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A B S T R A C T

The main intension of this study is to scrutinize the transient flow characteristics of two different non-Newtonian
models of micropolar fluid and second grade fluid subject to a stretchable Riga plate. This novel study com-
municates with the rotational motion of microelements by taking into account the strong and weak concen-
trations and incompressible Darcy Forchheimer flow features of second grade fluid. In the context of Dufour and
Soret effects, the cross-diffusion process is analyzed in the mechanisms of mass and heat transport. Moreover,
Buongiorno model is taken into account to deliberate the random movement of particles and thermophoretic
effects in both considered fluids. The consequences of convective constraint, Arrhenius activation energy, and
joule heating are also incorporated. The framework of ordinary dimensionless equations is accomplished by
deploying convenient variables and numerically processed via reliable bpv4c technique in MATLAB. The
rheology of both considered fluids is compared through graphics regarding different concentration level and
pertinent parameters. Micropolar fluid has higher intensity of its dynamical behavior as compared to second
grade fluid. Moreover, the improved activation energy parameter lowers the nature of both considered fluids.

1. Introduction

Over the years, the theory of micropolar fluids has garnered signif-
icant interest among scientists due to the inability of traditional New-
tonian fluid models to accurately describe the behavior of fluids
containing rigid particles. This theory considers fluids as suspensions of
small, rigid particles, such as dumbbell-shaped molecules, which exhibit
rotational motion in addition to translational movement. The rotational
dynamics of these molecules are a defining feature of micropolar fluids,
which find applications in various fields, including colloidal suspen-
sions, liquid crystals, blood rheology, the behavior of animal blood, the
influence of dirt on general fluid behavior, and lubrication on porous
surfaces. Eringen [1,2] first discussed the theory of micropolar fluid to
spectacle the effects of combined stress and native rotatory inertia.
Through a vertical medium, the transient based flow mechanism influ-
enced by distinct physical constraints in a micropolar fluid was por-
trayed by Chamkha et al. [3]. An exploration of micropolar fluid in a

channel through HPM was estimated by Sheikholeslami et al. [4]. An
outstanding appraisal of micropolar fluids and their tenders were
obtainable by Pal and Chatterjee [5]. The dynamics of the flow past a
stretchable plate with nonlinear properties in a micropolar fluid was
inspected by Zaimi and Ishak [6]. Through an absorbable medium,
Abdollahzadeh Jamalabadi [7] discussed the concentrated flow phe-
nomenon through analytical technique in a micropolar fluid. Noreen
et al. [8] examined electroosmosis-driven thermal transfer in Jeffrey
fluid flow via the curved porous channel. On the dynamics of micropolar
fluid, more studies are elucidated in Refs. [9–14].

The second-grade fluid, a type of differential non-Newtonian fluid
model, is utilized in the current study. Second-grade fluids with their
viscoelastic nature proposed interesting implementations including
lubrication technology, geophysical flows, petroleum industry, and
painting processes. Jamil et al. [15] investigated the helical flows within
two coaxial containers for second grade fluid. The twofold and thrice
solutions of magnetized 2nd grade fluid in the existence of slip condi-
tions were presented by Turkyilmazoglu [16]. The unsteady motion of
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wall persuaded according to time dependent flow of fluid was examined
by Zheng et al. [17]. Srinivasa et al. [18] studied the thermal effects in
Stokes’ second problem resulted in magnetic field for second grade fluid
through permeable surface. The viscoelastic fluid-soaked absorbent
module with rotatory motion in need of mechanical vibration was
explored by Bhadauria and Kiran [19]. The boundary layer flow corre-
sponding to both rigorous and applicable method in a viscoelastic fluid
characterized by Newtonian heating was inspected by Rahman et al.
[20]. On a cylindrical stretchedmedium, consequences of cross diffusion
on the thermal characteristics of a second-grade fluid were portrayed by
Shojaei et al. [21]. Vaidya et al. [22] studied the peristaltic process of
magnetized non-Newtonian nanofluids in order to maximize fluid flow
and heat transfer. Bhandari et al. [23] characterized Newtonian fluid
flow features and heat transfer in vertical microchannels that are sus-
ceptible to cyclic membrane contraction because of buoyancy forces and
pressure gradients. More explorations on second grade fluid are depicted
in Refs. [24–28].

In recent times, nanofluid theory is studied numerically and exper-
imentally by some researchers and observed to have comprehensive
applications in distinct disciplines including electronic devices, fuel cell,
chiller, nuclear reactor, and hybrid powered engines etc. Nanofluid
achieve the goals in cancer treatment, optical grating, and to escort the
spots up in the bloodstream to a tumor with magnets. The submerging of
nanoparticles in base fluid enhances the thermal performance of ordi-
nary heat transfer fluids and thermal conductivity. The concept of
nanofluid was initially developed by Choi [29]. The scattering of
ultra-fine particles in the base fluid with the variation in the viscosities
of fluid and thermal conductivities was investigated by Noghrehabadi
et al. [30]. The nanofluid flow and heat transfer in a porous channel by
using KKL relationships for simulation was addressed by Kandelousi
[31]. Turkyilmazoglu [32] presented single and multi-phase models for
the condensation of heat transfer and nanofluid film flow. He indicated
that more intensifies heat transfer is detected as diffusion parameter
increases in the multi-phase model. The features of motivation energy in
magnetized nanofluids flow verses absorbant medium was reported by
Bhatti et al. [33]. Nasir et al. [34] used the Darcy-Forchheimer model to
investigate how entropy generation and radiation role affected the dy-
namics of nanofluid in porous medium. The more related studies are
elucidated in Refs. [35–42].

In view of the aforementioned studies, micropolar fluids have been

extensively studied but the flow mechanism of micropolar fluid along
with second grade fluid relative to a Riga stretchable plate with Buon-
giorno model and Arrhenius activation energy is not scrutinized until
now. The current novel study covers the transient flow behavior of both
micropolar fluid and second grad fluid with their incompressible char-
acteristics. A Riga plate with stretchable motion is taken to deliberate
the transient flow attributes of both considered fluids in two dimensions.
The rotational movement of microelements in micropolar fluid are taken
on both weak and strong concentrations. The Brownian movement of
molecules and thermophoretic consequences are encountered via
Buongiorno model. The influences of cross diffusions, joule heating, and
Arrhenius activation energy with convective constraint are encom-
passed in mass and heat phenomenon. The dynamics of both considered
fluids are comparatively analyzed through graphical approach.

2. Problem formulation

To develop the mathematical model, two distinct micropolar and
second grade fluids are analyzed with their transient characteristics over
a Riga stretchable surface. The incompressible Darcy Forchheimer based
flow behavior of fluid in two dimensions is explored in the system of
Cartesian coordinates. The X̃-axis is positioned along with considered
Riga sheet which is stretched with velocity Ũw. On the other hand, the
Ỹ-axis takes the position above the X̃-axis in perpendicular direction
(See Fig. 1). Micropolar fluid is considered to have both string and weak
concentrations. Both fluids are thermally scrutinized through joule
heating, Buongiorno model, thermal diffusion, and convective
constraint. The transport mechanism of mass in micropolar fluid and
second grade fluid is conducted via mass diffusion and Arrhenius acti-
vation energy.

Based on physical assumptions and simplifications, the equations
concerning the flow problem are manifested as follows [12,26,43,44]:

∂Ṽ
∂Ỹ

= −
∂Ũ
∂X̃

, (1)

Nomenclature

Sc Schmidt number
σ̃ Electrical conductivity
Du Dufour parameter
(Ṽ, Ũ) Velocity components
κr Reaction rate
ρ̃ Density
α* Second grade fluid parameter
C̃s Concentration susceptibility
Pr Prandtl number
ϑ̃ Kinematic viscosity
j̃ Microinertia coefficient
h̃ Convective heat transfer coefficient
D̃B̃ Brownian motion coefficient
γ Biot number
k1 Thermal conductivity
S Unsteadiness parameter
C̃P̃ Specific heat capacity
Nb Brownian motion parameter
κo Chemical reaction parameter

(Ỹ, X̃) Cartesian coordinates
α̃ Thermal diffusivity
δ1 Second grade fluid parameter
κT̃ Thermal diffusion
M̃o Magnetization of magnets
θw Temperature difference parameter
ε* Porosity parameter
D̃T̃ Thermophoresis coefficient
β0 Magnetic field strength
mo Surface boundary parameter
M* Magnetic parameter
k* Boltzmann constant
Sr Soret parameter
Fr Dracy Forchheimer parameter
Nt Thermophoresis parameter
E* Activation energy
K Micropolar fluid parameter
j̃o Current density
E Activation energy parameter
k̃ Vortex viscosity
Ec Eckert number
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∂Ỹ

2

}{
∂Ũ
∂Ỹ

}

+

{
∂3Ũ
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Ũ
2}
F̃
{

1
(k̇)1/2

}

+
k̃
ρ̃

{
∂N∗

∂Ỹ
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2
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−
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{
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∂Ỹ

2

}

+

{
∂C̃
∂Ỹ
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The appropriate conditions at the boundary are manifested as fol-
lows [11]:

Ṽ = 0,

N∗ = − mo

{
∂Ũ
∂Ỹ

}

,

− k1
{

∂T̃
∂Ỹ

}

= h̃(T̃w − T̃∞),

Ũ = Ũw,

C̃ = C̃w at Ỹ = 0,

N∗→0,

T̃→T̃∞,

Ũ = 0,

C̃→C̃∞ as Ỹ→∞.

(6)

In the present mechanism, we adopt that j̃ = ϑ̃
ã
, γ̃ =

{

μ̃ + k̃
2

}

j̃.

The setup of adequate similarity variables is deliberated as follows
[11]:

ζ =

{
1

(Ỹ)− 1

}{
ϑ̃X̃
Ũw

}− 0.5

,

N∗ = ŨwG(ζ)
{

ϑ̃X̃
Ũw

}− 0.5

,

C̃ = C̃∞ + Ф(ζ)[C̃w − C̃∞],

ψ = F(ζ)
{

1
(ϑ̃X̃Ũw)

− 0.5

}

,

Ũw = ãX̃
{

1
1 − c̃̃t

}

,

T̃ = θ(ζ)[T̃w − T̃∞] + T̃∞.

(7)

After using the above transformations in Eqs. (1)-(5), we acquire

Fig. 1. Problem’s schematic.
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3
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(11)

Eqs. (6) and (7) yields the following outcomes
{
dF
dζ

}

= 1,
{
dθ
dζ

}

= − γ{1 − {θ(ζ)}},

{F(ζ)} = 0,

{Ф(ζ)} = 1,

{G(ζ)} = − mo

{
d2F
dζ2

}

, at ζ = 0,

{Ф(ζ)} = 0,
{
dF
dζ

}

= 0,

{G(ζ)} = 0,

{θ(ζ)} = 0,
{
d2F
dζ2

}

= 0, as ζ→∞.

(12)

The parameters with dimensionless form involved in the above

equations are expressed as follows
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ã
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, Nt={T̃w − T̃∞}D̃T̃
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ã

}

c̃, M

= π̃
{

j̃o
8ρ̃Ũw
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,

(13)

The quantities of physical interest are Sherwood number, skin fric-
tion coefficient, and Nusselt number which are manifested through the
following relations [11,20,26]:

ShX̃ = hm
{

(D̃B̃)
− 1

( − C̃∞ + C̃w)

}

X̃,

Cf̃ = τw
{
(ρ̃)− 1
(
Ũw

2)

}

,

NuX̃ = qw

{
(k̃)− 1

( − T̃∞ + T̃w)

}

X̃.

(14)

In Eq. (14), the expressions of hm, τw, and qw are taken as follows

hm = − (D̃B̃)

{
∂C̃
∂Ỹ

}

Ỹ=0
,

τw =

[

{μ̃ + k̃}
{

∂Ũ
∂Ỹ

}

+ δ1
(

2
{

∂Ũ
∂Ỹ

}{
∂Ũ
∂X̃

}

+

{
∂2Ũ
∂̃t∂Ỹ

}

+

{
∂2Ũ
∂Ỹ

2

}

Ṽ

+

{
∂2Ũ

∂X̃∂Ỹ

}

Ũ
)

+ N∗k̃
]

Ỹ=0
, qw

= − (k1)
{

∂T̃
∂Ỹ

}

Ỹ=0
, (15)

The execution of Eqs. (7) and (15) to Eq. (14), the following out-
comes of quantities are acquired

3. Numerical algorithm

To solve the dimensionless Eqs. (8)-(12) through bvp4c technique in
MATLAB, initially these equations with higher order takes the form of
equations having first order derivatives. This conversion is accom-
plished by establishing the following new constraints:
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= X(2),

d2F
dζ2

= X(3),

d3F
dζ3

= X(4),

d4F
dζ4

= XX1,

(17)

XX1 = −
1

α∗

{{
1
2

}

Sζ − X(1)
}

(

X(4){1+K}+KX(5) − X(2)X(2)

+X(1)X(3)+Mexp(ζλ)+α∗(2X(1)X(4)+ S2X(4) − X(3)X(3))

− S
{

X(2) + ζ
{
1
2

}

X(3)
})

,

(18)

G(ζ) = X(5),

dG
dζ

= X(6),

d2G
dζ2

= XX2,

(19)

XX2 = −
1

{1+ K{1/2}}

(

X(6)X(1) − X(2)X(5) − K(2X(5)+X(3))

− S
({

3
2

}

X(5) +
{
1
2

}

X(6)ζ
))

,

(20)

θ(ζ) = X(7),

dθ
dζ

= X(8),

d2θ
dζ2

= XX3,

(21)

XX3 = − Pr
(

(X(1)X(8) − X(2)X(7)) − S
(

X(7)+
{
1
2

}

X(8)ζ
))

− NbX(8)X(10)Pr − NtX(8)PrX(8) − PrX(2)M∗X(2)Ec

− DuXX4Pr, (22)

Ф(ζ) = X(9)

dФ
dζ

= X(10)

d2Ф
dζ2

= XX4

(23)

XX4 = −

{
Nt

Nb

}

XX3 − Sc
(

X(1) − ζ
{
1
2

}

S
)

X(10) − ScXX3Sr

+ κoe

(
E

1+X(7)θw

)

Sc(1+ X(7)θw)ñ), (24)
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(25)

Fig. 2. F′(ζ) curve via α* parameter.

Fig. 3. F′(ζ) curve via K parameter.
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(16)
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4. Graphs and discussion

This section has the objective of scrutinizing the performance of
temperature, microrotation velocity, concentration, and translational
velocity relative to both micropolar fluid and second grade fluid with
pertinent distinct parameters. The different physical attributes of both
concerned fluids are graphically explored and compared in the context
of pertinent parameters. By taking into account both weak and strong
concentrations of microelements, micro rotational velocity is demon-
strated. Fig. 2 manifests the consequence of the second-grade fluid
parameter on the distribution of translational velocity. This graphic
yield the result that an augmentation of the fluid parameter upsurges the
translational velocity. The increment of the considered velocity is

acquired due to the inverse connection between viscosity attribute of
fluid and concerned fluid parameter. There is a declination in the fluid
viscosity with the increment of the fluid parameter. It is a natural fact
that a fluid having minimizing viscosity has lower opposition in its
movement. Due to this reason, the translational fluid velocity depicts an
ascending nature. On the other hand, the curve of translational velocity
regarding high intensity of the micropolar fluid parameter is portrayed
in Fig. 3. This graphical result in Fig. 3 is same as in the case of Fig. 2.
The fact behind this intensification of translational velocity is again the
development of reverse link within relevant fluid parameter and vis-
cosity. By taking into account both strong and weak concentrated mi-
croelements, the rotational velocity of microparticles is elucidated in
Figs. 4 and 5 corresponding to fluid parameter. In the context of strong
concentrationmo= 0.0 , the fluid parameter lifts up the micro rotational

Fig. 4. G(ζ) curve via K parameter regarding mo = 0.0.

Fig. 5. G(ζ) curve via K parameter regarding mo = 0.5.

Fig. 6. F′(ζ) curve via M parameter.

Fig. 7. F′(ζ) curve via S parameter.

Fig. 8. F′(ζ) curve via Fr parameter.

Fig. 9. Ф(ζ) curve via E parameter.
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velocity in Fig. 4. With the strong concentration, more micro particles
rotate within the concerned fluid and consequently augment the con-
cerned velocity. On the other hand, in Fig. 5, the weak concentration
implies that near the surface, the rotatory movement of microelements
becomes negligible. As a result, the rotational motion depicts a reduc-
tion nature across the surface. The purpose of sketching Fig. 6 is to
compare the effectiveness of velocity profiles of both considered fluid
regarding higher magnitude of the magnetic parameter. It is interesting
to observe that the magnetic parameter has the same influence on both
fluids’ movement. In the context of both considered fluid, the magnetic
field with higher amplitude lowers the motion due to the involvement of
Lorentz resistive force. Along the opposite movement direction of the
fluids, this strongest force participates in developing difficulties in their
motion. Consequently, both considered fluids have the diminishing

nature in the context of the magnetic parameter. To observe the
consequence of unsteadiness parameter regarding the fields of both
concerned fluid, Fig. 7 is sketched. As the unsteadiness parameter
enhance in its magnitude, there exists a deterioration in the context of
both fluids’ velocity curves. The initial stretching rate face a reduction
with the improved unsteadiness parameter. As a result, the considered
surface has lower scratchable velocity. With this reduction, the consid-
ered fluid’s curves demonstrate reducing nature. Fig. 8 manifests the
influence of Darcy Forchheimer parameter on velocity field in the
context of both fluids. this graphic portrays the augmented nature of the
considered field. However, this impact is more effective in the case of
micropolar fluid. Fig. 9 signifies the concentration of both considered
fluids regarding improved activation energy parameter. Physically, the
diffusion of a solute in both fluids strongly depend on the energy ob-
stacles which takes existence with the improved activation energy. The
activation energy parameter with its higher amplitude yields strongest
obstacles in the diffusion process of solute in both fluids. Consequently,
both considered fluids portray the deteriorating nature. Fig. 10 is

Fig. 10. Ф(ζ) curve via Sc parameter.

Fig. 11. θ(ζ) curve via Nb parameter.

Fig. 12. θ(ζ) curve via Du parameter.

Fig. 13. θ(ζ) curve via Nt parameter.

Table 1
Numerical exploration of physical quantities regarding pertinent parameters.

Nb Nt Sc
ShX̃

{
1

(ReX̃) 0.5

}

NuX̃

{
1

(ReX̃) 0.5

}

0.2 – – 0.2121127 0.4242254
0.4 – – 0.4060563 0.5378120
0.6 – – 0.7070423 0.7651234
– 0.3 – 0.2119549 0.4239097
– 0.5 – 0.5570667 0.5684819
– 0.7 – 0.6514468 0.6483829
– – 0.5 0.6700689 0.5743448
– – 0.6 0.6699165 0.5742141
– – 0.7 0.6697682 0.5740871

Table 2

Numerical exploration of physical quantity Cf̃

{
1

(ReX̃) − 0.5

}

regarding pertinent

parameters.

K α* S
Cf̃

{
1

(ReX̃) − 0.5

}

0.2 0.1 2.0 0.5095381
0.4 – – 0.4869802
0.6 – – 0.4711083
– 0.3 – 0.2499768
– 0.5 – 0.3340771
– 0.7 – 0.4978418
– – 1.9 0.3694771
– – 1.8 0.2574789
– – 1.7 0.0749288
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organized to discover the consequence of the Schmidt number on both
fluids regarding their concentration fields. Schmidt number has
connection with the diffusion procedure in concerned fluids. The
diffusion procedure undergoes a reduction level corresponding to the
improved Schmidt number. Fig. 11 portray the significance of Brownian
motion parameter for both fluids regarding their temperature fields. The
increment of Brownian motion parameter upsurges the randomly
movement of molecules within both fluids which consequently lifts up
the distributions of concentration. The enhanced nature of temperature
fields concerning both fluids in the context of the Dufour number is
deliberated in Fig. 12. With the improvement of the Dufour number,
there exists an augmentation in heat transfer mechanisms of both fluids.
The purpose of creating Fig. 13 is to explore the influence of the ther-
mophoresis parameter in the context of both fluids regarding their
concentrations. With the improved concerned parameter, more particles
start to move from higher concentrated place to lower concentrated and
consequently both fluids exhibit upgraded concentration profiles.

To perceive the numerical algorithm of physical quantities related to
the current study for both considered fluids, Tables 1 and 2 are prepared.
Both quantities of Sherwood number and Nusselt number are analyzed
in Table 1 in the context of emerging parameters. It is significant from
this calculation that both concerned quantities depict a reduction pro-
cess by lifting up the Schmidt number. On the other hand, the same
quantities regarding Brownian motion and thermophoresis parameters
yields augmented behavior. The other quantity of skin friction coeffi-
cient is deliberated in Table 1 in the context of pertinent parameters. The
concerned quantity in the context of micropolar fluid parameter exhibit
declining procedure. On the other hand, in the case of second grade fluid
parameter, this quantity depicts the opposite phenomenon. The influ-
ence of unsteadiness parameter on both considered fluids is to lower the
surface drag force.

5. Conclusion

This section concludes the main result developed form the compar-
ative flow performance of two distinct second grade fluid and micro-
polar fluid. The present study covers different aspects related to the
thermal and flow characteristics in the context of numerous impacts.
Both concerned fluids are briefly discussed with graphical comparative
outcomes. These findings are valuable in the domains of science and
engineering. Key observations are outlined as follows

• In the context of both considered fluids, temperature curve goes up to
the supreme level with the relationship of thermophoresis.

• The field of concentration regarding both fluids is an abating func-
tion of activation energy parameter.

• The more concentrated microelements upsurge the rotational motion
and weak concentrated elements lowers the rotatory movement of
micro molecules.

• For both fluids, the unsteadiness and magnetic parameters curtail the
velocity distributions.

• Schmidt number with greater intensification develops a curtailment
in concentration fields.

• Temperature fields regarding both fluids depict a higher level with
the significant Brownian motion parameter.
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