	� Local radius of the cone
Sc	� Schmidt number
Shx	� Sherwood number
Tw	� Wall temperature of the fluid
T
∞

	� Ambient temperature
u	� Component of the velocity in the x− direction
v	� Component of the velocity in the y− direction
x, y	� Cartesian coordinates

Greek symbols
�	� Viscosity coefficient
�	� Fluid density
�	� Thermal diffusivity
�∗	� Mean absorption coefficient
�	� Coefficient of volume expansion
�	� Cone apex angle
�w	� Surface shear stress
�	� Nanoparticles volume fraction
Φ	� Dimensionless concentration
�	� Pseudo similarity variable
�	� Electrical conductivity
�∗	� Stefan Boltzman constant
�	� Fluid kinematics viscosity
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�	� Dimensionless temperature
�	� Stream function
�c	� Chemical reaction constant

Subscripts
f	� Base fluid condition
nf	� Nanofluid condition

1  Introduction

Investigation of nanofluid flow over curved bodies has gained importance in recent 
years Due to its numerous applications in technology, science, biomechanics, and 
chemical industries such as solar energy collection, heat exchanger, thermal energy 
storage devices, and electronic cooling,...etc [1, 2]. The geometries of cones, cyl-
inders, ellipses, and wavy channels are some examples of curved bodies. The term 
of nanofluid was first proposed by Choi [3] he found that when addition of small 
quantity nanoparticles in a base fluid likes oil, water, and ethylene enhance thermal 
conductivities. Several researchers have carried out experimental and theoretical 
investigations on nanofluid flow over cone bodies involves mass and heat transport 
underneath various physical circumstances. Chamkha and Rashad [4] examined the 
fluid flow through a permeable vertical cone embedded in a porous medium that was 
saturated with a nanofluid under a constant lateral mass flux. Noghrehabadi et  al. 
[5] investigated the flow of non-Darcy nanofluid and natural convection through a 
vertical cone imbedded in a porous medium using the Forchheimer-extended Darcy 
law. Chamkha [6] analyzed the consistent lateral mass flux impacts a non-Newto-
nian nanofluid’s along a vertical cone buried in a porous media. The transient two-
dimensional Newtonian nanofluid flow past through a cone and plate was numeri-
cally investigated by Buddakkagari, and Kumar [7]. The finite element analysis 
for unstable natural convection of a nanofluid flow passing through a vertical cone 
under the effect of an applied magnetic field and thermal radiation was performed 
by Balla, and Naikoti [8]. Reddy, and Chamkha [9] analysed numerically the heat 
and mass transmission of nanofluid past along a vertical cone with thermal radia-
tion, electrically conducting natural convection and chemical reaction. The flow of 
a microporous nanofluid past a vertically permeable cone with fluctuating wall tem-
peratures was discussed by Ahmed [10]. Maxwell nanofluid flow through a verti-
cal cone packed with carbon nanotubes and heat and mass transport with velocity 
and thermal slip effects was examined by Prabhavathi et al. [11]. The effect of sur-
face roughness on mixed convective nonlinear nanofluid flow over vertical cone was 
caried out by Patil et al. [12]. Sravanthi. [13] analyzed the effects of second order 
slip, nonuniform heat source/sink and nonlinear thermal radiation on nanofluid flow 
over a vertical cone. Hussain et al. [14] developed The heat transfer of multi-based 
nanofluids flow over a rotating vertical cone. The free convection heat transfer of a 
Darcy nanofluid-saturated porous medium over isothermal vertical cone was math-
ematically modeled by Rao et  al. [15]. Ellahi et  al. [16] examined the heat trans-
fer of CNTs-water nanofluid flow passing on a vertical cone. Dharmaiah et al. [17] 
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carried out the 2D non-Newtonian incompressible nanofluid flow over a cone with 
radiation absorption and Arrhenius activation energy impacts. The effects of mixed 
convection, variable viscosity, and viscous dissipation on the unsteady nanofluid 
flow across a cone was explored by Mustafa et al.[18]. Patil and Goudar [19] studied 
the entropy optimisation of non-Newtonian nanofluid flow over rotating sphere with 
the use of magnetised field, activation energy, and liquid hydrogen diffusion. On the 
basis of microscopic mechanics, a mechanoelectrical flexible hub-beam model of 
ionic-type solvent-free nanofluids was highlighted by Hu et al. [20]. Some further 
problems related to the flow of solvent, solvent-free nanofluids phenomena due to its 
many important applications can be found in the literature [21, 22].

The magnetohydrodynamics (MHD) fluid flow with heat and mass transfer 
through a permeable truncated cone with varying surface temperature while 
taking into account the effects of thermal radiation and chemical reactions was 
reported by Chamkha et al. [23]. Raju et al. [24] studied the MHD natural con-
vective heat transfer of non-Newtonian nanofluid flow over vertical cone. The 
impact of viscous dissipation, temperature dependent, and viscosity on MHD 
unsteady nanofluid flow over a cone was studied by Raju et  al. [25]. Reddy 
et  al. [26] studied the effects of magnetic field, thermal radiation and chemi-
cal reaction on the nanofluid flow with heat and mass transfer over a vertical 
cone. the effects of MHD natural flow through a cone in the presence of cad-
mium telluride (CdTe) nanoparticles was analyzed by Hanif et  al. [27]. Reddy 
et al. [28] exmined heat and mass transfer characteristics of MHD nanofluid flow 
over a vertical cone with chemical reaction and thermal radiation. The gyrotac-
tic microorganism behaviour affect the MHD flow of Jeffrey nanofluid studied 
by Saleem et al. [29]. The heat transfer of unsteady MHD nanofluid flow pass-
ing through an inverted cone surrounded by a porous medium was examined 
by Hanif et  al. [30]. Mogharrebi et  al. [31] discussed a convective heat trans-
fer of three-dimensional MHD nanofluid flow past on a rotating cone. Ashwin-
kumar et  al. [32] investigated the impact of nonlinear heat radiation on 2-D 
hybrid nanoliquid magnetohydrodynamic flow over an embrittled cone. Ashraf 
et  al. [33] studied numerically the impacts of varying surface temperature on 
periodic mixed convective flow past electrically and thermally conducting cones 
implanted in porous media. Maxwell nanofluid’s MHD mixed convection flow, 
which is debatable in the setting of a vertical cone containing porous material, 
was examined by Kodi et al [34]

Based on the research above, it has been found that the flow of nanofluid via 
curved bodies could play a vital part in a number of applications in the chemical, 
biomechanical, technology, and scientific fields. Therefore, the current work’s 
goal is to examine the impact of various physical parameters affect on flow and 
heat transfer of a nano-fluid from a vertical cone when thermal radiation is pre-
sent. We considered three different types of nanoparticles: copper, silver, and tita-
nium dioxide, with water serving as the fundamental nanofluid. The problem is 
formulated and solved by two methods semi-analytical using Chebyshev-Galer-
kin method and numerically by Finite Difference method. Graphs are used to 
illustrate, analyse, and discuss the relevant outcomes of physical parameters. To 
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validate the current results, various comparisons with previously published data 
are undertaken in a few specific circumstances.

2 � Mathematical Model and Formulation

Consider MHD steady two dimensional laminar incompressible nanofluid flows 
with heat and mass transfer through the porous medium over a vertical cone in 
the presence of thermal radiation, viscous and Joule dissipations effects. Coor-
dinate systems (x-y) have been employed, where x-axis is chosen along the cone 
surface and the y-axis is perpendicular to it, as shown in Fig. 1. Furthermore, in 
our research, we have considered that certain crucial nonlocal effects of nano-
particles in fluids encompass the Brownian motion of nanoparticles [35–37]. 
The cone’s vertex, designated O, serves as the coordinate system’s origin. Three 
different types of nano-particles are present in the water used as a base for the 
nanofluid, including, Cu, Ag, and TiO2 , the thermophyical properties are listed 
in Table 1. Uniform magnetic field applied by strength Bo in normal to the flow 
direction ( y-axis ). Assumed to be the cone surface is maintained at a uniform 
temperature Tw , and the ambient temperature, T

∞
 . The induced magnetic field 

Table 1   Thermophysical 
properties of water and nano-
particles [1, 40]

� [kgm−3
] Cp [Jkg

−1K−1
] k [Wm−1K−1

] � ⋅ 105 [K−1
]

H2O 997.1 4179 0.6130 21.0
Cu 8933 385.0 401.0 1.67
Ag 10500 235.0 429.0 1.89
TiO2 4250 686.2 8.9538 0.90

Fig. 1   Physical model
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could be disregarded because it is presumed that the magnetic Reynolds number 
is low. The governing equations for this issue can be expressed as follows using 
the standard boundary layer approximation [38, 39]:

The continuity equation:

The momentum formula:

The energy formula:

The concentration formula:

depending on the boundary circumstances:

Radiative heat flux is formulated by Rosseland approximation as:

Hence, expanding T4 in a Taylor series about T
∞

 and neglecting higher-order terms, 
we get:

From Eqs. (6-7), the Eq. (3) can be written as

(1)
�ur

�x
+

�vr

�y
= 0

(2)𝜌nf

[
u
𝜕u

𝜕x
+ v
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]
= 𝜇nf

𝜕2u
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+ g(𝜌𝛽)nf cos (𝛾)(T − T

∞
) −
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o
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(3)
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[
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�T

�x
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�y2
+
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∞
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∞
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(7)T4
≅ 4T3

∞
T − 3T4

∞



1546	 Journal of Nonlinear Mathematical Physics (2023) 30:1540–1566

1 3

The thermophysical properties of the nano-fluid were determined as [41]:

By using the following dimensionless transformation [1],

Where, f (�) , Φ(�) and �(�) are the nanofluid stream, temperature, and concentration 
function, respectively. r = x sin � and � is the stream function which is defined as:

The dimensionless transformation (10) satisfy Eq. (1) and reducing Eqs. (2–5) into 
following non-dimensional system of ODE by using Eq. (10):

where, M = �B2
o
∕�b is the Magnetic parameter, Pr = ��cp∕kf  is the Prandtl number, 

Gr = (g �f x
3 cos � (Tw − T

∞
))∕�2

f
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∕(cp(Tw − T

∞
)) is 

(8)
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the Eckert number, Sc = �∕DB is the Schmidt number. Nb = �DBΔC∕� Brownian 
parameter, Nt = �DTΔT∕� is the Thermophoresis parameter, �c = kcx

2
∕�Gr1∕2 is 

the chemical parameter, and Kp = x2∕(k̃Gr1∕2) is Permeability parameter. In this 
context, it is evident that Grashof number, chemical parameter, and Permeability 
parameter are parameters that vary with the length scale x. It should be noted that 
Grashof number, chemical parameter, and Permeability parameter are dependent on 
x, and their values change locally as the flow progresses. Consequently, the equation 
presented is applicable solely for a locally similar solution [42].

The corresponding non-dimensional boundary conditions are:

3 � Solution Approach

3.1 � Chebyshev‑Galerkin Method

3.1.1 � Preliminaries and Notions

Chebyshev polynomials Tn(t) are frequently employed in numerical computations. 
In the numerical resolution of numerous boundary value issues, Chebyshev poly-
nomials have been successfully demonstrated.

The product of Chebyshev polynomials is given:

The analytical form of Chebyshev polynomial is given as:

with inverse,

where ⌊ n

2
⌋ denotes the integer part of n

2
.

The orthogonality of Chebyshev polynomials on [−1, 1] is given as:

(14)
f (�) = 0, f �(�) = 0, Θ(�) = 1, Φ(�) = 1, at � = 0

f �(�) = 0, Θ(�) = 0, Φ(�) = 0, at � → ∞

(15)Tn(t)Tm(t) =
1

2

[
Tm+n(t) + T|m−n|(t), ∀m, n ≥ 0

]
.

(16)Tn(t) =
n

2

⌊ n

2
⌋�

k=0

(−1)k
(n − k − 1)!

k! (n − 2k)!
(2t)n−2k, n > 0,

(17)
tk = 21−k

k∑�

j = 0

k − j even

(
k
k−j

2

)
Tj(t),
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and Chebyshev roots ti is determined as

The Chebyshev-Gauss quadrature rule is given as:

and 𝜔̄ =
1√
1 − t2

 is the weight function.

Chebyshev polynomials that have special values at the end points {±1}, are given 
as:

Theorem 3.1  Let r, n, and m ∈ ℤ.

where,

Proof  Expanding tr as series of Chebyshev Tj(t) by recalling Eq. (17), then recalling 
product rule Eq. (15),then apply orthogonality rule (18). 	�  ◻

Theorem 3.2  Let r, n,m, and s ∈ ℤ.

(18)�
1

−1
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dt√
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�

2
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ti = cos
(
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n

�

2

)
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�

2
, if m = �n − j� ≠ 0,

0, otherwise,
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where,

	�  ◻

Proof  Expanding tr as series of Chebyshev Tj(t) by recalling Eqs. (17) and (21), then 
recalling product rule (15),then apply orthogonality rule (18). 	� ◻

3.1.2 � Numerical Procedure

By making domain treatment and convert domain problem 0 ≤ � ≤ L, where L is 
boundary edge into Chebyshev domain −1 ≤ t ≤ 1 by using relation � =

L

2
(t + 1). 

For sake of simplicity, we may rewrite Eqs. (11–13) and (14)

(23)

∫
1
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trT (s)
n
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⎪⎨⎪⎩
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with boundary conditions

The solution of Eqs. (24−26) with boundary conditions (27), the approximated solu-
tion can be written as:

After substituting at Eqs. (24−27), and apply Galerkin technique  can be written as:

(27)
f = 0, f � = 0, Θ = 1 Φ = 1 at t = −1,

f � = 0, Θ = 0 Φ = 0 at t = 1.

(28)fn(t) =
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n∑
j=0

djTj(t).

(29)

J1

J2

n�
i=0

ci⟨T ���
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n�
i=0

n�
j=0

cjdi⟨T �

i
(t)Tj(t), Tk⟩

+
Nt

Nb

n�
i=0

bi⟨T ��

i
(t), Tk⟩ −

L2Sc �c

4

n�
j=0

dj⟨Tj(t), Tk⟩ = 0,

k = 0, 1, 2,… n − 2.
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subject to boundary conditions

where inner product ⟨, ⟩ is described as:

By applying the orthogonality rule (18) and theorems 3.1, 3.2 to evaluate the inte-
grating terms of the Eqs. (29−31) lead to a nonlinear system containing 3n + 3 
unknowns f (ci) , Θ(bi), and Φ(di) . The reduced equations and boundary conditions 
(32) are represented a nonlinear algebraic system can be solved using Newton’s 

method. Finally, the relation t = 2

L
� − 1 can be used to transform the solution 

domain [−1, 1] to the original domain [0, L].

3.2 � Finite Difference Method

In this section, we can utilize the finite difference method to compute the numerical 
solution. We discretize the domain [0, L] with N subintervals with step size Δ� =

L

N

,and for simplicity reduce third order term into second order by letting u = f � . The 
system ODE can be written as:

(32)

n∑
j=0

(−1)jcj = 0,

n∑
j=0

(−1)jj2cj = 0,

n∑
j=0

(−1)jbj = 1

n∑
j=0

(−1)jdj = 1,

n∑
j=0

j2cj = 0,

n∑
j=0

bj = 0,

n∑
j=0

dj = 0.

⟨Ω,�⟩ = ∫
1

−1

Ω�√
1 − t2

dt,

(33)fi − fi−1 − Δ�ui = 0, i = 1, 2,… ,N − 1,

(34)

J1

J2
(ui−1 − 2ui + ui+1) +

7Δ�

8
fi (ui+1 − ui−1) −

(Δ�)2

2
u2
i
+

J3(Δ�)
2

J2
Θi

−

[
M2

(Δ�)2

(1 + m2)J2
+

J1(Δ�)
2Kp

J2

]
ui

= 0, i = 1, 2,… ,N − 1,
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These non-dimensional boundary conditions are equivalent:

Equations (33–37) represent a nonlinear system of unknowns 
{fj}

N
j=1

, {uj}
N−1
j=1

, {Θj}
N−1
j=1

and {Φj}
N−1
j=1

 which is solved by Newton method.

4 � Methods validation

The physical quantities of interest to indicate physical surface shear stress and rate 
of heat transfer, which have a direct impact on the mechanical properties of the sur-
face after heat treatment due to the surface’s increased capacity for heat transmission 
[43]. these quantities are skin friction coefficient, Nusselt number and Sherwood 
numbers which are formed by [1, 44]:

–	 surface shear stress

–	 skin friction coefficient

 where uw =

�f (Gr)
1∕2

x
 is the reference velocity.

(35)

[
NR + J4

Pr J5

]
(Θi−1 − 2Θi + Θi+1) +

7Δ�

8
fi(Θi+1 − Θi−1)

+
M2Ec(Δ�)2

J5(1 + m2)
u2
i
+

Nb

4J5
(Θi+1 − Θi−1)(Φi+1 − Φi−1)

+
Nt

4J5
(Θi+1 − Θi−1)

2
= 0, i = 1, 2,… ,N − 1,

(36)
Φi−1 − 2Φi + Φi+1 +

7Δ�

8
Sc fi (Φi+1 − Φi−1)

+
Nt

Nb

(Θi−1 − 2Θi + Θi+1) − Sc�c(Δ�)
2
Φi = 0, i = 1, 2,… ,N − 1

(37)
f0 = 0, u0 = 0, Θ0 = 1, Φ0 = 1,

uN = 0, ΘN = 0, ΦN = 0,

�w = �nf

�
�u

�y

�

y=0

= �nf

⎡⎢⎢⎣

�
�f (Gr)

3∕4

x2
f ��(0)

⎤⎥⎥⎦

Cf =
2�w

�f u
2
w



1553

1 3

Journal of Nonlinear Mathematical Physics (2023) 30:1540–1566	

–	 surface heat flux

 and the local surface flux transfer coefficient is given by 

–	 Nusselt number

–	 Mass heat flux

–	 Sherwood number

To introduce a confirmation for the validation and accuracy of our numerical meth-
ods and results, we comparing our results with the previously published work which 
was reported by Hering [45], Roy [46], and Abass and Sayed [1]. We recorded the 
compared values that signify f ��(0) and −Θ�

(0) for various values of Prandtl number 
after ignoring M, m, Ec, NR , Nt , Nb and � parameters, as shown in Table 2. Clearly, 
from this comparison that both results are in a very good agreement.

5 � Results and discussion

In this section, we will discuss the results of the presence of some parameters impact 
on dimensionless velocity f �(�) , temperature Θ(�) and concentration Φ(�) corre-
sponding to the movement of a nanofluid and the transport of heat along a verti-
cal cone in a porous media while thermal radiation and viscous dissipation are pre-
sent. The study used water as the base fluid and three distinct kinds of nanoparticles, 
including copper, silver, and titanium dioxide. The graphical results are illustrated in 
Figs. 2, 3, 4, 5, 6, 7, 8, 9.

Figure 2, illustrate the fluid velocity, temperature, and concentration as a func-
tion of nanoparticles type (Cu, Ag, and TiO2 ) nanofluid. It is observed that, the fluid 
motion becomes faster by replacing the nanoparticles TiO2 with Cu, then to Ag 
before decaying the velocity to zero. On the other hand, by rearranging the nano-
particles from TiO2 to Cu and subsequently to Ag near the surface, the temperature 

qw = −knf

(
�T

�y

)

y=0

= −knf

[
(Tw − T

∞
)(Gr)1∕4

x
Θ

�
(0)

]

hw =
qw(x)

(Tw − T
∞
)

Nux =
xqw

kf (Tw − T
∞
)

qm = −DB

(
�C

�y

)

y=0

= −DB

[
(Cw − C

∞
)(Gr)1∕4

x
Φ

�
(0)

]

Shx =
xqm

DB(Cw − C
∞
)
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Fig. 2   a Velocity distribution of different nonopartilces, b temperature distribution of different nonopar-
tilces c concentration distribution of different nonopartilces
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Fig. 3   Effect of nanofraction particles � on a velocity distribution, b temperature distribution and c con-
centration distribution
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rises as a result of higher thermal conductivity. Also, the concentration rises by 
reordering the nanoparticles from TiO2 to Ag then to Cu. In order to see the impacts 
of nanoparticles volume fraction � , on the f �(�) , Θ(�) , and Φ(�) for Cu-Water 
nanofluid are illustrated in Fig.  3. This graph shows that the volume fraction of 
nanoparticles is directly related to temperature and concentration distribution and 
inversely proportional to velocity distribution. In actuality, the fluid becomes more 
viscous as the concentration of nanoparticles rises. As a result, natural convection 
is decreased, which slows fluid flow and increases the thickness of the thermal 
boundary layer.

Furthermore, Figs. 4 and 5, illustrate the effects of thermophoretic and Brown-
ian parameters on the temperature distributions of Cu-water nanofluid. It is seen 
that the temperature distribution increases with increasing thermophoretic and 

Fig. 4   Effect of thermophesis parameter N
t
 on temperature distribution

Fig. 5   Effect of Brownian moment N
b
 on temperature distribution
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Fig. 6   Effect of magentic field M on a velocity distribution, b temperature distribution and c concentra-
tion distribution
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Fig. 7   Effect of Hall parameter m on a velocity distribution, b temperature distribution and c concentra-
tion distribution
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Brownian parameters. In fact, the thermophoretic and Brownian parameters assist 
to improve the thermal boundary layer thickness. The effect of the magnetic 
parameter on velocity, temperature, and concentration distribution of of Cu-water 
nanofluid is illustrated in Fig. 6. It was found that the temperature and concentra-
tion decrease with increasing the values of the magnetic parameter. Additionally, 
Velocity distribution is decreasing with rising the magnetic parameter. On other 
hand, Fig. 7 represents the impact of the Hall current parameter on velocity, tem-
perature, and concentration distribution. It is clear that, the velocity distribution of 
nanofluid increasing with an increase in Hall current parameter and decreases the 
temperature and concentration.

The effects of the thermal radiation parameter on the temperature profiles are 
shown in Fig.  8. Figure 8 makes it evident that, the temperature profiles of the 

Fig. 8   Effect of radiation parameter N
R
 on temperature distribution

Fig. 9   Effect of chemical reaction �
c
 on concentration distribution
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nanofluid rise as thermal radiation increases. It is commonly recognised that rais-
ing the radiation parameter improves the fluid’s ability to transport energy, which 
in turn raises the rate at which heat is transferred. In a physical sense, the tem-
perature profiles of the nanofluid increase as thermal radiation intensifies because 
of the amplified energy transfer resulting from radiation and the improved heat 
absorption abilities of nanoparticles. This phenomenon holds significance in 
diverse engineering applications, like solar energy systems, where nanofluids are 
utilized to enhance heat transfer efficiency. In addition, the impact of a chemical 
parameter on the concentration profile is shown in Fig. 9. It is observed that the 
chemical parameter diminishes as the concentration profile increases. Physically, 
when the chemical parameter increases, it accelerates the chemical processes, 
leading to a faster depletion or transformation of the substance. The decrease in 
concentration directly results from the heightened chemical activity within the 
system. On the other hand, Table 3 demonstrates that as the chemical parameter 
increases, the Sherwood number rises. This suggests that the mass transfer rate at 
the surface plate may tend to rise due to the chemical reaction.

Table 3 presents, the values of velocity, temperature, and concentration gradi-
ent at the surface for different values of embedded nanoparticles type, magnetic, 
Hall, Eckert, and thermal radiation parameters. It is observed that, when Cu nan-
oparticles are used in place of TiO2 nanoparticles, it is seen that the velocity gra-
dient rises while the temperature and concentration gradient fall. For Cu nanopar-
ticles are replaced with Ag, the velocity gradient increases while the temperature 
and concentration gradient decreases. On other hand, the table, gives, the values 
of velocity, temperature, and concentration gradient at the surface and the cor-
responding values of Surface shear stress, Nusselt number, and skin friction. It is 
noticed that, Skin friction is seen to be greater when Ag − nanofluid is employed 
than Tio2 or Cu-nanofluid . Additionally, the fact that using Cu-nanofluid results in 
a higher Nusselt number and heat transfer rate than using Tio2 or Ag-nanofluids 
suggests using Cu-nanofluid . The table also demonstrates that as thermal radia-
tion parameters are raised, skin friction coefficient rises and the Nusselt number 
falls, whereas as Hall current values are raised, both skin friction and the Nusselt 
number rise. Finally, increasing skin friction and decreasing Nusselt number led 
to an increase in the Eckert number.

6 � Conclusion

The numerical analysis of MHD nanofluid flow with heat and mass transfer over 
a vertical cone exposed to thermal radiations, chemical reaction, hall current, vis-
cous, and joule dissipation effects has been the focus of this paper. Utilising three 
of kinds of nanoparticles (Cu, Ag, and Tio2 ) with a water base fluid. The partial 
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differential equations that describe the current problem are converted into ordi-
nary differential equations. Then, these equations are numerically solved using 
the Chebyshev-Galerkin and finite difference techniques. The suggested meth-
ods were validated and found to be good agreement with previous investigations. 
Consequently, analyses of the velocity, temperature, and concentration profiles 
can be conducted as well as graphical depictions of them. The following is a con-
densed version of the conclusions that can be drawn from the numerical results:

•	 Depending on the kind and quantity of nanoparticles utilised, using nanofluid 
as a cooling medium can be advantageous to increase the mechanical qualities 
(hardness and strength).

•	 The velocity profile is inversely proportional to some characteristics, like the 
magnetic parameter and nanoparticle concentration, and directly proportional 
to others, including radiation, heat generation, and Hall parameters.

•	 With the exception of the Hall parameter, all of the relevant parameters that 
have been discussed cause the temperature to rise.

•	 As the nanoparticles TiO2 are replaced by Cu, then Ag, the fluid motion near 
the cone surface accelerates, whereas the opposite happens farther away.

•	 Ag has a higher thermal conductivity than other nanoparticles, which raises 
the fluid’s temperature. Addition, the nanoparticles are subsequently rear-
ranged from TiO2 to Ag and then to Cu, increasing concentration.

•	 It is discovered that Cu-nanofluid is the most appropriate for enhancing the 
mechanical properties of the surface, while TiO2-nanofluid is the best type for 
reducing the surface shear stress.

•	 Increasing the chemical reaction parameter results in a reduced concentration 
profile.

•	 The surface mechanical characteristics are negatively impacted by the mag-
netic field, thermal radiation, and Ohmic heating. However, the existence of 
Hall current has a favorable impact on the surface’s mechanical characteris-
tics.

•	 Future research will advance upon this study by investigating the impact of 
variable fluid properties and slip phenomena on the flow of nanofluid, taking 
into account the presence of nonlinear thermal radiation.
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