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UNSTEADY TWO-PHASE DUSTY FLUID FLOW OVER A CONE IN
A POROUS MEDIUM WITH CONSTANT WALL TEMPERATURE

(Aliran Bendalir Berdebu Dua Fasa Tak Mantap Melintasi Kon dalam Medium
Berliang dengan Suhu Dinding Malar)
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ABSTRACT

Dusty fluid flow, which consists of mixtures of solid particles with a carrier fluid, is significant
in many natural and engineered systems. This study focuses on unsteady dusty fluid flow over
a cone immersed in a porous medium, considering the effects of a magnetic field, heat gen-
eration/absorption, and thermal radiation. The combination of dusty fluid and cone geometry
reflects real-world multiphase flows over sloped surfaces, typical of geothermal reservoirs. The
Crank-Nicolson approach is applied to solve the developed nonlinear governing equations with
the subjected initial and boundary conditions. The analysis through graphs and tables exam-
ines the impacts of the fluid-particle interaction under the influence of the considered effects
on the dusty fluid flow characteristics. The current study’s restricted cases were compared to
numerical findings and found to be in great agreement. The results indicate that an increase in
the fluid-particle interaction parameter enhances the velocity profiles of the particle phase while
causing a decline in the fluid phase. For fluid phase, the fluid-particle interaction parameter di-
minishes the local Nusselt number by 15.8% and the local skin friction by 4.8%. Additionally,
the particle phase mass concentration parameter decreases the local Nusselt number by 23%
and the local skin friction by 12.3%. This model is relevant for geothermal energy extraction,
where multiphase dusty flows occur through porous, inclined rock formations under varying
thermal and magnetic conditions.
Keywords: dusty fluid; magnetohydrodynamic; Crank–Nicolson method; cone

ABSTRAK

Aliran bendalir berdebu, yang terdiri daripada campuran zarah pepejal dengan bendalir pem-
bawa, adalah penting dalam banyak sistem semula jadi dan kejuruteraan. Kajian ini menumpukan
pada aliran bendalir berdebu yang tak mantap melintasi kon yang terendam dalam medium
berliang, dengan mengambil kira kesan medan magnet, penjanaan/penyerapan haba, dan sinaran
terma. Gabungan bendalir berdebu dan geometri kon mencerminkan aliran berbilang fasa sebe-
nar di atas permukaan condong, yang biasa ditemui di takungan geoterma. Kaedah Crank-
Nicolson digunakan untuk menyelesaikan persamaan kawalan tak linear yang dibangunkan den-
gan syarat awal dan sempadan yang ditentukan. Analisis melalui graf dan jadual mengkaji kesan
interaksi bendalir-zarah di bawah pengaruh faktor-faktor yang dipertimbangkan terhadap ciri-
ciri aliran bendalir berdebu. Kes-kes terhad kajian semasa dibandingkan dengan hasil berangka
dan menunjukkan persetujuan yang sangat baik. Hasil kajian menunjukkan bahawa peningkatan
parameter interaksi bendalir-zarah meningkatkan profil halaju fasa zarah sambil menyebabkan
penurunan dalam fasa bendalir. Untuk fasa bendalir, parameter interaksi bendalir-zarah men-
gurangkan nombor Nusselt tempatan sebanyak 15.8% dan geseran kulit tempatan sebanyak
4.8%. Selain itu, parameter kepekatan jisim fasa zarah mengurangkan nombor Nusselt tem-
patan sebanyak 23% dan geseran kulit tempatan sebanyak 12.3%. Model ini berkaitan dengan
pengekstrakan tenaga geoterma, di mana aliran berbilang fasa berdebu berlaku melalui formasi
batuan berliang dan condong di bawah keadaan terma dan magnetik yang berubah-ubah.
Kata kunci: bendalir berdebu; magnetohidrodinamik; kaedah Crank–Nicolson; kon
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1. Introduction

Dusty fluid can be found in many engineering applications such as automotive, chemical, coat-
ing, and environmental industries. Dusty fluid flow has been used to illuminate multiphase flow
phenomena and the dynamic behaviour of mixtures containing solid particles and liquid or gas
phases. Many scientists are interested in the phenomena of airflow carrying microscopic dust
particles due to its far-reaching implications across environmental science, agriculture, public
health, climate research and various scientific disciplines (Sproull 1961). Saffman (1962) in-
vestigated how dust particles affected a gas’s stability of flow, which is defined by two factors,
dust concentration and relaxation time. Then, Kliegel and Nickerson (1962) found agreement
between the theoretical predictions and the experimental data for the study of dusty fluid. Most
fluid-related difficulties involving two phases are linear and designed for steady-state condi-
tions. Rafiq et al. (2021) examined how non-linear thermal radiation affected the flow of sus-
pended solids in the boundary layer of the rotating axisymmetric hemisphere. It was noted that
surface heating and thermal radiation can affect the contaminated suspension’s heat transport
phenomenon. This should be considered if significant heat transfer is anticipated in the flow
field. Recently, Mahabaleshwar et al. (2023) presented an analytical approach that incorporates
mass flow into the boundary layer flow from a two-phase dusty fluid flow model. The strength
of the particle interaction parameter was observed to grow as the thickness of the solution do-
main increased. Rahman et al. (2024) explored steady dust particles fluid flow across a stretched
sheet using porous dissipation and frictional heating. It was noted that the temperature profile
rises for both the fluid and dusty phases with an increase in Brinkman number. The study con-
ducted by Khan et al. (2023) examined the accurate solutions and contrasted the impact of fluid
and dust particles in the context of Brinkman fluid flow between vertical parallel plates. The
distribution of fluid velocities and dust particles was shown to be diminished by the magnetic
field and dusty fluid parameter on the fluid flow.

The majority of the above listed studies only examined steady-state scenarios and ignored
temporal impacts. By including time into mathematical models, transport phenomena can be
better understood and changes in flow characteristics can be addressed with greater accuracy.
Understanding unstable flow is vital because flow conditions commonly change over time. The
unsteady flow of a dusty fluid has various applications, including particle sorting, sedimentation,
and underground disposal of radioactive waste materials. That being said, not much research
has been done on the time-dependent unsteady flow, despite its importance to contemporary
industry. Sandeep et al. (2016) demonstrated and discussed MHD radiative flow over an expo-
nentially permeable stretching surface. It was noted that increasing the fluid-particle interaction
parameter leads to faster heat transfer and lower friction. In addition, the stretching/shrinking
flow of a fluid-particle suspension in the presence of a continuous suction and dust particle slip
on the surface was studied numerically by Hamid et al. (2018). It was found that the particle
loading parameter and the fluid-particle interaction parameter were the main parameters that
influenced the fluid-phase flow. Furthermore, Attia and Ewis (2019) examined the MHD flow
of continuous dusty particles and non-Newtonian Darcy fluids between parallel plates. It was
discovered that the particle phase takes longer to attain its steady state than the fluid phase.

The study of dusty fluid flow around a cone is a complex and significant area of research with
applications in various fields. Understanding the behavior of dusty fluids in unsteady flow con-
ditions around a cone is crucial for practical applications and theoretical advancements. It serves
as a representative model for complex flow patterns providing practical applications in technol-
ogy field which manufactures reliable equipments and different kinds of aircraft propulsion
devices, missiles, space vehicles and satellites (Sambath 2017). Siddiqa et al. (2017, 2018a)
investigate the comprehensive steady flow formations of gas and particle phases along a cone,
aiming to predict the behavior of heat transport across the heated cone. The former study em-
phasizes temperature-dependent properties and general flow behavior, while the latter study
investigates the impact of surface irregularities on heat transfer and fluid dynamics. It was dis-
covered that when the mass concentration parameter is increased, skin friction lowers because
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the carrier fluid’s velocity is reduced relative to the pure fluid case as a result of the fluid losing
kinetic and thermal energy through interaction with the dust particles. The impact of non-linear
surface radiation on the flow of steady Casson dusty particle suspension across a vertically wavy
cone was examined by Siddiqa et al. (2018b). The rate of heat transmission was observed to de-
crease when the surface radiation parameter increased. Palani and Lalith Kumar (2021) studied
the movement of gas containing dust particles over a semi-infinite vertical cone. Dust particles
in the liquid were discovered to cause the velocity of the dusty gas to decrease relative to the
velocity of the dust-free gas because the dusty particles impede the flow of the gas. Besides,
Nabwey and Mahdy (2021) has conducted research on micropolar dusty fluid flow in a vertical
permeable cone. It was noted that increased values of the particle phase mass concentration
parameter result in decreased both fluid and particle velocity profiles. There are several inter-
esting studies on the heat transfer rates of dusty fluids in various geometries can be found in
Jagannadham et al. (2022), Bibi et al. (2022), Fathy and Sayed (2022) and Reddimalla et al.
(2022) which focus on geometries such as a horizontal flat plate, a tangent hyperbolic surface,
a stretching surface, and a circular pipe, respectively.

Porous media, such as soil and rocks, are vital in groundwater flow, environmental protec-
tion, oil recovery, heat transfer, and more. Understanding them is essential for managing water
resources, remediating contamination, and optimizing various industrial processes (Bear 2013).
Porous materials contribute to advancements in technology, environmental sustainability, and
resource management across diverse fields. The investigation of fluid flow in porous media
has captured the interest of a significant number of researchers because of the possible uses.
It has been established that the medium porosity and permeability had an impact on the flow
rate of the fluid (Ahmad et al. 2019). Porous media and dusty fluid flow study together provide
a holistic understanding of complex systems where fluid interacts with solid particles. Attia
et al. (2012) investigated the influence of porosity and particle-phase viscosity on the velocity
of the fluid and particle-phases in circular pipe. It was found that lesser velocity gradients near
the wall are the result of the particle suspension in the pipe moving less when the magnetic
field becomes stronger. This directly lowers both phases’ skin-friction coefficients. Saxena and
Agarwal (2014) highlighted the unsteady flow of a dusty fluid between two parallel plates when
the upper plate is restricted by a porous medium. According to the findings, the fluid and par-
ticle velocity distribution increases in the porous medium halfway through and then declines.
Anand et al. (2015) focused on the analysis of the MHD flow of a dusty fluid through a porous
material between parallel plates. When the magnetic field is increased, it is noticed that the ve-
locity increases in the upper plate and decreases in the bottom plate. Besides, research has been
done by Madhura and Uma (2016) on the uniform distribution of dust particles in a restricted
channel containing an unstable incompressible electrically conducting fluid flow. The fluid par-
ticles were found to reach the steady state sooner than the dust particles. This discrepancy
results from the fluid being directly subjected to the time-dependent pressure gradient. From
the plots, it was clear that the fluid flow is parallel to the particle flow. Vidhya et al. (2017) in-
vestigated the impact of a viscous incompressible dusty fluid passing through a densely porous
media confined by a vertical infinite plane surface. When the particle phase mass concentration
parameter increases, it was found that there are greater differences in the velocities between the
dust particles and the dusty fluid. In addition, hydromagnetic oscillatory flow and heat transfer
in dusty viscoelastic fluid via a porous material in an inclined channel have been investigated in
Chand (2018) . Dust particle velocity profiles behave similarly to fluid velocity profiles, with
fluid phase velocity being greater than particle phase velocity.

While unsteady dusty fluid flow has been studied in a variety of geometries, including paral-
lel plates and channels, limited attention has been given to unsteady flow over a vertical cone in
the presence of additional physical effects. Most existing works on conical geometries have pri-
marily focused on steady-state analyses. The present study addresses this gap by extending the
work of Siddiqa et al. (2017) and Palani and Laltih Kumar (2021) to consider unsteady MHD
radiative dusty fluid flow over a vertical cone embedded in a porous medium, with additional
effects of heat generation/absorption and a constant wall temperature. This study contributes a
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novel numerical investigation that incorporates these complex effects into the governing equa-
tions. The resulting nonlinear, coupled partial differential equations are solved using the Crank-
Nicolson method and Thomas algorithm (Hanif et al. 2020; Blottner 1970), and quantitative
results are obtained and visualized using MATLAB.

2. Mathematical Formulation

The current study investigates the unsteady dusty fluid flow across a vertical cone with a radius
described by the function r(r = x sin α) in the presence of a magnetic field, thermal radiation
and heat generation/absorption. The horizontal y−axis corresponds to the cone’s surface, whilst
the vertical x−-axis corresponds to the cone’s normal. The temperature distribution on the
cone’s surface is assumed to be the same as that of the surrounding fluid, denoted as T∞, when
t is less than zero. Following this, once the fluid’s temperature exceeds zero, the surface of the
cone rises to a designated value represented as Tw and remained constant after that. The solid
particles are supposed to be spherical in shape, constant in size and non-reacting. Additionally,
it is assumed that the density of dust particles are consistent throughout the flow. Moreover,
the fluid and the dust particles are initially assumed to be static (Isa et al. 2016). The external
electric field is considered to be zero and the potential influence of polarization-induced external
electrical fields are negligible (Manjunatha et al. 2013). It is assumed that the magnetic field
is homogeneous and parallel to the y-axis, as depicted in Figure 1. Considering the previously
mentioned assumptions, the governing equations for fluid and particle phases can be formulated
as follows (Sambath 2017),

Figure 1: Geometric coordinates system and problem layouts

Continuity equation:

∇.
(
rV
)
= 0, (1)

∇.
(
rVp

)
= 0, (2)

Momentum equation:
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ρ

(
∂u
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Energy equation:
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(
∂T

∂T
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(
V.∇

)
T

)
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∂2T

∂y2
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+Q0
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(
∂Tp
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)
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= −ρpCs

τT

(
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)
, (6)

The Rosseland approximation for the radiative heat flux qr is (Magyari & Pantokratoras 2011),

qr = −4σs
3ke

∂T 4
∞

∂y
. (7)

The temperature changes in the flow are thought to be negligibly small, allowing T 4
∞ to be

described as a temperature linear function. This is done by removing higher-order terms and
expanding T 4

∞ around T∞ in the Taylor series. Eventually,

T 4 ∼= 4T 3
∞T − 3T 4

∞. (8)

By using Eq. 7 and 8, Eq. 5 may be expressed as follows,

ρCp

(
∂T

∂t
+
(
V.∇

)
T

)
= k

∂2T

∂y2
+

16σsT
3
∞

3ke
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(
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(
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)
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The initial and boundary conditions are (Chamkha et al. 2012),

t ≤ 0 :
(
u, up

)
= 0,

(
v, vp

)
= 0,

(
T, Tp

)
= T∞ for all x and y,

t > 0 :
(
u, up

)
= 0,

(
v, vp

)
= 0,

(
T, Tp

)
= Tw at y = 0,(

u, up
)
= 0,

(
T, Tp

)
= T∞ at x = 0,(

u, up
)
→ 0,

(
T, Tp

)
→ T∞ as y → ∞.

(10)

The subsequent physical quantities represent the local shear stress and local Nusselt number for
fluid phase, respectively (Hasan & Mujumdar 1984).

τx = µ

(
∂u

∂y

)
y=0

, (11)
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Nux =

−x

(
∂T
∂y
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y=0
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. (12)

Using dimensionless parameter (Sivaraj & Kumar 2013),
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Eq. 1 to 6 are then reduced to the following dimensionless form, (for convenience, remove *
sign)
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The dimensionless initial and boundary conditions are as follows,

t ≤ 0 :
(
u, up

)
= 0,

(
v, vp

)
= 0,

(
T, Tp

)
= 0 for all ξ and η,

t > 0 :
(
u, up

)
= 0,

(
v, vp

)
= 0,

(
T, Tp

)
= 1 at η = 0,(

u, up
)
= 0,

(
T, Tp

)
= 0 at ξ = 0,(

u, up
)
→ 0,

(
T, Tp

)
→ 0 as η → ∞.

(21)

The dimensionless local shear stress and local Nusselt number for fluid phase are provided by,

τξ = GrL
3

4

(
∂u

∂η

)
η=0

, (22)

Nuξ = GrL
1

4
ξ

Tη=0

(
− ∂T

∂η

)
η=0

. (23)

2.1. Numerical Procedure of Crank–Nicolson

The Crank Nicolson discretization method is used to solve the governing equation Eq. 14 to 19.
This implicit finite difference scheme exhibits rapid convergence, precision, and dependability
in addition to being unconditionally stable (Luskin et al. 1982). It approximates a derivative
term at the average of current and forward time level. Let uki,j , v

k
i,j and T k

i,j be the numerical
approximations of u(ξ, η, t), v(ξ, η, t) and T (ξ, η, t) at time k for any point in coupled Eq. 14
to 19, the subsequent equations are considered (Sun & Trueman 2006),
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k
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2

)
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Here’s a brief overview of how it works:

(1) The method starts by discretizing the spatial and temporal domains of the PDE into a grid
as shown in Figure 2.

(2) The derivatives in the PDE are approximated using finite difference methods. In the
Crank-Nicolson method, a central difference approximation is often used for both time
and space derivatives. See: Eq. 24 to 29

(3) The resulting discretized system of equations is usually a system of linear equations and
resulting in the conversion to a tridiagonal system. The Crank-Nicolson method then
solves this system to obtain the solution at the next time step.

(4) The process is typically iterated until the solution converges to a desired level of accuracy.

The Crank-Nicolson method is often favored because it is numerically stable and converges
quickly for a wide range of problems. It is particularly useful for problems where stability is a

100



Unsteady Two-Phase Dusty Fluid Flow over a Cone in a Porous Medium with Constant Wall Temperature

concern, such as when dealing with stiff equations.

Figure 2: Crank-Nicolson method mesh diagram

The rectangular domain is considered when (ξmax, ηmax) = (1, 20), where ηmax is regarded
as η → ∞ and well outside the boundary layers. This action is taken in order to satisfy the
boundary conditions outlined in Eq. 21. The mesh spacing in the ξ and η directions, ∆ξ =
0.05, ∆η = 0.05, and ∆t = 0.01 is selected to obtain the tolerance limit within 10−5. The
process of performing calculations is iterated until a steady state is achieved. A convergence
criterion is employed that relies on the relative difference between the values of two consecutive
iterations. The iterative procedure is completed when the solution satisfies the convergence
criterion, which is defined as the point when the difference becomes smaller than 10−5 at all grid
points. The scheme exhibits unconditional stability. The local truncation error is O(∆t2+∆ξ2+
∆η2) and converges to zero as ∆t, ∆ξ and ∆η approach zero. It can be inferred that the Crank-
Nicolson approach is compatible. The convergence is ensured via stability and compatibility
(Adak 2018).

3. Results and Discussions

Table 1 depicts the validation of the obtained results by comparing with Hering and Grosh
(1962) and Sambath (2017) in the limiting case without considering the particle phase. The
solutions shows good agreement. This has improved the confidence and the accuracy of the
proposed method and the present determined results. Based on Pullepu et al. (2007, 2012) and
Thandapani et al. (2012), the default parametric values t = 10, α= 20◦, Pr = 7.0, Rd = 1,
M = K = 2, Q = αd = 0.5, Dp = 10 and γ = 0.1 are fixed, unless explicitly stated in the
corresponding graph.

Table 1: Comparison of Nuξ/GrL
1
4 at Rd = M = 1

K
= Q = αd = Dp = 0 and γ = 1 at ξ = 1

Hering & Grosh (1962) Sambath (2017) Present Results
Pr −θ′(0) ∗

√
Pr Nux/GrL

1
4 Nux/GrL

1
4

0.03 0.1244 0.1243 0.1247
0.1 0.2113 0.2115 0.2124
0.7 0.4511 0.4529 0.4591
1.0 0.5104 0.5125 0.5211

Figure 3 indicates the unsteady distributions of u and up at several numerical quantities of
Pr. The increase in the value of the parameter Pr leads to a decrease in the variables u and up.
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A decrease in thermal diffusivity and velocity occurs as Pr increases because of the adhesive
properties of the fluid, which causes the force to grow. The heavier the momentum barrier layer
becomes heavier, leading to a thicker shape. Moreover, the values needed to reach a steady
state grow with rising Pr. Figure 4 reveals the unsteady distributions of T and Tp at several
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Figure 3: Unsteady distributions of velocity at several numerical quantities of Prandtl number, Pr

numerical quantities of Pr. The findings show that higher reveal that higher values of Pr lead
to steeper temperature gradients and thinner thermal boundary layers compared to lower Pr.
This is due to the increasing viscosity of the liquid. It further appears that as Pr increases, the
values needed to reach a steady state decrease. This is because, as Pr increases, momentum
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Figure 4: Unsteady distributions of temperature at several numerical quantities of Prandtl number, Pr

diffusion dominates over thermal diffusion, causing the velocity profile to stabilize faster, which
in turn reduces the time or values needed to reach a steady state in the system. This behavior
is consistent with the findings of Kays and Crawford (1980), who established that fluids with
higher Pr have lower thermal diffusivity, resulting in enhanced heat transfer near the cone’s
surface. Similarly, Immanuel et al. (2019) observed a similar trend for natural convection flow
past a vertical cone, reinforcing the correlation between Pr and the rate of heat transfer. The
parameter t is crucial for understanding the transient behavior of unsteady flows, as shown in
Figures 3 and 4. The chosen values of t highlight the evolution of velocity and thermal profiles
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over time, illustrating the transition from initial conditions to steady-state. By plotting t for
different Pr, it demonstrates how fluids with varying thermal diffusivities respond temporally.
The results align with Mohiddin et al. (2012), who demonstrated that time-dependent variations
in boundary layers are significantly influenced by thermal diffusivity, as captured by Pr.
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Figure 5: Impacts of thermal radiation, Rd on velocity and temperature distribution

Figure 5 illustrates the impact of Rd on the velocity and temperature distributions. When the
value of Rd is increased, there is a rise in both velocities. When Rd rises, there is a correspond-
ing increase in the thermal state of the fluid and the thickness of its thermal boundary layer. The
buoyancy effect induces a greater flow within the boundary layer, resulting in an augmentation
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Figure 6: Impacts of magnetic field, M on velocity and temperature distribution

of velocity. Moreover, this graph indicates that for rising Rd, both temperatures are declining
at T : η ≤ 0.85 and Tp : η ≤ 0.55, while enhancing at T : η > 0.85 and Tp : η > 0.55
(Sandeep et al. 2016). To achieve higher values of Rd, the temperature exhibits a reduction
in proximity to the surface of the cone while simultaneously increasing as the distance η from
the surface increases. As the fluid is displaced from the cone’s surface, Rd becomes increas-
ingly evident. Figure 6 displays the impact of M on fluid and particle velocity and temper-
ature distributions. This graph indicates that for rising M , both velocities are declining at
u : η ≤ 1.8 and up : η ≤ 1.3, while enhancing at u : η > 1.8 and up : η > 1.3. The figure
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shows that as M climbs, so does the temperature. Initially, at lower u and up, the magnetic
field may not fully saturate or exhibit a strong effect. As the velocities increase, M becomes
more saturated, leading to a decrease in the initial M . Moreover, a higher M value inherently
promotes temperature dispersion. High M values usually restrict fluid flow. As a result, the
thermal boundary layer increases.
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Figure 7: Impacts of heat generation/absorption, Q on velocity and temperature distribution

Figure 7 shows how Q affects fluid and particle velocity and temperature distributions. Both
velocities rose with increasing Q. Positive Q indicates heat generation, while negative Q in-
dicates heat absorption. Heat generation increases buoyant forces, which boost fluid flow and
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Figure 8: Impacts of porous permeability, K on velocity and temperature distribution

velocity. Meanwhile, heat absorption lowers buoyant forces, lowering fluid flow rates and de-
creasing the velocity field. This figure also shows that Q directly affects temperature distribu-
tion. Similar to the velocity profile, fluid temperature drops at Q < 0 and progressively rises at
Q > 0. Figure 8 illustrates the effect of K on the velocity and temperature distribution. This
graph indicates that both velocities are enhanced at u : η ≤ 1.75 and up : η ≤ 1.3, whereas
they decline for u : η > 1.75 and up : η > 1.3 with rising K. In addition, when the value of K
increases, the T and Tp decrease. This is because, the porous medium resistance to fluid motion
increases as K increases, which improves the momentum development of the flow regime and,
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as a consequence, increases both velocities while both temperatures drop steadily. However, be-
yond a certain point, higher permeability leads to increased interactions and disruptions, which
in turn cause a decrease in velocity.
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Figure 9: Impacts of fluid-particle interaction, αd on velocity and temperature distribution

Figure 9 illustrates the effects of the parameter αd on the distribution of velocity and tem-
perature. A rise in αd results in an amplification of up and Tp, while concurrently inducing a
reduction in u and T . The particle phase generates a drag force that opposes the fluid phase,
which is the cause of the observed outcome. This phenomenon, caused by momentum exchange
between the fluid and particles, has been well-documented in the work of Rudinger (1980) and

108



Unsteady Two-Phase Dusty Fluid Flow over a Cone in a Porous Medium with Constant Wall Temperature

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

0.2

0.4

0.6

0.8

1

1.2

1.4

Figure 10: Impacts of mass concentration of particle phase parameter, Dp on velocity and temperature distribution

Saffman (1962). The distribution of fluid and particle velocity and temperature is affected by
Dp, as seen in Figure 10. When Dp rises, both u and up are found to decrease, but both T
and Tp reflect a dual nature. This graph indicates that both temperatures are decreasing at
T : η ≤ 2.15 and Tp : η ≤ 0.95, whereas it increases for T : η > 2.15 and Tp : η > 0.95 with
rising Dp.

The table that is shown in Table 2 provides an illustration of the influence that time, t, has
on the Nusselt number, −Nux/GrL

1

4 , and the wall shear stress, τx/GrL
3

4 . Over the course of
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Table 2: Influence of t on −Nux/GrL
1
4 and τx/GrL

3
4

t Pr Dp γ K Rd M Q αd -Nuξ/GrL
1
4 τxi/GrL

3
4

1 7 10 0.1 2 1 2 0.5 0.5 -0.9666 0.1649
2.56 -0.2412 0.2313
3.94 0.1465 0.2798
6.36 0.6412 0.3554
8.81 0.8643 0.4002
10 0.9909 0.5178

Table 3: Variation of −Nuξ/GrL
1
4 and τξ/GrL

3
4 for different physical parameter

Pr Dp γ K Rd M Q αd −Nuξ/GrL
1
4 τxi/GrL

3
4

7 10 0.1 2 1 2 0.5 0.5 0.9909 0.5178
3 0.9378 0.5018
5 0.8843 0.4868

10 0.7626 0.4541
0.5 1.0030 0.4159
1 0.6684 0.4769
3 0.5587 0.4897
2 0 1.3078 0.4610

2 0.5608 0.4523
4 0.3865 0.4513
1 0 0.4875 0.5036

1 0.6284 0.4769
4 1.0030 0.4159
2 -1 -1.9988 0.2181

-0.5 -1.4412 0.2510
0 0.6493 0.3128

0.5 1 0.6930 0.4415
1.5 0.6605 0.4358
2 0.6421 0.4326

time, the values of local τξ increase, whereas the values of local Nuξ are decrease. The table in
Table 3 illustrates the variation of −Nuξ/GrL

1

4 and τξ/GrL
3

4 for different physical parameters.
The observed trend indicates that the value of −Nuξ/GrL

1

4 increases with an increase in the
quantities of M and Q, while it decreases with an increase in the quantities of Dp, K, Rd, and
αd. Augmenting M enhances the inhibition of heat transmission, thus resulting in an elevation
of the local Nuξ. Moreover, increasing Q amplifies the internal heat sources, resulting in ele-
vated temperature gradients and heightened local convective heat transport. Meanwhile, higher
K facilitates fluid flow, reducing resistance and improving heat transfer. Besides, enhanced Rd
influences the radiative heat exchange between surfaces. Increased Dp affects the particle distri-
bution and interaction with the fluid. In addition, augmented αd reduces the inhibiting effect of
particles on heat transfer. Collectively, these effects lead to a decrease in local Nuξ. In addition,
the value of τξ/GrL

3

4 increases with an elevation in the values of K and Q, whereas it decreases
as the quantities of Dp, Rd, M , and αd grow. Enhancing K promotes more efficient fluid flow
and increasing Q results in increased internal heat effects, ultimately causing heightened local
τξ. Meanwhile, the intensified αd decreases the resistance to fluid flow and the higher Dp af-
fects the distribution and movement of particles. Besides, a stronger M alters fluid dynamics,
and enhanced Rd alters the heat transfer characteristics. Together, these factors contribute to a
reduction in the local τξ. The surface temperature of the cone significantly influences the flow
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and heat transfer characteristics observed in this study.
The elevated temperature of the cone surface establishes a strong temperature gradient,

which drives natural convection and impacts both the thermal and velocity boundary layers.
For instance, the results demonstrate that higher Pr lead to thinner thermal boundary layers
and steeper temperature gradients, directly influenced by the cone’s surface temperature. This
gradient enhances the rate of heat transfer, as evidenced by the increased local Nuξ for higher
Pr, highlighting the critical role of surface temperature in promoting effective thermal energy
exchange. Additionally, the cone’s surface temperature interacts with the fluid-particle system,
altering the energy exchange dynamics between phases. The particle phase shows enhanced
velocity near the surface due to the strong thermal gradient, while the fluid phase experiences
a reduction in velocity, reflecting the influence of heat absorption and momentum exchange fa-
cilitated by the temperature difference. Molla et al. (2004) observed that surface geometry and
fluid properties significantly impact these parameters, which aligns with the trends presented
here.

4. Conclusion

The present study investigates the phenomenon of dusty flow in the presence of a magnetic field,
thermal radiation, and heat generation/absorption over a vertical cone enclosed in porous media.
Conical shapes are frequently employed in aircraft nose cones and fairings. The aerodynamics
of these components are critical for reducing drag, optimising stability, and offering safe flight.
Moreover, the study of dusty fluid flow around a cone could be utilized to test aircraft models
in wind tunnels. The findings of this research are summarized below:

• As the Prandtl number increases in both the fluid and dust phases, the velocity and tempera-
ture profiles of the fluid and dust phase decrease. Moreover, the values required to achieve a
steady state increase for the velocity profile while decreasing for the temperature profile.

• Elevating the thermal radiation and heat generation/absorption parameters results in an aug-
mentation of the velocity profile for the fluid and dust phases while conversely affecting the
mass concentration of the particle phase parameter.

• An increase in the velocity profile leads to the manifestation of a dual nature in both the
magnetic and porosity parameters.

• As the temperature distribution expands, it is found that while the porosity parameter shows
the opposite tendency, the magnetic and heat generation/absorption parameters increase.

• As the temperature profile rises, a duality is observed in the thermal radiation parameter and
the mass concentration of the particle phase parameter.

• The fluid-particle interaction parameter enhances the velocity and temperature of the dust
phase, while reducing the velocity and temperature of the fluid phase.

• This paper focused on a specific geometry known as the vertical cone. This problem can
potentially be extended using different geometries.

• This study focused on the dusty fluid which is a Newtonian fluid. Dusty fluid also can be
studied with non-Newtonian fluids.
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Appendix

Table 4: List of symbols with descriptions and SI units

Symbol Description SI Unit
ρ, ρp Density kg/m3

βT Volumetric thermal expansion coefficient 1/K
τm Momentum relaxation time s
k0 Permeability constant m2

τT Thermal relaxation time s
ke Absorption coefficient m−1

B Magnetic field T
M Magnetic field parameter Dimensionless
σ Electrical conductivity S/m
K Porous permeability parameter Dimensionless
k Thermal conductivity W/(m·K)
Dp Particle phase mass concentration parameter Dimensionless
σs Stefan–Boltzmann constant W/(m2·K4)
Rd Thermal radiation parameter Dimensionless
qr Radiative heat flux W/m2

αd Fluid-particle interaction parameter Dimensionless
Pr Prandtl number Dimensionless
Nuξ Nusselt number Dimensionless
Q0, Q Heat generation/absorption parameter W/m3

g Gravitational acceleration m/s2

τξ Wall shear stress Pa
γ Mixture specific heat ratio Dimensionless
α Cone half angle Radians
∇ Gradient operator

(
∂
∂x

, ∂
∂y

)
1/m

V,Vp Velocity components
(
(u, v), (up, vp)

)
m/s

µ Dynamic viscosity Pa·s
Cp Specific heat at constant pressure J/(kg·K)
GrL Grashof number Dimensionless
Cs Specific heat for the particle phase J/(kg·K)
Subscripts
p Particle phase
∗ Non-dimensional
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