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Abstract: The increasing relevance of nanofluids in biomedical heat and mass transfer applications has driven
the need for more biologically realistic models that can accurately represent the micro-scale dynamics of
blood flow. Motivated by this need, this research introduces a novel bio-convective formulation by coupling
the effects of nanoparticle-enhanced conductivity with microorganism-induced convection, providing a
comprehensive theoretical framework for bioconvective transport of non-Newtonian bio-nanofluids over a
nonlinear stretching surface. The model is intended as an idealized representation of shear-driven transport
mechanisms relevant to microfluidic and bio-inspired thermal systems. The governing boundary-layer
equations for momentum, energy, and microorganism concentration are transformed via similarity variables
and solved numerically using the Runge–Kutta–Fehlberg (RKF45) method with the shooting technique. The
results reveal that the inclusion of motile microorganisms significantly modifies the flow structure, reducing
their accumulation near the surface with increasing nanoparticle concentration, radiation, and magnetic
effects. Comparisons between gold and silver-based nanofluids reveal that gold-based suspensions maintain
higher thermal energy levels, accompanied by increased viscous resistance and diminished microorganism
transport. Parametric analyses indicate that higher nanoparticle concentrations and magnetic field strength
lead to reduced velocity and microorganism density, while enhancing the fluid’s temperature due to
augmented viscous and Joule heating. Furthermore, increasing the nonlinear stretching parameter and
Prandtl number improves convective cooling but restricts microorganism transport. While biomedical
applications are discussed for motivation, the present configuration does not represent a patient-specific
arterial geometry.
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1. Introduction

N anofluids, colloidal suspensions of nanoparticles in base fluids, have emerged as an effective
medium to enhance heat and mass transfer rates in complex fluid flow systems. In biomedical

engineering, the use of biocompatible nanoparticles such as gold and silver has shown tremendous promise
due to their unique physical and chemical properties [1]. The modeling of such fluids flowing through
stenosed arteries has gained traction, with numerous studies focusing on non-Newtonian behavior, magnetic
fields, chemical reactions, and bioconvection. Gold nanoparticles (AuNPs), owing to their high surface
area-to-volume ratio, thermal conductivity, and compatibility with human tissues, are frequently employed
in medical modeling. For instance, Algehyne et al. [2] conducted an entropy-optimized study involving drug
delivery using Au–Ta hybrid nanofluids flowing through stenosed arteries, demonstrating the effectiveness of
nanoparticle-mediated thermal therapies. Similarly, Fangfang et al. [3] developed a trihybrid Sisko nanofluid
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model to explore the rheological behavior and heat transfer performance in a biomedical flow context,
indicating enhanced energy transport due to complex nanofluid interactions.

The Sisko fluid model, a subclass of non-Newtonian fluids, offers flexibility in capturing both
shear-thinning and shear-thickening behaviors, making it particularly suitable for simulating blood under
various physiological conditions. Waqas et al. [4] investigated Sisko gold nanofluid flow influenced by
thermal radiation, magnetic fields, and slip conditions, underscoring the significance of nanoparticle shape
factors in optimizing the fluid’s thermal performance. Similarly, Eid et al. [5] explored radiation effects in a
Sisko-based gold-blood nanofluid model, revealing the enhancement of thermal energy transfer in radiative
environments. Eid and Ahmed [6] extended this framework to investigate hybrid nanofluids and presented
analytical solutions using the homotopy analysis method, confirming the reliability of semi-analytical
techniques in such complex systems. The irreversible nature of energy dissipation, often characterized through
entropy generation, is critical in evaluating the efficiency of nanofluid systems. Reddy et al. [7] addressed
this by analyzing electrokinetically driven peristaltic flows of nanofluids in microchannels, incorporating
entropy generation and nonlinear thermal radiation. Their findings provided insights into microscale fluid
manipulation with electro-osmotic influences. Furthermore, Tang et al. [8] incorporated porous walls into
Sisko blood flow models in stenotic arteries, revealing additional resistance to flow due to porosity. The same
authors [9] also investigated the magnetohydrodynamic (MHD) behavior of Oldroyd-B nanofluids in arterial
geometries, suggesting a trade-off between magnetic field strength and thermal efficiency.

Incorporating biological elements, such as motile microorganisms, introduces bioconvective phenomena
that further complicate and enrich the transport behavior of nanofluids. Sajid et al. [10] included Brownian
motion and species diffusivity in their MHD Sisko nanofluid model with motile microorganisms, highlighting
how microbial activity can enhance convective flows. Khan et al. [11] modeled heat and mass transfer in Sisko
gold-blood nanofluids under partial slip conditions and MHD, emphasizing the effects of variable thermal
conductivity and nanoparticle volume fraction on transport phenomena. The three-dimensional dynamics of
radiative bioconvective Sisko flows with microorganisms were explored by Ge-JiLe et al. [12], who introduced
microbial activity and radiative parameters to study the convective instabilities and transport enhancement.
In a similar vein, Nisar et al. [13] incorporated Joule heating and magnetic fields in Sisko gold nanofluids with
thermal radiation effects. Safiullah and De [14] applied artificial neural networks to simulate heat generation
and absorption in gold-based Sisko fluids, demonstrating the usefulness of machine learning techniques in
modeling nonlinear transport equations.

The concept of entropy generation in nanofluid systems was further advanced by Tao et al. [15], who
modeled bioconvective micropolar nanofluids over stretching sheets, accounting for gyrotactic motility and
variable fluid properties. Mebarek-Oudina [16] supported this by conducting computational fluid dynamics
(CFD) simulations of blood flow involving gold and silver nanoparticles, reinforcing the importance of
simulation tools in biomedical flow analysis. Rahman et al. [17] extended the investigation of bioconvective
phenomena in Sutterby nanofluids, introducing chemical reactions, activation energy, and nonlinear thermal
radiation. These studies revealed how the interaction of biological and physical factors affects heat and
mass transport in bio-nanofluid systems. Ali et al. [18] incorporated Darcy-Forchheimer porous media
effects and Jeffrey fluid assumptions in their analysis, showing the decelerating influence of porous drag
and the enhancing role of thermal conductivity. The inclusion of a magnetic dipole and viscous dissipation
was explored by Ijaz et al. [19] in their study of bio-convective flows of Casson nanofluids, while Bibi et
al. [20] utilized non-Fourier heat flux models to simulate bio-convective flow of silver-blood nanofluids,
emphasizing the distinct role of different nanoparticle materials in biomedical contexts. Tang et al. [21] used
advanced sensitivity analysis to study the combined effects of radiation, motility, and magnetic forces in
Carreau nanofluids, providing deeper insights into the controllability of such systems. Activation energy and
bioconvective instabilities were thoroughly studied by Khan et al. [22], who showed the critical dependence of
reaction rates and motility on temperature gradients. Alqarni et al. [23] introduced Marangoni convection into
the modeling of Jeffrey nanofluids containing motile microorganisms, revealing surface-tension-driven effects
on transport.

Porous wall flows were addressed by Nisha and De [24], who examined variable viscosity and
electro-osmotic effects in Sisko fluid systems. Ramasekhar et al. [25] applied the finite element method
to model gold and Fe3O4 nanoparticle flows in stenosed arteries, yielding results relevant to therapeutic
hyperthermia. Further enhancement of nanofluid performance in porous channels was examined by Tang
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et al. [8] and Naqvi et al. [26], who investigated stretching surfaces and magnetic field interactions. The
role of variable porosity and chemical reactions in blood-based AuNP flow was modeled by Kumar and
Benazir [27], while Mandal and Pal [28] focused on entropy generation in gold-silver blood nanofluids flowing
through stenotic arteries. Hybrid Casson models were employed by Ramasekhar and Shah [29], and Najafi et
al. [30] compared various nanocomposites in pulsatile blood flow, suggesting design strategies for optimal
heat transport.

Hafed et al. [31] developed new bio-convective frameworks for radiative flow with motile organisms.
Stratification effects in Jeffrey fluids were modeled by Muhammad et al. [32], and Reiner-Rivlin fluid
interactions with microorganisms were studied by Khan et al. [33]. Waqas et al. [34] included rotational
effects in gold-silver-blood nanofluids over disks, presenting novel geometrical influences on transport
properties. Lastly, Nisar and Yasmin [35] studied peristaltic flows with gyrotactic microorganisms under the
Carreau–Yasuda model, encapsulating a comprehensive view of nonlinear, bio-inspired nanofluid dynamics.

Despite significant advancements in modeling nanofluid dynamics within biomedical contexts, most
existing studies have largely focused on classical heat and mass transfer mechanisms without adequately
addressing the biological complexity introduced by motile microorganisms. The inclusion of gyrotactic
microorganisms into the nanofluid model introduces a novel dimension of bioconvective behavior, which
significantly alters fluid stability, nutrient transport, and thermal performance. This addition not only accounts
for the self-propelled motion of microbes but also replicates the natural bioconvection observed in microbial
suspensions, a phenomenon critical in optimizing oxygen and nutrient delivery in therapeutic applications.
Unlike prior works [4,6,9,19] that primarily examined thermal effects, magnetic fields, or chemical reactions,
our study uniquely integrates motile microorganisms within a Sisko gold/silver-blood nanofluid under the
influence of thermal radiation and nonlinear heat generation. It is important to emphasize that the present
investigation does not aim to model a realistic arterial geometry. Instead, the nonlinear stretching-sheet
configuration is adopted as a canonical and mathematically tractable framework to isolate the coupled effects
of non-Newtonian rheology, nanoparticle-enhanced thermal transport, magnetic field, and bioconvection
induced by motile microorganisms. Such stretching-surface models are widely used in the literature as
idealized analogues for shear-driven transport in bio-inspired and microfluidic systems. Any discussion
related to blood flow or biomedical relevance is therefore intended to be qualitative and motivational rather
than a direct physiological prediction.

2. Constitution of the problem

The physical configuration considered in this study represents an idealized two-dimensional nonlinear
stretching surface immersed in a bio-nanofluid. The stretching sheet serves as a simplified boundary to
model shear-induced transport phenomena and does not correspond to a physical arterial wall or tubular
blood vessel. Consequently, the governing equations and boundary-layer assumptions are formulated for
a generic stretching-sheet flow rather than a realistic arterial geometry. The present study investigates
the two-dimensional, steady boundary-layer flow of a Sisko nanofluid containing either gold or silver
nanoparticles suspended in a blood-based medium. The flow is considered over a non-linear stretching sheet,
which drives the fluid motion along the horizontal x-axis, while the vertical y-axis is oriented perpendicular to
the surface. The stretching velocity is assumed to vary as a power function of the form Uw(x) = cxm, where c is
a positive constant and m is the non-linear stretching parameter. The nanofluid is modeled as incompressible
and electrically conducting, subject to the influence of an externally applied transverse magnetic field of
constant strength B0 along the y-direction.

Thermal behavior is incorporated by considering a surface temperature Tw at the wall and an ambient
temperature T∞ at the far field. The effects of thermal radiation are also included in the energy equation to
capture radiative heat transfer in the boundary layer accurately. Additionally, the fluid is assumed to contain
uniformly distributed motile microorganisms that contribute to bioconvection. Their distribution is governed
by a microorganism concentration equation, which accounts for chemotaxis and motility effects. The inclusion
of this bio-convective aspect allows for a more comprehensive understanding of transport phenomena in
nanofluids for biomedical and microfluidic applications.
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Under the boundary layer approximations, the governing equations for conservation of mass,
momentum, energy, and motile microorganism concentration are formulated in Cartesian coordinates as
follows:

ux + vy = 0, (1)

uux + vuy =
a

ρn f
uyy −

b
ρn f

∂

∂y
(
uy

)n −
σn f B2

0

ρn f
u, (2)

uTx + vTy = αn f Tyy −
1

(ρcp)n f

∂

∂y
(qr) , (3)

uNx + vNy = DmNyy − WcNy, (4)

with boundary conditions

u = uw = cxm, v = 0, T = Tw, N = Nw at y = 0,

u → 0, T → T∞, N → N∞ as y → ∞. (5)

These equations are then transformed using similarity variables to reduce the partial differential equations
into a system of coupled non-linear ordinary differential equations. The resulting system captures the essential
physical behavior of the nanofluid in the presence of a magnetic field, thermal radiation, and a non-linear
stretching surface, while also considering the transport of motile microorganisms within the boundary layer.
This formulation serves as the foundation for the numerical investigation presented in the subsequent sections.

Velocity of nanofluid is (x, y, 0), a, b, and n are the constants of material for Sisko bio-nanofluid. T is the
nanofluid temperature, ρn f is the nanofluid’s density, nanofluid’s thermal diffusivity is given by

αn f =
kn f

(ρcp)n f
,

cp is the specific heat at constant pressure, and kn f is the nanofluid’s thermal conductivity, which are described
as:

ρn f = (1 − φ)ρb + φρg,

(ρcp)n f = (1 − φ)(ρcp)b + φ(ρcp)g,

k(Au)
n f = kb

(kAu + 2kb)− 2φ(kb − kAu)

(kAu + 2kb) + φ(kb − kAu)
,

k(Ag)
n f = kb

(kAg + 2kb)− 2φ(kb − kAg)

(kAg + 2kb) + φ(kb − kAg)
,


(6)

where φ represents the volume fraction of nanoparticles, ρb denotes the density of blood and ρg denotes
the density of the nanoparticles. The terms (ρcp)b and (ρcp)g represent the heat capacitances of blood and
nanoparticles, respectively, while kb, kAu, and kAg denote the thermal conductivities of blood, gold and silver
nanoparticles. The radiative heat flux qr is given by

qr = −4σ∗

3k∗
∂T4

∂y
, (7)

where σ∗ and k∗ are the Stefan–Boltzmann constant and the coefficient of mean absorption, respectively.
Expanding T4 in powers of T using the Taylor series and neglecting higher-order terms, the following
approximation is obtained:

T4 ≈ 4T3
∞T − 3T4

∞. (8)
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Introducing the following non-dimensionalizing functions,
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The transformed equations take the form
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χ′′ + Le [ f χ′ − βχ ] = 0, (12)

and the boundary conditions become{
f (0) = 0, f ′(0) = 1, θ(0) = 1, χ(0) = 1,

f ′(∞) → 0, θ(∞) → 0, χ(∞) → 0,
(13)
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Here, A is referred to as the Sisko nanofluid material parameter, Pr denotes the Prandtl number, and M
represents the magnetic parameter. The quantities Rea and Reb are termed the local Reynolds numbers, while
αb denotes the thermal diffusivity of blood. Furthermore, Le represents the Lewis number, Dm is the diffusivity
of motile microorganisms, β is the swimming speed parameter, and Wc denotes the average swimming speed
of microorganisms. The engineered local Nusselt number and the skin friction coefficient are expressed as:

Nux = − xqw

kb(Tw − T∞)
, C fx =

τw
1
2 ρbu2

w
, (15)

where the wall shear stress τw and the wall heat flux qw are defined as
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[
a
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3. Method of solution

The governing equations describing the flow, heat transfer, and motile microorganism transport in a
non-Newtonian Sisko nanofluid are highly non-linear and coupled in nature. These equations, derived using
appropriate similarity transformations, are initially expressed in terms of higher-order ordinary differential
equations (ODEs). In order to facilitate numerical computation, the coupled system is first reduced to a
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set of first-order ODEs. This transformation is essential for implementing standard numerical integration
techniques and provides a structured framework for efficiently handling the complex interactions among
velocity, temperature, and concentration fields.

To obtain accurate and stable solutions, the fourth–fifth order Runge–Kutta–Fehlberg method (RKF45)
is employed in conjunction with the shooting technique. The RKF45 method is a widely used adaptive
step-size integration scheme that dynamically adjusts the step size based on local error estimates, allowing
it to maintain high accuracy while optimizing computational efficiency. Its dual-order formulation (fourth and
fifth order) ensures that the integration is robust and reliable, especially for stiff or sensitive systems, as often
encountered in non-Newtonian fluid models. The shooting method is used to convert the boundary value
problem (BVP) into an equivalent initial value problem (IVP), enabling the RKF45 integrator to propagate
solutions from the boundary conditions at the wall (η = 0) to the far-field (η → ∞). Unknown initial
conditions are iteratively adjusted using MATLAB’s built-in fsolve function until the far-field boundary
conditions are satisfied within a prescribed tolerance. In this study, a relative tolerance of 1.0× 10−6 is adopted
to ensure convergence and precision in the computed results. The numerical scheme is implemented in the
MATLAB environment, which provides a flexible platform for handling the system of equations, evaluating
the adaptive steps, and visualizing the resulting profiles. This method offers several advantages: it avoids
the complexities associated with linearization, preserves the nonlinearity of the model, and ensures smooth,
continuous solutions for velocity, temperature, and microorganism concentration. The algorithm is capable of
handling a wide range of parameter variations without compromising stability, making it particularly effective
for the present bio-convective, magnetothermal flow problem

The required thermophysical properties of blood, gold, and silver nanoparticles used in this analysis are
presented in Table 1, and serve as the basis for computing the effective dynamic and thermal behavior of
the nanofluids. This methodological approach lays the foundation for a reliable parametric investigation, the
results of which are comprehensively discussed in the following section

Table 1. Thermo-physical properties for blood, gold (Au) and silver (Ag) nanoparticles

Property Blood Au nanoparticles Ag nanoparticles
ρ (kg/m3) 1063 19300 10600
Cp (J/kg K) 3594 129.1 235
k (W/m K) 0.492 318 419

4. Numerical results and discussion

The present section focuses on the analysis of the numerical results obtained for the flow, heat transfer,
and motile microorganism characteristics of gold-blood and silver-blood nanofluids modeled using the Sisko
fluid framework. The system of non-linear ordinary differential equations, derived from the governing
partial differential equations through similarity transformations, has been solved numerically using the
Runge–Kutta–Fehlberg (RKF45) method combined with a shooting technique. This approach enables the
accurate computation of velocity, temperature, and microorganism concentration profiles under the influence
of various physical parameters. A comprehensive set of graphs has been generated and explored in Figures 1 to
19 to interpret the influence of these parameters on the behavior of the nanofluid system. Specifically, Figures
1 to 3 present the impact of key parameters on the velocity profiles, Figures 4 to 9 demonstrate their effect on
temperature distribution, and Figures 10 to 15 highlight the response of motile microorganism concentration
to different physical inputs.

4.1. Velocity profiles

Figure 1 illustrates the velocity profiles for gold-blood and silver-blood nanofluids at various nanoparticle
concentrations. It is observed that the velocity decreases with an increase in nanoparticle concentration for both
types of nanofluids. This behavior is physically consistent with the modeled Sisko fluid dynamics, where the
addition of nanoparticles increases the effective viscosity of the suspension. The elevated viscosity enhances
internal resistance within the fluid, thereby reducing the momentum transfer from the stretching surface. As
a result, the momentum boundary layer becomes thinner, and the flow velocity diminishes. Furthermore, it
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is observed that the gold-blood nanofluid exhibits a lower velocity compared to the silver-blood nanofluid
under the same conditions. This is attributed to the higher density and greater viscosity-inducing effect of
gold nanoparticles, which intensify the flow resistance and further suppress the velocity profile.

Figure 1. Velocity of gold-blood and silver-blood nanofluids for different values of volume fraction of
nanoparticles

Figure 2 presents the velocity profiles of gold- and silver-blood nanofluids for different values of the Sisko
material parameter A. It is observed that increasing A significantly alters the velocity distribution within the
boundary layer for both nanofluids. Specifically, higher values of A enhance the velocity magnitude near
the surface, indicating a reduction in effective resistance to flow associated with the Sisko fluid rheology.
This behavior reflects the strong influence of the material parameter A on the non-Newtonian characteristics
of the fluid, where variations in shear-dependent viscosity modify the momentum transport mechanism.
Furthermore, under identical parameter values, the silver-blood nanofluid exhibits slightly higher velocity
profiles compared to the gold-blood nanofluid. This difference can be attributed to the relatively higher viscous
resistance induced by gold nanoparticles, which suppresses fluid motion and leads to a thicker momentum
boundary layer in the Au-based nanofluid.

Figure 2. Velocity profiles f ′(η) versus similarity variable η for gold- and silver-blood nanofluids at different
values of the Sisko material parameter

Figure 3 illustrates the velocity profiles of gold-blood and silver-blood nanofluids corresponding to
different values of the non-linear stretching parameter. With an increase in the stretching parameter, the
velocity of both nanofluids rises. This occurs because a stronger stretching of the surface enhances the shear
force applied to the fluid, promoting greater momentum transfer from the boundary. As a result, the flow
accelerates and the velocity boundary layer becomes thicker. The figure also indicates that, at each value of the
stretching parameter, the gold-blood nanofluid exhibits a slightly lower velocity compared to the silver-blood
nanofluid. This difference is due to the higher density and more pronounced viscous effects associated with
gold nanoparticles, which contribute to increased resistance against fluid motion.
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Figure 3. Velocity profiles f ′(η) versus similarity variable η for gold- and silver-blood nanofluids at different
values of the non-linear stretching parameter

4.2. Temperature profiles

Figure 4 displays the temperature profiles of gold-blood and silver-blood nanofluids for different values
of nanoparticle concentration. As the concentration increases, the temperature within the boundary layer
also rises for both nanofluids. This trend is attributed to the enhanced thermal conductivity introduced by
the nanoparticles, which improves the heat transfer capacity of the fluid. With more nanoparticles dispersed
in the base fluid, the nanofluid absorbs and retains more thermal energy, resulting in a higher temperature
distribution. The gold-blood nanofluid consistently exhibits a higher temperature profile than the silver-blood
nanofluid at each concentration level, which can be attributed to enhanced thermal energy retention resulting
from increased viscous resistance and reduced convective cooling in the Au-based nanofluid. This allows the
gold-based suspension to store and distribute heat more efficiently throughout the fluid domain.

Figure 4. Temperature profiles θ(η) versus similarity variable η of gold-blood and silver-blood nanofluids for
different values of volume fraction of nanoparticles

Figure 5 shows the temperature profiles of gold-blood and silver-blood nanofluids for varying values of
the Sisko material parameter. As the Sisko parameter increases, the temperature within the boundary layer
also increases for both types of nanofluids. This parameter characterizes the non-Newtonian nature of the
fluid, where higher values indicate stronger shear-thinning behavior. In the context of the modeled problem,
an increase in this parameter reduces the resistance to deformation under shear, resulting in a less effective
convective cooling mechanism. Consequently, more thermal energy is retained within the fluid, leading to a
rise in temperature. Furthermore, the temperature profile of the gold-blood nanofluid remains consistently
higher than that of the silver-blood nanofluid at all values of the Sisko parameter. This is attributed to the
enhanced thermal energy retention and suppressed convective transport, which enhances the fluid’s ability to
absorb and retain heat within the thermal boundary layer.

Figure 6 presents the temperature profiles of gold-blood and silver-blood nanofluids for different values
of the non-linear stretching parameter. As the stretching parameter increases, the temperature within the
boundary layer decreases for both nanofluids. This occurs because stronger stretching enhances the fluid
motion along the surface, which in turn increases convective heat transfer away from the heated surface. As



Open J. Math. Sci. 2026, 10, 386-400 394

a result, the thermal boundary layer becomes thinner, and the fluid retains less thermal energy near the wall.
The figure also shows that the temperature profile of the gold-blood nanofluid remains higher than that of
the silver-blood nanofluid across all stretching rates. This is due to enhanced thermal energy retention and
suppressed convective transport, which improves the nanofluid’s capacity to absorb and store heat, leading to
a warmer thermal boundary layer compared to its silver-based counterpart.

Figure 5. Temperature profiles θ(η) versus similarity variable η of gold-blood and silver-blood nanofluids for
different values of Sisko material parameter

Figure 6. Temperature profiles θ(η) versus similarity variable η of gold-blood and silver-blood nanofluids for
different values of non-linear stretching parameter

Figure 7. Temperature profiles θ(η) versus similarity variable η of gold-blood and silver-blood nanofluids for
different values of magnetic parameter

Figure 7 shows the temperature profiles of gold-blood and silver-blood nanofluids for varying values
of the thermal radiation parameter. As the radiation parameter increases, the temperature within the
boundary layer also increases. This is because thermal radiation enhances the thermal energy input into
the system, leading to a greater accumulation of heat in the fluid. The radiation effect weakens the cooling
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efficiency, resulting in a thicker thermal boundary layer. Additionally, the gold-blood nanofluid consistently
maintains a higher temperature than the silver-blood nanofluid, which can be attributed to increased thermal
energy retention associated with reduced convective cooling and stronger viscous resistance in the Au-based
nanofluid under radiative conditions.

Figure 8 displays the temperature profiles of gold-blood and silver-blood nanofluids for different values
of the magnetic parameter. An increase in the magnetic parameter leads to a rise in the fluid temperature.
This is attributed to the presence of a transverse magnetic field that induces a Lorentz force, which resists
fluid motion and generates internal heating known as Joule heating. This internal energy dissipation raises
the temperature of the fluid. The temperature profile for the gold-blood nanofluid remains higher than that of
the silver-blood nanofluid at each magnetic field strength due to the enhanced thermal storage capability of
gold-based nanofluids.

Figure 8. Temperature profiles θ(η) versus similarity variable η of gold-blood and silver-blood nanofluids for
different values of magnetic parameter

Figure 9 illustrates the temperature profiles of gold-blood and silver-blood nanofluids for varying values
of the Prandtl number. As the Prandtl number increases, the fluid temperature decreases. This is because a
higher Prandtl number signifies lower thermal diffusivity, which means the fluid transfers heat more slowly,
leading to a thinner thermal boundary layer and lower temperature distribution. Between the two, the
gold-blood nanofluid exhibits a higher temperature profile than the silver-blood nanofluid for all Prandtl
number values, primarily due to the greater thermal conductivity of gold nanoparticles, which enhances heat
retention within the fluid.

Figure 9. Temperature profiles θ(η) versus similarity variable η of gold-blood and silver-blood nanofluids for
different values of Prandtl number

4.3. Motile organisms’ concentration profiles

Figure 10 illustrates the concentration profiles of motile microorganisms in gold-blood and silver-blood
nanofluids for different values of nanoparticle concentration. As the concentration of nanoparticles increases,
the concentration of motile microorganisms decreases throughout the boundary layer. This behavior is
attributed to the rise in effective viscosity and thermal conductivity of the nanofluid, both of which alter the
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fluid environment in a way that suppresses the motility and dispersion of microorganisms. The enhanced
viscosity introduces greater resistance to microorganism movement, while increased thermal conductivity
affects the local temperature gradients that often guide microorganism navigation. Additionally, the
gold-blood nanofluid exhibits a lower microorganism concentration compared to the silver-blood nanofluid at
each level of nanoparticle concentration. This is due to the stronger thermal and viscous effects associated with
gold nanoparticles, which more effectively hinder the transport and accumulation of motile microorganisms
within the flow field.

Figure 10. Concentration of motile micro-organisms for different values of volume fraction of nanoparticles

Figure 11 presents the concentration profiles of motile microorganisms in gold-blood and silver-blood
nanofluids for varying values of the Sisko material parameter. As this parameter increases, the concentration
of motile microorganisms decreases. A higher Sisko parameter reflects stronger shear-thinning behavior,
which reduces viscous resistance and accelerates fluid motion. This enhanced flow diminishes the time
microorganisms spend near the surface, weakening their accumulation within the boundary layer. The
gold-blood nanofluid consistently shows a lower microorganism concentration compared to silver-blood,
due to the stronger viscous and thermal interactions introduced by gold nanoparticles, which further hinder
microorganism motility.

Figure 11. Concentration of motile micro-organisms for different values of Sisko material parameter

Figure 12 shows the concentration of motile microorganisms for different values of the non-linear
stretching parameter. With increasing stretching intensity, a noticeable reduction in microorganism
concentration is observed. This occurs because stronger stretching accelerates the fluid near the wall, thinning
the concentration boundary layer and reducing the opportunity for microorganisms to cluster. The gold-blood
nanofluid exhibits a comparatively lower concentration of microorganisms across all stretching values, which
is linked to the higher resistance effects induced by gold nanoparticles.

Figure 13 depicts the concentration profiles of motile microorganisms for various values of the thermal
radiation parameter. An increase in radiation results in a decline in microorganism concentration for both
nanofluids. Enhanced thermal radiation elevates the fluid temperature and disrupts the temperature gradients
that typically support microorganism transport via thermotaxis. This weakens their directed movement and
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reduces their presence near the surface. The gold-blood nanofluid again shows lower concentration levels,
influenced by its greater ability to absorb and distribute radiative heat, which intensifies these effects.

Figure 12. Concentration of motile micro-organisms for different values of non-linear stretching parameter

Figure 13. Concentration of motile micro-organisms for different values of thermal radiation parameter

Figure 14 presents the microorganism concentration for different values of the swimming speed
parameter. As the swimming speed increases, the concentration of motile microorganisms also increases. This
is because higher swimming speed enhances the ability of microorganisms to overcome fluid resistance and
remain closer to the surface, promoting accumulation in the boundary layer. However, the concentration in
gold-blood nanofluid remains slightly lower than in silver-blood due to stronger viscous and thermal effects
in the former, which still impose some restriction on microorganism motility.

Figure 14. Concentration of motile micro-organisms for different values of the swimming speed parameter b

Figure 15 shows the concentration profiles of motile microorganisms for varying values of the Lewis
number. With an increase in the Lewis number, the microorganism concentration decreases. A higher Lewis
number indicates reduced mass diffusivity relative to thermal diffusivity, which weakens the transport of
microorganisms across the fluid domain. As a result, their distribution becomes more confined and less
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pronounced. The gold-blood nanofluid exhibits a lower concentration in comparison to silver-blood at all
Lewis number values, due to its enhanced thermal properties and greater suppression of mass transport
mechanisms.

Figure 15. Concentration of motile micro-organisms for different values of Lewis number Le

In summary, beyond the qualitative profile analysis, the numerical results also demonstrate clear
quantitative trends in key engineering performance measures. An increase in the magnetic parameter leads to
higher skin-friction coefficients, indicating enhanced flow resistance, while simultaneously increasing the local
Nusselt number due to suppressed convective heat transport and greater thermal energy retention. Thermal
radiation exhibits a stronger influence on heat transfer than on momentum transport, whereas variations in
the Prandtl number primarily affect the thermal response with comparatively weaker impact on velocity.
Comparisons between Au- and Ag-based nanofluids reveal that gold-based nanofluids generally exhibit
higher surface shear and enhanced heat transfer rates under identical conditions, reflecting a trade-off between
thermal enhancement and increased flow resistance. Among the parameters examined, nanoparticle volume
fraction and thermal radiation show the strongest sensitivity in thermal performance, while the influence of
magnetic effects on microorganism transport remains comparatively weak.

5. Conclusion

In this study, a computational investigation was carried out to analyze the flow, thermal, and
bioconvective characteristics of gold-blood and silver-blood nanofluids under the influence of thermal
radiation, magnetic field, and nonlinear stretching. The governing boundary layer equations for momentum,
energy, and motile microorganism concentration were formulated using the Sisko non-Newtonian fluid
model. These equations were transformed into a system of ordinary differential equations using similarity
transformations and solved numerically by employing the Runge–Kutta–Fehlberg (RKF45) method with a
shooting technique in MATLAB. The effects of key physical parameters such as nanoparticle concentration,
Sisko material parameter, magnetic field, radiation, Prandtl number, and swimming speed on velocity,
temperature, and microorganism profiles were investigated in detail for both gold and silver nanoparticles
suspended in blood. From the simulation results, the following major conclusions can be drawn:

• Increasing the concentration of nanoparticles leads to a reduction in velocity and motile microorganism
concentration, while significantly enhancing the temperature profile due to improved thermal
conductivity.

• A higher Sisko material parameter boosts both velocity and temperature, while reducing the
concentration of microorganisms, owing to its shear-thinning nature.

• The nonlinear stretching parameter enhances fluid velocity and reduces both temperature and
microorganism concentration by intensifying shear near the wall.

• Thermal radiation elevates the temperature while simultaneously reducing microorganism concentration
due to disrupted thermotaxis.

• The application of a magnetic field increases fluid temperature as a result of Joule heating, while slowing
down the velocity due to Lorentz force resistance.

• A higher Prandtl number reduces the temperature distribution by limiting thermal diffusivity, with
gold-blood nanofluids consistently retaining more heat than silver-based ones.
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• An increase in the swimming speed of microorganisms promotes their accumulation, whereas higher
Lewis numbers suppress their concentration by reducing mass diffusivity.

Overall, the study confirms that gold nanoparticles are more effective than silver in enhancing thermal
behavior, although they introduce greater viscous resistance to flow and microorganism motility. These
findings offer qualitative insights into the thermal and bioconvective characteristics of bio-nanofluid systems
under shear-driven transport conditions.
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