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This article examines how fluid flows around an infinitely large, parabolic-
shaped vertical plate, which is heated at an exponentially accelerating rate
and undergoes a chemical reaction with the fluid. The plate’s temperature
increases at an exponential rate, adding complexity to the heat transfer
process. Additionally, the fluid undergoes a chemical reaction in this
environment, impacting both the flow and concentration of chemical species.
The article includes graphs that show how different parameters such as the
rate of temperature increase, strength of thermal radiation, and reaction rate,
effect the flow, heat, and concentration profiles. This graphical analysis
provides a visual understanding of how each parameter influences the
behavior of the fluid.
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Externally applied magnetic field

Concentration of specific particles

Concentration of the fluid close to the surface of the plate
Fluid concentration at a distance from the plate
Non-dimensional concentration

Heat capacity at constant pressure

Mass diffusivity

Gravitational acceleration

Heat conduction coefficient

The non-dimensional perpendicular axis to the plat
Coefficient of thermal diffusion

Thermal expansion coefficient per unit volume
Coefficient of volumetric expansion due to concentration
Dynamic viscosity coefficient

Kinematic viscosity coefficient
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The fluid temperature close to the plate surface
Fluid temperature at a distance from the plate
Time in seconds

The fluid velocity

Velocity of the plate

Dimensionless velocity

Spatial coordinate along the plate

Coordinate axis normal to the plate

Fluid mass density

Non-dimensional skin friction coefficient
Non-dimensional temperature

Similarity index

Complementary error function

Free stream conditions

Conditions at the wall

Journal homepage: http://ijeecs.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

1674 O ISSN: 2502-4752

1. INTRODUCTION

This research, which employs the Laplace transform to analyze the influence of diverse parameters
on the flow and transport behavior of an infinite vertical plate with consistent mass diffusion, offers both
similarities and distinctions when compared to prior investigations concerning heat and mass transfer over a
vertical plate, the present the study’s strengths lie in its clear presentation of numerical results, the use of a
closed-form solution and the detailed physical interpretations of each parameter’s influence. However, it
further extends these insights by incorporating acceleration effects, showing that velocity stabilizes over
time, a factor often overlooked in earlier research. Additionally, the study highlights the interplay between
radiation and buoyancy forces, reinforcing findings from prior works that increased radiation enhances heat
transfer while simultaneously reducing velocity. A key strength of this study is its analytical approach using
the Laplace procedure, which provides closed-form solutions, offering precise insights into the effects of
governing parameters. Furthermore, it captures the transient behavior of temperature and concentration
fields, adding depth to conventional steady-state analyses. However, a notable limitation is the assumption of
an infinite vertical plate, which may not fully represent practical scenarios with finite boundaries.
Additionally, the study does not account for turbulence or three-dimensional effects, which could further
refine the understanding of flow dynamics in real-world applications. Despite these limitations, the study
contributes valuable analytical and numerical insights into convective heat and mass transfer processes.

Fluids, with their flow and unique properties like viscosity, are studied in fluid dynamics. Unsteady
fluid motion, influenced by changing properties, affects heat transfer, often via convection, where fluid speed
enhances heat movement (e.g., car radiators, stirring). The transfer of mass is a function of concentration
gradients, involves particle movement towards equilibrium in mixtures.

The movement of mass, resulting from concentration differences, is increasingly vital in chemical
processing, environmental, and biomedical fields, and impacting applications like air purification, drug
delivery, and chemical reactions. Similar to heat transfer via temperature gradients, it seeks equilibrium.
Mass transfer fluxes are crucial in climatology, astrophysics, and geophysics, exemplified by everyday
phenomena like smoke dispersion and evaporation. Combined heat and mass exchange is essential in
engineering, particularly in devices like humidifiers, dehumidifiers, cooling towers, and evaporative
condensers, where heat and moisture move simultaneously.

The primary objective of this study was to provide a detailed understanding of the intricate
relationships between momentum, heat, and mass transfer in the boundary layer region of an infinite vertical
plate. To achieve this, the research analyzed the effects of radiation temperature, chemical reaction
coefficients, Schmidt number, Grashof numbers, Prandtl number, and time on fluid velocity, concentration,
and temperature profiles. The Laplace transform method was used to obtain analytical solutions, and
numerical computations were performed to visualize and interpret the impact of these diverse parameters on
the flow and transport characteristics.

2.  LITERATURE REVIEW

Jha and Prasad [1] explored the flow devoid of resistance and mass transfer in the scenario of flow
behind an accelerating vertical plate. This study likely examined how mass transfer occurs when the flow is
influenced by the acceleration of a plate, a situation common in applications like aerodynamics and fluid
mechanics. Chambré and Young [2] concentrated on the transport of chemical reaction substance within a
laminar boundary layer flow. The research explored how a chemically reactive substance diffuses within this
layer, which is important in processes like chemical engineering and environmental sciences. Cussler [3]
analyzed mass transfer via diffusion in fluid systems. This is a classic study in mass transfer, focusing on
how particles (like chemicals or solutes) move through a fluid medium due to diffusion, an important process
in various industries such as pharmaceutical, chemical processing, and environmental engineering. Das et al.
[4] examined Mass transfer affects flow dynamics over a suddenly started infinite plate with steady
thermodynamic chemical reactions. The study explored how the onset of mass transfer affects flow
characteristics when a plate suddenly starts moving, a situation encountered in many fluid-structure
interaction applications. An abruptly started infinite vertical plate, undergoing chemical reactions, was
studied by Das et al. [5] to determine the impact of mass transfer on the resulting flow. Gupta et al. [6]
examined how free convection affects flow past a vertically accelerating plate in an incompressible, energy-
conserving fluid. The study combined convection (heat transfer due to fluid motion) with acceleration, which
is useful for understanding natural convection in various engineering applications like cooling systems and
natural ventilation. To determine the effects of mass transfer and free convection, Kafousias and Raptis [7]
analyzed the flow of a vertically accelerating infinite plate with variable suction or injection.

The inclusion of suction or injection adds complexity, as it involves controlling the flow by
removing or adding fluid from the surface, which is critical in heat exchangers and filtration systems.
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Mazumdar and Deka [8] analyzed magnetohydrodynamic (MHD) flow interacting with an infinite vertical
surface impulsively begun by thermal radiation. The Laplace-transformation approach was attuned to solve
dimensionless governing equations. Selvaraj and Jothi [9] aimed to determine how heat sources influence
MHD flow across an accelerated plate, taking into account variable temperature and mass diffusion. MHD
flow involves the interaction of a conducting fluid (e.g., plasma or molten metal) with a magnetic field,
which is important in advanced engineering applications like nuclear reactors and space technology.
Raptis et al. [10] studied suction and heat flux effects in hydromagnetic convection flow past an accelerating
infinite vertical plate. This work combined MHD and heat transfer, investigating how suction (removal of
fluid) and heat flux affect fluid flow in magnetic fields. This is critical for processes like cooling in nuclear
reactors or electromagnetic pumps. Raptis and Singh [11] analyzed the free convection stirring of a vertical
plate in the MHD domain. This research investigated free convection dynamics in a magnetic field for an
electrically conductive fluid flowing past a moving plate, with applications in designing space technology
devices like electromagnetic pumps and heat exchangers. Singh and Singh [12] explored the effect of mass
transfer on flow past a vertically accelerating plate under constant heat flux. The study is relevant to
applications where heat and mass need to be transferred simultaneously, such as in heat exchangers, chemical
reactors, and environmental systems. Soundalgekar [13] examined how mass transfer affects a constantly
moving vertical plate, a scenario applicable to material processing and cooling. In contrast, the study by
Uwanta and Sarki [14] evaluated the consequences of significant mass diffusion and temperature variations
on the mechanisms of heat and mass transfer. This research likely dealt with cases where mass diffusion
follows an exponential pattern, which occurs in many diffusion-driven processes, and how temperature
influences these processes in applications such as drying or chemical reactions.

Rajput and Kumar [15] analyzed the dynamic behavior of unsteady MHD flow over an impulsively
inclined plate, with particular attention to the coupled effects of variable temperature, mass diffusion, and
hall current. MHD boundary layer flow over vertical plates under ramping temperature circumstances is
studied. In their work, Sarma and Ahmed [16] examined how heat sources impact MHD flow around an
accelerated plate, while also accounting for temperature and mass diffusion variations. Research studies
Krishna and Chamkha [17] examine many phenomena, including hall and ion slip, elastico-viscous fluid
behavior, and nanofluid dynamics, in distinct MHD settings. These investigations elucidate the influence of
porous media and thermal conditions on flow characteristics and heat transfer. The investigation conducted
by Reddy et al. [18] focused on unsteady MHD flow over accelerating vertical plates, considering a constant
heat flux and ramping plate temperature. Ahmed et al. [19] then investigated hall current effects in MHD
flow over an accelerating plate. Studies by Chamkha [20] and Elbashbeshy [21] further examined MHD free
convection and heat/mass transport, respectively. Later work by Aboeldahab and Elbarbary [22] explored
buoyancy effects, Pop et al. [23] analyzed forced convection using numerical methods, and Kim [24] studied
unsteady flow. This body of work shows the progression of research in this area. Early research into MHD
and free convection phenomena, such as that by England and Emery [25] on thermal radiation, laid the
groundwork for subsequent studies.

3. FORMULATION AND APPROACH

At the initial condition, both the plate and the fluid are at the same temperature, and the
concentration of species in the fluid is uniform at across all points. Under these initial conditions, the plate is
stationary. At a time t' > 0, the plate begins with a velocityu = u,.t” within its own plane. The unsteady,
buoyancy-driven flow of a fluid near a vertical plate, characterized by linearly increasing temperature and
species concentration, is analyzed. A uniform, transverse magnetic field (B0) is applied. Under the
Boussinesq approximation, the coupled governing equations for mass, momentum, energy, and species
transport, including radiation and chemical reaction terms, are solved to obtain the flow, velocity
temperature, and concentration fields.
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These are the conditions,
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We can make equations (1), (2), and (3) dimensionless by using these parameters:
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In (5) is employed to perform a transformation on the governing (1), (2), and (3), leading to,
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The form of the conditions in (4) is how changed to,

ForallY,t <0:U(Y,0)=0,0(Y,0)=0,C(Y,0)=0
IfY = 0:U(0,t) = t2,0(0,t) = Lgo, C(0,8) = 1
IfY - 00:U(o,t) = 0,0(0,t) =0,C(0,t) =0 9)

4. SOLUTION DETERMINATION
By the Laplace techniques to dimensionless (6) to (8) with conditions (9), the following solution is
derived:

Temperature:  6(Y,t) = Lzﬁ Ly, + Lyy]
Concentration: C(Y,t) = % [Ls+ L]
Velocity:
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Where 4 =
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5. PROBLEM ANALYSIS

The objective of this comprehensive study, which provides explicit mathematical solutions, is to
explore the impact of consistent mass transfer from an idealized vertical plate of infinite extent. Governing
equations were solved; resulting physical consequences are detailed below.

Mathematical simulations are conducted to explore the physical consequences of the problem, with
a focus on how parameters such as K, R, Sc, Gr, Gc, and tt influence the flow and transport dynamics.
The (Sc) is taken as 0.6, representing water vapor, while the (Pr) is set to 0.71, corresponding to air.

As shown in Figures 1 and 2, As the radiation temperature component increases, the fluid
experiences more heat transfer via radiation, Therefore, the fluid’s speed is diminished, owing to the
combined effect of stronger buoyancy forces and a modified flow regime. Similarly, an augmentation of the
chemical reaction coefficient raises the rate of reactions, which also causes a reduction in velocity as it alters
the concentration and thermal properties of the fluid, creating further resistance to the flow. As shown in
Figures 3 and 4, as both time and acceleration increase, the velocity of the fluid increases. Higher
acceleration provides more driving force, which promotes faster fluid motion. Additionally, as time
progresses, the system stabilizes, and the fluid’s velocity reaches a higher, more steady value. Therefore, the
combined influence of these factors leads to a gradual increase in flow velocity.
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Figure 5 visualize the (Sc) influences the velocity field of the fluid. As these numbers increase, the
(Sc) causes the velocity to decrease because it signifies that mass transfer is slower than momentum transfer,
increasing the resistance to fluid movement. Figures 6 and 7 display the (Gr) and (Gc) increase, the buoyancy
forces become more pronounced, leading to a higher velocity. This is due to the stronger convective effects
arising from both temperature gradients (for Gr) and concentration gradients (for Gc), which enhance fluid
motion near the surface and increase the boundary layer velocity profile. Figure 8 visualize the (Pr)
influences the velocity field of the fluid in opposite ways. As these numbers increase, the (Sc) causes the
velocity to decrease because it signifies that mass transfer is slower than momentum transfer, increasing the
resistance to fluid movement. The (Pr) also causes a velocity decrease because it indicates slower thermal
diffusivity compared to momentum diffusivity, leading to thicker thermal boundary layers and reduced heat
transfer, which in turn affects the flow velocity. It is thus evident that an augmentation of either the Schmidt
or the Prandtl numbers engenders a reduction in fluid velocity. Specifically, an upward trend in the Prandtl
number results in the fluid’s momentum diffusivity exceeding its thermal diffusivity, thus, the thermal
boundary layer becomes more substantial.
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Figure 9 illustrates, as the (Sc) increases, the concentration falls due to the slower mass diffusion
rates. This slower diffusion prevents the species from spreading efficiently from the surface into the bulk
fluid, resulting in lower absorption levels and a reduced concentration in the boundary layer. Figure 10
demonstrates that shorter time periods (t) lead to higher surface concentrations, as diffusion is limited and the
species remains concentrated near the surface. Conversely, longer time periods allow for greater diffusion,
resulting in a lower and more uniform surface concentration. Figure 11 illustrates that increasing the Prandtl
number (Pr) reduces temperature. Figure 12 shows the expected temperature rise over time, reflecting the
accumulation and spread of heat.
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Table 1 demonstrates that increased radiation and chemical reactions slow fluid velocity due to
enhanced buoyancy and altered fluid properties. Conversely, higher acceleration and time lead to increased
velocity as they provide greater driving force and system stabilization. Table 2 illustrates that increased
Grashof numbers (Gr and Gc) enhance buoyancy and accelerate fluid velocity due to stronger temperature
and concentration gradients. Conversely, higher Prandtl and Schmidt numbers (Pr and Sc) decelerate the
fluid, indicating slower thermal and mass diffusion relative to momentum diffusion. Table 3 display the
higher Schmidt number (Sc) decreases concentration due to slower mass diffusion, limiting species spread.
Concentration inversely relates to time: shorter times mean higher surface concentration, while longer times
allow for broader diffusion and lower concentration. Increased Prandtl number (Pr) lowers temperature,
while increased time raises it, reflecting typical heat accumulation and spread.

Table 1. Presents the experimentally derived numerical comparison of velocity
profiles for ‘K’, ‘R’, ‘t’and ‘a’, ‘Gr’and ‘Pr’

Parameter  Figure-1  Figure-2 Figure-3 Figure-4

K 0.2,2,5 2 4 4

R 6 2,5,10 4 4

Pr 0.71 0.71 0.71 0.71
Gc 15 5 5 15
Gr 5 15 5 5

Sc 0.6 0.16 0.6 0.6

t 0.2 0.6 0.2,0.4,0.6 0.2

a 0.2 0.2 0.2 57,9

Table 2. Presents the experimentally derived numerical comparison of velocity
profiles for ‘Sc’, ‘Gr’

Parameter Figure-5 Figure-6  Figure-7 Figure-8

K 2 2 2 4

R 2 4 4 4

Pr 0.71 0.71 0.71 05,0.17,0.71
Gc 5 5 5,10, 15 5
Gr 2 5,10, 15 5 15
Sc 0.16,0.3,0.6 0.6 0.6 0.78

t 0.4 0.4 0.2 0.4

a 0.2 0.2 0.2 0.2

Table 3. Presents the experimentally derived numerical comparison of concentration and
temperature profiles for varying Sc, Pr, and t

Parameter Figure-9 Figure-10 Figure-11 Figure-12
K 4 4 2 2
R 4 4 2 2
Pr 0.71 0.71 0.17,0.71,5 0.71
Ge 20 15 5 5
Gr 20 5 15 5
Sc 0.16,0.3, 0.6 0.16 0.16 0.6
t 0.4 0.2,0.4,0.6,0.8 0.6 0.2,0.4,0.6,0.8
a 0.2 3 0.5 3
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6. CONCLUSIONS AND FUTURE PERSPECTIVES

The process of analysis is implemented to determine the role of chemical reactions regarding the
flow dynamics of a parabolic vertical plate of infinite with an exponential temperature gradient and uniform
mass transfer applied. Velocity increases with rising time, acceleration, and both (Gr) and (Gc), while it
decreases with higher (Sc), (Pr), and thermal radiation values. Temperature is observed to rise with
increasing time, but it decreases as the (Pr) increases. Additionally, the (Sc) increases as concentration
decreases, while concentration rises with increasing time. This study investigates the impact of various
chemically reactive species. The findings of this research have practical applications within the chemical
processing industry. The findings also have practical applications for the aerospace industries. This study
may also be expanded to consider hall effects. Furthermore, instead of using a Newtonian fluid, a nanofluid
may be employed. The combined analysis of chemical processes is highly relevant to aerospace and space
research. This relevance is particularly due to the parabolic trajectories of space vehicles in orbit. Mass
diffusion plays a critical role in the occurrence and dynamics of chemical reactions.
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