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Abstract

The current study examines the characteristics of a rotating Rivlin-Ericksen fluid model influenced by
radiation absorption, Hall and ion slip current on magnetohydrodynamic free convective flow over an
impulsively started infinite vertical porous plate, considering the Dufour and chemical reaction effects. The
Rivlin-Ericksen model provides a mathematical framework for describing non-Newtonian fluids, which
exhibit complex behaviors such as shear-thinning, shear-thickening, viscoelasticity, and nonlinearity,
deviating from the simple stress-strain relationship observed in Newtonian fluids. Analytical solutions to the
governing partial differential equations are obtained, examining the axial and transverse velocity
components, temperature, and concentration profiles across various physical parameters. Additionally, skin
friction, Nusselt number, and Sherwood number are analyzed and presented in tabular form. The results
demonstrate that increasing angular rotation, magnetic field strength, chemical reaction, and radiation
parameters reduce both primary and secondary velocity components. Conversely, radiation absorption and
heat source parameters have the opposite effect. The study also highlights significant variations in skin
friction, Nusselt number and Sherwood number, influenced by factors such as Hall and ion slip currents,
Schmidt number, Prandtl number, Dufour effect, and thermal radiation. The results offer practical insights
for optimizing thermal and fluid control in aerospace, nuclear, and petroleum applications.

Categories: Thermal and Fluid Systems
Keywords: rivlin-ericksen fluid, magnetohydrodynamics, dufour effect, hall and ion-slip current, porous plate, chemical
reaction, radiation absorption

Introduction

The study of non-Newtonian fluids has garnered considerable attention due to their complex dynamics
under various flow conditions. One such class of fluids is the Rivlin-Ericksen fluid, which exhibits
characteristics that are distinct from those of classical Newtonian fluids, such as shear-dependent viscosity
and normal stress differences. The Rivlin-Ericksen fluid model is widely employed to describe such
dynamics, providing a robust framework for understanding fluid mechanics in complex systems. In this
research, the focus is on the rotating Rivlin-Ericksen fluid model, which introduces rotational effects into
the fluid's properties. Rotation can significantly impact the stability and flow patterns of such fluids, making
it a critical factor in various engineering and geophysical applications, such as rotating machinery,
oceanography, and atmospheric flows. The objective of this research is to explore the dynamic response,
stability criteria, and flow structures of a Rivlin-Ericksen fluid under the influence of rotational forces.
Previous studies have investigated similar themes in the context of Rivlin-Ericksen fluids and their
variations. These studies are interconnected through their exploration of complex fluid dynamics,
particularly in the context of non-Newtonian fluids, magnetohydrodynamics (MHD), and viscoelastic
properties. The influence of Hall effects on unsteady MHD flow in Rivlin-Ericksen fluids, as examined by
[1], serves as a foundation for understanding how magnetic fields interact with fluid flow. Building on this,
[2] expanded the analysis to third-grade Rivlin-Ericksen fluids, investigating unsteady hydromagnetic
behavior in Stokes' second problem, further linking magnetic and fluid dynamics. In [3], the focus shifts to
viscoelastic fluid flow on a permeable shrinking sheet, considering additional factors like heat transfer and
thermal radiation, which are critical for practical applications involving varying surface temperatures.
Similarly, [4] proposed a model that extended these ideas by accounting for the impact of variable fluid
properties and a stretchable plate, introducing new complexities to the understanding of viscoelastic fluid
deeds. The work in [5] builds upon these ideas by studying hydromagnetic viscoelastic fluid flow over a
stretching surface, with particular attention to nonuniform heat sources and sinks, thereby adding another
dimension to the fluid-heat interaction. Meanwhile, [6] focused on the influence of Hall currents on
unsteady second-grade fluid flow in rotating systems, bridging the gap between MHD performance and
rotational effects. Together, these studies lay the groundwork for further research, such as the present
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work, which delves into the interaction between rotational effects and non-Newtonian fluid characteristics
in Rivlin-Ericksen fluids, combining insights from MHD, viscoelasticity, heat transfer, and rotational
dynamics.

In the presence of electromagnetic fields, the dynamics of fluids become increasingly complex, leading to
the field of MHD. MHD integrates the principles of fluid mechanics and electromagnetism to describe the
flow of electrically conducting fluids under the influence of magnetic fields. These flows are vital in various
engineering and geophysical applications, such as plasma dynamics, astrophysics, nuclear reactor cooling
systems, and MHD power generation. By incorporating the Rivlin-Ericksen fluid model into the MHD
framework, we can gain a deeper understanding of the response of non-Newtonian conducting fluids
subjected to electromagnetic forces. This research explores the combined effects of the Rivlin-Ericksen
fluid model and MHD. In particular, it seeks to examine how magnetic fields affect the flow characteristics,
stability, and stress distribution of Rivlin-Ericksen fluids under different boundary conditions. Previous
studies offer a strong foundation in this area. Researchers such as [7] investigated the chemical reactions
in unsteady MHD convective flow of a second-grade fluid over an unbounded vertical absorbent plate.
Unsteady MHD flow of a second-grade fluid through a porous medium, accounting for radiation absorption,
diffusion-thermo, as well as Hall and ion slip effects, was studied by [8]. The effects of MHD and radiation
on the axisymmetric flow of non-Newtonian fluids over a porous shrinking or stretching surface were
studied [9]. Heat and mass transfer in an MHD boundary layer flow of second-grade nanofluids over an
inclined stretching permeable surface within a porous medium was studied [10]. The influence of magnetic
fields on fluid flow and heat transfer was reviewed, highlighting current advancements and potential future
research directions [11]. Furthermore, the combined effects of MHD and mass transpiration on Rivlin-
Ericksen fluid flow over a stretching sheet in a porous medium, with a focus on thermal interaction, were
investigated [12].

The introduction of Hall and ion slip effects into the study of a Rivlin-Ericksen fluid under the influence of a
magnetic field substantially increased the complexity of the system. The Hall effect, which refers to the
generation of an electric field perpendicular to both the magnetic field and current in a conducting fluid,
becomes particularly relevant in high-conductivity fluids. The magnetic field's interaction with the fluid
leads to nonlinear effects on the flow [13]. The ion slip effect, on the other hand, represents the relative
motion between electrons and ions under a magnetic field, causing an additional deviation in the current
density. Both the Hall and ion slip effects modify the electromagnetic forces acting on the fluid, altering its
velocity, temperature distribution, and boundary layer characteristics. By incorporating these effects into
the Rivlin-Ericksen fluid model, researchers sought to explore how electromagnetic phenomena influence
non-Newtonian fluid deeds. This research has implications for understanding heat and mass transfer,
material processing, and natural phenomena. This study investigates the influence of Hall and ion slip
currents on the flow and heat transfer characteristics of Rivlin-Ericksen fluids in various geometric
configurations. By analyzing the impact of these parameters on velocity profiles, temperature fields, and
energy dissipation, the research provides valuable insights into the interaction between electromagnetic
fields and non-Newtonian fluid mechanics. In previous studies, unsteady MHD flow of Walter's liquid
model-B was examined, incorporating effects such as Dufour, thermal radiation, chemical reactions,

Hall and ion slip currents [14]. Further research analyzed the influence of Hall and ion slip currents on the
rheological properties of viscoelastic fluids [15]. Viscous dissipation in convective chemically reacting
Rivlin-Ericksen fluid flow around a porous vertical plate was also investigated, but Hall and ion slip currents
were excluded in this case [16]. Additionally, insights were provided into thermal convection performance in
dusty compressible Rivlin-Ericksen viscoelastic fluids, accounting for Hall currents [17]. The effect of Hall
currents on rotating oscillating flows of Oldroyd-B fluid in porous media was studied [18], while nonlinear
heat and mass transfer in second-grade fluid flow, considering Hall currents and thermophoresis, was
explored [19]. Lastly, heat and mass transfer in three-dimensional radiative MHD Casson fluid flow over a
stretching permeable sheet, with a chemical reaction, was analyzed [20]. These studies contribute to
understanding the interplay between fluid dynamics and electromagnetic phenomena, offering valuable
insights for practical applications.

Chemical reactions significantly impact the properties of viscoelastic fluids. They can alter viscosity,
influence flow dynamics, and modify microstructural characteristics. Factors like reaction kinetics,
temperature dependency, and product formation play crucial roles in these changes. Understanding these
influences is essential for tailoring viscoelastic fluids to specific applications. Researchers have explored
diverse aspects of unsteady MHD flows of second-grade fluids through porous media, considering various
physical phenomena such as radiation absorption, chemical reactions, and aligned magnetic fields. The
influence of Hall and rotational effects on unsteady MHD rotating flows was examined [21]. The impacts of
radiation absorption and ion slip effects in such flows were also studied [22], while the role of Hall effects
on heat and mass transfer was further explored [23]. Research into the effects of radiation, heat
generation/absorption, and chemical reactions in MHD flows was conducted [24]. Additionally, the impact
of chemical reactions on MHD convective flows through absorbent media, considering ramped wall
temperature and surface concentration, was investigated [25]. This research contributes to a deeper
understanding of the complex interactions between chemical reactions, fluid rheology, and external
physical forces, facilitating advancements in various technological domains.
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The Dufour effect, which describes the coupling between temperature gradients and mass diffusion,
becomes particularly relevant when applied to Rivlin-Ericksen fluid models in MHD flows. The Rivlin-
Ericksen model provides a framework for understanding the actions of complex non-Newtonian fluids
under stress. By incorporating the Dufour effect, we can investigate how temperature variations influence
both the stress within the fluid and the diffusion of its components. This interplay between the Dufour effect
and Rivlin-Ericksen fluid models has significant implications for heat transfer and fluid dynamics in various
engineering applications. A thorough understanding of these interactions is essential for optimizing
processes involving complex fluids in MHD systems. Several studies have explored the influence of Dufour
effects on various fluid dynamics scenarios. Mixed convection in a chemically reacting couple stress fluid
within a vertical channel was investigated [26]. Free convective flow over a vertical plate, considering
Dufour effects in a doubly stratified medium, was studied [27]. The influence of MHD forces on double-
diffusive convection along a wavy surface in a porous medium, under the combined Soret and Dufour
effects, was analyzed [28]. Dufour effects in MHD heat and mass transfer of viscoelastic fluid over a semi-
infinite plate was examined [29]. Chemically reactive MHD flow within a wavy channel was also explored
[30], while mixed convection of Casson and Oldroyd-B fluids over a stratified stretching sheet,
incorporating nonlinear thermal radiation and chemical reaction was studied [31].

Previous investigations of unsteady magnetohydrodynamic free convective flow past an impulsively started
infinite vertical porous plate have often neglected the influence of the rotating Rivlin-Ericksen fluid model
along with radiation absorption, chemical reaction, as well as the Dufour effect. This study expands upon
the work of [14] by incorporating these factors and exploring their impact on the flow performance. The
perturbation method is used to evaluate the governing equations, and the results for velocity, temperature,
and concentration are presented graphically. Skin friction, Nusselt number, and Sherwood number are
tabulated. The findings of this study align well with previous research. The findings of this study are
applicable to engineering systems involving non-Newtonian fluid behavior under magnetic fields and
rotational effects, such as in aerospace cooling systems, nuclear reactor thermal regulation, and petroleum
extraction processes. The inclusion of Hall and ion-slip currents, chemical reactions, and radiation
absorption provides valuable insights for the design and optimization of heat exchangers, magneto-fluidic
devices, and industrial processes involving electrically conducting and reactive fluids.

Materials And Methods

The Rivlin-Ericksen fluid model is characterized by a set of constitutive equations that describe the stress-
strain relationship for viscoelastic fluids. These equations account for the time-dependent deeds of the fluid
and incorporate both the rate of deformation and the history of deformation. Below are the key equations
associated with the Rivlin-Ericksen fluid model:

[Pir. = —pgir + Pl ()

P =2 / €t — 1)V ()t @

Where  (t — t¥) = 71\/57) exp (— <%>> dr (3

Dik: stress, tensor

p: arbitrary isotropic pressure
Gik,: metric tensor of a fixed coordinate system
[xieg,?]i rate of strain tensor
N (7)- distribution function of relaxation time

Equation (2) can be put in the following generalized form which is valid for all types of motion and stress:
/ oxt Ozt
z' Ox
* * (1) * g% *
jon —2/§(t—t ) ——.=— ey (27t7) dt*]@)
Ox;, Oz
—00

o* t position at the time  ¢* of the element that is instantaneously at the print .7 at time't.
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The fluid with equation of state (1) and (4) has been designated as liquid  B*.

In the case of liquids with short memories, that is short relaxation time, the above equation of state can be
written in the flowing simplified form.

0
3e§k (
ot

Py (2,1) = 20ely) — 2kg—2- )

o0
Ny = / N (7)d: limiting viscosity at small rates of shear
0

o
ko = / TN(T) d: visco-elasticity parameter
0

\frac{\partial }{{\partial t}}\: convicted time derivative.

This adaptable and resilient rheological model has a simple mathematical formulation that may be easily
integrated into boundary layer theory for practical applications.

The characteristics of mathematical model.
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FIGURE 1: Physical model of the problem

The mathematical formulation of the problem involves analyzing the unsteady flow of a viscous,
incompressible, and electrically conducting fluid under the following conditions:

Fluid Dynamics: The fluid flow past an infinite vertical porous plate, as depicted in Figure 7.

Porous Medium: The plate is embedded in a porous medium and experiences fluctuating temperature and
concentration.

Magnetic Field: A uniform magnetic field B is applied perpendicular to the flow.

Coordinate System: The coordinate system (x*, y*, z*) is defined such that the x*-axis runs along the
plate's surface in the upward-right direction, the y*-axis is perpendicular to the plate's surface while z*-axis
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is considered along the width of the plate as shown in Figure 7.

Velocity of the Plate: The plate starts moving with an initial velocity Ug within its plane.
Vacuum Velocity: An initial suction or vacuum velocity V is imparted to the porous plate.

Dependence on Coordinates: Due to the infinite length of the plate, all physical variables depend only on
the y* - coordinate and time t*.

Negligible Magnetic Induction: The induced magnetic field is negligible due to the low magnetic Reynolds
number, allowing the magnetic field effects to be simplified.

Electron Pressure: Electron pressure is assumed constant, and the electric field vector is zero in the
absence of an externally applied electric field.

Negligible Energy Dissipation: Due to the intrinsic resistance of the fluid molecules, energy dissipation is
minimal.

Thermodynamic Considerations: The energy equation incorporates heat sources, thermal radiation, and
the Dufour effect (energy transport due to mass diffusion).

Angular Momentum: The angular momentum is factored into the momentum equation to account for
rotational effects.

Chemical Reactions: The rate constant Kr accounts for homogeneous chemical reactions among species
dispersing in the fluid.

By assuming Bg has been taken into account wherever in the fluid (B¢ is a constant) using the magnetic
field B = (By, By, B) relation. The relation J = 0 yields J,, = constant if the current density is represented by
J = (x, Jy, Jz). As a result the plate is not carrying electricity, Jy = 0 at the surface and, by furtherance, 0
anywhere else.

The transformed form of Ohm's law regarding current in a generic magnetic field is as outlined below:

T=o(1+(€W)™)) B+ (VxB)—(en) (TxB) ®
w: is the electron cyclotron
[, ]: electron-atom collision frequency.

When the ratio [ (1J,,) '] is very large, the phenomenon is called lon-slip.

This formulation sets up a system of partial differential equations governing the fluid velocity, temperature,
and concentration subject to the given boundary conditions and physical assumptions.

Continuity equation

o
oy

0 =v'=-Vo

Momentum equation

W g (0" — On)- 2B BBV + ]
K p[(1+B:.8:) + 5]

P 92, X By Pt
(fracou*ot*+v* u = o Ou +2$2u'*7@ - g ‘“ =+ zr*d—uz
It Oy~ Ay~

3
Ayt p oy P ®

)wa (" - T2)-

)

(aw* Low* gy 02w . ko ( PFPw* N *8311)*) vw*  oB2[(1+ B.8:) w* + Beut]
v == 20— —— +v'"—— |- —

ot* oy* p Oy p \ ot*oy* oy** K* p [(1 + /Beﬁi)Q + 53]
Energy equation

oT* oT™ kr 0°T* 1 0q; DKy 0°C*
+U +QO ( oo)+ CpCs ay*2

—_— = R (C*-C”
ot Ay pC, oy**  pCp y* i )
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(10)
Concentration equation

oCc* oc 92C*
* =D — K O )M
ot +v 6@/* ay*2 1 (C Coo) (11)

Depending on the parameters of the boundaries

[ w=Uy, w =0, 0*=ae“t, ¢* =be“"as y* =0 (12)
ut =0, w*—0, 0* =0, ¢* =0 aty* = 0o

Bring up the amounts that are not based on dimensions,

B % . %Qt* uw* w* 9* ¢*

Y y:t: 7“2_7w:_vT*_T;ZQ*vC*_C;o:w*79:_7w:_
a

v 4uv
(13)

The radiative heat flux term by using the Rosseland approximation is given by

* x4
407 0T 14
3kx Oy

*

4, =

It was assumed that the temperature difference within the flow is sufficiently small such that T*4 can be
expressed as a linear function of the temperature; this is expanding in Taylor series about T:O and
neglecting higher order terms to give:

T* = AT*T — 3T7% (1)

Substitute Equations (13)-(15) in the Equations (8)-(11) then we get following governing equations which
are dimensionless:

1 d3u u Maoou + B.w

u
Lou_Ou 07 o i (100 0 o _u
Gat oy ~ a2 <4atay2 8y3) < ozt 32 )+Gr +emo— ]

3 3 _
____:__qu_k<1aw @w>_<w>_£
Y K

10102 Oy? a.? + B2

100 00 1 (| ANPO o
49t Oy Pr

) — F 18
3R ay2+Dray2+ 0 + Ra v (18)

10¢y O 1 0%
ey _ - 19
[4 ot 0y  Scoy? 7 Y10

The relevant boundary conditions are as follows:

[u:l, w=0, 0=c% p=¢e* asy=0 }](20)

u—0, w—0,0—0 v—=>0 at y=00

Introducing the complex variable  F' = w (y, t) + 1w (y, t)](21)

Where [Z =41

Combine Equation (16) and Equation (17) by using the relation (21) then we obtained transformed single
partial differential equation.

19F 8F82Fk<1 PF  OF

Vor oy~ o (o ) NGt G e
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Corresponding boundary conditions are as follows:

y=0: F=1, 0=¢%t ¢)=ciwt o)
y=o00: F—0,0—0, ¢v—=>0

Here
B(T*—T%)a B* C’*—C;o b ovB? K*Vg 40*T3 -
Gr =4 ( 7 %) Gm 98" ( 7 ) M — V20’ — 1}20 R = ‘;k* J
K _ koV§ bDK: bR* _ Q _ _ 4 J
[77“\/21716 pUZO’Dri avCT’Ra VO;’ 7\/2750 %’Fiﬁ(1+ﬁ)
AT |—oon 1 M(oaetife)] . _ (1 aay o_ vQ hd
| [
(24)

In order to solve Equations (18), (19), and (22) under the boundary conditions of (23) we use single
perturbation method, so assume that

F(y,t) = Fy(y) e
9( t) =60 (y) et 55

(y, t) =t (y) '

Substituting (25) in the Equations (18), (19), and (22) then we obtained the following differential equations:
1 ka 1’ /
BEy + (1= = ) Fo + Fy = NFy = =Gty — Gmoy (20

F93+9’0—< Ft )90——Dr¢0—Ra¢0 (27)

1" ! ’LUJ
Yy + Seipy — Se <7+ Z) o = 0(28)
The corresponding transformed boundary conditions are as follows:

yZOI nge*“”, 90:1, 1/10:1 (29)
Yy =00: F0—>0,90—>O,1,Z)0—>0

To solve Equation (26), we use the multi parameter perturbation technique as follows:
Fo = Foo(y) + k1 Fo1(y) (30)

as k1<<1, for smallest quantity.

Using (30) in the Equation (26) and equating the coefficient of like powers of k1, and then we get:
Foo + Fog — NEyy = —Crfly — Gm ¥, (31)

1/ / iw 1/ 111
For + Foy — NFor = ZFoo — Fyy (32

y=0: Fop=e"“" Fpy =0, =1, Yo =1 (33)
Yy =00: F’()(]—>0,F’01—>07 90—>0,77Z10—>O

Solve Equations (27), (28), (31), and (32) by utilizing (35) then we obtain

Fg = (Aleimay + hlgeimly + k1h5eim2y) +1 (h,g(iimQy + k1h4€7mly + k‘l (h6 + Az) €7m3y)
(34)

90 = A0€7m2y + hleimly (35)

Yo = e " (36)
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Substitute the Equations (34)-(36) in the (25) then we obtain:

[F (y,t) = [(Are™™ + hge ™Y + kihse ™) + i (hae ™Y + kihae ™™ + ky (he + Az) e ™Y)] €]
(37)

Now, equating the real and imaginary part, it was obtained the axial as well as transverse components of
velocity as follows:

[ u = (A1e"™Y + hze™ ™Y + kyhse ™2Y) Coswt ] )
— (thfmgy + kihae™ ™Y 4+ ky (hﬁ + AQ) €7m3y) stnwt

[ w = (hoe ™Y + kyhye ™Y + ky (hg + Ag) e ™3Y) Coswt J9)
+ (A1e7™Y + hye ™Y 4 kyhse”™?Y) Sinwt

H(y,t) _ Aoe(iwtimﬂ/) _‘_Nle(’iwtfmly) (40)
Y (y,t) = pliwttmiy) (41)
Skin Friction:

The axial component of the shearing stress at the plate for primary velocity is

lay T \dotoy 02/,

[(=m3A; — mihs — makihs) Coswt — (—maha — mykihy — maky (he + Ag)) sinwt] —
xi=| g ¢ [(msAy + mahs + maoky hs) Sinwt — (—mahy — makihs — msky (he + As)) Coswt]
P\ = [(—m2A; — myhg — m3kihs) Coswt — (—m3hy — m3kyhy — m3ky (he + Ag)) sinwt]
(43)

The transverse component of the shearing stress at the plate for secondary velocity is

- [-n (5]
*loy \dotoy o2 )],

[(—mahg — mikihy — mak (he + As)) Coswt — (mzA1 + myhs + makhs) Sinwt] —
Xo=| g 5 [(maho +mikihy +mgk (he + As)) Sinwt — (ma Ay + muhs + moki hs) Cosw]
Y\ = [(mhy + m3kihy + m2k (he + Az)) Coswt + (m2A; +m3hs + mikihs) Sinwt]
(45)

Nusselt number:

The rate of heat transfer in terms of the Nusselt number is given by

ol A ,
Nw = (—) = mQAOe“"t + mlhle“"t (46)
oy =0

Sherwood number:

The rate of mass transfer coefficient in terms of the Sherwood number is given by
0 )
Sy, = < Ld = mye™* (47)
y=0

Results
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FIGURE 2: Velocity for disparate values of S
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FIGURE 24: Concentration for disparate values of Sc

Gm Sc Y R Ra F K S X1 X2
2.0 0.60 20 01 1.0 0.1 0.2 1.0 86177 2.1884
2.0 0.60 20 01 1.0 0.1 0.2 1.0 86190 2.4065
2.0 0.60 20 01 1.0 0.1 0.2 1.0 86199 2.4930
2.0 0.60 2.0 0.1 1.0 0.1 0.2 1.0 8.9823 2.2876
2.0 0.60 2.0 0.1 1.0 0.1 0.2 1.0 8.8208 2.3796
2.0 0.60 2.0 0.1 1.0 0.1 0.2 1.0 8.6875 2.4615
2.0 0.60 2.0 0.1 1.0 0.1 0.2 1.0 8.7505 2.5297
2.0 0.60 2.0 0.1 1.0 0.1 0.2 1.0 8.5447 2.6679
2.0 0.60 2.0 0.1 1.0 0.1 0.2 1.0 8.4285 2.7553
2.0 0.60 20 01 1.0 0.1 0.2 1.0  9.1875 2.9942
2.0 0.60 20 01 1.0 0.1 0.2 1.0  9.2057 3.6901
2.0 0.60 20 01 1.0 0.1 0.2 1.0 9.2239 4.3860
4.0 0.60 20 01 1.0 0.1 0.2 1.0  9.1918 2.2983
6.0 0.60 20 01 1.0 0.1 0.2 1.0 9.2144 3.0995
8.0 0.60 20 01 1.0 0.1 0.2 1.0 9.2369 3.9006
2.0 0.42 20 01 1.0 0.1 0.2 1.0 91739 2.4624
2.0 0.60 20 01 1.0 0.1 0.2 1.0  9.1693 2.2983
2.0 0.84 20 01 1.0 0.1 0.2 1.0 9.1590 1.9939
2.0 0.60 4 0.1 1.0 0.1 0.2 1.0 9.1599 2.0175
2.0 0.60 6 0.1 1.0 0.1 0.2 1.0 9.1458 1.6679
2.0 0.60 8 0.1 1.0 0.1 0.2 1.0 9.1243 1.2321
2.0 0.60 2.0 0.2 1.0 0.1 0.2 1.0 9.1702 2.2952
2.0 0.60 2.0 0.3 1.0 0.1 0.2 1.0 9.1701 2.2921
2.0 0.60 2.0 0.4 1.0 0.1 0.2 1.0 9.1700 2.2887
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9.1686

9.1679

9.1671

9.1686

9.1676

9.1664

9.3246

9.1169

9.0748

9.4303

9.1693

9.1563

2.2748

2.2513

2.2278

2.2982

2.2981

2.2980

2.2608

2.3109

2.3214

1.7847

1.6279

1.5067

TABLE 1: Variation of skin friction for various physical parameters, when Rivlin-Ericksen fluid
parameter k1 =1and M = 2
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0.2

03

0.4

Nw

-25.7174
-35.0689
-44.4204
-17.9313
-19.4967
-21.0620
-14.3069
-14.3982
-14.4916
-29.7582
-17.7434
-16.3659
-14.9804
-15.4152

-15.8892

TABLE 2: Variation of heat transfer coefficient for varies physical parameters
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Y Sc

2 0.60
3 0.60
4 0.60
1 0.60
1 0.84
1 0.94

Sh

2.2041
3.2124
5.7702
5.7702
6.2608

7.0826

TABLE 3: Variation of mass transfer coefficient for varies physical parameters

Discussion

This paper aims to meticulously examine the impact of rotating Rivlin-Ericksen fluid model, Hall effect and
ion-slip current on MHD flow past an impulsively started infinite vertical plate embedded in a porous
medium with chemical reaction. The objective is to gain a comprehensive understanding of how various
flow parameters influence the discussed flow problem.

Figure 2 exhibited that axial and transverse components of velocities varied with heterogeneous
progressive values of the angle of rotation (S). In the perspective of the Rivlin-Ericksen fluid model (REFM),
the relationship between velocity as well as the angle of rotation can be influenced by the rheological
properties of the fluid. The REFM describes the demeanor of non-Newtonian fluids, which have complex
viscosity properties that can vary with shear rate, shear stress, or other factors. In such a model, from the
figure, it is observed that both axial and transverse components of velocity decrease with increasing values
of the angle of rotation. It could be due to the shear-thinning comportment of the fluid. Shear thinning refers
to the property of certain non-Newtonian fluids where their viscosity decreases as the shear rate (or
angular velocity, in the context of rotation) increases.

The influence of the Grashof number (Gr) on axial and transverse velocities was depicted in Figure 3. Gr is
a dimensionless parameter in fluid dynamics, comparing buoyancy to viscosity effects, particularly relevant
in natural convection. In the context of a REFM, both velocities increased with rising Gr, indicating stronger
buoyancy-driven flow. REFM represents a non-Newtonian fluid, exhibiting complex deeds not following
linear stress-strain rate relations, with viscosity varying under shear. Higher Gr could intensify buoyancy-
driven flow and temperature differences in non-Newtonian fluids, potentially resulting in increased
velocities. However, the relationship between velocity, Gr, and REFM performance is intricate and
influenced by multiple factors.

Increasing the Solutal Grashof number (Gm) signifies a greater influence of concentration-driven buoyancy
forces relative to viscous forces in non-Newtonian fluids, leading to heightened fluid motion and potentially
complex changes in velocity due to the interplay between concentration-driven buoyancy and non-
Newtonian behavior as was shown in the Figure 4.

The significance of Hall current effect (Be) on both velocity profiles was shown in Figure 5. This figure
contemplates that both velocity increases with enhance in the Hall current within the REFM; it suggests a
unique deeds of the fluid under the influence of the Hall current. This behavior might be a result of the
intricate interactions between the non-Newtonian properties of the fluid described by the REFM and the
additional forces introduced by the Hall current. Here are a few possible reasons why this conduct might
occur, i.e., the Hall current introduces magnetic forces that interact with the fluid's flow behavior. This
interaction could lead to changes in the fluid's microstructure, viscosity, or elastic properties, causing an
increase in both velocities. An increase in the Hall current could potentially enhance this shear-thinning
behavior, resulting in higher velocities at higher current values. Moreover, depending on the specific
characteristics of the fluid and the Hall current, electromagnetic effects could play a role in altering the
fluid's deeds and increasing velocity.

An emphasis on the ion-slip effect on both velocities is shown in Figure 6: When discussing the velocity of
a fluid, the ion slip effect can play a significant role, especially in cases involving charged particles or ions.
lon slip refers to the relative motion between ions and the surrounding fluid in an electric field. This effect is
particularly important when dealing with ion-containing fluids, such as electrolytes or ionized gases. When
an electric field is applied to such a fluid, the ions will experience forces that can influence their motion and
interact with the fluid's velocity field. In the approach of the REFM, if the liquid contains ions and is
subjected to an electric field, the ion slip effect can lead to changes in the fluid's velocity. The ions' motion,
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driven by the electric field, can affect the overall momentum and flow mien of the fluid. As the ion slip effect
becomes more pronounced, both fluid's velocities increase, especially in regions where ion concentration
gradients or electric fields are significant. It's worth noting that the exact ongoing of a fluid under the
REFM, including the effects of ion slip, can be complex and depend on various factors such as the fluid's
rheological properties, the strength of the electric field, and the geometry of the system. Analyzing and
predicting the demeanor of such fluids often requires solving intricate mathematical equations derived from
the model.

Figure 7 shows impact of magnetic field (M) on both velocities. In the presence of a magnetic field, the
mien of a fluid can be described by MHD principles. The interaction between the fluid's motion and the
magnetic field can lead to changes in the fluid's velocity and flow patterns. One of the key effects of a
magnetic field on a fluid is the creation of Lorentz forces, which act perpendicular to both the fluid's velocity
and the magnetic field direction. In the case where a magnetic field is applied to a REFM, the Lorentz
forces can potentially oppose or diminish the fluid's velocity. This is because the Lorentz forces exerted on
the fluid can counteract the forces driving the fluid's motion, leading to a reduction in the overall velocity of
the fluid. The exact impact of the magnetic field on the fluid's velocity will depend on factors such as the
strength and orientation of the magnetic field, the rheological properties of the fluid, and the specific
geometry of the system. It's important to note that the interaction between a magnetic field and a
viscoelastic fluid under the Rivlin-Ericksen model can be quite complex and may involve solving intricate
mathematical equations.

Figures 8 and 9 portrayed influence of Dufour effect on both velocities as well as temperature. The Dufour
effect involves the coupling between concentration gradients and temperature gradients. When discussing
the impact of the Dufour effect on velocity and temperature in the context of the REFM, several
considerations come into play; the Dufour effect can influence the velocity of a Rivlin-Ericksen fluid through
induced convection. As concentration gradients lead to temperature gradients due to the Dufour effect,
regions with differing temperatures can result in fluid motion. In a viscoelastic fluid described by the Rivlin-
Ericksen model, this fluid motion can interact with the material's elastic properties, potentially affecting the
overall velocity of the fluid. The enhancement of the Dufour effect could lead to stronger concentration-
induced temperature gradients, which in turn might lead to increased convective motion and, consequently,
higher fluid velocities. Meanwhile, in the Rivlin-Ericksen model, the Dufour effect could lead to temperature
variations within the fluid due to the coupling between concentration and temperature. As the Dufour effect
is enhanced, the temperature gradients induced by concentration gradients can become more
pronounced. This can result in regions of increased temperature within the fluid. It is important to
emphasize that the interplay between the Dufour effect and the convoluted manners of a viscoelastic fluid
described by the Rivlin-Ericksen model can lead to intricate and non-linear effects.

Figure 70 represents effect of both velocities with the various incremental values of Radiation absorption.
Radiation can transfer energy to an object upon absorption. This is seen in various phenomena, such as
the photoelectric effect, where photons (particles of light) transfer energy to electrons, causing them to be
emitted from a material. The key idea is that absorbed radiation can lead to an increase in the internal
energy of the object, which can then manifest as an increase in velocity. When the radiation absorption
parameter "Ra" increases, it implies that the material or object in question is more efficient at absorbing
radiation. This could be due to factors such as the material's properties, surface area, or other
characteristics. As "Ra" increases, the object absorbs more energy from the radiation. The absorbed
energy from the radiation is converted into kinetic energy of the object's constituent particles. In classical
mechanics, the kinetic energy of an object is directly proportional to its velocity squared. Therefore, as the
object absorbs more energy and its internal kinetic energy increases, the object's velocity can also
increase. In some cases, absorbed radiation can lead to a rise in temperature. This increase in
temperature can cause the particles within the object to move faster and, consequently, increase the
object's overall velocity. When radiation is absorbed, it can also exert a pressure on the object's surface.
This pressure difference can lead to an increase in velocity. The absorbed radiation can also transfer
momentum to the object, contributing to its motion and velocity.

Influence of Radiation absorption on temperature was shown in the Figure 77. The increase in temperature
with rising values of radiation absorption is a fundamental concept in physics and can be explained using
the principles of thermodynamics and the interaction between radiation and matter. When radiation is
absorbed by a material, its energy is transferred to the material's constituent particles, typically atoms or
molecules. This energy is distributed among the particles as increased kinetic energy, which causes them
to move more vigorously. This increased motion at the microscopic level translates to an increase in the
material's temperature at the macroscopic level. Here's why this happens: When electromagnetic radiation
(such as light or other forms of radiation) interacts with matter, its energy can be transferred to the material.
The energy of radiation is quantized in discrete packets called photons. When radiation is absorbed, the
energy of the absorbed photons is distributed among the particles, increasing their kinetic energy. The
particles move more vigorously, which corresponds to an increase in temperature. It is important to note
that the relationship between absorbed energy, temperature increase, and the specific material properties
can be complex and may vary depending on factors such as the material's composition, density, and heat
capacity.
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Figures 72 and 13 indicate variations of primary as well as secondary velocities with the effect of radiation
parameter (R). Velocity and temperature reduced with the increasing values of radiation parameter (R).
From this, there is a relationship between a radiation parameter and the velocity and temperature of a
system. Radiation can exert a force on a material, known as radiation pressure. This force can act in the
direction opposite to the fluid flow or motion, causing a reduction in velocity. If the radiation parameter is
related to the intensity or energy of radiation, an increase in this parameter might result in stronger
radiation pressure, leading to a decrease in velocity. Meanwhile radiation can also lead to cooling effects.
In certain situations, high-energy radiation can cause energy to be lost from a material, leading to a
decrease in its temperature. If the radiation parameter represents the energy or intensity of the radiation,
an increase in this parameter might correspond to more cooling effects, resulting in a temperature
reduction. Radiation is a mode of heat transfer.

Velocity, temperature, as well as concentration increase with the incremental values of time (t) in the case
of the Rivlin-Ericksen fluid model was illustrated in Figures 74, 15, and 16. Velocity increase with Time (t):
in fluid dynamics, the velocity of a fluid element can change over time due to various factors, such as
external forces, pressure gradients, and flow conditions. In the case of the Rivlin-Ericksen fluid model, if
the velocity of the fluid increases with incremental values of time (t), it could be due to changes in applied
forces, boundary conditions, or other factors influencing the fluid flow. Non-Newtonian fluids like those
described by the Rivlin-Ericksen model can exhibit complex behaviors, and the specific relationship
between velocity and time would depend on the model parameters and the nature of the flow. Temperature
Increase with Time (t): An increase in temperature with time could be due to factors such as heat
generation, heat conduction, or external heat sources. In some cases, the increase in temperature could
lead to changes in the fluid properties, such as viscosity and density, which, in turn, could affect the fluid's
behavior. The Rivlin-Ericksen fluid model might account for such temperature-related effects and their
impact on the fluid's characteristics. Concentration Increase with Time (t): An increase in concentration
with time could indicate processes such as diffusion, convection, or chemical reactions within the fluid. For
instance, if a solute is introduced into the fluid and its concentration increases over time, this could be due
to the diffusion of the solute particles through the fluid. The Rivlin-Ericksen fluid model may include terms
or equations that describe how concentration changes within the fluid, considering its non-Newtonian
behavior.

Influence of the heat source parameter (F) on both velocities was revealed in Figure 77. In heat transfer,
when it is observed that there is a strengthening in velocity with augmenting values of a heat source
parameter, it generally indicates a convective heat transfer process. Convective heat transfer involves the
transfer of heat between a fluid (liquid or gas) and a solid surface due to the fluid's movement or
circulation. This process occurs because the fluid near the heated surface gets hotter, becomes less
dense, and tends to rise. As it moves away from the heated surface, cooler fluid replaces it, creating a
circulation pattern known as convection currents. When the heat source parameter is increased (which
often means increasing the temperature difference between the fluid and the heated surface), the fluid
near the heated surface becomes hotter. This leads to a higher temperature gradient between the fluid and
the surface. As the fluid near the heated surface gets hotter, its density decreases. A decrease in density
makes the fluid buoyant, causing it to rise. In addition, the rising hot fluid creates a convection current.
Cooler fluid from other parts of the system moves in to replace the rising fluid. This circulation of fluid
creates movement, which is manifested as an increase in both velocities. Finally, an increase in the heat
source parameter leads to a stronger temperature gradient, more buoyant fluid, and more pronounced
convection currents. This increased circulation results in higher fluid velocities near the heated surface.

Figure 78 reflects the impact of heat source parameter (F) on temperature. From the figure, it is noticed
that an escalation in the heat source parameter is leading to an intensification in temperature. This
relationship is a common occurrence in many physical systems. When a heat source parameter is
expanded, it typically results in more energy being introduced into the system, which leads to
strengthening in the average kinetic energy of the particles within the system. This increase in kinetic
energy translates to higher temperatures. For instance, consider a simple system like a pot of water on a
stove. When it turns up the heat (increase the heat source parameter), the burner emits more heat energy
into the water. This additional energy causes the water molecules to move more rapidly, leading to an
increase in temperature. In more complex systems, such as in physics, chemistry, and engineering, this
relationship between a heat source parameter and temperature is described by various equations and
principles, such as the laws of thermodynamics. The exact nature of the relationship can depend on the
specific properties and characteristics of the system under consideration.

Both velocity components increase with increasing values of the porous medium (K) as illustrated in the
Figure 79. The parameter K could represent the permeability of the porous medium. Permeability is a
fundamental property of porous media that measures how easily fluids can flow through the medium. It
quantifies the ability of a porous material to transmit fluids (liquids or gases) under the influence of a
pressure gradient. Higher permeability means that fluids can flow more easily through the porous medium.
When permeability "K" increases, it generally leads to higher fluid flow rates or velocities through the
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porous medium. This relationship can be understood through Darcy's law, which relates the flow rate of a
fluid through a porous medium to the permeability, pressure gradient, and cross-sectional area of the
medium. This relationship has significant implications for various fields such as groundwater hydrology,
petroleum reservoir engineering, and filtration processes. Key points to consider when "K" increases and
velocity increases: Higher permeability means there is less resistance to fluid flow within the porous
medium. As a result, the fluid can move more easily through the medium, leading to an increase in velocity.
With increased permeability, larger volumes of fluid can pass through the porous medium in a given
amount of time, resulting in higher flow rates and velocities. In addition, the relationship described by
Darcy's law suggests that as permeability increases, the pressure gradient can drive a higher flow rate,
resulting in increased velocity.

Figures 20 and 21 demonstrated the significance of chemical reaction on both velocities and
concentration. Form these figures, both velocities and concentration declined with the effect of chemical
reaction parameter. It suggests that the presence of a chemical reaction has a significant influence on both
the velocity and the concentration of a fluid. Chemical reactions can release or absorb energy, which can
affect the fluid dynamics of a system. If the chemical reaction is exothermic (releases heat) or endothermic
(absorbs heat), it can lead to changes in temperature. These temperature changes can, in turn, affect the
fluid's viscosity, density, and other properties that influence its velocity. An increase in viscosity can lead to
a decline in fluid velocity due to increased internal friction. Additionally, chemical reactions might produce
reaction products that influence the overall flow nature, causing a decrease in velocity. Chemical reactions
involve the conversion of reactants into products, which can result in changes in the concentration of
various species within the fluid. If the reaction involves the consumption or production of species that
directly influence the concentration of other species, it can lead to concentration changes. For instance, if a
reactant is consumed in the reaction, its concentration will decrease over time. These concentration
changes can also affect fluid properties, such as viscosity or density, which can further impact the fluid
dynamics.

Figure 22 indicates consequences of both velocities profiles for dissimilar estimators of the Prandtl number.
The Prandtl number (Pr) is a dimensionless number that relates the momentum diffusivity (viscosity) of a
fluid to its thermal diffusivity. It is often used in the study of heat transfer and fluid dynamics. From the
figure, it is clearly explored that axial and transverse components of velocities are enhanced with the
various augmented values of Pr. Due to this, when considering the manners of velocity in relation to the
Prandtl number, it's important to understand that the Prandtl number primarily affects the relative rates of
momentum diffusion and thermal diffusion within a fluid. This, in turn, can impact the overall flow and heat
transfer characteristics of the fluid. In natural convection scenarios (such as fluid motion due to
temperature differences), the deeds can be more complex. Generally, a higher Prandtl number can lead to
increased buoyancy effects, which in turn can influence the velocity patterns. The flow behavior and heat
transfer in these situations may be affected by the competition between thermal diffusion and momentum
diffusion, with different Prandtl numbers leading to different dominant mechanisms. Finally, the increase in
velocity with an increase in the Prandtl number is a consequence of the interplay between momentum
diffusion and thermal diffusion, and it can have significant implications for the manners of fluids in various
heat transfer and fluid dynamics scenarios.

Figure 23 represents temperature profile with the various accelerated values of Prandtl number (Pr) in the
context of secondary grade fluid. The Prandtl number (Pr) is a dimensionless number that represents the
ratio of momentum diffusivity (kinematic viscosity) to thermal diffusivity in a fluid. In fluid dynamics and heat
transfer, the Prandtl number plays a role in determining how heat is transferred within a fluid compared to
how momentum is transferred. A higher Prandtl number indicates that the fluid's thermal diffusivity is
relatively greater compared to its kinematic viscosity. This means that heat is transferred more slowly
within the fluid compared to the transfer of momentum. In practical terms, fluids with higher Prandtl
numbers tend to have thicker thermal boundary layers and thinner momentum boundary layers. Now, it is
observed that temperature decreases with increasing Prandtl number, so it is important to consider the
specific context and conditions of the fluid flow. When the Prandtl number is higher, it indicates that thermal
diffusivity is relatively more important than momentum diffusivity. In such cases, heat is transported more
slowly compared to momentum, which could lead to temperature decreases as the heat transfer rate
becomes slower. In certain fluid flows, changes in the Prandtl number can affect the velocity and
temperature profiles differently. If the fluid has a high Prandtl number, it might influence the temperature
distribution more than the velocity distribution, leading to temperature decreases. The deeds of
temperature with respect to the Prandtl number could also be influenced by boundary conditions, the
presence of heat sources or sinks, or other external factors affecting the heat transfer process.

Figure 24 specifies impact of Schmidt number on both velocities in presence of Rivlin-Ericksen fluid model.
The relationship between concentration and the Schmidt (Sc) number is an important concept in fluid
dynamics and mass transfer processes, particularly in the context of diffusion and convective transport.
The Schmidt number relates the relative importance of momentum diffusion (viscous effects) to mass
diffusion in a fluid. The Schmidt number essentially characterizes how easily mass can diffuse through a
fluid compared to how momentum diffuses. A higher Sc number implies that momentum diffuses more
readily than mass, while a lower Sc number indicates that mass diffusion is more dominant. where
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concentration diminishes with increasing values of the Schmidt number (Sc), it means that as the
importance of momentum diffusion increases relative to mass diffusion (higher Sc), the ability of the
substance to disperse or diffuse through the fluid decreases. This could be due to increased resistance
from the fluid's viscosity, which hampers the movement and spread of the substance. In practical terms,
this relationship can be observed in various situations involving mass transfer: In convective transport,
where both convection (bulk fluid movement) and diffusion play a role in mass transfer, a higher Schmidt
number can result in reduced mass transfer rates due to the dominance of momentum diffusion over mass
diffusion.

Table 7 demonstrated that influence of various parameters which were mentioned in the governing
equations. From the table it was observed that an increase in Pr indicates that heat diffuses more slowly
compared to momentum. This could potentially lead to reduced thermal boundary layer thickness, resulting
in increased fluid velocities near the surface. Higher fluid velocities can lead to increased skin friction of
primary and secondary velocities due to enhanced momentum transfer at the boundary layer. Meanwhile
an increase in Gr generally implies stronger buoyancy-driven fluid motion, which can result in thicker
boundary layers and more vigorous flow near the surface. This increased flow can contribute to higher skin
friction of primary and secondary velocities. Similar to the Gr, an increase in Gm indicates stronger
buoyancy-driven mass transfer and fluid motion due to concentration differences. This can lead to thicker
concentration boundary layers and potentially increased skin friction of both velocities. In addition, The
Schmidt number (Sc) is a dimensionless quantity that represents the ratio of momentum diffusivity to mass
diffusivity. In fluid dynamics, it is often used to characterize the relative importance of momentum and
mass transfer in a fluid. A higher Schmidt number generally indicates lower rates of mass transfer and,
consequently, could lead to reduced skin friction. These terms are likely related to heat transfer through
radiation. An increase in the radiation parameter(R) or radiation absorption could enhance heat transfer
away from the surface, potentially reducing skin friction. An increased heat source might lead to changes
in temperature gradients near the surface, which could impact the fluid flow behavior and potentially
influence skin friction. Viscoelasticity (y) refers to a material's combination of viscous (fluid-like) and elastic
(solid-like) properties. A change in the viscoelastic parameter could alter the flow behavior of the fluid near
the surface and, consequently, affect skin friction. This likely refers to the permeability (represented by K)
of a porous medium through which the fluid is flowing. Changes in permeability can influence the flow
pattern and affect skin friction. Angular rotation (S) could refer to the angular velocity or rotational motion of
the solid surface. This motion could potentially impact the flow characteristics and skin friction. Besides,
the increasing values of Hall and ion slip current leads to decline in skin friction of primary velocity, but
considerable enhancement was obtained in case of secondary velocity of skin friction. Table 2 represents
significance of various parameters related to coefficient of heat transform. From the table it was establish
that Nusselt number diminished with effect of Dr, Ra R as well as F, but in case of Pr, the Nusselt number
enhanced. Meanwhile, Table 3 illustrated that influence of chemical reaction (y) and Schmidt number (Sc)
on the Sherwood number. From the table, it was revealed that an increase in the Sherwood number occurs
with both incremental values of the chemical reaction rate and Schmidt number. It suggests that both the
increased chemical reaction rate and the change in species diffusivity due to a higher Schmidt number are
positively impacting the mass transfer process. This would result in more efficient transfer of species
across the interface, leading to an enhancement in the Sherwood number.

Validity of the study

The study compared its findings to previous research by Rajakumar et al. [13]. regarding skin friction when
the rotational parameter S is zero. The impact of both skin frictions with the influence of M was reported in
Table 4. It highlighted the significant attention garnered by the influence of a magnetic field on skin friction
in various engineering and scientific applications. The introduction of a magnetic field, termed
magnetohydrodynamic (MHD) enhancement, was found to notably increase skin friction along the primary
velocity component due to increased momentum transfer from magnetic forces. However, a counter-effect
was observed in the secondary velocity component, where skin friction decreased due to altered flow
patterns and reduced momentum transfer caused by the magnetic field.
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M  Current results when S = 1 Previous study when S =0 in [13] Current results when S =0
4 1.0177 2.1014 -0.7967 3.2392 -0.7967 3.2392
6 1.1091 1.8910 -0.3079 4.5198 -0.3079 4.5198
8 1.1932 1.7347 -0.2190 5.8004 -0.2190 5.8004

TABLE 4: Comparison of both skin frictions with magnetic field (M), when Rivlin-Ericksen fluid
parameter k1 = 1

Conclusions

In summary, this research delved into the intricacies of MHD rotating Rivlin-Ericksen fluid flow past an
impulsively started infinite vertical porous plate, considering the interplay of various influential factors such
as radiation absorption, chemical reactions, and ion slip current effects. Through rigorous analysis using
the perturbation method, several key conclusions were drawn:

Influence of Angle of Rotation (S), Magnetic Field (M), Grashof Number (Gr), and Solutal Grashof Number
(Gm). This behavior is crucial in MHD cooling systems, such as in nuclear reactors or electronic device
cooling, where controlling rotation and magnetic fields can help modulate flow behavior. Additionally, in
meteorology or oceanography, understanding how buoyancy-driven flows respond to thermal and solutal
gradients can enhance climate and pollution dispersion modeling.

Effect of Hall and lon-Slip Currents. This result is applicable in plasma dynamics and space propulsion
systems (like Hall effect thrusters), where electromagnetic fields influence ionized gases. It is also
significant for semiconductor manufacturing or fusion reactor designs, where controlling ionized fluid flow is
essential.

Dufour and Radiation Absorption Effects. Such enhancements in velocity and temperature are important in
solar energy collectors and combustion chambers, where thermal radiation and cross-diffusion effects (like
the Dufour effect) impact efficiency. It also applies in thermal insulation systems where heat and mass
transfer processes must be optimized.

Influence of Time (t) on Velocity, Temperature, and Concentration. This conclusion has relevance in
transient heat and mass transfer studies, such as start-up conditions in industrial processes, or in
environmental systems like pollutant dispersion over time. It can also help in optimizing batch reactors or
time-dependent cooling/heating operations.

Chemical Reaction Effects on Velocity and Concentration. This is significant in chemical process
engineering, especially in reactive flow systems like catalytic converters or combustion processes. It
implies that chemical reactions can slow down fluid motion and reduce reactant concentrations, which is
crucial in reaction rate control and efficiency analysis.

Influence of Heat Source Parameter (F) and Prandtl Number (Pr). This behavior is applicable in internal
combustion engines, solar thermal systems, and HVAC (Heating, Ventilation, and Air Conditioning)
systems where internal heat generation influences performance. Understanding how Prandtl number
variations affect temperature and velocity helps in fluid selection for coolants or lubricants.

Influence of Schmidt Number (Sc) and Radiation Parameter (R). These effects are important in mass
transfer operations such as drying, evaporation, or absorption systems, where controlling species diffusion
is vital. Reduced performance under radiative conditions also applies to thermal shielding, spacecraft
insulation, and high-temperature manufacturing processes.
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