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Abstract: The utilization of nano-materials in a base fluid
is a new dynamic technique to improve the thermal con-
ductivity of base fluids. The suspension of tiny nano-
particles in base fluids is referred to the nano-materials.
Nanofluids play a beneficial contribution in the field of
nanotechnology, heat treatment enhancement, cooling
facilities, biomedicine, bioengineering, radiation therapy
and in military fields. The analysis of bioconvection char-
acteristics for unsteady squeezing flow of non-Newtonian
Jeffery nanofluid with swimming microorganisms over
parallel disks with thermal radiation and activation energy
has been studied in this continuation. The motivations for
performing current analysis are to inspect the heat transfer
enhancement in Jeffrey nanofluid in presence of multiple
thermal features. The Jeffrey nanofluid contains motile
microorganisms which convey dynamic applications in
bio-technology and medical sciences and agricultural en-
gineering. The system comprising differential equations of
derivative is restricted to an ordinary one by means of a
sufficient dimensionless similarity vector, and then
implemented numerically by means of a famous shooting
scheme with MATLAB tools. The effect of the significant

parameters over the fluid flow is investigated from a
physical point of view. The numerical findings of the
modeled system are explored in detail using tabular data.

Keywords: Jeffery nanofluid; numerical scheme; thermal
radiation; squeezing bioconvection flow.

1 Introduction

1.1 Overview

The synthesis of nanofluids has drawn valuable attention
of many scientists and engineers due to their significances
in various areas of thermal engineering and industrial
applications. Owing to the wide range of applications
of nanofluid in various technological and industrial pro-
cesses like cooling of electronic components, sanitization
of pharmaceutical suspensions, thermal steam generation
and aerospace molecular biology, many contributions are
performed on this topic specially in current century. In
nano-materials, nano-sized particles (1–100 nm) are dis-
charged into base liquids (water, car gasoline, methanol,
ethylene and glycerin) to improve the heat conductivity of
base fluids. In addition, a wide variety of businesses is
practically aware of applications for nano-liquids. The
use of nanofluids involves heat exchangers, generators,
light and heavy equipment, alternative energy sources,
thermal efficiency systems, nuclear reactors, electrical cool-
ing components, combustion, medicines, etc. Choi (1995)
proposed the idea of developing the thermal performance
of natural liquids by nanoparticles. Nanotechnology has
also resolved a host of issues related to the flow of heat in
factories. They can be classified as heat transfer nanofluids,
bio-and medicinal nanofluids, extraction and environ-
mental nanofluids, etc. Buongiorno (2006) suggested a
critical character in the creation of a non-homogenous
technological combination for the convectivemanufacturing
of nano-materials with heat transfer constraints. Ramzan
et al. (2020a) found the nanofluid flow with autocatalytic
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chemical reactions about such a vertical sheet with thermal
radiation and slipping conditions. Katta and Jayavel (2020)
are researching the increase in heat transfer in the radiative
peristalticmotion of nanofluid over a stretching of a compel-
ling magnetic field. Turkyilmazoglu (2020) explores the
impact of single-phase nanofluid on material and fluid
spectacle and tests its linear stability. Modified concept of
homogeneous-heterogeneous reactions in flow of Casson
material is inspected by Khan et al. (2017). Li et al. (2020)
exemplified the numerical investigation of the effect of
nanofluid during the melting process. Research on MHD
flows of Newtonian or non-Newtonian nanofluids across
stretching sheets has inspired a variety of researchers based
on their various uses in different sectors and environmental
applications including such polymer extrusion, material
synthesis, paper manufacturing, condensation, polystyrene
manufacturing, and glass blowing and so on. Atif, Hussain,
and Sagheer (2019) considered the motion of heterogeneous
bio-convective fluids with nano-materials and gyrostatic
microorganisms. Hosseinzadeh et al. (2020) investigate the
MHDflowofmicroorganisms andnano-materials on the soil.
Aleem et al. (2020) investigate the unsteady, radiative,
continuous flow of Jeffrey fluid through a porous medium of
a magnetic field between two perpendicular plastic surfaces
fixed in a fluid flow. Babu, Venkateswarlu, and Keshava
Reddy (2019) explore the slow, radiative, constant flow of
Jeffrey fluid under the influence of a magnetic field between
two diagonal plates fixed in a fluid medium. Sajjad et al.
(2020) analyze the current study to provide an (MHD) study
of Jeffrey nanofluid flow caused by a curved stretchable
surface. The rheological system appears for the use of non-
linear thermal radiation. Some of the articles by different
investigator in present years can be perceived through the
references (Anwar, Kumam, and Watthayu 2020; Bozorg
et al. 2020; Ghasemi and Siavashi 2020; Imran et al. 2020;
Khan et al. 2020; Rasool, Shafiq, and Tlili 2020; Saffarian,
Moravej, andDoranehgard 2020;Yang,Du, andZhang2020).

Bioconvection was of course, observed on average
because of the upward migration of microorganisms.
Bioconvection phenomenon includes applications for
bio-microsystems including such biomaterials and biotech-
nology. In comparison, the bioconvection approach con-
cerns a targeted swimming cell linked to the speciesofmotile
microorganisms. The physiological value of bioconvection
has been successfully established in bio-fuels, ethanol and
numerous manufacturing and environmental technologies.
The incorporation of motile microorganisms into solutions
has numerous uses, including such bio-micro technologies
(bioengineering and enzyme biosensors), micro-fluidics for
improving volatility in nano-liquids and for enhancing the
mass transportmethod. A precise theoretical consequence of

bioconvection in nanofluids has recently been developed.
The wonder of bioconvection seems to have taken place in
separate eras of biologyandbiotechnology. Kuznetsov (2011)
studied nanofluid bioconvection in the presence of micro-
organisms and nano-materials. Waqas et al. (2019a) explore
the phenomena of Williamson nanofluid in the occurrence
of a motile microorganism for a time-dependent magneto-
hydrodynamic flow. Khan et al. (2019) thermal radiation
research andmotile speciesOldroyd-B nanofluidflowstudy.
Alshomrani and Ramzan (2019) explored the consequence
of the ferromagnetic dipole on the nanofluid flow via the
stretched cylinder. Alwatban et al. (2019) was studying the
bioconvection ofmagnetized nanoparticles. Tlili et al. (2019)
explored the characteristics of second-order bioconvection
slips on Oldroyd-B nano-liquids. Waqas et al. (2019b) reg-
ulates the computational function of the electromagnetic
aspect of the viscous nanofluid through disk in the occur-
rence of microorganisms. Ramzan et al. (2020b) examined
nanofluid flow through Hall and Ion sliding together with
activation energy, microorganisms, and Cattaneo–Christov
heat and flux.

Current continuation explores the bioconvection
analysis for radiative flow of Jeffrey nanofluid with swim-
ming ofmicroorganisms induced by two parallel disks. The
activation energy features are also incorporated. The
modeled flow problem is numerically solved with help of
shooting algorithm. A comprehensive graphical illustra-
tion is carried out for inspecting insight physical conse-
quences. Some other important research on such topic can

Figure 1: Flow problem representation.
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be listed in Refs. Khan and Alzahrani (2021a, 2021b), Khan
et al. (2021) and Nazeer et al. (2021).

2 Mathematical description of
problem

Let us assume a two-dimensional unsteady squeezing
flow of Jeffery nanofluid with gyrotactic motile microor-
ganisms between two parallel disks (Figure 1). The acti-
vation energy and thermal radiation impacts are also
considered. The ambient temperature, concentration
T∞,C∞ andmicroorganisms areN∞. The induce magnetic
field and external electric field are neglected owing to
small Reynolds number.

The main assumptions for present phenomenon are
listed below:
– Unsteady two-dimensional squeezing flow has been

considered.
– Jeffery fluid model is adopted to examine the rheo-

logical consequences.
– Effect of thermal radiation and activation energy are

utilized.
– Themagnetic force impact is considered by taking it in

perpendicular direction.

The governing equations for radiative flow Jeffrey nano-
fluid with motile microorganism are (Khan et al. 2020;
Turkyilmazoglu 2020):
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Here, the velocity components are denoted by (u, w) along
the (r, z) directions, respectively, (p) is pressure, (μ) stand
for the dynamic viscosity, (ρ) shows the density of base
fluid, (C) the concentration, (σ) is denotes the electrical
conductivity, τ(= (ρc)p/(ρc)f ) depicts the ratio of heat

capacity and heat capacity of fluid, (DB)denotes the
Brownian diffusion coefficient, α(= k/(ρc)f ) stand for the

thermal diffusivity, (Tm) the mean fluid temperature, (λ1)
signify the ratio of relaxation and retardation times, (λ2) is
the retardation time, respectively, (T )is the temperature,
the kinematic viscosity v(= μ/ρ), (ρc)p stand for the

effective heat capacity of nanoparticles, (ρc)f is the heat

capacity of fluid, (DT) is the thermophoresis diffusion co-
efficient and (k) the thermal conductivity. Let us introduce
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3 Solution technique

The numerical process of the apparent MATLAB shooting
scheme for various physiological parameters presents the
structure of the intricate system of Ordinary differential
equations (9)–(12) above the corresponding original and
boundary state equations (13).This technique is very suc-
cessful in a small step-size condition with a negligible er-
ror. The inherent scheme technique for the final expresses
is defined below. By implementation of this method firstly,
higher-order differential equations are changed into first-
order ODEs with introducing new variables such as:
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4 Graphical analysis

In this division, the major aim is to visualization the
characteristics of velocity profile, temperature distribution
profile, concentration distribution profile, and motile mi-
croorganisms profile against involved prominent parame-
ters such as Deborah number, squeezing parameter,
activation energy, magnetic parameter, bioconvection
Rayleigh number, buoyancy ratio parameter, Prandtl
number, Brownian motion parameter, thermal radiation,
mixed convection parameter, thermophoresis parameter
and Lewis number. In addition, bioconvection Lewis
number and Peclet number are also discussed. Figure 2
survey the outcome mixed convection parameter λ and

squeezing parameter Sq on velocity profile f ′. The flow of
fluid upsurges in scenario of enhanced mixed convection
parameter λ magnitudes. Additional from these curves

lines it can be captured that velocity profile f ′ also boom for
larger squeezing parameter Sq. Figure 3 is noticed to show
the inspiration of magnetic parameter M and Nr versus

velocity profile f ′. It is investigated velocity profile f ′

reduced by growing the variations of magnetic parameter
M and buoyancy ratio parameter Nr. Practically, a greater
magnetic parameter creates Lorenz forces that minimize
fluid flow. Features of Deborah number β and Nc via ve-

locity profile f ′ is sketched in Figure 4. Here velocity profile

f ′ diminished by booming the variation of Deborah number
β and Nc. Figure 5 provides the information about the
impact of Prandtl number Pr and Deborah number for
thermal radiation Rd on temperature distribution profile θ.
Clearly temperature distribution profile θ decline for higher
estimation Prandtl number Pr, because it show opposite
performance for thermal radiation Rd. Physically,
augmented radiation variations convey additional heat
to the fluid, which debates and enhancing aspect on
the surface of the thermal boundary condition and the
temperature of the fluid. Performance of temperature
distribution profile θ under variation of Brownian motion
parameter Nb and Nt is reflected in Figure 6. Here tem-
perature distribution profile θ is a growing function of both
the parameters, Nb and thermophoresis parameter Nt.
Physically thermophoresis mechanisms i.e. the particles of
fluid transport from hot region to cool region.

Y.-M. Chu et al.: Squeezing flow Jeffrey nanofluid confined 721



The impact of Nt and activation energy E via concentra-
tion of nanoparticles field ϕ is displayed in Figure 7. It is
noticeable that the concentration of nanoparticles profile ϕ
is a diminishing role of thermophoresis parameter Nt and
activation energy E. Figure 8 displays the characteristics of
concentration of nanoparticles profile ϕ versus solutal strati-
fication Lewis number Le and Nb. It is summarized that con-
centration of nanoparticles profile ϕ are boomed up for
advanced variations of Lewis number Le and Brownian mo-
tion parameter Nb. The impact of Pe and bioconvection Lewis
number Lb on microorganism profile χ is showed through
Figure9.Heremicroorganismprofile χ decline for largerPeclet
numberPeandLb. FromTable 1 reveals that local skin friction
boosted up for various estimation ofM, Nr while reduced for
Sq. From Tables 2 and 3 investigated that the local Nusselt
number and the local Sherwood number rises for distin-
guished estimation of Sq and Pr. Table 4 depicts microor-
ganism density number improved with higher Pe and Lb.

Figure 2: Change in f ′ for λ & Sq.

Figure 3: Change in f ′ for Nr & M.

Figure 4: Change in f ′ for β & Nc.

Figure 5: Change in θ for Nb & Nt.

Figure 6: Change in θ for dPr & Rda.
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Figure 8: Change in ϕ fort Le & Nb.

Figure 9: Change in χ for Pe & Lb.

Figure 7: Change in ϕ for Nt & E.

Table : Numerical outcomes of −f ″() versus physical
parameters.

Flow parameters Local skin
friction

coefficients
M λ Nr Nc Sq �f ″ ()

. . . . . .
. .
. .
. . . . . .

. .
. .

. . . . . .
. .
. .

. . . . . .
. .
. .

. . . . . .
. .
. .

Table : Numerical outcomes of −θ′() versus physical
parameters.

Flow parameters Local Nusselt
number

M λ Rd Pr Sq Nb Nt �θ′ ()

. . . . . . . .
. .
. .
. . . . . . . .

. .
. .

. . . . . . . .
. .
. .

. . . . . . . .
. .
. .

. . . . . . . .
. .
. .

. . . . . . . .
. .
. .

. . . . . . . .
. .
. .
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5 Summary of analysis

The analysis addresses the impact of the activation energy
on squeezing flow Jeffery nano-liquids with bioconvection
over two parallel disks. The boundary layer equation has
been translated to nonlinear differential equations using the
necessary dimensionless variables. Numerical effects are
calculated using the built-in MATLAB tools bvp4c shooting
scheme. The primary contact pints are seen below:
– An increment in squeezing parameter and mixed

convection parameter lead flow of fluid.
– The temperature diminishes for greater variation of

Prandtl number.
– The temperature field improves for larger Brownian

motion parameter and thermophoresis parameter.
– The concentration of nanoparticles profile is a dimin-

ishing role of thermophoresis parameter and activa-
tion energy.

– The microorganisms filed reduce significantly with
booming the estimation of Peclet number and bio-
convection Lewis number.
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