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This study examines how bioconvection is affected by viscous dissipation in Wal-
ter-B nanofluid-flow across a stretching surface while taking activation energy into
account. There are several uses for viscous dissipation in many different domains.
These applications span from comprehending natural phenomena to engineering
and manufacturing processes. Which include material processing methods like
polymer extrusion, fluid-flow optimization in high speed applications, and heat
transfer augmentation in various systems. A mathematical model is developed by
using stress tensor of Walter-B fluid model and Buongiorns model to analyze the
dynamics of nanofluid. The only two slip mechanism namely thermophoretic and
Brownian motion are discussed. Using the shooting technique bvp4c, to address
the non-linear ODE. The following factors are examined: radioactivity, magnet-
ic parameter, Soret number, Peclet number, Brownian motion parameter, Prandtl
number, Dufour number, Lewis number for bioconvection, radiation parameter,
and melting parameter. A graphic representation of the effects of the pertinent fac-
tors on the velocity, temperature, and concentration profiles are shown, together
with the Sherwood number, Nusselt number, and skin friction coefficient. With a
rise in the magnetic and viscoelastic parameters, velocity decreases. The tempera-
ture upsurges with increases in the radiation parameter, magnetic parameter, Du-
four number, and Brownian motion parameter. The concentration rises with an in-
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crease in the thermophoresis parameter, but falls with an increase in the Brownian
motion parameter. As the Peclet number and Bioconvection Lewis number rise, so
does the field of microorganisms.

Key words: Walter-B nanofluid, bioconvection, viscous dissipation,
activation energy, thermophoresis, Brownian motion

Introduction

Walter B liquid, a subclass of non-Newtonian liquids, is used in many industrial
domains, including as chemical research, biosystems, chemical manufacturing, bioengineer-
ing, and biophysical techniques of thermal conduction in tissues. It was Walter who created
the Walter-B liquid connection [1]. Nandeppanavar et al. [2] looked at the effects of nano-
materials on Walter-B liquid. A sort of synthetic fluid known as nanofluid is one in which
nanoparticles-particles smaller than 100 nanometers are uniformly dispersed throughout a
base fluid, including water, oil, or ethylene glycol. These fluids are made to have greater
thermal and physical characteristics than the base fluid alone, including increased thermal
conductivity, better heat transfer, and improved stability. Nanofluids are frequently utilized
in innovative energy technologies, heat exchangers, and cooling systems because of their
exceptional performance in heat and mass transfer processes. Choi and Eastman [3] was the
first to propose the concept of highly sophisticated fluids. Buongiorno [4] introduced the
mathematical model for these sophisticated fluids’ conveyance. Hayat et al. [5] investigated
the effects of non-linear radiation and activation energy in mixed convective hydrodynamics.
The Jeffrey nanomaterial flows when the cylinder is extended. We examined the importance
of Brownian motion and thermophoresis. The heat transfer phenomenon generated by nano-
fluid with joule heating application was investigated by Asghar et al. [6]. A moving curved
surface was employed by Nadeem et al. [7] to investigate the diverse heat pattern associated
with the hybrid nanofluid. Eshgarf et al. [8] articulate the single-phase nanofluid analysis
through a thorough review. The function of nanoparticles in channel flow with thermofluidic
transport was examined by Ali et al. [9]. The Sutter by nanofluid against 3-D flow was the
main focus of Azam et al. [10]. Hussain and Sheremet [11] used the porous region help the
nanofluid move convectively. Using a declining surface, Acharya and Kalidas [12] predicted
the entropy production analysis for nanofluid. Using the nanofluid model, Sharma et al. [13]
demonstrated improved characteristics of blood-based micropolar liquids. Moatimid ef al.
[14] investigated the thermal consequences of the Reiner-Rivlin nanofluids contact with a
stretched disk. Turkyilmazoglu [15] examined the movement of nanomaterials on vertical
surfaces. Muhammad et al. [16] investigated 3-D radiative Eyring-Powell nanoliquid transfer
with activation energy using a Riga plate. Anwan et al. [17] observed non-linear radiative
heat transmission using MHD nanoliquid spray.

Heat is created when a fluid’s viscosity resists motion and gradients transform its ki-
netic energy into internal energy (heat). This process is known as viscous dissipation. Viscous
dissipation effects are important in supersonic and hypersonic vehicle design because of the
high velocities and sharp velocity gradients close to the surface. Viscosity dissipation is crucial
in micro-fluidic devices because of the tiny scale and large velocity gradients. It is also a crucial
consideration in the design of bearings and lubricants. Energy losses and efficiency in turbines,
compressors, and pumps are impacted by viscous dissipation. Validating CFD models for ther-
mal analysis is another important function of it. Sheikholeslami ez al. [18] used the zigzag mo-
tion impacts of nanoparticles on MHD nanofluid-flow between two plates in a rotating system
to explain the effects of viscous dissipation and introduce the fluid problem. They discovered
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that there is an inverse relationship between the dissipation parameter and the heat transfer rate.
Maleki et al. [19] talked about how well a pseudo-plastic nanofluid performed as it passed a
moveable porous surface with a dissipation effect. Saleem et al. [20] investigated fluid-flow in
nanomaterials under the impact of viscous dissipation. By using the optimal homotopy analysis
technique, they were able to construct an analytical solution and demonstrate how the dissipa-
tion parameter improves the temperature fieldby include heat generation and absorption, Ganga
et al. [21] examined the effects of viscous-ohmic [J] heating on MHD nanofluid-flow approach-
ing a plate. Their findings indicate that the magnetic and dissipation characteristics cause the
rate of heat transmission decrease.

A boundary or surface that experiences continuous deformation from stretching in
a fluid or solid medium is referred to as a stretching surface. This is a typical occurrence in
fluid dynamics, thermodynamics, and materials science, when forces drive a surface (such as
a flat plate or sheet) to stretch or expand in one or more directions. In addition their practical
uses in engineering, technology, and environmental sciences, the Navier-Stoke equations for
fluid-flow and energy and the diffusion equations for heat and mass transfer are frequently
employed in mathematical modelling of stretched surfaces. During the extrusion process,
it is crucial to examine the fluid motion brought on by the stretching surface. Crane [22]
solved the problem of steady 2-D flow by first extending boundaries. Similar solutions to
the boundary-layer equations describing the unsteady flow and heat transport across an ir-
regular stretched sheet have been provided by Elbashbeshy and Bazid [23]. Sharidan et al.
[24] investigated heat transfer and unsteady flow across a stretching sheet in a viscous and
incompressible fluid. Tsai et al. [25] also found similar solutions for unsteady flow and heat
transfer across an extending sheet under different conditions [26]. Hayat and Awais [27] in-
vestigated the flow over a elongating surface in relation time. The effect of slip on unstable
boundary-layer stagnation point flow across a stretching sheet was examined by Bhattacha-
ryya et al. [28]. The 3-D flow of Jeffery fluid past a stretched surface was also covered by
Hayat et al. [29].

In 1889, a scientist named Svante Arrhenius coined the term energy activation.
According to him, energy activation is the amount of energy required to overcome an or-
ganic compound’s chemical reaction. Additionally, it focused on the minimum amount of
energy needed to start chemicalreaction. In the combination of heat and mass transport, it is
crucial. Additionally, materials for batteries, fuel, cells, and semiconductors are optimized
using it. Rashid ez al. [30] examined how activation energy behaved in Maxwell nanoliquid
MHD flow. The MHD heat-transport of nanoliquids when wave conduction rings generated
was examined by Tayebi ef al. [31]. The activation energy of third-grade MHD nanolig-
uid-flow wasdiscussed by Hayat et al. [32]. Dawar et al. [33] conducted a magnetic field
flow of a nanoliquid containing activation energy. A few relevant works are listed in Refs.
[33-40].

In this paper, we extend the analysis of [41] in four key directions:

— Incorporate the presence of nanoparticles into the flow model, with focus on Brownian mo-
tion and thermophoretic diffusion.

— Introduce the influence of Arrhenius activation function in the concentration equation.

— The influence of the swimming gyrotactic motile microorganisms.

— For the solution of the non-linear equation bvp4c technique in MATLAB software is used.

The consequences of different flow parameters are presented graphically and dis-
cussed in detail.
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Problem formulation

The bioconvection Walter-B nanofluid
2-D flow caused by the stretching surface in-
vestigated in the present model. The Cartesian
co-ordinates (x, y) are chosen with velocities u
and v, respectively, fig. 1. A uniform magnetic
field, B,, is applied parallel to the y-axis. Brown-
ian motion and thermophoretic diffusion are tak-
Stretching surface en into consideration. Furthermore, the presence
— of gyrotactic microorganisms is examined in

h

relation the Dufour and Soret effects. Assume
that the flow is due to the stretching of the sheet
along x-axis with velocity u,, = ax where a > 0 is

Figure 1. Geometry of the flow constant. Using the aforementioned assumption
the governing flow equations are [41]:
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With boundary constraints:
u=ax, =7, N=N, C=C,, v=0 at y=0,
u—>0,T—->T, N>N ,C—>C_ as y—>»o
(6)

k[%Tlo =p [ A"+ (T, - T,) | v(x,0)

where B, is the express magnetic field strength, D — the Brownian motion coefficien, x4 — the dy-
namic viscosity, o — the Stephan-Boltzmann constan, ¢, — the heat capacity, 1* — the latent heat, b
— the chemotoxis constant, D — the thermophoretic diffusion coeffcients, D,, — the microorganisms
diffusion coefficient, . — the swimming cell speed, C — the concentration of nanoparticles, NV — the
microorganisms concentration, p — the fluid density, 7'— the temperature, k£ — the thermal conductiv-
ity, T,, — the surface temperature, ¢, — the nanoparticles concentration at surface, V., — the ambient
microorganisms concentration, and N,, — the microorganisms surface concentration, respectively.
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For thermophysical properties of the nanoparticle-water nanofluid, the equations are

defined for the effective density:

Pu =(1-4)p, +4p,
where p,, and p, are the density base fluid and nanoparticles, respectively, and ¢ is the nanopar-

ticle volume fraction.
Dynamic viscosity:

Heat capacity.

(C,), =8(pC, ), +(1=9)(rC, ),

Thermal conductivity :

Hoe =735

(1-9)"”

where u,c and u, are the viscosity of the nanofluid and base fluid.

_k, +2k, —26(k, k)

nf

- k, +2k, +p(k, k)

(7

)

©)

(10)

where k,rand k, are the thermal conductivity of nanofluid and base fluid and £, is the thermal
conductivity of the particle. The Cartesian co-ordinates (x, y) are chosen with velocities « and

v respectively, fig. 1.

Table 1. The physical properties of water and nanofluid

Base fluid and nanoparticle p [kgm3] C,[Jkg'K'] | k[Wm'K'] o [Q'm™]
Water 997.1 4179 0.613 0.005
AlLO; 3970 765 40 35-107

Consider similarities transformations are used to change the PDE to ODE:

u=axf'(n), v=—avf(n), n= \/%y

11
N-N,_ _C-C, _T-T,
() —ms P(n) = c —c, , 0(n) = T -T
After utilizing eq. (7), the non-dimensional form of the ODE are obtained:
L)+ L)L )= )+ B ) =2 () ")+ £ ) f ") | = MF () = 0 (12)
(1+ Rd)0" () +Pr £(17)0' (1) + Pr NbO' ()¢’ (17) + Pr Nt0"* (1) + Pr Dug’(n7) +
+MBrf "™ () + Brf " (1) + Pr Q(0(1)) = 0 (13)
" Nt " ’ " * n _—E =
¢ (’7)+ﬁ9 (1) +Scf (me@'(1) +ScSr0" (i) + o ¢(11)(0(17), +1) exp( o000, +1] 0 (14
2" () +Lof (1) () =Pe[ 4" () e () + )+ ¢'(n) 2 () ] = 0 (15)
The associated transformed boundary conditions are:
f1©0)=1, f'()=0, (=) =0, $(0)=1, 6(0)=1 »

0

Prf(0)+Med'(0)=0, ¢(x)=0, 7(0)=1, z(x)
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where
T,-T, . . Ea . o
0y = is the temperature difference number, E = is theactivation energy number,
0 a” oo
DyK (T, ~T,) . oB; . .
Sr = L“””) is the Soret number, M = —2is the magnetic parameter,
VIL(C, ~C,) pa
uc,, . Vo, .
Pr= TIS the Prandtl number, Sc = — is the Schmidt number,
B
D, (C,—-C,) . .
Nt = Dr €y =Cy) is the thermophorosis parameter,
1%
Nm . . . . .
) = —— isthe microoraganisms concentration difference,
o tVm

v . . . .
Lb =— isthebioconvection Lewis number,

B
Dy(C,-C
Nb = M is the Brownian motion parameter,
v
165°T; . . bW, .
Rd = g —= istheradiation parameter, Pe = —< is the Peclet number, and
n
c,(I,-T,) . : : .
Me = —————— isthemelting variable, respectively.

S A4 (T, -Ty)

Solution methodology
Now let us we have:
v=fon=f = =" = v, =0, v =6, y;=0",
Ve =05 ¥ =¢, y; =¢", Ys =X> Vg =

Then the momentum, energy, nanoparticles, and microorganisms equations becomes:

(17)

L Vs = 0 = B0y — 23505 ) + My,

y (18)
’ By
, _ —Pryy, —PrBuy,y, — By, y, —Pr(Nby,y, + N2y, y; )~ Pr Oy, — Pr Buy;
Vs = (19)
1+ Rd
, Nt , . \ _E
y; =-Scyy, _ﬁys —Bry,y, —ScSty; —Sco (1+50y4) exp|:1+50y4:| (20)
’ Nt ! ’
Yo :_Lbyyf)_ﬁys"'l)e[)G (yx+Q)+y9y7] (21)

Boundary conditions are:

Na =L Yy =0, 3, =0, ¥, =1, vy, =1, Pry, +Mey,, =0, y,, —0,y5, =1, g, =0 (22)
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Results discussion

The behavior of several factors on velocity, temperature distribution, nanoparticle
concentration, and microbe concentration is displayed in this section.

Figure 2 shows how the viscoelastic parameter affects, f'(#). The fluid velocity drops
as, f, increases, resulting in a thinner thickness of the momentum barrier layer. The bound-
ary-layer contracts due to the tensile stress caused by the viscoelasticity, which lowers velocity.
Figure 3 illustrates how the porosity parameter, kp, affects the velocity profile. Higher kp values
indicate a declining velocity profile. This is because a rise in kp thickens the boundary-layer by
increasing the fluid resistance across the surface. Figure 4 illustrates the effect of the magnetic
parameter, demonstrating how the velocity field varies as the magnetic parameter rises. As the
magnetic parameter value rises, velocity falls. Increased magnetic field strength creates Lorentz
forces, which increase flow resistance and cause velocity to decrease. Figure 5 illustrates how

the melting parameter affects the velocity profile, demonstrating that a higher melting param-
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eter results in a lower velocity profileindicating that when more heat is absorbed as a result of
the melting process, fluid momentum decreases and velocity subsequently decreases, slowing
down fluid-flow. The effect of Nb, in temperature profile as seen in fig. 6, a measurement of the
nanoparticles’ random motion, raises the temperature close to the boundary-layer. Physically,
the increase in fluid heat can be explained by the random or accidental mobility of particles,
as this increases the friction force between them. Figure 7, the effect of magnetic parameter is
shown in temperature profile. The temperature distribution’s behavior in connection the mag-
netic parameter is described. It is evident that when the magnetic parameter increases, the
temperature rises as well. The temperature rises as a result of increased fluid-flow resistance
caused by physical increases in magnetic properties. The impact of temperature on the thermo-
phoresis parameter is demonstrated in fig. 8, which also shows how temperature influences the



Mahariq, |., et al.: Viscous Dissipation on Bioconvection Flow of Walter-B ...

THERMAL SCIENCE: Year 2025, Vol. 29, No. 4B, pp. 3167-3178 3175

1.0 A ] 1.0 A ]

) \ — =20 | ¢ \ T 5e=00
081 Y e Sr=40 ] 0.8F . Sc=20

N — 5r=60 \ —Sc=40
06 N — =80 1 0.6 \ — Sc=60 1

\\\\ \
AR\
0.4r e 1 0.4+ \ q
Ny
N \\
021 RSN ] 0.2f ]
}%t‘l'ig.. \ ~
00k ‘ ‘ D rnr— 0.0k, ‘ ‘ e te——
0 2 4 6 o 8 0 2 4 6 5. 8
Figure 14. The ¢(#) vs. Soret number Figure 15. The ¢(#) vs. Schmidt number
1.0 Fy ] 1.0R ]
1 — Lb=05 A

x(n) x(n) W — Pe=00

08 g 2 - Lb=1.0 1 08r W Pe=10 1
W v\ .

\\{\ 3 —Llb=15 \}\t\ — Pe=20
\ 4 L 4

0.6 %\\\\ 1 4 — Lb=20 0.6 W\ \\\\\ — Pe=30
0.4 W 2 1 04l \‘\\\\\ 1

| W | Wi
AN\ N N
0.2 \é— 4 ] 02} R ]
RN s,
SEs sl
0.0k ‘ Pt ire s 0.0, ‘ ‘\ riaseantrct
0 1 2 3 4 5 6 0 1 2 3 4
Lb Pe
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thermophoresis parameter. The temperature obviously increases with increasing, Nt. As seen
in fig. 8, the thermophoresis factor, Nz, enhances the flow of nanoparticles from the ambient
liquid’s warm surface, producing more heat near the border sheet. The impact of the Dufour
number on the temperature profile is shown in fig. 9. A rise in temperature is observed as the
Dufour number increases. A mixture’s overall temperature rises when the Dufour number is
large because of the substantial heat produced by the diffusion of various species within it. The
relationship between the radiation parameter and the temperature profile is depicted in fig. 10,
where it increases in tandem with the radiation parameter. Thenanofluids conduction qualities
are enhanced by the heat radiation effect. This occurs because the thermal boundary-layer will
become thicker due to increased heat generation. For conduction, a dominant effect is demon-
strated. Heat released through radiation causes the system’s temperature to rise. The impact
of the Brinkman number on the temperature profile is seen in fig. 11. With a higher Brinkman
number, the temperature profile rises noticeably, suggesting that the fluids improved ability
to produce heat through viscous dissipation causes the temperature to rise more noticeably as
Brinkman number increases. The impact of the Brownian motion parameter on the microorgan-
ism profile is seen in fig. 12, boost using the Brownian motion parameter tends to reduce the
concentration of a microorganism profile. Brownian motion’s random movement essentially
disperses the microorganisms more uniformly throughout the medium by upsetting any estab-
lished pattern or concentration gradient within the population. The effect of the thermophoresis
parameter on the concentration profile is seen in fig. 13, the concentration profile increases as
the thermophoretic parameter, N¢, increases. This indicates that too many nanoparticles leave
the hot surface, increasing the volume fraction distribution. Figure 14 illustrates how the con-
centration profile is affected by the Soret number. It displays what happens when the concentra-
tion of the Soret number is increased. In this instance, the nanoparticle concentration increases
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in tandem with the Soret number. The concentration distribution within the fluid is improved
because a higher Soret number indicates a greater link between temperature gradients and mass
diffusion which results in a stronger movement of solute particles due to temperature differ-
ences. The effect of the Schmidt parameter on the concentration profile is illustrated in fig. 15,
which indicates that the volume percentage of nanoparticles decreases as the Schmidt number
increases. This is so because the Schmidt number represents the ratio of momentum to mass
diffusivity. Consequently, at high Schmidt number values, mass diffusivity falls, requiring a
drop in ¢. Figure 16 illustrates how the Lewis number affects the profile of microorganisms. In
this case, when Lewis number rises, the microbe field grows. Because it suggests a slower rate
of mass diffusion than heat transmission, which increases the concentration of microorganisms
in the fluid. The effect of Peclet number in microorganisms profile is shown in fig. 17. Which
illustrates how the Peclet number affects y(#). Convective flow becomes more prevalent as the
Peclet number rises, causing the fluid to move more quickly and, consequently, a smaller con-
centration of microorganisms in a particular location.

Conclusions

The flow of bioconvection in Walter-B nanomaterials under the influence of activa-
tion energy is the subject of this article. The properties of heat transfer are addressed by thermal
radiation. The bvp4c approach is used to solve the modeled equations. The results are given as
follows.
® The velocity decreases as the magnetic and viscoelastic properties rise.
® The temperature rises as the radiation parameter , Brownian motion parameter, Dufour num-
ber, and Magnetic parameter rise.

e While the thermophoresis parameter increases, concentration increases, but it decreases
while the Brownian motion parameter increases.

® As the bioconvection Lewis number and Peclet number rise, so does the field of microor-
ganisms.

e Inthe future, this study can be extended to incorporate a two-phase nanofluid model. Hybrid
nanomaterial-related challenges can also be attempted. In addition slip boundary conditions,
other convective heat and mass conditions can be studied.

Nomenclature

B, —magnetic field strength

Br — Brinkman number

C — concentration of nanoparticles

C,, —nanoparticles concentration at surface
¢, — heat capacity

Dy — Brownian motion coefficient

D,, —microorganisms diffusion coefficient
D7 — thermophoretic diffusion coefficient
Du — Dufour number

E —activation energy

k  — thermal conductivity

M — magnetic parameter

Me — melting variable

N — microorganisms concentration

N,, —microorganisms surface concentration
N,, — ambient microorganisms concentration
Nb — Brownian motion parameter

Nt — thermophorosis parameter

Pe —peclet number

Pr — Prantdl number

Rd —radiation parameter
Sc — Schmidt number

Sr — Soret number

T —temperature

T,, — surfacetemperature
W. — swimming cell speed

Greek symbols

Jp — temperature difference number

A —latent heat

4 — dynamic viscosity

v —kinematic viscosity

p —fluid density

o — Stephan-Boltzmann constant

Q) — microorganisms concentration difference
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