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The implications of suspended particles on MHD flow in a viscous fluid over a non-
isothermal vertical cone with dissipation effect was investigated in this recent research. 
To maximise process efficiency and avoid equipment failure, it is important to 
thoroughly investigate the complex and dynamic behaviours that might result from the 
interaction between the fluid and the dust particles inside the cone. The Crank-Nicolson 
method will be used in the study to analyse the mathematical model quantitatively. 
MATLAB software was used to compute the discretization equations and depict the 
numerical outcomes. The velocity distribution, temperature distribution, skin friction 
and Nusselt number affected by Prandtl number, magnetic, mass concentration of 
particle phase, viscous dissipation and fluid-particle interaction for particle and fluid 
phases are presented graphically as well as in a table and are thoroughly analysed. The 
outcome indicated that the fluid and dust phase velocity decreases when magnetic, mass 
concentration of particle phase and fluid-particle interaction parameters are escalated 
while viscous dissipation parameter shows an opposite behaviour. Moreover, the 
temperature and velocity profiles for the fluid phase are consistently greater than those 
for the dust phase in every result that was examined. 
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1. Introduction 
 

The advantages of Magnetohydrodynamics (MHD) on natural convection flow are significant in 
the development of technology for industry and engineering applications. MHD is defined as the 
study of the dynamics of electrically conducting fluids. Essentially, magnetic fields in conductive fluids 
generate currents, which create a drag force on the fluid flow called the Lorentz force. This force 
consequently affects the fluid flow. Investigation of the effects of this buoyancy force together with 
MHD is essential in various fields. Previously, Nayan et al., [1] investigated aligned MHD flow with a 
constant wall temperature. They discovered that when the interaction of the magnetic parameter 
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and the angle of aligned magnetic field enhances, the velocity profiles increase, and the temperature 
profiles decrease. Mahat et al., [2] conducted theoretical research on the impacts of magnetic fields 
and how they affect a system's thermal property. They found that an increase in magnetic properties 
causes velocity to slow down and rise. Meanwhile, as the magnetic parameter is increased, skin 
friction rises, but the heat transfer coefficient falls. Reyaz et al., [3] analyzed the impacts of Riga 
plates MHD flow with fractional derivatives. They discovered that fluid velocity increases while the 
skin friction coefficient decreases with the presence of Riga plates. Saranya and Al-Mdallal [4] 
investigated a unique type of ferrofluid flowing around an unstable cylinder impacted by a magnetic 
field. They found that the fluid may behave in unusual ways, including reversing its flow direction due 
to magnetic field. Al-Mdallal et al., [5] released research in which they investigated what occurs when 
heat is generated while a liquid flows through a shrinking cylinder via a porous medium. They 
observed that the heat generation rate and the magnetic field strength may have a significant 
influence on how the liquid moves. Saranya et al., [6] investigated how two distinct types of fluids 
containing microscopic particles and microbes react on both fixed and moving surfaces. They 
revealed that the presence of small particles and microbes can significantly influence how fluids 
move. Finally, some recent intriguing MHD research is presented in previous studies [7-13]. 

Studies have been done on the impact of dissipation on natural convection flow in various ways. 
It has been discovered that substantial dissipation from viscous fluid may occur in free convection as 
a result of significant deceleration or in equipment that rotates at high speeds. For instance, the 
fundamentals of thermophysical features of viscous dissipation are examined by Gopal et al., [14]. In 
addition, variable temperature and mass diffusion are studied by Shukla and Dube [15] on unsteady 
MHD flow for their combined effects of radiation and Soret-Dufour. When the parameter of viscous 
dissipation is increased, the distribution of velocity, temperature, and concentration all increase 
significantly. The concentration profile initially drops before increasing. Computational analysis was 
performed by Hanif et al., [16] on a viscous MHD fluid caused by an inclined magnetic field with 
pressure gradient. It was noted that viscous dissipation impacted the production of heat. Increased 
values of the magnetic field and inclination angle are found to cause a decrease in fluid velocity. 
Moreover, the thermal boundary layer thickness falls and the temperature declines as the Prandtl 
number increases. Ashraf et al., [17] investigate the periodic heat transfer along a cone affected by 
MHD and viscous dissipation. The results show that the presence of a magnetic field causes an 
increase in the skin friction coefficient and heat transfer rates, while viscous dissipation leads to a 
decrease in these parameters. More noteworthy and interesting research with viscous dissipation 
can be found in previous studies [18-20]. 

The investigation of dusty fluid is relevant to MHD because it reflects the impact of corrosion and 
wear procedures that create solid dispersion in a conducting fluid, in the form of soot or ash. Dusty 
fluid can be found in various applications, and due to its significance, the basic characteristics of dusty 
fluid flow have been described in numerous published research works. Previously, Ali et al., [21] 
observed the resistive porous medium of dusty flow via permeable media when Lorentz force is 
present. They revealed that skin friction tends to rise, while magnetic and porosity parameters have 
the tendency to reduce the heat transport rate. Goh and Shab [22] investigated how various 
parameters affected the dusty MHD fluid flow. The momentum boundary layer was found to 
decrease and the thermal boundary layer to grow as the magnetic, thermal conductivity, and slip 
variation parameters increased. The porosity parameter, however, displayed the opposite tendency. 
The experimental study published by Ali et al., [23] studied the impact of Newtonian heating on the 
MHD flow of dusty fluid. They found that as the dusty fluid values increase, the velocity of the fluid 
and particle phases falls. Other significant studies on dusty fluid flow can be explored in previous 
researches [24-26]. 
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The model proposed by Saffman [27] will be used to include the particle phase in this research. 
Most of these fluid issues are linear and were designed to tackle steady-state fluid problems. 
However, in this study, the magnetic field and viscous dissipation implications on the unsteady dusty 
vertical cone with variable wall temperature will be considered. Neglecting the variable wall 
temperature boundary condition results in significant deviations in the predicted heat transfer 
characteristics compared to experimental data. Therefore, it is important to include this boundary 
condition in numerical simulations for accurate predictions of convective heat transfer in such 
systems [28]. The non-dimensional, non-linear, coupled partial differential equations (PDE) are 
numerically solved using the Crank-Nicolson method in conjunction with the Thomas algorithm [29]. 
To obtain numerical results, an algorithm is created in MATLAB software and explained graphically 
and in a table. 
 
2. Methodology 
 

Under the impact of magnetic and viscous dissipation, an unsteady flow of an incompressible 
dusty viscous fluid is examined as it passes by a vertical cone with a half-angle α and radius 
𝑟(𝑟 = 𝑥 sin α). The cone's surface is represented by the 𝑥 −axis, while the cone's normal is 
represented by the 𝑦-axis. At rest, the cone surface and the surrounding dusty fluid temperature are 
assumed to be equal to 𝑇∞. The number density throughout the flow, and the dust particles are 
assumed to be constant, conducting, and homogeneous in size. It is believed that the external 
electrical field caused by polarization is insignificant. The drag force for the fluid-dust particle 
interaction is taken into consideration. Figure 1 depicts a homogeneous magnetic field parallel to the 
𝑦-axis as follows: 
 

 
Fig. 1. Geometric coordinates system and problem layouts 
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The governing equations for heat transfer and dusty flow subject to the above assumptions [30]: 
 
For fluid phase equation: 
 
Continuity: 
 

∂

∂𝑥∗
(𝑟𝑢∗) +

∂

∂𝑦∗
(𝑟𝑣∗) = 0,            (1) 

 
Momentum: 
 

ρ (
∂𝑢∗

∂𝑡∗ + 𝑢∗ ∂𝑢∗

∂𝑥∗ + 𝑣∗ ∂𝑢∗

∂𝑦∗) = μ
∂2𝑢∗

∂𝑦∗2 + 𝑔(ρβ𝑇) cos α (𝑇∗ − 𝑇∞
∗ )  −  𝜎𝐵2𝑢∗ +

𝜌𝑝

𝜏𝑚
(𝑢𝑝

∗ − 𝑢∗),    (2) 

 
Energy: 
 

ρ𝐶𝑝 (
∂𝑇∗

∂𝑡∗ + 𝑢∗ ∂𝑇∗

∂𝑥∗ + 𝑣∗ ∂𝑇∗

∂𝑦∗) = 𝑘
∂2𝑇∗

∂𝑦∗2 + 𝜇 (
∂𝑢∗

∂𝑦∗)
2

+
ρ𝑝𝐶𝑠

τ𝑇
(𝑇𝑝 − 𝑇∗),       (3) 

 
For particle phase equation: 
 
Continuity: 
 

∂

∂𝑥∗ (𝑟𝑢𝑝
∗ ) +

∂

∂𝑦∗ (𝑟𝑣𝑝
∗) = 0,            (4) 

 
Momentum: 
 

ρ𝑝 (
∂𝑢𝑝

∗

∂𝑡∗ + 𝑢𝑝
∗

∂𝑢𝑝
∗

𝑝

∂𝑥∗ + 𝑣𝑝
∗ ∂𝑢𝑝

∗

∂𝑦∗
) = −

ρ𝑝

τ𝑚
(𝑢𝑝

∗ − 𝑢∗),         (5) 

 
Energy: 
 

ρ𝑝𝐶𝑠 (
∂𝑇𝑝

∗

∂𝑡∗
+ 𝑢𝑝

∗ ∂𝑇𝑝
∗

∂𝑥∗
+ 𝑣𝑝

∗ ∂𝑇𝑝
∗

∂𝑦∗
) = −

ρ𝑝𝐶𝑠

τ𝑇
(𝑇𝑝

∗ − 𝑇∗),         (6) 

 
Given the dimensional initial boundary conditions: 
 
𝑢∗(𝑥∗, 𝑦∗, 0) = 0, 𝑢𝑝

∗ (𝑥∗, 𝑦∗, 0) = 0, 𝑣∗(𝑥∗, 𝑦∗, 0) = 0, 𝑣𝑝
∗(𝑥∗, 𝑦∗, 0) = 0,

𝑇∗(𝑥∗, 𝑦∗, 0) = 𝑇∞
∗ , 𝑇𝑝

∗(𝑥∗, 𝑦∗, 0) = 𝑇∞
∗ ,

𝑢∗(𝑥∗, 0, 𝑡∗) = 0, 𝑢𝑝
∗ (𝑥∗, 0, 𝑡∗) = 0, 𝑣∗(𝑥∗, 0, 𝑡∗) = 0, 𝑣𝑝

∗(𝑥∗, 0, 𝑡∗) = 0,

𝑇∗(𝑥∗, 0, 𝑡∗) = 𝑇∞
∗ + 𝑎𝑥∗𝑚, 𝑇𝑝

∗(𝑥∗, 0, 𝑡∗) = 𝑇∞
∗ + 𝑎𝑥∗𝑚,

𝑢∗(0, 𝑦∗, 𝑡∗) = 0, 𝑢𝑝
∗ (0, 𝑦∗, 𝑡∗) = 0, 𝑇∗(0, 𝑦∗, 𝑡∗) = 𝑇∞

∗ , 𝑇𝑝
∗(0, 𝑦∗, 𝑡∗) = 𝑇∞

∗ ,

𝑢∗(𝑥∗, 𝑦∗, 𝑡∗) → 0, 𝑢𝑝
∗ (𝑥∗, 𝑦∗, 𝑡∗) → 0, 𝑇∗(𝑥∗, 𝑦∗, 𝑡∗) → 𝑇∞

∗ , 𝑇𝑝
∗(𝑥∗, 𝑦∗, 𝑡∗) → 𝑇∞

∗ ,  as 𝑦∗ → ∞.

   (7) 

 
Following are the corresponding physical values for local shear stress and local Nusselt number: 
 

τ𝑥 = μ (−
∂𝑢∗

∂𝑦∗)
𝑦∗=0

,             (8) 
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𝑁𝑢𝑥 =
−𝑥∗𝑘(

∂𝑇∗

∂𝑦∗)
𝑦∗=0

𝑘(𝑇𝑤
∗ −𝑇∞

∗ ,)
.             (9) 

 
By using dimensionless parameter [31]: 
 

𝑥 =
𝑥∗

𝐿
, 𝑦 =

𝑦∗

𝐿
(𝐺𝑟𝐿)

1

4, 𝑅 =
𝑟

𝐿
, 𝑡 =

𝜈𝑓𝑡∗

𝐿2
(𝐺𝑟𝐿)

1

2, (𝑣, 𝑣𝑝) =
𝐿

𝜈𝑓
(𝐺𝑟𝐿)−

1

4(𝑣∗, 𝑣𝑝
∗),

(𝑢, 𝑢𝑝) =
𝐿

𝜈𝑓
(𝐺𝑟𝐿)−

1

2(𝑢∗, 𝑢𝑝
∗ ),  (𝑇, 𝑇𝑝) =

(𝑇∗,𝑇𝑝
∗)−𝑇∞

∗

𝑇𝑤
∗ −𝑇∞

∗ , 𝐺𝑟𝐿 =
𝑔𝛽𝑇(𝑇𝑤

∗ −𝑇∞
∗ )𝐿3

𝑣𝑓
2 .

               (10) 

 
Eq. (1) to Eq. (6) are then simplified to the dimensionless form: 
 
For fluid phase equation: 
 
Continuity: 
 
𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
+

𝑢

𝑥
= 0,                       (11) 

 
Momentum: 
 
𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
=

𝜕2𝑢

𝜕𝑦2 + 𝑇 cos 𝛼 − 𝑀𝑢 + 𝐷𝑝𝛼𝑑(𝑢𝑝 − 𝑢),                  (12) 

 
Energy: 
 
𝜕𝑇

𝜕𝑡
+ 𝑢

𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
=

1

𝑃𝑟

𝜕2𝑇

𝜕𝑦2 + ɛ (
𝜕𝑢

𝜕𝑦
)

2

+
2

3𝑃𝑟
𝐷𝑝𝛼𝑑(𝑇𝑝 − 𝑇),                  (13) 

 
For particle phase equation: 
 
Continuity: 
 
𝜕𝑢𝑝

𝜕𝑥
+

𝜕𝑣𝑝

𝜕𝑦
+

𝑢𝑝

𝑥
= 0,                       (14) 

 
Momentum: 
 
𝜕𝑢𝑝

𝜕𝑡
+ 𝑢𝑝

𝜕𝑢𝑝

𝜕𝑥
+ 𝑣𝑝

𝜕𝑢𝑝

𝜕𝑦
= −𝛼𝑑(𝑢𝑝 − 𝑢),                    (15) 

      
Energy: 
 
𝜕𝑇𝑝

𝜕𝑡
+ 𝑢𝑝

𝜕𝑇𝑝

𝜕𝑋
+ 𝑣𝑝

𝜕𝑇𝑝

𝜕𝑦
= −

2

3𝛾𝑃𝑟
𝛼𝑑(𝑇𝑝 − 𝑇),                    (16) 

 

where, 𝑃𝑟 =
ν𝑓

α
, γ =

𝐶𝑠

𝐶𝑝
, 𝐷𝑝 =

ρ𝑝

ρ
, τ𝑇 =

3

2
γτ𝑚 𝑃𝑟, α𝑑 =

𝐿2

𝑣𝑓τ𝑚
(𝐺𝑟𝐿)−

1

2 , 𝑀 =
σ𝐵2𝐿2

μ
(𝐺𝑟𝐿)−

1

2  
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and 𝜀 =
𝑔𝛽𝑇𝐿

𝐶𝑝
. 

 
The dimensionless initial and boundary conditions: 
 
𝑢(𝑥, 𝑦, 0) = 0, 𝑢𝑝(𝑥, 𝑦, 0) = 0, 𝑣(𝑥, 𝑦, 0) = 0, 𝑣𝑝(𝑥, 𝑦, 0) = 0,

𝑇(𝑥, 𝑦, 0) = 𝑇∞, 𝑇𝑝(𝑥, 𝑦, 0) = 𝑇∞,

𝑢(𝑥, 0, 𝑡) = 0, 𝑢𝑝(𝑥, 0, 𝑡) = 0, 𝑣(𝑥, 0, 𝑡) = 0, 𝑣𝑝(𝑥, 0, 𝑡) = 0,

𝑇(𝑥, 0, 𝑡) = 𝑥𝑚, 𝑇𝑝(𝑥, 0, 𝑡) = 𝑥𝑚,

𝑢(0, 𝑦, 𝑡) = 0, 𝑢𝑝(0, 𝑦, 𝑡) = 0, 𝑇(0, 𝑦, 𝑡) = 0, 𝑇𝑝(0, 𝑦, 𝑡) = 0,

𝑢(𝑥, 𝑦, 𝑡) → 0, 𝑢𝑝(𝑥, 𝑦, 𝑡) → 0, 𝑇(𝑥, 𝑦, 𝑡) → 0, 𝑇𝑝(𝑥, 𝑦, 𝑡) → 0,  as 𝑦 → ∞.

                (17) 

 
The dimensionless local shear stress and local Nusselt number: 
 

𝜏𝑥 = 𝐺𝑟𝐿

3

4 (
𝜕𝑢

𝜕𝑦
)

𝑦=0
,                       (18) 

 

𝑁𝑢𝑥 = 𝐺𝑟𝐿

1

4 𝑥

𝑇𝑦=0
(−

𝜕𝑇

𝜕𝑦
)

𝑦=0
.                      (19) 

 
2.1 The Implicit Crank Nicolson Method 
 

The Crank Nicolson method is an implicit finite difference scheme which is not only 
unconditionally stable, but also offers promising characteristics such as quick convergence, precision, 
and reliability [32,33]. To specify difficulties in programming, the equations must be converted from 
continuous to discrete ones. It is converted to a tridiagonal system when the dimensionless equations 
are discretized and iterations 𝑖 and 𝑗 are carried out. Analogous to Eq. (11) to Eq. (16), following are 
the finite difference equation [34]: 
 
For fluid phase equation: 
 
Continuity: 
 
𝑢𝑖,𝑗

𝑘+1−𝑢𝑖−1,𝑗
𝑘+1 +𝑢𝑖,𝑗

𝑘 −𝑢𝑖−1,𝑗
𝑘

2Δ𝑥
+

𝑣𝑖,𝑗
𝑘+1−𝑣𝑖,𝑗−1

𝑘+1 +𝑣𝑖,𝑗
𝑘 −𝑣𝑖,𝑗−1

𝑘

2Δ𝑦
+

1

𝑥𝑖

𝑢𝑖,𝑗
𝑘+1+𝑢𝑖,𝑗

𝑘

2
= 0,                 (20) 

 
Momentum: 
 

(
𝑢𝑖,𝑗

𝑘+1−𝑢𝑖,𝑗
𝑘

Δ𝑡
) + 𝑢𝑖,𝑗

𝑘 (
𝑢𝑖,𝑗

𝑘+1−𝑢𝑖−1,𝑗
𝑘+1 +𝑢𝑖,𝑗

𝑘 −𝑢𝑖−1,𝑗
𝑘

2Δ𝑥
) + 𝑣𝑖,𝑗

𝑘 (
𝑢𝑖,𝑗+1

𝑘+1 −𝑢𝑖,𝑗−1
𝑘+1 +𝑢𝑖,𝑗+1

𝑘 −𝑢𝑖,𝑗−1
𝑘

4Δ𝑦
)

=
𝑢𝑖,𝑗+1

𝑘+1 −2𝑢𝑖,𝑗
𝑘+1+𝑢𝑖,𝑗−1

𝑘+1 +𝑢𝑖,𝑗+1
𝑘 −2𝑢𝑖,𝑗

𝑘 +𝑢𝑖,𝑗−1
𝑘

2(Δ𝑦)2
+

𝑇𝑖,𝑗
𝑘+1+𝑇𝑖,𝑗

𝑘

2
cos 𝛼 − 𝑀

𝑢𝑖,𝑗
𝑘+1+𝑢𝑖,𝑗

𝑘

2

+𝐷𝑝𝛼𝑑 (
𝑢𝑝𝑖,𝑗

𝑘+1+𝑢𝑝𝑖,𝑗
𝑘

2
−

𝑢𝑖,𝑗
𝑘+1+𝑢𝑖,𝑗

𝑘

2
) ,

                (21) 
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Energy: 
 

(
𝑇𝑖,𝑗

𝑘+1−𝑇𝑖,𝑗
𝑘

Δ𝑡
) + 𝑢𝑖,𝑗

𝑘 (
𝑇𝑖,𝑗

𝑘+1−𝑇𝑖−1,𝑗
𝑘+1 +𝑇𝑖,𝑗

𝑘 −𝑇𝑖−1,𝑗
𝑘

2Δ𝑥
) + 𝑣𝑖,𝑗

𝑘 (
𝑇𝑖,𝑗+1

𝑘+1 −𝑇𝑖,𝑗−1
𝑘+1 +𝑇𝑖,𝑗+1

𝑘 −𝑇𝑖,𝑗−1
𝑘

4Δ𝑦
)

=
1

𝑃𝑟
(

𝑇𝑖,𝑗+1
𝑘+1 −2𝑇𝑖,𝑗

𝑘+1+𝑇𝑖,𝑗−1
𝑘+1 +𝑇𝑖,𝑗+1

𝑘 −2𝑇𝑖,𝑗
𝑘 +𝑇𝑖,𝑗−1

𝑘

2(Δ𝑦)2
) + ɛ (

𝑢𝑖,𝑗+1
𝑘+1 −𝑢𝑖,𝑗−1

𝑘+1 +𝑢𝑖,𝑗+1
𝑘 −𝑢𝑖,𝑗−1

𝑘

4Δ𝑦
)

2

+
2

3𝑃𝑟
𝐷𝑝𝛼𝑑 (

𝑇𝑝𝑖,𝑗
𝑘+1+𝑇𝑝𝑖,𝑗

𝑘

2
−

𝑇𝑖,𝑗
𝑘+1+𝑇𝑖,𝑗

𝑘

2
) ,

                (22) 

 
For particle phase equation: 
 
Equation on continuity: 
 
𝑢𝑝𝑖,𝑗

𝑘+1−𝑢𝑝𝑖−1,𝑗
𝑘+1 +𝑢𝑝𝑖,𝑗

𝑘 −𝑢𝑝𝑖−1,𝑗
𝑘

2Δ𝑥
+

𝑣𝑝𝑖,𝑗
𝑘+1−𝑣𝑝𝑖,𝑗−1

𝑘+1 +𝑣𝑝𝑖,𝑗
𝑘 −𝑣𝑝𝑖,𝑗−1

𝑘

2Δ𝑦
+

1

𝑥𝑖

𝑢𝑝𝑖,𝑗
𝑘+1+𝑢𝑝𝑖,𝑗

𝑘

2
= 0,                (23) 

 
Equation on momentum: 
 

(
𝑢𝑝𝑖,𝑗

𝑘+1−𝑢𝑝𝑖,𝑗
𝑘

Δ𝑡
) + 𝑢𝑝𝑖,𝑗

𝑘 (
𝑢𝑝𝑖,𝑗

𝑘+1−𝑢𝑝𝑖−1,𝑗
𝑘+1 +𝑢𝑝𝑖,𝑗

𝑘 −𝑢𝑝𝑖−1,𝑗
𝑘

2Δ𝑥
) + 𝑣𝑝𝑖,𝑗

𝑘 (
𝑢𝑝𝑖,𝑗+1

𝑘+1 −𝑢𝑝𝑖,𝑗−1
𝑘+1 +𝑢𝑝𝑖,𝑗+1

𝑘 −𝑢𝑝𝑖,𝑗−1
𝑘

4Δ𝑦
) =

−𝛼𝑑 (
𝑢𝑝𝑖,𝑗

𝑘+1+𝑢𝑝𝑖,𝑗
𝑘

2
−

𝑢𝑖,𝑗
𝑘+1+𝑢𝑖,𝑗

𝑘

2
),                     (24) 

 
Equation on energy: 
 

(
𝑇𝑝𝑖,𝑗

𝑘+1−𝑇𝑝𝑖,𝑗
𝑘

Δ𝑡
) + 𝑢𝑝𝑖,𝑗

𝑘 (
𝑇𝑝𝑖,𝑗

𝑘+1−𝑇𝑝𝑖−1,𝑗
𝑘+1 +𝑇𝑝𝑖,𝑗

𝑘 −𝑇𝑝𝑖−1,𝑗
𝑘

2Δ𝑥
) + 𝑣𝑝𝑖,𝑗

𝑘 (
𝑇𝑝𝑖,𝑗+1

𝑘+1 −𝑇𝑝𝑖,𝑗−1
𝑘+1 +𝑇𝑝𝑖,𝑗+1

𝑘 −𝑇𝑝𝑖,𝑗−1
𝑘

4Δ𝑦
) =

−
2

3𝛾𝑃𝑟
𝛼𝑑 (

𝑇𝑝𝑖,𝑗
𝑘+1+𝑇𝑝𝑖,𝑗

𝑘

2
−

𝑇𝑖,𝑗
𝑘+1+𝑇𝑖,𝑗

𝑘

2
)                     (25) 

 
3. Results 
 

The value of 𝑦𝑚𝑎𝑥  and 𝑦∞ are compatible, constant and the location is outside both the boundary 
layers of velocity and temperature. The meshing size have been set as [Δ𝑦, Δ𝑥, Δ𝑡] =
[0.05, 0.05, 0.01], with the shortness ignorance 𝑂(Δ𝑦2 + Δ𝑡2 + Δ𝑥) when Δ𝑦, Δ𝑥 and Δ𝑡 approach 
the value of null. Moreover, [𝑥𝑚𝑎𝑥 , 𝑦𝑚𝑎𝑥] = [1,10] is the integral area. It is feasible to deduce from 
the computations, predictions, and calculations made before that a complex and systematic plan of 
action reveals that a solution may appear and function in agreement as explained in previous studies 
[35-37]. Lastly, the numerical algorithms are developed using MATLAB to find the solution and results 
will be presented in a form of graph. The modifying parameters outcome on the distribution are 
explored. The results of numerical assessment for 𝑀, ɛ, 𝑃𝑟, 𝛼𝑑  𝐷𝑝 and γ are visually depicted. Except 

where noted, the numerical calculations are performed using the following fixed parameters: 𝑡 =
10, 𝑚 = 0.5, α = 20𝑜 , 𝑀 = 2, 𝜀 = 0.1, 𝑃𝑟 = 0.71, α𝑑 = 0.5, 𝐷𝑝 = 10 and γ = 0.1 [38,39]. 

The consequences of 𝑃𝑟 on temperature and velocity distribution are shown in Figure 2, 
respectively. This plot shows that both velocities and temperature diminish as 𝑃𝑟 climbs. A lower 𝑃𝑟 
has a higher thermal diffusivity, which improves conduction and the thermal boundary layer 
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thickness while hindering the heat transfer rate. Figure 3 depicts how 𝑀 in the fluid and particle 
phases altered the velocity and temperature distributions. According to this graph, the velocity of 
fluid and particle phase fall while both temperatures rise as 𝑀 rises. 
 

  
Fig. 2. Impact of Prandtl number on the profiles of velocity and temperature 

 

  
Fig. 3. Impact of magnetic field on the profiles of velocity and temperature 

 
Figure 4 shows the 𝜀 impacts on temperature and velocity distribution. Both phases velocity and 

temperature are noted to enhance as 𝜀 rises. The temperature profile rises because of the energy 
source that is the temperature distribution on fluid flow caused by viscous dissipation. The velocity 
and temperature profile rises as a result of the energy source caused by viscous dissipation. Magnetic 
and viscous dissipations are considered negligible when the magnetic field and viscosity effects are 
relatively weak. The magnetic and viscous forces are proportional to the magnetic permeability and 
viscosity, respectively. When the magnetic permeability or viscosity is low, the magnetic and viscous 
forces become weak, and the resulting dissipations become negligible. Figure 5 depicts the impacts 
of 𝛼𝑑 on velocity and temperature distribution. The rise in 𝛼𝑑 enhances the velocity and temperature 
of particle phase but reduces velocity and temperature of fluid phase. The temperature distribution 
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lowers because the particle phase generates a drag force in contrast to the fluid phase, where there 
is high connection between the fluid and particle phases. 
 

  
Fig. 4. Impact of viscous dissipation on the profiles of velocity and temperature 

 

  
Fig. 5. Impact of fluid-particle interaction on the profiles of velocity and temperature 

 
Figure 6 illustrates how 𝐷𝑝 affects the velocity and temperature distribution of both phases. It is 

noted that the temperature and velocity distribution for both phases are dropping as 𝐷𝑝 values rise. 

This happens since the presence of particles makes the fluid internal friction rise, which slows the 
fluid flow. Intriguing to notice is also that the flow system is set up so that the value 𝐷𝑝 =

0 represents a typical viscous fluid. Local 𝑁𝑢𝑥/𝐺𝑟𝐿
1/4

 and τ𝑥/𝐺𝑟𝐿
3/4

 affected by 𝑃𝑟, 𝑀, 𝜀, α𝑑  and 𝐷𝑝 

are depicted in Table 1. It is obvious that as the number of 𝑃𝑟, 𝐷𝑝 and α𝑑  rises, so does the local 𝑁𝑢𝑥. 

Meanwhile, as the number of 𝜀 and 𝑀 enhances, the local 𝑁𝑢𝑥 drops. Furthermore, the value of local 
τ𝑥 goes down as the number of 𝑃𝑟, 𝑀, 𝐷𝑝 and α𝑑 rises. In the meantime, when the local τ𝑥 value 

goes up, so does 𝜀. 
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Fig. 6. Impact of mass concentration of particle phase on the profiles of velocity and temperature 

 
Table 1 

𝑁𝑢𝑥/𝐺𝑟𝐿
1/4

 and τ𝑥/𝐺𝑟𝐿
3/4

 affected by 𝑃𝑟, 𝑀, 𝜀, α𝑑 and 𝐷𝑝 
𝛾 𝜀 𝑃𝑟 𝐷𝑝 𝑀 α𝑑 𝑁𝑢𝑥/𝐺𝑟𝐿

1/4
 τ𝑥/𝐺𝑟𝐿

3/4
 

0.1 1 0.71 10 2 0.5 0.4474 0.4197 
 2     0.4418 0.4200 
 3     0.4381 0.4202 
 0.1     0.4456 0.4198 
  1    0.5114 0.4042 
  3    0.7757 0.3497 
  7    1.0591 0.3048 
  0.71 0   0.3964 0.4835  

  3 
  

0.4130 0.4596  
  5 

  
0.4234 0.4465  

  10 0 
 

0.5191 0.5303  
  

 
1 

 
0.4786 0.4677  

  
 

4 
 

0.3968 0.3518  
  

 
2 1 0.4479 0.4171  

  
  

1.5 0.4485 0.4161  
  

  
2 0.4488 0.4156 

 
4. Conclusions 
 

The problem of free convective dusty flow with magnetic field and dissipation impacts across a 
non-isothermal vertical cone has been explored and taken into consideration. This interaction can 
help the fluid flow more effectively and uniformly throughout the surface of the cone. The MHD 
effect can also produce electrical currents inside the fluid, which can be useful in a variety of areas. 
For example, MHD generators may transform fluid flow energy into electrical energy. This conversion 
process is made more efficient by using a cone geometry. Overall, fluid flow over a vertical cone with 
MHD effect offers practical applications in power production, space technology, and material 
processing. The results indicate that the fluid and particle phases velocity decreases when the 
magnetic field strength, mass concentration of particle phase, and fluid-particle interaction 
parameters are enhanced. The opposite reaction is observed for the viscous dissipation parameter. 
Moreover, the temperature distribution increases as the magnetic and viscous dissipation 
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parameters are increased, while the opposite tendency is seen for the fluid-particle interaction 
parameter and the mass concentration of particle phase parameter. It is also observed that the fluid 
and particle phases velocity and temperature show a dual nature against the fluid-particle interaction 
parameter. Furthermore, the temperature and velocity profiles for the fluid phase consistently 
exceed those for the dust phase in all examined results. 
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