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The influence of chemical species on the magnetised bioconvection flow of viscous nanofluid upon a curved surface is 
scrutinized in this exploration. Additionally, Brownian motion, heat generation/absorption, thermal radiation, and 
thermophoretic are included. Thermal/solutal, two constraints have been taken to compute the heat and mass transport 
analysis. To boost the effectiveness of the system, a method describing the viscous nanoliquid behaviour of the stretching 
curved is revealed by the present research's supplement. The dynamics of constitutive equations are rendered to model the 
transformation equation via the similarity factor. bvp4c techniques are then considered to solve the model transformation 
equation. The augmented values of the magnetic field parameter decay the velocity gradient. As a result, it is important to 
note that when the thermal radiation and Brownian motion variables concurrently escalate, the temperature fields intensify 
noticeably. The concentration gradient increased with the intensification values of the solutal Biot number and Brownian 
movement. Additionally, the local density number, heat, and mass transfer rates are computed. A tabulated evaluation of the 
present findings with outcomes in the research in the limited situation is performed to demonstrate the precision of the 
chosen numeric approach. 
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Introduction  
Bacterial movement creates gradients of density 

during bioconvection due to the flow of mixed microbes 
or biological solutions inside diluted liquids. The motion 
of unicellular bacteria is the main cause of instability. 
On the other hand, microbial suspensions cause 
hydrodynamic instability in nanofluids, which display 
similar instability features because of nanoscale 
mobility. This contrast draws attention to the possibility 
of notable changes in evaporation processes when 
microbes are added to nanofluids. Kuznetsov et al.1 
addressed the stabilization of nanoparticles comprising 
microorganisms.  Moradi et al.2 suggested the impact 
of the magnetic field on the buoyancy bioconvection 
flow of nanomaterial upon stretchy surface. 
Khan et al.3 considered the significance of the time-
dependent microorganism flow of magnetized 
nanomaterial through a stretchable surface. Wu et al.4 
elaborated the irreversible bioconvection tangent 

hyperbolic nanomaterial subject to the heated radiation 
and first order chemical factor. Hussain et al. 5 
described the chemical species of microorganisms for 
the nanoliquid, considering carbon nanotube. 
Rana et al. 6 explained the steady axisymmetric flow of 
the bioconvection uniform cone disk using numerical 
simulation. Galal et al.7 explored the bioconvection 
flowin the nanoliquid of viscoelastic model past a 
stretchable cylinder with Lorentz force applied. 
Gasmi et al. 8 discovered the impact of magnitised 
bioconvection non-Newtonian fluidic upon the disk 
with the heated radiation. Chaudry et al.9 examined the 
heated radiative magnetised flow of nanomaterial 
consisting of microorganisms within a rotatory 
oscillated disk.  

The movement of fluid across a curved surface has 
numerous potential applications within mechanical 
engineering and industry, including polymeric 
evacuation in melting and rotating shapes, efficient 
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evacuation of sheets of plastic, optical fiber 
production. Ramzan et al.10 inspected the exploration 
of heat flux under magnetized flow of nanomaterial 
upon a curved surface. Nabwey et al.11 scrutinized the 
thermal exploration of Carreau fluid consisting of 
three nanoparticles upon an exponentially curved 
surface. Haq et al.12 computed the magnetic field of 
the nanomaterial through a machine learning 
approach and a non-similar solution. Sharma et al.13 
debated the influence of homogeneous/heterogeneous 
reactions upon a heated curved surface with the 
Lorentz effect. Ibrahim et al.14 illustrated the 
Boussinesq approximation of radiative flow of hybrid 
nanoparticles upon stretchable/shrinkable curvy 
surface using stability solution. Muhammad et al. 15 
debated the magnetized hybrid nanoliquid upon a 
curve surface considering numerical solution. 
Badruddin et al.16 deliberated the impact of heat 
generation/absorption for the significant of 
nanoparticle (ZnO-SAE50) upon a lubricating curved 
surface. Jan et al. 17 discussed the mixed convection 
thermal radiation of tri-hybrid nanoparticles ina 
non-similar solution upon a curved surface. 
Rafiq et al.18 reported the computational study of the 
magnetic field effect on the second fluid upon 
a surface.  

Nanoliquids are substances that are an arrangement 
of nanomaterials in fundamental materials. These 
kinds of fluids have numerous applications in 
scientific, technological, and engineering fields, 
including vehicular and commercial air conditioning, 
chemotherapy for cancer, oil extraction, and shock 
absorption. Choi19 first proposed the notion of 
nanoparticle dispersion in a fluid. Buongiorno20 
devised a new model for dispersing nanomaterials in 
liquids using Brown's law and thermophoresis as 
methods. These consequences are crucial in 
addressing mass and heat transportation difficulties. 
Using the aforementioned model, researchers have 
explored different ways to fluid flow on various 
surfaces. Hosseinzadeh et al.21 computed the impact of 
the exploration of non-Newtonian nanoliquid for the 
magneto flow upon a curved surface. Pattanaik et al. 22 
expressed the impact of the chemical factor on the 
nanoliquid subject to the Darcian Forchheimer flow 
with heated constraint. Razzaq et al.23 communicated 
the viscoelastic nanoliquid for the buoyancy force 
upon an exponentially stretchable surface.  
Abbas et al.24 manifested the porosity flow of a 
nanoliquid of viscoelatics slippery surface with a 

heated source/sink. Waqas et al.25 exhibited the zero 
mass flux of magento Jeffey nanoliquid upon a 
movable surface. Basit et al.26 intimated the 
comparison analysis of radiative flow containing 
nanoliquid with activated energy along the chemical 
factor upon a wedge surface. Yasmin et al.27  
revealed the numerical solution of magneto 
Newtonian MgO –water nanoliquid for enclosure fins. 

The evaluation of magnetic hydrodynamics (MHD) 
flow along with heat transportation across a stretching 
curved surface has gained attention due to its use in 
modern technological and mathematical methods such 
as melting and spinning and the cooling of large metal 
plates, polymers simulation from coloured cardboard 
and plastic material manufacturing, thermoplastic and 
rubber sheet manufacturing, rolling paper production, 
and curve-shaped attachments of stretchable assembly 
machinery. Mahabaleshwar et al.28 explored the 
velocity slipping effect for the magnetized flow on the 
non-Newtonian fluid with heated convective 
condition upon a shrinkable surface. Alharbi et al.29 
discussed the significance of the nanomaterial for the 
magento flow of non-Newtonian fluid across the 
slendring surface. Muhammad et al.30 deliberated the 
influence of Darcy Forchheimer magneto 
bioconvection flowing relation of nanoparticles via 
numerical simulation. Hansda et al.31 explained the 
radiative flow second law analysis magneto-hybrid 
nanoliquid via wavy cavity surface. Jamrus et al.32 
discovered the magneto flow of hybrid nanoliquid 
with velocity slip effect and stratified via stretchable 
sheet . Tahir et al.33 explored the magneto flow of 
ferro nanoparticles containing Mn, Zn and Fe2O4 
subject stretchable sheet. 

This work examined the thermal/solutal affects the 
magnetised bioconvection flow of a nanofluid across 
a curved surface. To the best of our knowledge, the 
above mentioned researchers have not examined 
bioconvection nanomaterial over a  thermal\solutal 
curve surface. Thermal radiation, chemical reaction 
and heat generation/absorption have been accounted. 
Matlab bvp4c function obtained the solution of the 
converted equations. The physical interpretation are 
decribed in the graphical and tabular form with 
various parameters. Our flow model's numerical 
findings align with earlier research, indicating 
significant agreement. The findings give novel 
development concepts towards magnets micro 
biological reactors, optoelectronic biological sensors, 
and specific drug delivery techniques using 
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thermophilic bacterial strains.The following research 
question has been given below 
 How did nanoscale aggregation influence on the

energy and concentration gradient?
 How would be the essential electromagnetic field

curve velocity?
 Where may chemical reactions to nanoparticles

concentration variations affect airflow
distributions?

 Which amount of nanoparticle causes adverse
impacts upon microbe movement, denying the
biological convection theory?

 How two-dimensional flow variables on drag
force, Nusselt number, Sherwood and motile
density?

Mathematical Formulation 
Consider the incompressible, steady magneto 

bioconvection flow of nanomaterial thermal radiation 
effect upon a curved stretchable sheet. The thermal 
and solutal convective conditions have been used on 
the curve surface. For descriptions of the framework, 
employ the curvilinear variables (𝑟, 𝑠). Two 
equivalent but opposed forces within the 𝑠 position 
maintain the point of origin static, causing the 
material to extend around a circular shape of radius 
𝑅. The 𝑟 െdirection is commonly used on the 
surface. Suppose that the sheet's stretch velocity can 
be expressed by 𝑢 ൌ  𝑢௪ሺ𝑠ሻ  ൌ  𝑎𝑠 and its 
stretching characteristic is 𝑎. Magnetic field strength 
depicted by 𝐵଴to the direction of motion 𝑟. 
Additionally, 𝑇௙ and 𝐶௙ are the thermal and mass on 

the curved sheet, and Ω୵ is the wall of the surface of 
the motile density. As 𝑟 approaches infinity, ambient 
conditions are denoted by 𝑇ஶ,𝐶ஶ,𝑎𝑛𝑑 Ωஶ. The 

physical model of the bioconvection nanomaterial has 
been depicted in Fig. 1. The mathematical equations 
driving a nanofluid that comprise radiation flux and 
chemical responses can be expressed in the following 
manner, depending on the presumptions: 
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The symbols 𝑢 and 𝑣 signify the 𝑠 െ  𝑎𝑛𝑑 𝑟 െ
 direction. The 𝑝 describes the pressure, 𝑣describes the 
viscosity, 𝜎describes electrical conductivity, 
𝐵଴describes magnetic field strength, 𝜇 describes 
dynamics viscosity of fluid, 𝜌describes fluid density, 
ሺ𝜌𝐶௣ሻdescribes heat capacity of nanoparticles, 
𝐷்describes thermophoresis coefficient, 𝑇describes 
temperature of the fluid, 𝑇௙ describes temperature of the 
fluid, 𝐶௙  describes concentration of the liquid, ℎ௙ 
describes heat transport coefficient, ℎ௚ describes mass 
transport coefficient, 𝑏 describes chemotaxis 
constant, 𝐷஻ describes Brownian motion, Ω௪describes 
wall of the microorganism, 𝑇ஶdescribes the ambient 
temperature, 𝑄∗ describes heat source/sink, 𝐶ஶdescribes 
concentration field, Ωஶ describes ambient 
microorganism density, W௖ describes swimming cell 
speed, D௠ describes living microbes density, 𝜎∗ 
describes Stefan Boltzman constant.  

The boundary constraint is 36 
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Fig. 1 — Physical flow of the model 



INDIAN J CHEM TECHNOL, MAY 2026 476

The subsequent factors have been included to 
streamline the equations. 
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The aforementioned transformations (8) match 
Eq. (1) thus transformed nonlinear PDE’s Eqs (2)-(6) 
into nonlinear ODE’s Eqs (9)-(13). 
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Eqs (9) and (10) remove the pressure term.  
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Converted boundary conditions is: 
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The following values are also to be noticed 

Engineering quantities 
The engineering quantities are explained as as39 

𝐶௙ ൌ
ఛೝೞ
ఘ೑௎ೢ

మ ,𝑁𝑢௦ ൌ
௦௤ೢ

𝓀೑൫்೑ି ಮ்൯
,

𝑆ℎ௦ ൌ
௦௤ೕ

஽ಳሺ஼ೢି஼ಮሻ
,𝑁ℎ௦ ൌ

௦௤೘
஽೘ሺ஧ೢି஧ಮሻ

ቅ ... (16)

Where  𝜏௥௦ is the shear stress, 𝑞௪, 𝑞௝ , 𝑞௠are heat, 
mass and motile density are described as  
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Given Eqns. (9,17, 18) we have39 
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Numerical procedure 
The conversion of model ODE’s (9-14), along with 

the boundary condition Eq. (15) have been assigned 
into new variable. These new variables are considered 
via the numerical approach bvp4c, implemented in 
MATLAB. This results in higher-order ODEs, which 
are subsequently simplified by assigning a new 
variable. Fig. 2 depicts the flow chart of the numerical 
computation.  
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౶ల
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 ... (21) 

𝑍଼
ᇱ ൌ െ𝑆𝑐

ఢ

కାఢ
𝑍ଵ𝑍଼ ൅ 𝑆𝑐𝐾𝑟𝑍଼ െ

ே௧

ே௕
𝑍଺
ᇱ  ... (22) 
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𝑍ଵ଴
ᇱ ൌ െ𝐿𝑏

ఢ

కାఢ
𝑍ଵ𝑍ଵ଴ െ

௓భబ
ሺకାఢሻ

൅ 𝑃𝑒ሺ𝑍ଵ଴𝑍଼ ൅ 𝑍଼
ᇱ ሺ𝜛 ൅ 𝑍଻ሻሻ  

... (23) 

First converted boundary conditions is 
𝑍ଵሺ0ሻ ൌ 0,𝑍ଶሺ0ሻ ൌ 1,𝑍ସሺ0ሻ ൌ െ𝛾௔൫1 െ 𝑍ହሺ0ሻ൯,

𝑍଺ሺ0ሻ ൌ െ𝛾௕൫1 െ 𝑍଻ሺ0ሻ൯,𝑍ଽሺ0ሻ ൌ 1
,

𝑍ଶሺ∞ሻ → 0,𝑍ଷሺ∞ሻ → 0,𝑍ହሺ∞ሻ → 0,𝑍଻ሺ∞ሻ → 0,𝑍ଽሺ∞ሻ → 0
... (24) 

The 𝜉ஶ is selected large enough to satisfy the 
interface restrictions asymptotically. The step size 
(Δξ= 0.0001) and error tolerance (10−8) are carefully 
adjusted for optimal convergence.  

Validated with current result  
The precision of the supplied concept needs to be 

verified. To validate our computational conclusions, 
we assess numerical information for skin friction 
(Cfr) in a specific case. The basic viscosity flow of 
fluid theory is obtained by setting M = 0. Table 1 
validates the numerical outcomes from the modeling 
process and shows that our numerical results are 
virtually identical to those of the references. 

Results and Discussion 
This experiment aimed to analyze the magneto-

bioconvection flow of viscous nanomaterial past a 

curved surface. The study focuses on examining the 
impact of chemical factor, thermal radiation and heat 
generation/absorption, especially considering 
thermal/solutal convective applied on the boundary 
condition. The various physical interpretations have 
been examined through velocity factor 𝐹′ሺ𝜉ሻ, thermal 
gradient Θሺ𝜉ሻ, mass gradient Ξሺ𝜉ሻ, and motile 
microorganism distribution Ωሺ𝜉ሻ. The explanation of 
various flow variables is plotted in Figs 3-8. The 
engineering quantities, radial drag force, heat, mass, 
and motile microbes are computed through Table 2-5. 

Fig. 3 evaluates the influence of the magnetic field 
(𝑀) upon the velocity gradient 𝐹′ሺ𝜉ሻ. Applying the 
magnetic field factor substantially declines the 
velocity gradient. If a magnet is introduced to an 
electrically flowing substance, it generates a current 
of electricity. The generated flow combines against 
the magnetic field, producing a Lorentz effect. 
Additionally, the force of Lorentz operates along the 
contrary orientation of the liquid's velocity, similar to 
a resisting bodily strain.  

Fig. 4a examines the consequences of Bownian 
factor (𝑁𝑏) across the temperature profile Θሺ𝜉ሻ. 
Changing the 𝑁𝑏 causes an upward trend in 
temperature near the surface. Brownian movement 
phenomenon enables nanocrystals to shift randomly 
through large regions to small regions. This erratic 
movement improves nanoscale transfer of energy 
because of multiple collisions among nanocrystals 
with aqueous particles. As a consequence, additional 
heat is transferred throughout the medium. Fig. 4b 
views the influence of thermophoretic force (𝑁𝑡) 
upon Θሺ𝜉ሻ. Greater estimation of 𝑁𝑡 elevates the 

Fig. 2 — Flow chart of numerical method 

Table 1 — comparing 𝐶௙௥ሺ𝑅𝑒௦ሻଵ/ଶskin friction at the surface for 
different values of 𝐹𝑟 ൌ 0, Γ ൌ 0 

𝜖 Ahmed and Khan35 Sanni et al.34 Current result 

10 1.0725 1.0734 1.0731 
40 1.0173 1.0176 1.0173 
100 1.0034 1.0034 1.0035 
1000 1.0007 1.0008 1.0007 

Fig. 3 — Plot of 𝑀 against 𝐹′ሺ𝜉ሻ 
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Fig. 4 — Plot of (a) 𝑁𝑏, (b) 𝑁𝑡, (c) 𝑃𝑟, (d) 𝑅𝑑 and (e) 𝛾௔against Θሺ𝜉ሻ. 

Fig. 5 — Plot of (a) 𝑁𝑏, (b) 𝑁𝑡, (c) 𝑆𝑐, (d) 𝐶ℎ and (e) 𝛾௕against Ξሺ𝜉ሻ 

Θሺ𝜉ሻ value. The heating process moves 
nanomaterials away from the heating substrate and 
against the less warm diffuse fluid. The particle 
motion transports heat through the heated barrier to 

the liquid domain. Fig. 4c illustrates the impact of 
Prandtl number (𝑃𝑟) upon Θሺ𝜉ሻ. When the 𝑃𝑟 
boosts, the thermal gradient diminishes. An elevated 
𝑃𝑟 indicates liquids that have poor thermal diffusion. 
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Fig. 4d demonstrates the significance of thermal 
radiation upon Θሺ𝜉ሻ. A bigger estimation of the 
thermal radiation parameter (𝑅𝑑) elevates the 
temperature gradient. In alongside conductive over 
convective, thermal radiation provides another 
mechanism for thermal movement. Radiant heat flow 
increases the transfer of energy via the heating 
substrate to the fluid. This phenomenon enhances the 

liquid's diffusion properties. Fig. 4e explains the 
analysis of the Biot number (𝐵𝑖) across Θሺ𝜉ሻ. Higher 
Bi numbers boost the heating of the surface. When 𝐵𝑖 
grows, the heat exchange among its outermost layer 
with the fluid that surrounds gets more effective over 
convective. This improves the thermal supply through 
the exterior wall to the liquid, causing a shift in the 
ambient temperature gradient.  

Fig. 6 — Plot of (a) 𝑃𝑒 and (b) 𝐿𝑏 against  𝜓ሺ𝜉ሻ 

Fig. 7 — Plot of 𝜖 against (a) 𝐹′ሺ𝜉ሻ, (b) Θሺ𝜉ሻ, (c) Ξሺ𝜉ሻ and (d) 𝜓ሺ𝜉ሻ 
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Fig. 5a reveals the importance of the Brownian 
motion (Nb) and the concentration gradient Ξሺ𝜉ሻ. A 
spike in Nb minimizes nanoscale deposition over the 
outer layer. When Nb levels rise, the erratic mobility of 
nano accelerates, accelerating the diffusion of mass out 
of its outermost layer. Fig. 5b exemplifies the 
thermophoretic force (Nt) over Ξሺ𝜉ሻ. Whenever Nt 
grows, higher thermophoretic pressures drive nanoscale 
particles far towards the hot barrier and toward a 
cooler liquid area. The outcome is an augmentation of 
a concentration gradient. Fig. 5c depicts the insight of 
Schmidt number (Sc) over Ξሺ𝜉ሻ. Increasing Sc 
numbers inhibit the diffusion of molecules, causing 
the particular species to stay near to the wall. Thus, 
the concentration declines with larger values of Sc. 
Fig. 5d highlights the features of a chemical reaction 
(Ch) against Ξሺ𝜉ሻ. Boosting the chemical response 
factor reduces the concentration field. Fig. 5e 
illustrate the influence of solutal Biot number on the 
concentration gradient, boosting concentration filed 
due to larger magnitude of solutal Biot number.  

Fig. 6a elucidates the variation of microorganism 
density 𝜓ሺ𝜉ሻ with augmenting values of Peclet 

number (Pe). Convection transportation takes 
precedence over microbial migration when Pe rises. 
The microbe's density pattern diminishes as a 
consequence of the microorganisms being carried 
along with the movement of water. Fig. 6b describes 
the fluctuation of 𝜓ሺ𝜉ሻ with augmenting values of 
Bioconvection Lewis number (Lb). Convection 

Fig. 8 — Plot of streamline with (a) 𝑀 ൌ 0.1, 𝜖 ൌ 0.3 and (b) 𝑀 ൌ 0.4, 𝜖 ൌ 1.3 

Table 2 — Performance of Drag force against numerous  
involved physical parameters 

𝜖 𝑀 -𝑅𝑒௦
ଵ/ଶ𝐶௙

3.0 1.0 5.4049
4.0 4.5026
5.0 4.1385
6.0 3.9620

1.1 2.3299
1.2 2.3647
1.4 2.4197
1.7 2.4642

Table 3 — Performance of Nusselt number against numerous 
involved physical parameters 

𝛾௔ 𝑅𝑑 𝑄𝑠 𝑁𝑏 𝑁𝑡 𝜖 𝑅𝑒௦
ିଵ/ଶ𝑁𝑢௦ 

0.2 0.1 1.1 0.4 0.6 0.2 0.4467 
0.3  0.4546 
0.4  0.4672 
0.5  0.4798 

 0.3 0.5577 
 0.5 0.6679 
 0.8 0.7781 
 0.9 0.8881 

0.1  0.1356 
0.5  0.4320 
1.0  0.6354 
1.5  0.8962 

 0.6  0.6770 
 0.8  0.7145 
 1.2  0.7507 
 1.4  0.7853 

0.9  0.5617 
1.2  0.6007 
1.4  0.6411 
1.7  0.6832 

 0.2 0.1098 
 0.5 0.1121 
 0.7 0.1982 
 0.9 0.2871 
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transportation takes precedence over microbial 
dispersion when Lb rises. The microbe density 
reduction results from the microorganisms being 
carried along with the flow. 

The variation of curvature variable (𝜖 ൌ
0.1,10,100,500,1000) on the velocity gradient 𝐹′ሺ𝜉ሻ 
has been seen in Fig. 7a. Formally, a bigger parameter 

for curvature translates into a greater surface radius, 
thereby lowering the surface's barrier, which enables 
the liquid's molecules to travel freely. As a result, 
motion dissipation grows stronger, allowing greater 
speeds to escape the substrate. Fig. 7b depicts the 
significance of the curvature variable (𝜖) upon the 
temperature field. Greater estimation of the curvature 
variable decreases the temperature field. In nature, 
larger curved improves geometrical stretch for base 
compactness while increasing the transfer of heat 
across the outside to the surrounding fluid. Fig 7c 
discusses the impact of curvature variable (𝜖 ൌ
0.1,10,100,500,1000) over concentration gradient. 
When 𝜖 grows to 10, 100, 500, 1000 the concentration 
curves drop more rapidly and reach the ambient state 
lessen estimation of 𝜉. Physically, larger curving 
improves interface compactness and geometrical 
consequences, which increase heat dispersion from 
the surface into the fluid while decreasing thermal 
energy retention along the wall. Fig. 7d reveals the 
impact of the curvature variable on the microbes 
density gradient 𝜓ሺ𝜉ሻ.  The larger the estimation of 
the 𝜖 enhances the motile microbes.  

Fig. 8 explain the streamline pattern for the M and 
curvature variable. The curved factor improves stream 
intricacy via generating centrifugal movements 
including streamlined stretching, but the field of 
magnets variable maintains the movement by 
preventing movement. The streamlined designs thus 
represent an equal amount of geometrical 
force curvature with magnetic dampening 
(an electromagnetic field). It is particularly relevant 
for systems involving mechanically heated pumping, 
curving tube exchangers, particularly magnetically 
conducting tiny liquids over surfaces that curve. 

Table 2 depicts the fluctuation of the dimensional 
drag via the magnetic parameter (𝑀) along curvature 
factor (𝜖). Growing the curvature factor about 
(𝜖 ൌ 3.0 𝑡𝑜 6.0) leads for a continuous drop in 
𝐶௙௦(5.4049 to 3.9620). This pattern of conduct 
suggests that increased curvature lessens shear 
rate.When 𝑀 = 1.1 to 1.7 the magnetic parameter 
causes a progressive increase in 𝐶௙௦(2.3299 to 
2.4642). The current pattern is linked to the 
intensification of the Lorentz force, that opposes fluid 
movement thus generates shear strain near the outer 
layer, growing shear rate.  

Table 3 views the significane of flow variable such 
as Biot number (𝛾௔), thermal radiation (𝑅𝑑), heat 

Table 4 — Performance of Sherwood number against numerous 
involved physical parameters 

𝛾௕ 𝐶ℎ 𝑁𝑏 𝑆𝑐 𝑁𝑡 𝑅𝑒௦
ିଵ/ଶ𝑆ℎ௦ 

0.1  0.7107 
0.2  0.7393 
0.3  0.7628 
0.4  0.7824 

 1.3  0.2701 
 1.5  0.2493 
 1.7  0.2321 
 1.9  0.2176 

0.1  0.2772
0.7  0.28729
1.3  0.2977
1.9  0.3031 

 1.1  0.3317
 1.3  0.3075 
 1.6  0.2873 
 1.8  0.2701 

 0.5 0.2435 
 1.0 0.3565 
 1.5 0.3878
 2.0 0.4235

Table 5 — Performance of microorganism against numerous 
involved physical parameters 

𝜖 𝐿𝑏 𝑃𝑒 𝜛 
𝑅𝑒௦

ି
భ
మ𝑁𝑛௦ 

0.1 2.3212 
0.2 1.7212 
0.5 1.1567 
0.7 0.7678 

1.1  1.7621 
1.3  1.7232 
1.5  1.6690 
1.9  1.6076 

1.1  1.3087 
1.2  1.8710 
1.6  2.1391 
1.8  2.8781 

1.1 2.1781
1.3 2.8719
1.5 3.8541 
1.9 4.7611 
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source variable (𝑄𝑠), Brownian motion variable 
(𝑁𝑏), thermophoretic variable (𝑁𝑡), and Brownian 
motion variable (𝜖) across the heat rate near the curve 
surface. Each of the the flow variable investigated had 
an advantageous effect on the surface heat transport. 

Table 4 reveals the mass rate of the flow variables 
on the Biot number (𝛾௕), chemical reaction (𝐶ℎ),  
Brownian motion (𝑁𝑏), Schmidt number (𝑆𝑐) and 
thermophoresis number (𝑁𝑡). Greater estimation of 
𝑁𝑏, 𝛾௕, 𝑁𝑡, 𝐶ℎ enhances in 𝑆ℎ௦ but results in a 
reduction in 𝑆𝑐.  

Table 5 found that the microbe density numberon 
the microorganism difference variable (𝜛) Peclet 
number (Pe) are the primary elements that improve 
microorganism transport, while Bioconvection Lewis 
number (𝐿𝑏) and curvature variable (𝜖). 

Conclusion  
This study examines curved surfaces in relation to 

bioconvection nanoliquid. This study identifies 
crucial elements such as magnetic field, thermal 
radiation and chemical reaction. Additional elements 
to consider are thermal and solutal convective 
conditions. The study aims to understand the complex 
interactions involving water flow variables and their 
fundamental mechanisms of action. The model 
simulates viscous fluid flow under realistic 
temperature and mass conditions, utilizing an external 
magnetic field and heat generation with spatial 
variation. This study explores the effects of magnetic 
forces, microorganisms, thermal radiation, and 
chemical reactions on thermal systems, including 
cooling, drug administration, and materials 
processing. The primary assumptions are: 
• Increasing the magnetic field variable declines the

velocity field.
• The temperature gradient intensified due to the

larger values of Brownian motion, thermophoresis
and thermal radiation.

• Bigger values of solutal Biot number and
thermophoresis augment the mass gradient while
opposite trends are noted for the Brownian
motiona and chemical reaction .

• Motile microorganism density declines with the
larger values of bioconvection Lewis number and
Peclet number .

• Curvature variable enhances the velocity gradient
and motile density number but reduction in
temperature and concentration fields. As the

magnitude of curvature variable increases, the 
curve becomes a flat surface.  

This study sheds fresh light upon linked 
electromagnetic radiation and biological convection; 
nonetheless, numerous limitations must be 
acknowledged. The simulation requires:  
• a singular-phase consistent nanofluid in efficient

characteristics, neglecting nanoparticle formation
as well as sliding.

• microbes that are gyrotactic in uniform movement
parameters while disregarding additional taxicab
actions as well as nanoparticle-biological
relationships.

• the aesthetically thick substance over the radiation
simulation.
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Symbols Description Unit 

𝛾௔ Thermal convective parameter (-) 

𝛾௕ Solutal convective parameter (-) 

𝜖 Curvature variable (-) 

𝑅𝑑 Radiation parameter (-) 

𝑀 Magnetic filed (-) 

𝑁𝑏 Brownian motion (-) 

𝑆𝑐 Schmidt number (-) 

𝑃𝑟 Prandtl Number (-) 

𝐹′ Dimensionless velocity (-) 

𝐾∗ Mean Absorption (-) 

𝑅 Distance (-)

𝑁𝑡 Thermophoresis force (-) 

Θ Dimensionless temperature field (-) 

𝑐ℎ Chemical reaction (-) 

Ξ Dimensionless  
concentration field 

(-) 
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𝜓 Dimensionless microorganism 
field 

(-) 

𝜏 The ratio of effective  
heat capacity 

Dimensionless 

𝐾𝑟 Chemical reaction Dimensionless 

𝑃𝑒 Peclet number Dimensionless 

𝐿𝑏 Bioconvection Lewis number Dimensionless 

𝜛 Microorganism concentration 
difference 

Dimensionless 

𝐶𝑓 Skin friction coefficient Dimensionless 

𝑁𝑢௦ Nusselt number Dimensionless 

𝑆ℎ௦ Sherood number Dimensionless 

𝑁ℎ Motile denisty Dimensionless 

𝑢,𝑣, Component of velocity 𝑚𝑠ିଵ 

𝑐௣ Specific heat JሺkgሻିଵKିଵ 

𝑔 Acceleration due to gravity 𝑚sିଶ 

𝑣௙ Kinematic viscosity 𝑚ଶ𝑠ିଵ 

𝑣௙ Kinematic viscosity 𝑚ଶ𝑠ିଵ 

𝑘 Thermal conductivity 𝑘𝑔𝑚𝐾ିଵ𝑠ିଷ 

𝛼௙ Thermal diffusivity 𝑚ଶ𝑠ିଵ 

𝜌௙ Density of nanofluid 𝑘𝑔𝑚ିଷ 

𝑇ஶ Ambient temperature 𝐾 

𝐷஻ Brownian diffusion coefficient 𝑚ଶ𝑠ିଵ 

Ωஶ Ambient concentration of  
microorganisms 

𝑘𝑔ሺ𝑚ሻିଷ 

𝑞௥ Radiative heat flux 𝑊ሺ𝑚ሻିଶ 

𝜎∗ Stefan-Boltzmann constant 𝑊𝑚ିଵ𝐾ିଵ 

𝑇 The temperature of the fluid 𝐾 

ℎ௙ Coefficient of heat transfer 𝑊𝑘ିଵ𝑚ିଶ 

𝑇௙ Surface heat 𝐾 

𝜇௙ Dynamic visocity 𝑘𝑔ሺ𝑚𝑠ሻିଵ 

𝛼௙ Thermal diffusivity 𝑚ଶ𝑠ିଵ 

𝐷் Thermophoretic diffusion 
coefficient 

𝑚ଶ𝑠ିଵ 

Ω𝒘 Surface concentration of 
microorganisms 

𝑘𝑔ሺ𝑚ሻିଷ 

𝐷ெ Microoganisim  diffusion 
coefficient 

𝑚ଶ𝑠ିଵ 

𝜌௠ The density of microorganism 
particles 

𝑘𝑔𝑚ିଷ 
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