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Abstract: In this work, we examine the Heimburg model, which describes how electromechanical pulses are
transmitted through nerves by using the generalizing Riccati equation mapping method. This approach is
regarded as one of the most recent efficient analytical approaches for nonlinear evolution equations, yielding
numerous different types of solutions for the model under consideration. We get novel analytic exact solitary
wave solutions, including exponential, hyperbolic, and trigonometric functions. These solutions comprises
solitary wave, kink, singular kink, periodic, singular soliton, combined dark bright soliton, and breather soliton.
To understand the physical principles and significance of the technique the well-furnished results are ultimately
displayed in a variety of 2D, 3D, and contour profiles. Furthermore, this system's linearized stability is
examined. The results of this work shed light on the importance of studying various nonlinear wave phenomena
in nonlinear optics and physics by showing how important it is to understand the behaviour and physical
meaning of the studied model. The employed methodology possesses sufficient capability, efficacy, and brevity
to enable further research.
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1. Introduction

Oldroyd-B nanofluids are used in medication delivery and improved heat transfer systems,
and precise material handling because of their distinct rheological characteristics. Applications of
bioconvection are found in medical study, monitoring the surroundings and enhancing the
movement of fluids in pharmaceutical and biotechnology operations. Liquid solutions containing
nanoparticles are known as nanofluids, improving fluid characteristics and heat transmission, with
uses in materials science, electronics, and clinical. Oldroyd-B nanofluids are utilized in innovative
cooling systems to improve thermal performance for electronic devices and power plants. They
can also be used in heat exchangers to improve energy efficiency in industrial procedures.
Nanofluids Oldroyd-B converge non-Newtonian Oldroyd-B fluid model featuring particles at
nanoscale, influencing rheology for possible uses in various domains [1-4]. The Oldroyd-B
nanoparticles’ blood flow, with the heat radiation and heat transfer properties brought on by
constricted arteries.

In the numerical investigation, Jawad et al. [5] delved the flow of an Oldroyd-B nanofluid through a
stretched sheet in a boundary layer involving heat transmission. Heat transfers as well as convective
flow in a viscous nanofluid were explored by Romila et al. [6]. The effects of a thermally transmitted
non-Newtonian nanofluid among an infinite pipe have been studied by Ellahi [7]. In bi-engineering,
Khan and Ali [8] emphasized the significance of bioconvection by outlining the analysis for Eyring-
Powell nanofluid's erratic transport and the importance of different temperature characteristics. Chu et
al. [9] considered the phenomenon of heat generation and the bidirectionally accelerated flow from the
surface of Maxwell nanofluid in conjunction with gyrotactic microorganisms. The addition of the slip
process in the Oldroyd-B tiny material in the occurrence of motile microorganisms was asserted by
Khan et al. [10]. Ramzan et al. [11] showed the chemical reactive study of the radiative flow of polarized
nanofluid with the subsequent contribution of microorganisms. Multiple slip inscriptions in the
bioconvection flow of crossed nanofluid beyond moving wedge was illustrated by Alshomrani et al.
[12]. The thermal effectiveness of ferromagnetic nanoparticles containing magnetic dipole and a
microorganism was assessed by Nadeem et al. [13]. To prove that Carreau nanofluid has thermal uses,
Elayarani et al. [14] investigated the bioconvection method. Shehzad et al. [15] investigated the
important phenomena of bioconvection among micropolar nanofluids using the modified flux
relations. Khan et al. [16] discuss the uses of radiative dynamics to examine the characteristics of

bioconvection in the flow of micropolar nanoparticles contained by a revolving disk.
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Kuznetsov [17] offered some fantastic applications in addition to an intriguing contribution to the
bioconvection flow of nanofluid. The study conducted by Waqgas et al. [18] concentrated on the
numerical analysis of bioconvection in enhanced second-grade nanofluid. The Oldroyd-B nanofluid's
efficient Prandtl method in the existence of microorganisms held within an accelerating surface has
been examined analytically by Khan et al. [19].

Irfan et al. [20] looked into how thermal-solutal stratifications affected the OBF stream. The OBF flow
model was explored by Alzahrani et al. [21] using heat generation through a cone. Almakki et al. [22]
examined entropy formation using the OBF model through thermophoresis and Brownian diffusions.
Ramzan et al. [23] illustrated the dipole effect on the OBF stream with freezing and energy activation
effects. In their study of heat transmission, Sarada et al. [24] took into account how LTNE affected
OBF flow on a sheet. Khan et al. [25] found the radiative flow of an Oldroyd-B fluid in three
dimensions via mixed convection across a bidirectional extending surface. Oldroyd-B fluid's three-
dimensional flow with the influence of Newtonian heating via a stretched sheet was calculated by
Ramzan et al. [26]. Ashraf et al. [27] examined the impact of an Oldroyd-B fluid mixed convection
flow along thermal radiation on a wedge surface. By modeling the physical phenomenon with the idea
of fractional calculus, Sohail et al. [28] calculated a precise answer for the MHD flow rate of an
Oldroyd-B fluid. The impact of a magnetic field on the flow of Oldroyd-B nano-liquid over a
stretching sheet was investigated by Sandeep et al. [29]. In stretchable flow of Oldroyd-B liquid, Hayat
et al. [30,31] report on the characteristics of temperature-dependent conductivity. Magesh et al. [32]
evaluated the effect of the produced magnetic field for the Jeffrey fluid during peristalsis by using
curving channel. Magesh et al. [33] developed the impact of activated energy at the peristaltic
circulation of a Carreau nanoliquid within a curving asymmetric channel under the significance of a
magnetic field. Magesh et al. [34] studied the electro-kinetic peristaltic transportation of a Sutterby
tinyfluid in relation to Bejan quantity and entropy formation. They took into account Sutterby
nanoliquid motion in the transverse manner under an imposed externally magnetic field and in a
horizontal plane under an unvarying electric field. Magesh et al. [35] analyzed the peristaltic behaviour
of a Johnson-Segalman tinyfluid over an asymmetric flexible a tiny channel according to the influence
of activating energy. Praveen Kumar et al. [36] explored the electrokinetic peristaltic stream of the
Sutterby tinyfluid via an asymmetric microconduit having a permeable media and the Joule burning
variable. Akbar et al. [37] examined the thermal and motion features of combined convection

peristaltic circulation of tinyfluids that contained magnetic yAl, 05 tinyparticles dispersed in traditional
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liquids, such as water H,0 and ethylene glycol C,H,0,. Kezzar et al. [38] evaluated the influence of
tertiary hybrid nanoliquid and velocity slippage on the non-Newtonian liquid circulation among two
nonparallel panels. Using a mathematical representation of Cross fluids, Ayub et al. [39] inspected the
thermal distribution study of trihybrid tiny fluid (blood) through wedge-like arteries. Ayub et al. [40]
researched an inclined magnetised Cross fluid circulation incorporated in a complicated chemical
procedure with fuzzy circumstances. Hussain Shah et al. [41] explored the simultaneous impacts of
shear force, heterogeneous-homogeneous chemical reactions, and convection on the transport
behaviour of a tertiary hybrid Carreau bio-nanofluid travelling via a stenosed artery. Using a 3-
dimensional Carreau tinyfluid structure across a wedge, Alqudah et al. [42] inspected the modelling of
heat transport of a triple magnetised hybrid nanofluid [(Al,05, Cu0O,TiO,)/H,0]. A notable
involvement was made by Shamshuddin et al. [43] with their thorough analysis of the matter
transmission and thermal transfer processes in the NF ND — Cu/H,0 when a continuously expanding
velocity was applied. Shamshuddin et al. [44] addressed the bioconvective therapy of the reactionary
Casson hybrid nanoliquid circulation via a gradually stretched surface using mixed convection and
ohmic warming. Lone et al. [45] explored the Casson hybrid nanofluid stream on an increasingly
expanding strip under the influence of gyrotactic microbes. The evaluation of thermally radiative
fluctuation and heat in a micropolar nanofluid experiencing stagnant spot circulation was provided by
Gamar et al. [46]. The study examines the thermal behavior of the nanofluid in detail, paying particular
attention to how pertinent parameters affect the dispersion of energy.

The study makes an important advance to our analyzing of bioconvection in a Darcy-
Forchheimer by including shifting thermophysical properties into the Oldroyd-B nanofluid. The
study broadens the usual modeling model to account for more likely scenarios by include variables
such as Brownian motion, MHD, heat generation, and thermophoresis. This integration improves
our understanding of bioconvection dynamics, particularly in complex environments such as porous
media with flow resistance and inertial impacts. They applied the homotopy analysis technique to
the governing system of problems, which is a highly successful and commonly employed analytical
approach for solving highly nonlinear governing equations with linear-related operators and base

functions. The outcomes are graphed, and the Nusselt values are presented in tables.

2. Mathematical Model

The study of magnetohydrodynamic (MHD) flow with the effects of mixed convection for a
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viscoelastic Oldroyd-B nanofluid in a steady, two-dimensional setup contained in nanoparticles is
supervised by a stretched sheet that carries Brownian motion and thermophoresis. Gyrotactic
microorganisms are dispersed using water as a base fluid. The Darcy-Forchheimer law is applied to
porous media, with the magnetic field aligned along the y-axis. The coordinate system is set such
that the x-axis represents the stretching direction, while the y-axis is perpendicular to the stretched

sheet (see Fig. 1). The mathematical equations are stated as.
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Fig. 1. Flow Geometry.
The problem equations are as follow [50, 51,52,53]:
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The subjected boundary conditions are [53, 54, 55, 56, 57]:

G=U, =bx,v=0T =T, N=N =€ at yo,
. (6)
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Utilizing the renowned Rosseland approximation, radiation is expressed as:
Q4o
o oy ()
Utilizing the Taylor series expansions on T* while ignoring grater order terms:
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Dimensional-less variables are considered in the corresponding manner [58]:
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Utilizing the similarity variables (1-5) equations are transformed into the following ordinary
differential equations:
e B (2F 88 —F207)+ B, (£ —FF ") £ 2+ £ "~ (A-M) '+ Ff? =0, (10)
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The boundary conditions are given listed below:

f(0)=0, f'(0)=1 6(0)=1,¢(0)=12(0) =1,
14

f'(0) > 0,6(0) =0,y () > 0,¢(0) - 0. a4

The following equations have been determined.
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3. Methodology
3.1 Optimal Homotopy Analysis Method solution

The initial perturbation and auxiliary functions required for generating solutions using the context
of the Optimal Homotopy analysis Method are specifically explained a described [54-56]:
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The linear operators discussed before correspond to the required conditions:
L, [I§1+ B¢ +Bv3*e*’7] =0, Lg[lgje” +Bv;e*’7] =0,
L[Be+Be]=0L, [Be +Be"]=0 18)
In academia, the notation I§; where k ranges from 1 to 9, is employed to indicate unknown constants.
3.2 Convergence analysis for OHAM

The parameters h,f},f;andb(are vital for controlling convergence in homotopic solutions. They

influence the size and velocity of convergence. To establish the best values for these parameters, a
minimization strategy was used. This method involves improving the parameters via a technique first

proposed by Liao [50], in which the squared averaged residual errors are modeled.
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Following Liao [50]:
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In the provided context, wherein etm indicates the average square residual error. Setting 67 to 0.5 and

K to 30 results in optimal control variable values that converge at the 2" order of distortions can be

determined using the following parameters: |’{I =-1.2338003, Q =-0.94407680, Q =-0.59920359

, h =0.9723090613, and €, =8.45285x10".

4. Result and Discussion

In this section, the features of all the embedding physical parameters are highlighted. The graphs are

plotted for velocity, temperature and concentration profiles for various values of parameters, fluid

relaxation and retardation constant (/3,,,), Prandtl number (Pr), Magnetic parameter (M), Pectet
factor (Pe), Brownian motion (N,), Thermophoresis number (N,), Lewis number (Lb), Heat
radiation parameter (Q) etc.

Figs. 2-3 represents the influences of fluid relaxation and retardation (ﬂl,ﬂz), on velocity profile as

other parameters remain constant

(M=021=03F =05Lb=04,Rd=0.2,N,=0.1,Q=0.2,N, =0.2,Le =0.2, 0=0.2&Pe =0.3). It
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has seemed that there is a decline in velocity profile by the increase in fluid relaxation time. Since the
fluid mobility is increased by the retardation of fluid. So, the velocity profile increases with the
increase (ﬂz). Figs. 4-5 shows that as rotational parameter A4 and magnetic field M increase there is
drops in velocity distribution as other parameters remain same
(ﬁl =02,0=02,4,=01F =05 N, =0.1 Le=0.2,Rd =0.2,N,=0.2,Lb=0.4,Pe=0.3and w =0.2 )
The thickness of the momentum barrier layer decreases as a result of the increase in the rotational
parameter and the magnetic parameter. Practically, decrease in the boundary layer's velocity
distribution by a rise in the values of A and M result from the warmth fluid being transferred in the
direction of the stretched surface. Moreover, when taking into account the magnetic parameter, the
fluid's motion brought on by the sheet's stretching is what causes a drop in the velocity distribution at
the sheet's surface, this is managed by applying a magnetic field because it produces a drag-like force
more precisely, the Lorentz force that has the ability to reduce the fluid motion in the boundary layer.
In Fig. 6 it seems that when the Forchheimer number increases, the velocity distribution does also. Fig.
7 demonstrates how thermal radiation affects temperature fields. In this situation, thermal energy is
increased by the utilization of thermal radiation. When thermal radiation is used, they are converted
into heat energy. Thermal radiation is used to generate the largest amount of heat energy into fluidic
particles. Increased radiation leads to thinner thermal layers. Furthermore, the temperature profile
grows with the influence of thermal radiation parameters. The Prandtl number, defined as the ratio of
momentum diffusivity to thermal diffusivity, is a dimensionless number used in fluid dynamics and
transferring heat. As indicated by Figure 8, the distribution of Prandtl number results in a decline in
fluid temperature. As a result, grow in Pr leads to a shift in thermal layers. As a consequence, the
function of thermal layers declines as the Prandtl number Pr increases. Pris the ratio of heat layers to
momentum layers. The quantity of heat energy generated decreases as the Prandtl number increases.

As a result, fluidic temperature decreases as the Prandtl number increases. Fig. 9-10 illustrates the
variation thermophoretic parameters N,, as well as the effects of heat generation and absorption Q as
other parameter remain constant
(8,=02,8=01,M=021=03F=05N,=0.1Le=02Lb=04,0=0.2 &Pe=0.3), all have an

impact on the temperature of the thermal boundary layers. It has been found that by increasing these

parameters there is an increment in temperature profile. Fig. 11-13 represents that as Lewis number Le

and Brownian motion number N, increase, nanoparticle concentration decreases and in Fig. 12 it has
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been seen that as thermopherosis number N, increases, there is an enhancement in concentration

profile. The result concludes that the only area in which the nanoparticle concentration is significantly
influenced by the Lewis number and Brownian motion parameter is near the stretching sheet. This is
due to the profile's propensity to meet farther apart until their values are zero. Fig. 14-15 demonstrates
that when the bioconvection Lewis number Lb increases, the quantity of motile microorganisms

increases. Fig. 16 indicates how the motility distribution @ falls as the Peclet factor Pe rise.

Table 1 illustrates the squared averaged individual residual error for different approximation orders

using the ideal numbers from the auxiliary parameters. Table 2 depicts the influence of A, /, and M
on skin friction when Rd=0.2,Pe=03N,=0.2Le=02Pr=10,Q0=0.2Lh=04,andw=0.2.
There is an increment in skin friction when /3, increases and skin friction decreases by increases of

B,. Table 3 shows the impact of N, and © on Nusselt number, when
M =02Lb=04,y=03Rd=020=02F =05Pr=1.0Le=0.2and Pe=0.3. By increasing N,
and Q, Nusselt number decreases. Table 4 represent the influence of Sherwood number. Table 5

shows the effects of ) and Lb on -7'(0), when
M=02N,=02Rd=02F =05Pr=10,y=03Le=02Pe=03 and Q=0.2. By increasing

@ Nusselt number also increases and by increasing Bioconvection Lewis number the Nusselt number

decreases. Table 6 displays the influence of comparison findings on Nusselt number.

5. Conclusion

The OHAM evaluation of the Oldroyd-B nanofluid flow across a stretching sheet shows that
thermal radiation improves heat transfer and internal heat generation increases thermal efficiency. The
Darcy-Forchheimer model demonstrates how porous medium resistance slows fluid velocity and
influences temperature and concentration profiles. MHD effects change flow dynamics, with greater
magnetic fields reducing velocity and increasing heat conductivity. Bio-convective factors influence
nanoparticle distribution. The study supports OHAM's accuracy and emphasizes its utility in
improving industrial procedures involving nanofluids and stretched surfaces, underlining the need of

taking thermal radiation, heat generation, and MHD into account in real-world applications. The
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following findings are based on the current investigation.

Raising the fluid relaxation time number and magnetic number near the stretching sheet leads
to a decline in the velocity distribution and Forchheimer number have the opposite effect;

Near the stretching sheet, the velocity profile drops as the slip parameter A grows.

The temperature profile in the thermal boundary layer improves with a rise in the amount of

thermal radiation and Q, but the reverse trend is found in the value of the Pr.
The Brownian motion parameter N, and Lewis number Le and demonstrate a decrease in

concentration on the stretching surface. The N, displays a reverse trend:

Raising the Peclet factor. The motility distribution reduces with Pe and @, whereas increasing

the bioconvection Lewis number Lb has the opposite result.

Nomenclature

Abbreviation Full name Abbreviation Full name
(U,V) Velocity components ms™ Lb Lewis number
Pe Peclet factor B4 Fluid relaxation time
number
D, Thermophoresis diffusion F Forchheimer number
r

coefficient m?s™

H Dynamic viscosity kg / m.s C Concentration K

Rd Thermal radiation parameter Le Lewis number

B, Fluid relaxation time number Q Heat generation/absorption
X,y Coordinates axis ms™ Pr Prandtl number

Py Density of the particle kgm™ b, Fluid retardation time

number
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=4

Fluid density kg/m’

Temperature K

Brownian diffusion coefficient

m?st

Magnetic factor

Kinematic viscosity m?s™

12

Brownian motion factor

Thermal conductivity
WmtK™

Thermal diffusivity m?s™

Thermophoretic parameter

slip parameter
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Table 1. Individual average square residual errors are determined utilizing the ideal values from

auxiliary parameters.

m erfﬁ ei eﬁ €

2 2.65954 %1072 7.81673x1072 6.56895x1072 1.07563x1072
6 1.78466 %1072 2.6768x107° 1.05655x1072 1.55046 x107°
8 9.53579x107° 1.04634x107° 9.64233x10°? 5.06315x10°*
14 2.74620x107* 1.00324 x107° 3.95720x107° 4.59765%x107*
20 1.22134 %107 9.04543%x10™* 1.54959%x107* 4.54031x107°
24 2.60578x107° 7.75701x107* 1.40217 x10°° 4.58383x10°°
26 1.23362x10°° 2.61397x10°° 1.02667 x10°° 2.3824x10°°
28 2.40218x10°° 1.42075x107° 7.91886 %1077 3.16107 %1077
30 3.21421x1077 1.05740x107" 4.60489%10°7 6.87625%x10°®

Table 2. The influence of 3,5, and M on skin friction when

Rd=0.2,Pe=03 N, =0.2,Le=0.2,Pr=1.0,0=0.2,Lb=0.4,and 0=0.2.

181 :Bz M ~f "(0)
0.1 0.3 0.03 1.02202
0.2 0.3 0.03 1.03757
0.3 0.3 0.03 1.05321
0.4 0.3 0.03 1.06893
0.5 0.3 0.03 1.08473
0.01 0.1 0.03 1.08709
0.1 0.2 0.03 1.04362
0.1 0.3 0.03 1.00809
0.1 0.4 0.03 0.980489
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0.01
0.01
0.01
0.01
0.01

0.01
Table 3. The

0.1
0.3
0.5
0.7
0.9
0.9
0.9
0.9
0.9
0.9

0.5
0.5
0.5
0.5
0.5
0.5

0.03 0.96083
0.1 0.97573
0.2 0.996079
0.3 1.01533
0.4 1.03347

0.5 1.05051

influence of

N, and @ on Nusselt number, when

M=0.2Lb=04,y=03Rd=02w0=02F =05Pr=10,Le=0.2, and Pe=0.3.

N

t
0.5
0.5
0.5
0.5
0.5
0.1
0.2
0.5
0.7
0.9

Q

-0'(0)
0.653081
0.65215
0.651224
0.650304
0.649388
0.655607
0.652499
0.649388
0.646275
0.64316

Table 4. The influence of Le,N;and N, on —¢'(0), when

M=0.2Rd=02F =05Pr=1.0,y=03Pe=03andg =0.2.

Le

11
1.2
13
14

N

t
0.01
0.01
0.01
0.01
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Nb
0.1
0.1

0.1
0.1

#'(0)
0.41845674
042655053
0.43466800
0.442809172



0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

0.1
0.2
0.3
0.4
0.3
0.4
0.4
0.4

0.1
0.1
0.1
0.1
0.2
0.3
0.4
0.5

0.2420600
0.0434677
0.0317169
0.02123
0.18863
0.264911125
0.303065655
0.325958303

Table 5. The influence of @ and Lb on —7'(0), when

M =0.2,N, =02,Rd =0.2,F =05 Pr=1.0,y=03,Le=02 Pe=03 and 0 0.2.

Pr

0.07
0.20
0.70
2.00

)

0.2
0.4
0.6
0.8
0.01
0.01
0.01
0.01

Lb

0.4
0.4
0.4
0.4
0.1
0.2
0.3
0.4

-7'(0)
0.719318
0.721581
0.723844
0.726106

0.7604
0.746122
0.731693
0.717169

Table 6. The comparison of current findings for Nusselt number.
Sohail

Kandasamy
etal. [47]
0.066129
0.169136
0.454285
0.911423

et al. [48]
0.068735
0.169892
0.459843
0.919975
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Wang Present work
et al. [49]
0.0656 0.069725
0.1691 0.179191
0.4539 0.46749
0.9113 0.92231
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1.895264

1.89674

1.8954

1.89994

20.00

3.353853

3.35708

3.3539

3.36798
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