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A B S T R A C T   

Non-Newtonian fluids are essential in situations where heat and mass transfer are involved. Heat 
and mass transfer processes increase efficiency when nanoparticles (0.01≤ φ≤ 0.03) are added to 
these fluids. The present study implements a computational approach to investigate the behavior 
of non-Newtonian nanofluids on the surface of an upright cone. Viscous dissipation 
(0.3≤ Ec ≤ 0.9) and magnetohydrodynamics (MHD) (1≤ M≤ 3) are also taken into account. 
Furthermore, we explore how microorganisms impact the fluid’s mass and heat transfer. The 
physical model’s governing equations are transformed into ordinary differential equations (ODEs) 
using a similarity transformation to make the analysis easier. The ODEs are solved numerically 
using the Bvp4c solver in MATLAB. The momentum, thermal, concentration, and microbe 
diffusion profiles are graphically represented in the current research. MHD (1≤ M≤ 3) effects 
improve the diffusion of microbes, resulting in increased heat and mass transfer rates of 18 % and 
19 %, respectively, based on our results. Furthermore, a comparison of our findings with existing 
literature demonstrates promising agreement.   

1. Introduction 

In numerous sectors like the chemical-based, nutrition, brewing, and soft drinks industries, as well as the metallurgy and factories, 
plastics, and textile sectors, conical-shaped items are commonly used. After being used, these cone-shaped things often need to be 
cooled down quickly so that industrial processes can continue without interruption. Because the industry depends on these cone- 
shaped parts, they need to cool down quickly. This makes their quick repair very important. For instance, vertical cone mixers are 
very important for making safe, premium products like medicine, food, and personal hygiene items that are consumed all over the 
world. Each type of upright cone mixer is made with a different set of industrial goals in mind. It is clear that grinding is more effective 
when upright cone mixers are used, which causes the surface of the mixer to warm up on the cone. This heating happens because the 
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mixture is mixed quickly and well, which moves heat along the surface of the cone. In the pursuit of effective cooling for these cones, it 
has been observed that non-Newtonian fluids yield superior results when compared to conventional fluids. In the present scenario, we 
will concentrate on Eyring-Powell fluid, a type of non-Newtonian fluid. Adding nanofluids (Cu,Ag,Al2 O3 and TiO2) has also been 
shown to improve the effectiveness of heat transfer. By utilizing magnetohydrodynamics (MHD), we suggest solutions for the detri-
mental effects of microorganisms on heat and mass transfer processes, which are investigated in the current study. 

Cpnf ,Cpf Nomenclature 

b Chemo-taxis constant 
B2

0 Dimension magnetic parameter 
B1 Biot number 
C Concentration 
Cpnf ,Cpf Specific heat 
d Physical Eyring-Powell fluid parameter 
D Mass diffusion 
Dn Diffusion of microorganisms 
f Dimensionless velocity function 
hf Convective heat transfer coefficient 
Ju Joule heating parameter 
k1 porosity parameter 
K Dimensionless Eyring-Powell parameter 
Lb Bio-convection Lewis number 
M Dimensionless magnetic parameter 
N Density of microorganisms 
N1 Non-Newtonian fluid parameter 
Nr Buoyancy ration parameter 
Pr Prandtl number 
Pe Bio-convection Peclet number 
Rb Bio-convection Rayleigh number 
Sc Schmidt number 
T Temperature 
u,v Velocity component 
Wc The maximum cell swimming speed 
x,y Coordinate 

Greek symbols 
αnf Thermal diffusion of nanofluid 
β Characteristics of the Eyring-Powell fluid 
βT,βC,βN The volumetric expansion of thermal, concentration and microorganisms 
γ The average volume of microorganisms 
Γ Dimensionless porosity constant 
θ Dimensionless temperature function 
μnf ,μf ,μs Dynamic viscosity 
νnf ,νf Kinematic viscosity 
ξ Dimensionless boundary layer coordinate 
ρnf ,ρf ,ρs Density 
σ Bio-convection constant 
φ The volume fraction of nanofluid 
φ Dimensionless concentration function 
χ Dimensionless microorganism’s density function 
ψ Stream function 
ω Half angle of the vertical cone 

Subscripts 
f State of the base fluid 
nf State of the nanofluid 
s State of the nanoparticle 
w State of the wall 
∞ State of the ambient  
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The Non-Newtonian model for heat transfer and its applications have been extensively studied in the literature [1–5]. The influence 
of Magnetohydrodynamics (MHD) is of paramount importance in the context of heat transfer and finds numerous applications in 
engineering. Several investigations have examined heat transfer in MHD fluids, particularly in cases involving Newtonian and 
non-Newtonian fluid flow over varying geometries [6–10]. Ahmed [11] and Peng Xu et al. [12] conducted a study on the convection 
flow that is naturally occurring on a vertical cone surface, focusing on the implications of improved heat transmission. Several other 
researchers [13–15] used computational techniques to study the characteristics of Newtonian as well as non-Newtonian fluids in 
various designs for the purpose of understanding heat exchange. Building upon this prior work, Bapuji Pullepu and Sambath [16] and 
Hamad [17] explored free convection problems in the presence of nanofluids and discovered that nanofluids enhance both heat and 
mass transfer. Sami Ullah Khan et al. [18] and Imad Khan et al. [19] studied the behavior of non-Newtonian fluids, specifically 
Eyring-Powell fluids, in flow over-stretching and flat plate surfaces. Prabhavathi et al. [20], Sudarsana Reddy and Chamkha [21], and 
Swarnalathamma [22] simultaneously examined the phenomenon of free convection in nanofluids, taking into account the influence 
of MHD and chemical processes. Samuel Olumide Adesanya et al. [23], Saima Noreen [24], and Abdul Samad Khan et al. [25] con-
ducted numerical investigations on non-Newtonian fluid flow with the influence of MHD and convective boundary conditions. 
Sambath et al. [26] elucidated the utilization of thermal radiation in free convection flow over vertical cones and observed an increase 
in heat dissipation due to thermal radiation effects. Numerical studies were conducted by Asha Shivappa Kotnurkar and Sunitha 
Giddaiah [27], Anantha Kumar et al. [28], and Subharthi Sarkar and Mehari Fentahun Endalew [29] to investigate the flow of 
non-Newtonian fluids under natural convection, considering the influence of magnetohydrodynamics (MHD), radiant heat, and 
chemical processes. Various researchers [30–33] investigated the impact of microorganisms in natural convection flow problems 
under different boundary conditions. Muhammad Bilal and Samia Ashbar [34] and Gangadhar Kotha et al. [35] delved into 
non-Newtonian fluid flow in mixed convection problems with the influence of microorganisms. Basha and Sivaraj [36], Wei-Feng Xia 
et al. [37], and Fazal Haq [38] investigated the flow of non-Newtonian nanofluids over various geometries, considering the influence 
of magnetohydrodynamics (MHD) to improve the dispersion of heat and mass. Various boundary conditions were considered by 
several scholars [39–41] in their investigations of the heat and mass transfer aspects of forced and free convection problems. Numerical 
studies on the flow of non-Newtonian fluids across stretching surfaces with the impact of MHD were undertaken by Ijaz Khan et al. [42] 
and Bharatkumar Manvi et al. [43]. Various authors [44–47] numerically investigated Eyring-Powell fluid flow over different ge-
ometries, including MHD, thermal radiation, and mixed boundary conditions. Some researchers [48–51] theoretically examined 
non-Newtonian nanofluid flow over various geometries with the effects of MHD. Kotha Gangadhar et al. [52], Susmay Nandi et al. 

Fig. 1. Physical model.  
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[53], and Mandal et al. [54] investigated nanofluid flow in various geometries using different nanoparticles for distinct heat and mass 
transfer purposes. In their respective studies, Muhammad Sohail Khan et al. [55], Kotha Gangadhar et al. [56], and Dhanekula Naga 
Bhargavi et al. [57] discovered that hybrid nanofluids outperform single-based nanofluids in terms of enhancing mass and thermal 
transfer in convection concerns. Several authors [58–61] conducted numerical examinations of bio-convection fluid flow problems on 
various geometries with different boundary conditions. Multiple researchers [62–66] conducted numerical investigations. They 
observed that thermal radiation and MHD effects enhance heat transfer, yielding superior results in non-Newtonian nanofluid flow 
compared to normal fluids over various geometries. Patil et al. [67–71] examined the behavior of a non-Newtonian fluid model under 
convective boundary situations and evaluated it numerically by employing the finite difference quasilinearization method. Addi-
tionally, Patil et al. [72–76] looked at the mass and heat transfer of various geometries and diverse nanoparticle types. 

The main objective of this study is to examine the movement of nanofluid over an upright position cone surface, specifically 
focusing on the impact of Joule heating, viscous dissipation, and magnetohydrodynamics (MHD) with convective boundary condi-
tions. It should be noted that no previous research has been conducted on this particular topic. The coefficient of convective heat 
transfer (hf ) is a crucial variable that quantifies the rate at which heat is transported between the conical surface and the non- 
Newtonian fluid. Given the circumstances, we are presented with a cone that has undergone heating and now requires cooling. In 
order to accomplish this, we employ a water-based nanofluid that contains microorganisms. The cone is immersed in a specifically 
engineered non-Newtonian nanofluid containing microorganisms. This configuration offers a stimulating structure to support 
biotechnological investigation. Every element of this system has a crucial function in the complex mechanisms of heat and mass 
transport, providing a diverse array of practical uses. 

The remaining sections of the paper are shown below: The problem’s boundary circumstances, mathematical model, and governing 
equation can be addressed in Section 2. The methodology for resolving the governing equation is discussed in Section 3. Section 4 uses 
visuals to effectively present and explain the findings. Section 5 provided a series of final observations on the subject being examined. 

2. Mathematical formulation of the model 

The motion of an Eyring-Powell nanofluid that is incompressible, 2D, and steady across an upright cone in the occurrence of MHD 
and viscous dissipation is considered. The parameter r represents the cone’s radius, and the parameter ω represents its half-angle. The 
y-axis is orthogonal to the surface of the cone, whereas the x-axis parallels the surface of the cone as it moves along it. u and v, 
respectively, represent the velocity components along the x- and y-axes. The present mathematical model of the system is depicted in 
Fig. 1. In the current steady-state analysis, we ignore the effects of the induced magnetic field and currents. Consider that all the 
characteristics of the fluid remain constant, with the exception of density. Equations for velocity, thermal, continuity, concentration, 
and density of microorganisms are presented here. The equations were derived through the use of the Boussinesq approximation 
[42–47]. 

Equation of Continuity 

∂(ru)
∂x

+
∂(rv)

∂y
= 0 (1) 

Equation of Momentum 

(
ρnf

)
(

u
∂u
∂x

+ v
∂u
∂y

)

=

(

−
1

2βd3

(
∂u
∂y

)2
)(

∂2u
∂y2

)

−
μnf

k1
.u − σ1(B0)

2u

+
(
(ρβT)nf (T − T∞) + (ρβC)nf (C − C∞)

)
gcosω

+
(

γ(ρβN)nf Δρ(N − N∞)
)

gcosω

+

(

μnf +
1

βd

)(
∂2u
∂y2

)

(2) 

Equation of Energy 

u
∂T
∂x

+ v
∂T
∂y

=αnf
∂2T
∂y2 +

μnf(
ρcp
)

nf

(
∂u
∂y

)2

+
σB2

0(
ρcp
)

nf

u2 (3) 

Equation of Concentration 

u
∂C
∂x

+ v
∂C
∂y

= D
∂2C
∂y2 (4) 

P. Francis et al.                                                                                                                                                                                                         



Heliyon 10 (2024) e25088

5

Equation of Microorganisms 

u
∂N
∂x

+ v
∂N
∂y

+
bWc

(Cw − C∞)

∂
∂y

(

N
∂C
∂y

)

=Dn
∂2N
∂y2 (5) 

Boundary condition (BC) are 

u = 0, v = 0, − knf
∂T
∂y

= hf (Tw − T),C = Cw,N = Nw at y = 0

u→0,T→T∞,C→C∞,N→N∞ as y→∞
(6) 

The equations for density (ρ), heat capacity (cp), and thermal expansion coefficient (β) in nanofluids are provided, and Table 1 gives 
the thermo-physical properties of nanofluids that have been taken in the current model. 

αnf =
knf

(
ρcp
)

nf

, μnf (1 − φ)2.5
= μf ,

ρnf − φρs =(1 − φ)ρf , (βρ)nf − φ(βρ)s = (1 − φ)(βρ)f  

(
ρcp
)

nf − φ
(
ρcp
)

s =(1 − φ)
(
ρcp
)

f ,
knf

kf
=

ks + (n− 1)kf − 2φ
(
kf − ks

)

(ks + (n− 1)n − 1)ks + kf + φ
(
kf − ks

)

Consider the stream function Ψ(x, y) and u = 1
r

∂Ψ
∂y and v = 1

r
∂Ψ
∂x are defined. Then, by applying the corresponding similarity trans-

formations, a set of non-linear ODEs can be derived from the controlling non-linear partial differential equations (1)–(6). The similarity 
variables are given by, 

v=
νf

4x
(Gr)1/2

[ξ.f ′(Ψ) − 7f (ξ)], ξ=
y
x
(Gr)1/4

, u=
νf

x
(Gr)1/4

.f ′(ξ),

θ(ξ) =
T − T∞

Tw − T∞
,Gr =

gβT(Tw − T∞)cos ω.x3

ν2
f

,φ(ξ)=
C − C∞

Cw − C∞
, χ(ξ)= N − N∞

Nw − N∞
,

r= sin ω,Ψ = νf r(Gr)1/4
.f (ξ),

By utilizing similarity variables, we achieve the satisfaction of the continuity equation. Subsequently, we express the momentum, 
thermal, concentration, and microbial in non-dimensional form by employing similarity transformations. 

(
1
A2

)
(
A1 +K − KN1(f″)2)f‴ −

(
Γ
A2

)(

A1 +K −
KN1

3
(f ″)2

)

f ′ −

((
1
2

)

f ′2 −

(
7
4

)

ff ″
)

+A3(θ+Nr φ+Rb χ) − M
A2

f ′ = 0 (7)  

A4

Pr

(
knf

kf

)

θ″+

(
7
4

)

f θ′ +

(

A1 +K −
KN1

3
(f ″)2

)

A4Ec(f″)2
+A4Ju(f ′)2

= 0 (8)  

(
1
Sc

)

φ″ +

(
7
4

)

f φ′ = 0 (9)  

χ″+

(
7
4

)

Lbf χ′ − Pe(χ’φ’+(χ + σ)φ″)= 0 (10)  

The Corresponding BC’s are 

f = 0, f ′ = 0,
knf

kf
θ′ = − B1(1 − θ),φ = 1, χ = 1 at ξ = 0

f ′(ξ)→0, θ(ξ)→0,φ(ξ)→0, χ(ξ)→0 as ξ→∞
(11) 

Table 1 
Thermo-physical properties of water and nanoparticle.  

Fluid ρ
(Kg

m3

)

Cp
( J

kgK

)

k
( W
mK

)
β× 10− 5(K− 1)

H2O 997.1 4179 0.613 21 
Cu 8933 385 401 1.67 
Ag 10,500 235 429 1.89 
Al2O3 3970 765 40 0.85 
TiO2 4250 686.2 8.9538 0.9  
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where, 

K =

(
1

μf dβ

)

,N1 =
ν2

f (Gr)
3
2

2d2x4 ,Nr =
βC(Cw − C∞)

βT(Tw − T∞)
,Rb =

βN(Nw − N∞)Δργ
βT(Tw − T∞)

, Sc =
νf

D
,Pr =

νf

αf
,

Lb =
νf

Dn
,Γ=

(Gr)− 1/2x2

k1
,M =

σ1.B2
0(Gr)− 1/2x2

μf
,Pe =

bWc

Dn
, σ =

N∞

Nw − N∞
,Ec =

ν2
f Gr1/4

(
cp
)

f x
2(Tw − T∞)

,

B1 =
hf x

Gr1/4kf
,A1 =

1
(1 − φ)2.5,A2 = 1 − φ+φ

(
ρs

ρf

)

,A3 =

1 − φ + φ

(

(ρβ)s
(ρβ)f

)

1 − φ + φ
(

ρs
ρf

) ,

A4 =
1

1 − φ + φ

(
(ρcp)s

(ρcp)f

), Ju =
σB2

0(
ρcp
)

f

νf (Gr)
− 1
4 .

The local skin friction coefficient Cf , local Nusselt factor Nu, local Sherwood factor Sh, and local microbial density value Nn are all 
provided below in their non-dimensional versions. 

Fig. 2. Flow chart of shooting method.  
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(Gr)1/4Cf = (A1 + K)f″(0) −
KN1

3
(
f ″(0)3)

, (Gr)− 1/4Nu =
− knf

kf
θ′(0)

(Gr)− 1/4Sh = − φ′(0), (Gr)− 1/4Nn = − χ′(0)

3. Computational analysis 

The numerical solution for equations 7–10, incorporating boundary condition (11), can be obtained by reducing equations 7–10 
into a system of first-order differential equations under the assumption that f = z1, f′ = z2, f″ = z3, θ = z4, θ′ = z5, φ = z6, φ′ = z7, 
χ = z8, χ′ = z9. 

f‴ =

⎡

⎢
⎢
⎣

((
1
2

)

z2
2 −

(
7
4

)

z1z3

)

+

(
Γ
A2

)(

A1 + K −
KN1

3
(z3)

2
)

z2 + A3(z4 − Nrz6 − Rbz8) +
M
A2

z2

(
1
A2

)
(
A1 + K − KN1(z3)

2)

⎤

⎥
⎥
⎦

θ″ =

⎡

⎢
⎢
⎣

(

− 7
4

)

z1z5 −

(

A1 + K − KN1
3 (z3)

2
)

A4Ec.z2
3 − A4Ju(z2)

2

(
1
Pr

)

A4

(
knf
kf

)

⎤

⎥
⎥
⎦

φ″ =

[((

−
7
4

)

z1z7

)

Sc

]

χ″=

[(

−
7
4

)

Lbz1z9 +Pe

(

z9z7 +(z8 + σ)
[((

−
7
4

)

z1z7

)

Sc

]]

with BCs, z1 = 0, z2 = 0, z3 = U1, knf
kf z5 = − B1(1 − z4), z5 = U2, z6 = 1, z7 = U3, 

z8 = 1, z9 = U4. These U1, U2, U3 and U4 values all represent unknown boundary conditions (BCs). We need to use the shooting 
technique to locate the appropriate boundary values to obtain a solution for the first-order differential equation presented earlier. The 
margin of error for the undetermined boundary values that were measured at the point 10− 6. The solution of the first-order ordinary 
differential equations system was accomplished successfully using the Bvp4c function in MATLAB. Fig. 2 explains the shooting 
technique and how it functions in detail. The present study’s findings are corroborated by comparing them to the prior research 
conducted by Hamad [17]. The comparison of the two comparable results is presented in Table 2, which also provides validation for 
the current numerical techniques. 

4. Result and findings 

In this simulation, the bio-convective fluid flow’s mass and heat transfer are visually demonstrated. Four distinct types of nano-
particles: copper (Cu), aluminum oxide (Al2O3), titanium dioxide (TiO2), and silver (Ag), along with three different volume fractions of 
0.01, 0.02 and 0.03 will be used to explore the impact of nanofluid on heat and mass transmission. The choice of our values is made 
with a view to focus bio-convection. Thus, our model will enhance the heat and mass transfer to an optimal level. All parameter value 
ranges in this model were chosen in the ways shown below. 0.01 ≤ φ ≤ 0.03,0 ≤ K ≤ 0.3, 1 ≤ Γ ≤ 3, 1 ≤ M ≤ 3, 0.3 ≤ Ec ≤ 0.9,1 ≤
B1 ≤ 3, 0.5 ≤ Sc = 1.5, 0.3 ≤ Nr ≤ 0.7, 1 ≤ Pr ≤ 6.2,0.5 ≤ Lb ≤ 1, 0.1 ≤ Pe ≤ 0.5, 0.3 ≤ Rb ≤ 0.9, 1 ≤ Ju ≤ 3. In Figs. 3–26, we 

Table 2 
Comparison of previous results with the present, while maintaining φ = 0.1, Nr = Rb = Γ = Ec = Lb = Pe = Sc = K = N1 = B1 = Ju = 0.  

local skin friction 

M Cu Ag Al2O3 TiO2  

Hamad [17] Present Hamad [17] Present Hamad [17] Present Hamad [17] Present 

0 1.17475 1.17476 1.22507 1.2251 0.99877 0.99878 1.00952 1.00951 
0.5 1.32825 1.32825 1.37296 1.37296 1.17548 1.17548 1.18463 1.1846 
1 1.46576 1.46575 1.5064 1.5065 1.3289 1.3291 1.337 1.3371 
2 1.70789 1.7079 1.74289 1.7429 1.59198 1.59199 1.59875 1.5988 

local Nusselt number 

0 1.45207 1.4521 1.42058 1.42057 1.4917 1.4917 1.51959 1.5196 
0.5 1.41848 1.4185 1.38824 1.38825 1.45299 1.45299 1.48124 1.4813 
1 1.38847 1.38848 1.35917 1.35918 1.41942 1.41942 1.44788 1.44789 
2 1.336 1.3361 1.30808 1.3081 1.36212 1.36212 1.39085 1.39086  
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have three blocks containing four curves bearing the same color and pattern. Further, in each block, the first curve represents Cu, the 
second stands for Ag, the third one corresponds to Al2O3 and the fourth curve in each block represents TiO2. 

4.1. Velocity profile 

Fig. 3 displays the velocity profiles of different water-based nanofluids at varying volume fractions (φ), revealing an inverse 
relationship between velocity and volume fraction. Fig. 4 shows that the velocity profile is reduced (4 %) when the Powell-Eyring fluid 
characteristic parameter (K) is increased. 

Also, as seen in Fig. 5, the velocity profile drops (23 %) and the MHD parameter (M) rises due to the tangential Lorentz force that 

Fig. 3. Impact of φ over velocity when K = 0.3,Γ = 1, M = 0.6, Ec = 0.3, B1 = 1, Sc = 1, Nr = 0.5, Lb = 0.7, Pe = 0.3, Rb = 0.3, Pr = 6.2, Ju =

1. 

Fig. 4. Impact of K on velocity when φ = 0.01,Γ = 1, M = 0.6, Ec = 0.3, B1 = 1, Sc = 1, Nr = 0.5, Lb = 0.7, Pe = 0.3, Rb = 0.3, Pr = 6.2, Ju =

1. 

Fig. 5. Impact of M on velocity when φ = 0.01,Γ = 1, K = 0.3, Ec = 0.3, B1 = 1, Sc = 1, Nr = 0.5, Lb = 0.7, Pe = 0.3, Rb = 0.3, Pr = 6.2, Ju =

1. 
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impacts on the flow of the fluid. The momentum boundary layer around the cone thickens due to this force. A thicker momentum 
barrier layer (22%) is obtained by increasing the porosity parameter (Γ), as Fig. 6 illustrates. The drag force acting on a cone surface 
depends on its porosity; more porous surfaces reduce drag by permitting fluid to travel through the cone rather than divert around it. 
Figs. 7 and 8 demonstrate that increasing the buoyancy ratio factor (Nr) and bio-convection Rayleigh number (Rb) results in an 
enhancement of the velocity profile for cone surfaces. Hence, an increase in this parameter augments momentum transfer within the 
fluid. The skin friction coefficient (Cf ), quantifies the frictional drag experienced by a fluid as it flows over a cone surface. It is an 
indicator of the shear stress exerted by the fluid on the surface. The data presented in Table 3 demonstrates that the skin friction 
number increases with higher values of the volume fraction (φ), Powell-Eyring fluid factor (K), buoyancy ratio factor (Nr), and bio- 
convection Rayleigh number (Rb). In contrast, raising the values of the Magnetic parameter (M) and porosity parameter (Γ)

Fig. 6. Impact of Γ on velocity when φ = 0.01,M = 0.6, K = 0.3, Ec = 0.3, B1 = 1, Sc = 1, Nr = 0.5, Lb = 0.7, Pe = 0.3, Rb = 0.3, Pr = 6.2,
Ju = 1. 

Fig. 7. Impact of Nr on velocity when φ = 0.01,M = 0.6, K = 0.3, Ec = 0.3, B1 = 1, Sc = 1, Γ = 1, Lb = 0.7, Pe = 0.3, Rb = 0.3, Pr = 6.2, Ju =

1. 

Fig. 8. Impact of Rb over velocity when φ = 0.01,M = 0.6, K = 0.3, Ec = 0.3, B1 = 1, Sc = 1, Γ = 1, Lb = 0.7, Pe = 0.3, Nr = 0.5, Pr = 6.2,
Ju = 1. 
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reduces the skin friction number, facilitating a more efficient fluid flow across the cone. Among all nanofluids, titanium (TiO2) 
demonstrates the minimum skin friction number when the Magnetic and porosity parameters are increased. 

4.2. Temperature profile 

Figs. 9–15 provide temperature profiles for different dimensionless parameters, including volume fraction (φ) of nanofluid, Powell- 
Eyring fluid parameter (K), MHD (M), Porosity (Γ), viscous dissipation parameter (Ec), Prandtl number (Pr) and Joule heating 
parameter (Ju). Fig. 9 demonstrates that increasing the volume fraction (φ) leads to higher temperature profiles, indicating improved 

Fig. 9. Impact of φ on thermal when Rb = 0.3,M = 0.6, K = 0.3, Ec = 0.3, B1 = 1, Sc = 1, Γ = 1, Lb = 0.7, Pe = 0.3, Nr = 0.5, Pr = 6.2, Ju =

1. 

Fig. 10. Impact of K on thermal when Rb = 0.3,M = 0.6, φ = 0.01, Ec = 0.3, B1 = 1, Sc = 1, Γ = 1, Lb = 0.7, Pe = 0.3, Nr = 0.5, Pr = 6.2,
Ju = 1. 

Fig. 11. Impact of M on thermal when Rb = 0.3,K = 0.3, φ = 0.01, Ec = 0.3, B1 = 1, Sc = 1, Γ = 1, Lb = 0.7, Pe = 0.3, Nr = 0.5, Pr = 6.2,
Ju = 1. 
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heat transfer rates (3.5 %) with a higher nanofluid concentration. 
Fig. 10 illustrates the importance of the Powell-Eyring fluid factor (K) also indicates that increasing it leads to a boost (3 %) in heat 

transmission. Increasing the MHD parameter (M) enhances heat transfer (19 %) by taking advantage of the interaction between the 
fluid’s moving charged particles and a magnetic field, as shown in Fig. 11. With an emphasis on the greater surface area available for 
heat exchange in porous material, Fig. 12 focuses on the relationship between porosity (Γ) and heat transfer. The effects of raising the 
viscous dissipation parameter (Ec), which result in an increase in temperature, a redistribution of energy, and improved heat transfer 
processes (8 %), are depicted in Fig. 13. Fig. 14 presents temperature profiles for different Prandtl parameters (Pr), which describe 
momentum and thermal diffusion rates. In Fig. 15, the Joule heating parameter (Ju) is elucidated. The figure illustrates that as the 

Fig. 12. Impact of Γ on thermal when Rb = 0.3,K = 0.3, φ = 0.01, Ec = 0.3, B1 = 1, Sc = 1, M = 0.6, Lb = 0.7, Pe = 0.3, Nr = 0.5, Pr = 6.2,
Ju = 1. 

Fig. 13. Impact of Ec on thermal when Rb = 0.3,K = 0.3, φ = 0.01, Γ = 1, B1 = 1, Sc = 1, M = 0.6, Lb = 0.7, Pe = 0.3, Nr = 0.5, Pr = 6.2, Ju =

1. 

Fig. 14. Impact of Pr on thermal when Rb = 0.3,K = 0.3, φ = 0.01, Γ = 1, Ec = 0.3,B1 = 1, Sc = 1, M = 0.6, Lb = 0.7, Pe = 0.3, Nr = 0.5, 
Ju = 1. 
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Joule heat coefficient (Ju) rises, the thickness of the thermal boundary layer decreases to its minimal value. This implies that thermal 
diffusion (21 %) occurs rapidly. Joule heating in steady-state heat transfer describes the continuous generation of heat on the cone 
surface due to electrical current passing through it. Heat transfer mechanisms must balance this heat to maintain a steady temperature 
distribution. The Nusselt number (Nu) determines the heat transfer rate from a cone surface to a fluid. This is a clear indication of the 
efficiency of heat transmission. Table 4 indicates that copper (Cu) and aluminum (Al2O3) exhibit better heat transfer rates compared to 
silver (Ag) and titanium (TiO2) when increasing the volume fraction (φ), MHD (M), porosity parameter (Γ), Joule heating parameter 
(Ju), and viscous dissipation parameter (Ec). These figures and tables provide valuable insights for optimizing heat transfer rates in 
various applications. 

Fig. 15. Impact of Ju on temperature when Rb = 0.3,K = 0.3, φ = 0.01, Γ = 1, B1 = 1, Ec = 0.3,Sc = 1, M = 0.6, Lb = 0.7, Pe = 0.3, Nr = 0.5, 
Pr = 6.2. 

Fig. 16. Impact of φ on concentration when Rb = 0.3,Ju = 1, φ = 0.01, Γ = 1, B1 = 1, Ec = 0.3,Sc = 1, M = 0.6, Lb = 0.7, Pe = 0.3, Nr = 0.5, 
Pr = 6.2. 

Fig. 17. Impact of K on concentration when Rb = 0.3,Ju = 1, K = 0.3, Γ = 1, B1 = 1, Sc = 1, M = 0.6, Lb = 0.7, Pe = 0.3, Ec = 0.3, Nr = 0.5, 
Pr = 6.2. 
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4.3. Concentration profile 

Figs. 16–20 provide insightful concentration profiles for various dimensionless parameters, including volume fraction (φ) of 
nanofluid, Powell-Eyring fluid parameter (K), MHD (M), porosity parameter (Γ), and Schmidt number (Sc). As seen in Fig. 16, 
nanoparticles that obstruct molecular motion and alter transport characteristics are responsible for the greater concentration diffusion 
rate resulting from raising the volume fraction (φ). Fig. 17 demonstrates that a slight enhancement in the Powell-Eyring liquid factor 
(K) impacts the combining and dispersion of the fluid, hence influencing concentration profiles by an increase (3%) in the rate of 
concentration spread, attributed to an elevated stress tensor. The impact of mass transfer efficiency and concentration boundary layer 

Fig. 18. Impact of M on concentration when Rb = 0.3,Ju = 1, φ = 0.01, Γ = 1, B1 = 1, Sc = 1, M = 0.6, Lb = 0.7, Pe = 0.3, Ec = 0.3, Nr = 0.5, 
Pr = 6.2. 

Fig. 19. Impact of Γ on concentration when Rb = 0.3,Ju = 1, φ = 0.01, K = 0.3, B1 = 1, Sc = 1, M = 0.6, Lb = 0.7, Pe = 0.3, Nr = 0.5, Ec =

0.3, Pr = 6.2. 

Fig. 20. Impact of Sc on concentration when Rb = 0.3,Ju = 1, φ = 0.01, K = 0.3, B1 = 1, Γ = 1, M = 0.6, Lb = 0.7, Pe = 0.3, Nr = 0.5, Ec =

0.3, Pr = 6.2. 
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thickness on MHD and an increased MHD parameter (M) is examined in Fig. 18. MHD can enhance the mass transfer process (18 %) by 
improving fluid mixing. 

Fig. 19 indicates the influence of permeability and a higher porosity parameter (Γ) on the thickness of the concentration boundary 
layer. Enhancing mass transfer (15 %) through improved fluid mixing is the porosity parameter (Γ). Fig. 20 presents concentration 
profiles for different Schmidt numbers (Sc), which describe the relative rates of mass and momentum transfer in a fluid, with Sherwood 
number (Sc) indicating mass transfer efficiency. The Sherwood number (Sh) is a measure that estimates the rate at which mass is 
transferred from the surface of a conical structure to a fluid. This demonstrates the effectiveness of mass transfer. Table 5 demonstrates 
that increasing Schmidt number results in better mass transfer rates, with aluminum (Al2O3) and titanium (TiO2) nanoparticles 

Fig. 21. Impact of K on microorganism when Rb = 0.3, Ju = 1, φ = 0.01, Sc = 1, B1 = 1, Γ = 1, M = 0.6, Lb = 0.7, Pe = 0.3, Nr = 0.5, Ec =

0.3, Pr = 6.2. 

Fig. 22. Impact of M on microorganism when Rb = 0.3,Ju = 1, φ = 0.01, Sc = 1, B1 = 1, Γ = 1, K = 0.3, Lb = 0.7, Pe = 0.3, Ec = 0.3,Nr = 0.5, 
Pr = 6.2. 

Fig. 23. Impact of Γ on microorganism when Rb = 0.3,Ju = 1, φ = 0.01, Sc = 1, B1 = 1, M = 0.6, K = 0.3, Lb = 0.7, Pe = 0.3, Nr = 0.5, Ec =

0.3, Pr = 6.2. 

P. Francis et al.                                                                                                                                                                                                         



Heliyon 10 (2024) e25088

15

exhibiting superior mass transfer compared to copper (Cu) and silver (Ag). These findings are essential for optimizing mass transfer 
rates in various applications. 

4.4. Microorganism profile 

Figs. 21–26 provide significant information about the characteristics of self-propelled microorganisms across different dimen-
sionless parameters, such as the Powell-Eyring fluid parameter (K), MHD effects (M), porosity parameter (Γ), Lewis number (Lb), 
viscous dissipation parameter (Ec), and Peclet number (Pe). Fig. 21 demonstrates a positive correlation between a 4 % increase in 

Fig. 24. Impact of Ec on microorganism when Rb = 0.3,Ju = 1, φ = 0.01, Sc = 1, B1 = 1, M = 0.6, K = 0.3, Lb = 0.7, Pe = 0.3, Nr = 0.5, Pr =

6.2. 

Fig. 25. Impact of Pe on microorganism when Rb = 0.3,Ju = 1, φ = 0.01, Sc = 1, B1 = 1, M = 0.6, K = 0.3, Lb = 0.7, Ec = 0.3, Nr = 0.5, Pr =

6.2. 

Fig. 26. Impact of Lb on microorganism when Rb = 0.3,Ju = 1, φ = 0.01, Sc = 1, B1 = 1, M = 0.6, K = 0.3, Pe = 0.7, Ec = 0.3, Nr = 0.5, Pr =

6.2. 
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microbe diffusion rate and a small rise in the Powell-Eyring liquid factor (K). Figs. 22 and 23 illustrate the impact of magnetohy-
drodynamics (M) and porosity (Γ) on fluid flow, resulting in a reduction of the least boundary layer thickness and subsequently 
boosting the rate of microbe diffusion by 16 % and 13 % respectively. However, as Fig. 24 demonstrates, the viscous dissipation (Ec) 
influence on fluid flow thickens the boundary layer but does not improve the rate at which microorganisms are eradicated. Fig. 25 
explores the bio-convection Peclet number (Pe) and its influence on nutrient uptake, growth, and spatial distribution of microor-
ganisms by enhancing fluid mixing. Fig. 26 focuses on the bio-convection Lewis number (Lb), affecting pattern formation and stability 
of bio-convection. When the Lewis number (Lb) is higher, thermal diffusion becomes more important than mass diffusion, resulting in 
instability bio-convection rhythms. Table 6 indicates that increasing K, M, and Γ decreases the local microorganisms density number 
(Nn). Conversely, an increase in the Ec, Pe, and Lb elevates the local microorganism’s density number (Nn). These findings provide 
valuable insights into optimizing microorganisms eradicate rates and distribution, which are crucial in various biological and 
biomedical applications. 

Table 3 
Local skin friction.  

φ K N1 M Γ Rb Nr Cu Ag Al2O3 TiO2 

0.01 0.3 2 0.6 1 0.3 0.5 0.806685 0.80696 0.806686 0.806744 
0.02       0.80619 0.806751 0.806166 0.806294 
0.03       0.805495 0.806355 0.805423 0.805632 
0.01 0.1 2 0.6 1 0.3 0.5 0.793879 0.79415 0.793941 0.794001  

0.4      0.816273 0.816552 0.81625 0.816307  
0.8      0.860841 0.861149 0.860743 0.860802 

0.01 0.3 1 0.6 1 0.3 0.5 0.82694 0.827239 0.826938 0.827001   
2     0.806685 0.80696 0.806686 0.806744   
3     0.78524 0.785486 0.785242 0.806744 

0.01 0.3 2 0.8 1 0.3 0.5 0.790616 0.790896 0.790574 0.790639    
1.2    0.761362 0.761646 0.761259 0.761336    
1.6    0.735352 0.735635 0.735211 0.735296 

0.01 0.3 2 0.6 1 0.3 0.5 0.806685 0.80696 0.806686 0.806744     
2   0.716756 0.717037 0.716594 0.716684     
3   0.652714 0.652975 0.652514 0.652616 

0.01 0.3 2 0.6 1 0.1 0.5 0.723402 0.723686 0.723372 0.723437      
0.3  0.806685 0.80696 0.806686 0.806744      
0.5  0.885383 0.885642 0.885418 0.88547 

0.01 0.3 2 0.6 1 0.3 0.3 0.724012 0.724296 0.723985 0.724049       
0.5 0.806685 0.80696 0.806686 0.806744       
0.7 0.884769 0.885029 0.884802 0.884854  

Table 4 
Local Nusselt number.  

φ K N1 M Γ Ec B1 Ju Cu Ag Al2O3 TiO2 

0.01 0.3 2 1 1 0.3 1 1 0.173015 0.172825 0.172979 0.172573 
0.02        0.174664 0.174282 0.174589 0.173774 
0.03        0.176305 0.175731 0.176187 0.174962 
0.01 0.1 2 1 1 0.3 1 1 0.177345 0.177141 0.177335 0.176922  

0.4       0.170989 0.170804 0.170942 0.170538  
0.8       0.163773 0.163605 0.163695 0.163302 

0.01 0.3 1 1 1 0.3 1 1 0.172738 0.172548 0.172702 0.172295   
2      0.173015 0.172825 0.172979 0.172573   
3      0.173304 0.173114 0.173268 0.172862 

0.01 0.3 2 1 1 0.3 1 1 0.17026 0.170086 0.170201 0.169801    
2     0.163709 0.163553 0.163616 0.163235    
3     0.157921 0.157779 0.157809 0.157441 

0.01 0.3 2 1 1 0.3 1 1 0.173015 0.172825 0.172979 0.172573     
2    0.163959 0.163796 0.163871 0.163494     
3    0.156181 0.156034 0.156068 0.155712 

0.01 0.3 2 1 1 0.1 1 1 0.183018 0.18284 0.182987 0.182586      
0.3   0.173015 0.172825 0.172979 0.172573      
0.5   0.162553 0.16235 0.162511 0.162099 

0.01 0.3 2 1 1 0.3 0.5 1 0.131196 0.131082 0.131171 0.130932       
0.7  0.152061 0.151912 0.152031 0.151714       
1  0.173015 0.172825 0.172979 0.172573 

0.01 0.3 2 1 1 0.3 1 1 0.145151 0.144951 0.144997 0.144638        
2 0.114896 0.11467 0.114564 0.11425        
3 0.077392 0.07714 0.076741 0.07649  
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5. Conclusion 

This study employed computational techniques to examine the flow of bio-convective fluids along an upright cone. The investi-
gation took into account the influence of MHD (magnetohydrodynamics), porosity, Joule heating, and viscous dissipation. The gov-
erning partial differential equations (PDEs) were converted into ordinary differential equations (ODEs) and solved numerically using 
MATLAB, taking advantage of shooting methods. The offered graphs reveal valuable information regarding the profiles of velocity, 
thermal, concentration, and microbes. Additional indications were examined, including local skin friction, local Nusselt number, local 
Sherwood number, and local microbe density number. Here is a list of the findings from the current investigation.  

1. While increasing the volume fraction (0.01 ≤ φ ≤ 0.03)  
❖ The mass and heat transfer enhanced by 3 % & 3.5 %.  

2. While increasing the MHD (1 ≤ M ≤ 3), Porosity (1 ≤ Γ ≤ 3) parameter and Eyring-Powell fluid parameter (0 ≤ K ≤ 0.3)  
❖ The velocity (momentum) decreased by 23 %, 22 % & 4 %. 

Table 5 
Local sherwood number.  

φ K N1 M Γ Sc Cu Ag Al2O3 TiO2 

0.01 0.3 2 1 1 1 0.437622 0.437591 0.438082 0.437958 
0.02      0.434139 0.434091 0.435018 0.434777 
0.03      0.430661 0.430607 0.431917 0.431567 
0.01 0.1 2 1 1 1 0.454717 0.454654 0.455299 0.455164  

0.4     0.42989 0.429872 0.430302 0.430183  
0.8     0.403304 0.403322 0.403577 0.403471 

0.01 0.3 1 1 1 1 0.437278 0.437248 0.437737 0.437613   
2    0.437622 0.437591 0.438082 0.437958   
3    0.437975 0.437944 0.438437 0.438313 

0.01 0.3 2 1 1 1 0.430043 0.430027 0.430452 0.430332    
2   0.416087 0.416094 0.416412 0.4163    
3   0.40351 0.403533 0.403771 0.403667 

0.01 0.3 2 1 1 1 0.437622 0.437591 0.438082 0.437958     
2  0.394208 0.394241 0.394429 0.394329     
3  0.3623 0.362357 0.362413 0.362329 

0.01 0.3 2 1 1 0.5 0.315611 0.315547 0.316073 0.315968      
1 0.437622 0.437591 0.438082 0.437958      
1.5 0.525421 0.525422 0.525834 0.525712  

Table 6 
Local Microorganisms density number.  

φ K N1 M Γ Ec Lb Pe σ Cu Ag Al2O3 TiO2 

0.01 0.3 2 1 1 0.3 0.7 0.5 0.1 0.427197 0.427168 0.42765 0.427528 
0.02         0.423702 0.423658 0.424565 0.424328 
0.03         0.420215 0.420167 0.421446 0.421102 
0.01 0.1 2 1 1 0.3 0.7 0.5 0.1 0.444422 0.444361 0.444998 0.444865  

0.4        0.419438 0.419422 0.419842 0.419725  
0.8        0.392913 0.392932 0.393178 0.393075 

0.01 0.3 1 1 1 0.3 0.7 0.5 0.1 0.426838 0.42681 0.42729 0.427168   
2       0.427197 0.427168 0.42765 0.427528   
3       0.427565 0.427536 0.42802 0.427898 

0.01 0.3 1 1 1 0.3 0.7 0.5 0.1 0.413594 0.413591 0.413933 0.413827    
2      0.383891 0.383924 0.384082 0.383997    
3      0.360623 0.360671 0.360734 0.360663 

0.01 0.3 2 1 1 0.3 0.7 0.5 0.1 0.427197 0.427168 0.42765 0.427528     
2     0.384496 0.384531 0.384706 0.38461     
3     0.353567 0.353623 0.353671 0.353592 

0.01 0.3 2 1 1 0.1 0.7 0.5 0.1 0.425488 0.425458 0.425914 0.425798      
0.3    0.428001 0.427972 0.428436 0.42832      
0.5    0.4306 0.430574 0.431045 0.430929 

0.01 0.3 2 1 1 0.3 0.5 0.5 0.1 0.381554 0.381519 0.381987 0.381874       
0.7   0.427197 0.427168 0.42765 0.427528       
1   0.486605 0.486591 0.487052 0.486928 

0.01 0.3 2 1 1 0.3 0.7 0.3 0.1 0.40379 0.403755 0.404249 0.404127        
0.5  0.427197 0.427168 0.42765 0.427528        
0.7  0.449054 0.449032 0.449504 0.449381 

0.01 0.3 2 1 1 0.3 0.7 0.5 0.2 0.437753 0.437727 0.438206 0.438083         
0.3 0.448296 0.448272 0.448748 0.448625         
0.4 0.458824 0.458802 0.459276 0.459152  
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❖The transfer of heat was enhanced by 19 %, 16 % & 3 %.  
❖ The transfer of mass was enhanced by 18 %, 15 % & 3 %.  
❖ The microorganism’s diffusion rate was enhanced by 16 %, 13 % & 4 %.  

3. While increasing the Joule heating parameter (1 ≤ Ju ≤ 3)  
❖ The transfer of heat was enhanced by 21 %.  

4. While increasing the Viscous dissipation parameter (0.3≤ Ec ≤ 0.9).  
❖ The mass and heat transfer was enhanced by 6 % & 8 %. 

6. Future direction 

In the future, researchers may undertake further comprehensive examinations of the mass and heat transfer dynamics of Eyring- 
Powell (non-Newtonian) fluids that contain microorganisms in situations where conditions are unsteady. The existing model is 
limited by its incapacity to handle mixed convection within the framework of fluid flow. 
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