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ABSTRACT
A nanofluid is a fluid containing particles with less than a nanometer
diameter. These particles are referred to as nanoparticles dispersed
in a base fluid. The viscoelastic Oldroyd-B nanofluid flow past a ver-
tical stretching sheet with swimming gyrotactic microorganisms is
investigated in this present analysis. Lorentz force characteristics are
considered because the magnetic field is applied normally to the
sheet. Viscous dissipation, Joule heating, and chemical reaction are
combined inside the system. The resulting equations are converted
into the dimensionless form using similar improvement and then
explained by the bvp4c procedure. The effect of associated param-
eters on velocity, temperature, motile density profiles, and nanopar-
ticle volume fractionhasbeen reflected throughphysical justification
over tables and graphs. Statistical analysis is applied to disclose the
association of parameters with the physical characters. The tempera-
ture rises due tomanaging relaxing time in the current investigation.
When the chemical destructive response rate increases, a construc-
tive chemical reaction increases species concentration considerably;
however, the species concentration drops when the reaction rate
increases. The current and potential applications of bioconvection
renewed the drive for theoretical research on synthesis and process
control in biofuel cells and bioreactors.
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Nomenclature

û1, v̂1 Velocity components (ms−1)

x̂1, ŷ1 Cartesian coordinates (m)

T̂1 Temperature (K)

T̂∞ Ambient temperature (K)

Ĉ1 Concentration (kgm−3)

Ĉ∞ Ambient concentration (kgm−3)

Ĉw Surface concentration of nanoparticles (kgm−3)

n̂w Surface concentration of microorganisms (kgm−3)
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n̂∞ Ambient concentration of microorganisms (kgm−3)

B0 Constant magnetic field (kgs−2A−1)

Wc Maximum cell swimming speed (ms−1)

A1 Relaxation time
A2 Retardation time
k1 Chemical reaction constant
b̂ Chemotaxis (m)

a Stretching rate (s−1)

DB Brownian diffusion coefficient (m2s−1)

DT Thermophoretic diffusion coefficient (m2s−1)

Dm Microorganisms diffusion coefficient (m2s−1)

Nr Buoyancy ratio parameter
Rb Bioconvection Rayleigh number
Pr Prandtl number
Nb Brownian motion parameter
Ec Eckert number
Nt Thermophoresis parameter
Le Lewis number
Lb Bioconvection Lewis number
Pe Bioconvection Peclet number
Bi Biot number
Kr Chemical reaction parameter

Greek symbols

τ Ratio of the effective heat capacity
� Microorganism concentration difference parameter
α1 Dimensionless relaxation time parameter
β1 Dimensionless retardation time parameter
α Inclined angle of magnetic field
β Volume expansion coefficient
� Stream function (ms−1)

η Similarity parameter
λ Mixed convection parameter
ρf Density of nanofluid (kgm−3)

ρp Density of nanoparticles (kgm−3)

ρm Density of microorganisms particles (kgm−3)

κ Thermal conductivity (mkgs−3K−1)

ρ density (kgm−1)

σ Electrical conductivity (s3m2kg−1)

υ Kinetic viscosity (m2s−1)

Subscripts

∞ Condition at the free stream
w condition at the surface
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1. Introduction:

Nanofluid dynamics are currently attracting a lot of attention from scientists. Due to the
poor thermal efficiency, general working fluids generally accommodate low heat transfer
properties. Hence, many investigators are developing an advanced technique to enhance
the employed liquid’s thermal performance. Injection of nano-materials in the general
working fluids is a pretty appealing process developed by investigators to improve ther-
mal performance. Those materials are mainly alloys (Al, Cu, Ag) or non-metals (Carbon
nanotubes, Graphite).

Furthermore, nanofluid is the main factor in balancing cooling rate requirements with
thermal performance. Nanofluid applications are now effectively applied in a wide range
of industries. Usage of nano-fluids is not confined to heat exchangers, heating and cool-
ing method, nuclear reactors, electronic chips tempering, medication, combustion, and
lubrication. Investigation of nanoparticles’ context implies injection of nanoparticles into
generally employed liquids is exceeding supportive way to increase the cooling capacity
of usual fluids (Eastman [1] & Choi). ‘Two-component relation’ examines heat energy trans-
fer in nanofluids built up by Buongiorno [2]. A relationship depends on Brownian motion
and thermophoresis. Later, Das [3] and Tiwari studied nanofluids heat transport enhance-
ment in a two-sided lid-driven square cavity. Pramuanjaroenkij [4] and Kakac described the
analysis of thermal convective augmentation of nanofluids. The inclination angle in usual
convective Cu-liquid nanofluid flow in inclusions was discovered by Abu-Nada and Oztop
[5]. Recent researchers on nanofluid flow area may be referred to in [6–14].

Highlighting the non-Newtonian fluids is the first preference for present researchers
at various platforms such as sugar syrups, apple pulp, lubricants, shampoos, cosmet-
ics, tomato sauce, etc. No constructive idea is there to unfold the properties of these
Non-Newtonian fluids. ‘The simplest subclass of the rate-type fluid is theMaxwell fluid,’ this
concludes the stress relaxation impacts but not the stress retardation impacts. Due to this
hindrance, an Oldroyd-B nano-liquid type was estimated to explore stress retardation and
relaxation impacts. Hafeez et al. [15] discovered the effect of heat flux theory on the bound-
ary layer rotational flow of Oldroyd-B liquid. Aziz et al. [16] examined the problem of the 3D
rotating flow of Oldroyd-B nanofluid over a convectively heated surface. In the bioconvec-
tiveOldroyd-B nanofluid flow, themotilemicroorganism rates on a vertical stretching sheet
with the inclined magnetic field, mixed convection, and stick on to that an augmentation
of the relaxation time impact rises the distribution of temperature within the flow region
is recognized by Elanchezhian et al. [17]. Based on the viscoelastic fluid model theory, few
articles are given via Refs. [18–22].

Nanoparticle accumulation has been identified as an issue in various applications and
physical circumstances. Bioconvection within the nanofluid is combined with viscous and
gravitational forces in this research. This process is discovered to be influenced by the
movement of gyrotactic microorganisms. Then, the need for present research has been
initiated on both nanoparticles and the microorganisms area. Xu and Chi [23] described
the result on the horizontal porous channel, our research performance considered the
vertical flow by eliminating both slip flow and convection conditions by six relations
as ‘Galerkin weighted residual procedure’ is analyzed by Sharma [24] and Saini. Alsaedi
et al. [25] found the impact of boundary layer and gyrotactic microorganisms of nanofluid
due to applying a magnetic field over a stretchable sheet. Khan et al. [26] studied the
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flow of nano-liquid containing gyrotactic microorganisms of the type non-linear radiative
magneto-Burgers. An investigationofQayyunet al. [27] analyzed the impact of the radiative
thermo-bioconvection effect in nanofluid’s magnetic flow with gyrotactic microorganisms
over a revolving disk. The properties of nanofluids with gyrotactic microorganisms in Refs.
[28–33] have been focused on in many research reports.

The present study includes heat transport andmass transport, and the chemical reaction
stimulation takes the prominent role as an outcome of extensive industrialized utilization
analysis. Themodel of synthetic processingmaterial, polymers, cooling towers, formation&
diffusion of fog, temperature and fibrous inner coating, pollution, etc., are to be considered
because of its vital role. Necessarymaterials are generated togoover the syntheticmechan-
ical response to convert economybasicmaterials into cutting-edge items like oxidation and
artificial parts, obliteration of harvests as consequences of cold, preparing food, humid-
ity diffusion developed areas, etc. In a reactor, a chemical reaction is executed. Chemical
reaction b/w the conventional fluid and nanoparticles are categorized as a similar reac-
tion over a positive stage (or) heterogeneous reaction, i.e. enclosed by the boundary layer.
The rate of a chemical reaction is associated with the concentration. Considering the rel-
evant applications, various authors have considered and produced their consequences
on chemical reaction results on the flow of mass heat transport with distinct geometries
[34–51].

The novel feature of this work is to apply the Buongiorno nanofluid type and gyrotactic
microorganisms in the reality of chemical processes to explore the Oldroyd-B fluid model’s
advantages. The magnetic field and Joule heating impacts are also studied to restrict the
fluid movement over a vertical stretching sheet. An attempt is novel and has not been
reported yet. Governing non-linear differential equations are worked out by the bvp4c
method. A thorough investigation is deliberated to get the problem’s rheologic proper-
ties, and the solution in terms of velocity, temperature, the density of microorganisms, and
concentration profiles is conferred.

2. Problem formation:

A vertical non-isothermal surface generated a ‘viscoelastic category Oldroyd – B’ nanofluid
flow containing gyrotactic microorganisms and nanoparticles. A heterogeneous mixture
in which solid particles unfold throughout the liquid without dissolving is defined as a
nanoparticle suspension. It is supposed that there is no impact on the swimming veloc-
ity in the presence of nanoparticles. This supposition is acceptable when the concentration
of nanoparticles is less than one percent. Usually, bioconvection prompted flow to arise
only in a diluted nanoparticle suspension. For bioconvection stability, it is supposed that
nanoparticle suspension in the fluid is to be diluted. The abscissa x̂1 inflates along the sur-
face and the ordinate ŷ1 is normal to the surface (see Figure 1). Flow commenced owing to
elongating of the sheet in a perpendicular direction with ûw = ax̂1, here amore significant
than zero shows the elastic rate.

Nanofluid relations show the effects of Brownian motion and thermophoresis. At the
boundaries, thermal convective conditions are applied. It is observed that the surface is
heated by hot fluid that contains temperature Tf that provides the coefficient hf . Magnetic
field B0 is applied vertically towards the flow; hence a small magnetic Reynolds number is
nominated. In the comparative induced magnetic field, the applied magnetic field is high.
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Figure 1. Physical sketch of the flow system.

The induced magnetic field is non-appearance for a small magnetic Reynolds number. A
physical model is obtained by assimilation of Joule heating and viscous dissipation.

Governing boundary layer expressions are [17, 18]:

∂ û1
∂ x̂1

+ ∂ v̂1
∂ ŷ1

= 0, (1)

û1
∂ û1
∂ x̂1

+ v̂1
∂ û1
∂ ŷ1

= υ

ρf

∂2û1
∂ ŷ21

− A1

(
û21

∂2û1
∂ x̂21

+ v̂21
∂2û1
∂ ŷ21

+ 2û1v̂1
∂2û1

∂ x̂1∂ ŷ1

)
− σ

ρf
B20sin

2αû

− σ

ρf
B20A1

υ

ρf

∂ û1
∂ ŷ1

+ υA2

(
û1

∂3û1
∂ x̂1∂ ŷ21

+ v̂1
∂3û1
∂ ŷ31

− ∂ û1
∂ x̂1

∂2û1
∂ ŷ21

+ ∂ û1
∂ ŷ1

∂2û1
∂ x̂1∂ ŷ1

)

+ 1
ρf

(1 − Ĉ∞)ρfβg(T̂1 − T̂∞) − (ρp − ρf )g(Ĉ1 − Ĉ∞) − (n̂1 − n̂∞)gγ (ρm − ρf ),

(2)
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û1
∂ T̂1
∂ x̂1

+ v̂1
∂ T̂1
∂ ŷ1

= κ

ρcp

∂2T̂1
∂ ŷ21

+ τ

⎡
⎣DB

∂Ĉ1
∂ ŷ1

∂ T̂1
∂ ŷ1

+ DT̂

T̂∞

(
∂ T̂1
∂ ŷ1

)2
⎤
⎦

+ μ

ρcp

(
∂ û1
∂ ŷ1

)2

+ 1
ρcp

σB20sin
2αû21, (3)

û1
∂Ĉ1
∂ x̂1

+ v̂1
∂Ĉ1
∂ ŷ1

= DB
∂2Ĉ1
∂ ŷ21

+ DT̂

T̂∞

∂2T̂1
∂ ŷ21

− k1(Ĉ1 − Ĉ∞)2, (4)

û1
∂n̂1
∂ x̂1

+ v̂1
∂n̂1
∂ ŷ1

− Dm

(
∂2n̂1
∂ ŷ21

)
= − b̂Wc

(Ĉw − Ĉ∞)

[
∂

∂ ŷ1

(
n̂1

∂Ĉ1
∂ ŷ1

)]
, (5)

The relevant boundary conditions are:

û1 = ûw = ax̂1, v̂1 = 0, −κ
∂ T̂1
∂ ŷ1

= hf (T̂f − T̂1), Ĉ1 = Ĉw , n̂1 = n̂w , at ŷ1 = 0, (6)

û1 → 0, T̂1 → T̂∞, Ĉ1 → Ĉ∞, n̂1 → n̂∞, as ŷ1 → ∞. (7)

The conservation of governing equations into dimensionless form is attained via the
following dimensionless variables [17]:

η = ŷ1
( a
υ

)1/2
,� = (aυ)1/2x̂1g(η), û1 = ∂�

∂ ŷ1
, v̂1 = − ∂�

∂ x̂1
,

û1 = ûwg
′(η), v̂1 = −(aυ)1/2g(η), θ(η) = T̂1 − T̂∞

T̂f − T̂∞
,

φ(η) = Ĉ1 − Ĉ∞
Ĉw − Ĉ∞

,χ(η) = n̂1 − n̂∞
n̂w − n̂∞

.

(8)

Now, substitution of Eq. (8) in the Eqs. (2)-(5), results subsequent non-linear ordinary
differential equations as follows:

g′′′ + (1 + Mα1)g g
′′ − g′2 + α1(2 g g′ g′′ − g2 g′′′)

+ β1(g
′′2 − g giv) − M sin2α g′ + λ(θ − Nr φ − Rbχ) = 0, (9)

θ ′′ + Pr(g θ ′ − g′ θ) + Nbφ′ θ ′ + Nt θ ′2 + Pr Ec (g′′2 + M sin2α(g′)2) = 0, (10)

φ′′ + Pr Le (gφ′ − g′ φ) + Nt

Nb
θ ′′ − Kr φ2 = 0, (11)

χ ′′ + Lb (gχ ′ − g′ χ) − Pe[φ′′(χ + �) + φ′ χ ′] = 0, (12)

The boundary conditions are

g(0) = 0, g′(0) = 1, θ ′(0) + Bi(1 − θ(0)) = 0, φ(0) = 1, χ(0) = 1, (13)

g′(∞) = 0, θ(∞) = 0, φ (∞) = 0, χ(∞) = 0. (14)
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Here, the prime represents differentiation concerning η. The non-dimensional parame-
ters are expressed mathematically as:

α1 = A1a, β1 = A2a, λ = βγ (1 − Ĉ∞)(T̂f − T̂∞)

aûw
, Nr = (ρp − ρf )(Ĉw − Ĉ∞)

βρf (T̂f − T̂∞)
,

Rb = γ (ρm − ρf )(n̂w − n̂∞)

βρf (1 − Ĉ∞)(T̂f − T̂∞)
, Pr = υcp

κ
, Nb = τDB(Ĉw − Ĉ∞)

υ
, Nt = τDT̂ (T̂f − T̂∞)

υT̂∞
,

Ec = û2w
cp(T̂f − T̂∞)

, Le = κ

ρcpDB
, Lb = υ

Dm
, � = n̂∞

n̂w − n̂∞
,

Pe = b̂Wc

Dm
, Bi = hf

κ

√
υ

a
, Kr = k1

a
.

Physical engineering parameters denoted as follows:

Nux̂ = x̂1qw

κ(T̂f − T̂∞)
, Shx̂ = x̂1qm

DB(Ĉw − Ĉ∞)
, Nnx̂ = x̂1qn

Dn(n̂w − n̂∞)
, (15)

qw =
[
−κ

∂ T̂1
∂ ŷ1

]
ŷ1=0

, qm =
[
−DB

∂Ĉ1
∂ ŷ1

]
ŷ1=0

, qn =
[
−Dn

∂n̂1
∂ ŷ1

]
ŷ1=0

. (16)

By Eq. (8), Local Nusselt, Sherwood, and Density numbers of motile microorganisms are:

Nux̂Re
−0.5 = −θ ′(0), Shx̂Re

−0.5 = −φ′(0), Nnx̂Re
−0.5 = −χ ′(0). (17)

Where Re = ûwx̂1
υ

depicts local Reynolds number

3. Numerical experiments:

3.1. Numerical methodology:

Non-linear differential equations (9)-(12) w.r.to the boundary conditions (13)-(14) are
worked out numerically through the bvp4c process. By applying bvp4c, the system of BVP
converted into a system of the first-order ODE. The function bvp4c is based on FDM, pre-
sentedby the III-stage Lobatto IIIa formula. The collective typemethod is a polynomial gives
a C1-continuous solution. The result is given by the polynomial group of 4th order exact-
ness done the whole interval. First, the principal differential equations are converted into
the first-order ODEs. To accomplish this, consider the new variable.

g = �1, g′ = �2, g′′ = �3, g′′′ = �4, θ = �5,

θ ′ = �6, φ = �7, φ′ = �8, χ = �9, χ ′ = �10.
(18)
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The first-order system is given as⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

�′
1

�′
2

�′
3

�′
4

�′
5

�′
6

�′
7

�′
8

�′
9

�′
10

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

=

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

�2

�3

�4

1
β1�1

[
�4 + (1 + Mα1)�1�3 − �2

2 + α1(2�1�2�3 − �2
1�4)

+β1�
2
3 − Msin2α �2 + λ(�5 − Nr �7 − Rb�9)

]
�6

− Pr(�1�6 − �2�5) − Nb �8 �6 − Nt�2
6 − Pr Ec(�2

3 + Msin2α �2
2)

�8

− Pr Le(�1�8 − �2�7) − Nt
Nb�′

6 + Kr Pr Le�2
7

�10

−Lb(�1�10 − �2�9) + Pe[�′
8(�9 + �) + �10�8]

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

,

(19)

And the reformed initial conditions are⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

�1(0)
�2(0)
�2(∞)

�6(0) + Bi(1 − �5(0))
�5(∞)

�7(0)
�7(∞)

�9(0)
�9(∞)

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

=

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

0
1
0
0
0
1
0
1
0

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
. (20)

The numerical integration range is ηmax = 10 in the computation that is enough for the
graphical outcomes to achieve the two-point condition asymptotically. The step size is
taken as�η = 0.001. The iterative technique is simulated pending the required results are
achieved up to accuracy level 10−6.

3.2. Code verification:

The numerical outputs of reduced skin friction for different fluids Deborah numbers have
been extracted to confirm the technique’s effectiveness.Mathematically, parametric inputs
are collected as Nr = M = Rb = λ = 0 (mixed convection and magnetic field are absent).
Thenumerical values are employed in Table 1 to compareAbel et al. [21],Megahed [22], and
Abbasi et al. [18]. It shows the required accuracy. Therefore, a verification code is acceptable.

4. Statistical work out:

We are currently working through the subheadings to explore significant parameters and
their effects on the flow profile. Before we go any further, it is significant to understand
the underlying relationship between the actual boundaries. To accomplish a similar, we
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Table 1. Comparison results of−f ′′(0)with the special conditions Nr = λ = M = Rb = 0.

α1 Abel et al. [21] Megahed [22] Abbasi et al. [18] Present study

0.0 0.999962 0.999978 1.00000 1.000000
0.2 1.051948 1.051945 1.05189 1.051890
0.4 1.101850 1.101848 1.10190 1.101903
0.6 1.150163 1.150160 1.15014 1.150137
0.8 1.196692 1.196690 1.19671 1.196711
1.2 1.285257 1.285253 1.28536 1.285363
1.6 1.368641 1.368641 1.36873 1.368758
2.0 1.447617 1.447616 1.44781 1.447823

Table 2. Values of−θ ′(0),−φ′(0) and−χ ′(0) for different α,α1,β1, Nt, Nb, Pe and Lb.

α α1 β1 Nt Nb Pe Lb −θ ′(0) −φ′(0) −χ ′(0)

0 2 0.1 0.1 0.1 0.5 2 0.340276 2.353069 4.103671
π/4 0.322774 2.355376 4.110413
π/3 0.314175 2.356644 4.113767
π/2 2 0.305672 2.357992 4.117103
π/2 2.1 0.305672 2.357992 4.117103

2.2 0.303578 2.352544 4.109876
2.3 0.301486 2.347190 4.102699

0.299186 2.341411 4.094860
0.1 0.305672 2.357992 4.117103
0.15 0.308642 2.365424 4.126895
0.2 0.311389 2.372450 4.136045
0.25 0.313691 2.378458 4.143781

0.1 0.305672 2.357992 4.117103
0.2 0.300145 2.317220 4.101359
0.3 0.294841 2.281273 4.097932
0.4 0.289336 2.254150 4.097086

0.1 0.305672 2.357992 4.117103
0.2 0.280808 2.403483 4.160168
0.3 0.255628 2.418323 4.173642
0.4 0.231467 2.425109 4.179107

0.1 0.304714 2.354297 1.794885
0.4 0.305455 2.357167 3.529526
0.7 0.306067 2.359478 5.305545
1.0 0.306579 2.361365 7.119369

2 0.305672 2.357992 4.117103
4 0.305668 2.357746 4.581464
6 0.305657 2.357566 4.978748
8 0.305650 2.357453 5.335318

have recordedNusselt number, Sherwoodnumber, anddensity number formotilemicroor-
ganisms’ values in Table 2. Later they assessed the correlation coefficient among them and
noted them in Table 3.

4.1. Probable error:

Probable error is an easy way to find out or obtain the correlation. Defines a potential from
the following equation [52]

P · E(r) = 0.6745 × (1 − r2)√
n

, (21)

Here r -coefficient of correlation and n -total no. of observations or amount of data. In every
case of calculation, we received−θ ′(0),−φ′(0) and−χ ′(0) and significance factor 0.6745 is
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Table 3. Values of correlation coefficient.

r −θ ′(0) −φ′(0) −χ ′(0)

α −0.99474 0.995949 0.994925
α1 −0.99972 −0.99987 −0.99978
β1 0.998417 0.998879 0.998637
Nt −0.99997 −0.9961 −0.87742
Nb −0.99997 0.924032 0.916954
Pe 0.996604 0.995643 0.99995
Lb −0.98629 -0.98658 0.998214

Table 4. Values of P · E(r).
P · E(r) −θ ′(0) −φ′(0) −χ ′(0)

α 0.0035396 0.0027270 0.0034142
α1 0.000186 0.0000908 0.0001469
β1 0.0010671 0.0007556 0.0009189
Nt 0.0000208 0.0026259 0.0776140
Nb 0.0000234 0.0492942 0.0536885
Pe 0.0022870 0.0029321 0.0000336
Lb 0.0091852 0.0089908 0.0012033

thatμ ± 0.6745σ covers fifty percent, whereμ is the sample’s mean, and σ is the standard
deviation. Finally

r < P · E(r) implies correlation is not significant

r > 6.P · E(r) implies correlation is significant (22)

4.2. Parameters Statistical statement:

By estimating the correlation coefficient, we use Pearson’s method, which is represented
by r. The method is of approximating variance & covariance. For example, we have two

data sets {x1, x2, . . . , xk}, {y1, y2, . . . , yk}. Then r =
∑k

i=1(xi−x̄)(yi−ȳ)√∑k
i=1 (xi−x̄)2

√∑k
i=1 (yi−ȳ)2

where x̄, ȳ are

samples mean. From Table- 2, the values of −θ ′(0) for the parameter α. If α is 1st set
of data, i.e.{x1, x2, . . . , xk}then the value of −θ ′(0) in the 8th column will be dried as
the 2nd data set, i.e. k value is 4. Herex̄ = 0.8475, ȳ = 0.320724 and

∑4
i=1 (xi − x̄)2 =

1.132199,
∑k

i=1 (yi − ȳ)2 = 0.025611. Proceed likewise and calculate the remaining val-
ues by way of r is revealed. We get rvalue is −0.99474 in Table -3. At that time, we get
PE(r) = 0.0035396 in Table 4 adopting the technique stated in (21) where = −0.99474,
n = 4. Afterward, we calculated the modulus of r

P·E(r) are in Table -5. Now we can sim-
ply check which are significant. Therefore, parameters are mostly connected to physical
characters in the case of correlation coefficients are significant.

5. Results and discussion:

The effect of magnetized Oldroyd-B nano liquid flow combined with a vertical stretching
sheet containing swimming microorganisms with chemically reactive species is discussed
in this research. Themathematicalmodel generate graphs that examine physical character-
istics such as motile microorganism density, temperature, nanoparticle concentration, and
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Table 5. Values of r
P·E(r) .

r
P·E(r) −θ ′(0) −φ′(0) −χ ′(0)

α 281.03 365.224 291.41
α1 5374.62 11016.7 6807.48
β1 935.672 1321.93 1086.73
Nt 48008.1 379.335 11.3049
Nb 42808 18.7453 17.0791
Pe 435.77 339.564 29787.2
Lb 107.379 109.732 829.561

Figure 2. Velocity profile for distinct values ofM and α1.

velocity profiles. Throughout the computational procedure, the inputs of governingparam-
eters are initiallyβ1 = 0.5,M = 0.2,α1 = 2,α = π

2 , λ = 0.2,Nr = 0.2, Rb = 0.2, Pr = 7,Nt =
0.1, Ec = 0.1,Nb = 0.1, Le = 5, Lb = 2, Pe = 0.5, and � = 2.

Figure 2 shows the result of Deborah number (α1) and magnetic parameter (M) on the
velocity field. Velocity field declines due to increment in both α1 and M. The greater Deb-
orah number α1 agrees time of more considerable reduction and such a larger reduction
prevent movement due to reduced velocity and thinner momentum boundary layer. Fur-
thermore, velocity profilemagnitude reduceswith the impact ofM. Physically, themagnetic
field is a protected force that creates resistance to fluid movement, hence noticing that
fluid motion is decreased. Figure 3 illustrates the reduction in the velocity profile for the
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Figure 3. Velocity profile for distinct values of α and β1.

Figure 4. Velocity profile for distinct values of Rb and λ.

greater values implicit for α and reverse impact for larger values of Deborah number β1.
The ‘Maxwell fluid’ case is attained by putting β1 as zero. Besides, ‘viscous fluid’ case is
attained, putting α1,β1 as zero. Figure 4 describes the effectiveness of mixed convection
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Figure 5. Temperature profile for distinct values of λ and α.

(λ), bioconvective Rayleigh number (Rb) in the velocity profile. From the figure, it is evident
that greater values of Rb notably decrease the velocity profile. Bioconvection produces the
decreasing behavior in velocity by greater buoyancy force owing to a rise in Rb. Similarly,
mixed convection (λ) increases the convection capability away from the sheet and heated
sheet. Therefore, the distribution of velocity is accelerated.

Figure 5 shows the use of mixed convection constant(λ) and inclination angle (α) on
the temperature distribution. Here, it is noticed that higher buoyancy force, λ rises the heat
transfer rate, and accordingly, the temperature of fluid decreases. Moreover, it observed
that the thermal boundary layer enhances for higher α. The temperature field for the
impacts of Brownian movement (Nb) and thermophoresis constant (Nt) is illustrated in
Figure 6. Now, it is noted that higher values of Nt increase the temperature field. It phys-
ically shows that the thermophoretic force owing to temperature rise makes a quick flow
away from the surface.

A rise in Brownian motion parameter Nb displays to boost of the temperature field. For
greater values of Nb the collision of nanoparticles boosts up, which intensifies the tem-
perature field. Figure 7 represents the temperature profile of Eckert number (Ec) and Biot
number (Bi). It is witnessed that for more significant Eckert number Ectemperature raises.
Physically, increment in Ec creates high friction in liquid due to friction b/w particles. Thus,
the temperature profile strengthens. Moreover, the temperature and related boundary
layer thickness increased for the Biot number.

Figure 8 shows the reverse impact in temperature profile and thermal boundary layer
thickness concerning Deborah numbers α1 and β1.If we increase α1 values the temper-
ature profile is heightened, but it decreases for higher values of β1. Physically, the Deb-
orah numbers α1, β1 seem because of relaxation and retardation time, respectively, also
α1, β1have opposite impacts on the rate of heat transport and temperature. Contribution
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Figure 6. Temperature profile for distinct values of Nb and Nt.

Figure 7. Temperature profile for distinct values of Bi and Ec.

with the relaxation and retardation time is accountable for decreasing and augmentation
of temperature and thermal boundary layer thickness. Figure 9 depicts the Brownian dif-
fusion parameter (Nb) and thermophoresis diffusive parameter (Nt) behavior on the field.
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Figure 8. Temperature profile for distinct values of α1 and β1.

Figure 9. Nanoparticle volume fraction profile for distinct values of Nt and Nb.

Concentration is decreasing function of Brownian parameter Nb. Brownian motion rises,
the collisions b/w liquid particles increase and confirm low mass transfer from the heated
surface towards the cold fluid. The concentration area demonstrates diminishing actions.



16 K. GANGADHAR ET AL.

Figure 10. Nanoparticle volume fraction profile for distinct values of Kr.

In contrast, minimum nanoparticles pass from hot to cold surfaces for the leading ther-
mophoresis parameter. Hence, the concentration of nanoparticles enhances. From Figure
10, it is witnessed that nanoparticle concentration improves for more significant values of
M and α. Besides, at this invasion, the thickness of the boundary layer increases.

Figure 11 displays the concentration of nanoparticle diffusion for chemical reaction
parameter Kr(> 0) in the existence of bioconvection. It is noticed that enhancement in the
chemical reaction parameter reduces the nanofluid concentration. Thus, in the case of an
adverse reaction, Krreduces the fluid concentration at the boundary. In specific, fluid con-
centration slowly varies from the higher value to smaller only after the fluid’s kinematic
viscosity is smaller than the rate of the chemical reaction. In other words, from Figure 11,
the concentration rises significantly in the existence of chemical reproductive response
(Kr < 0) nearby the surface boundary of the sheet. It is found that the behavior of genera-
tive reaction on the concentration profile ismore prominent than the destructive response.
Figure 12 shows the effects of bioconvective Lewis number (Lb) and Peclet number (Pe) on
motile density profile. It is noticed that for greater values of Lb, the diffusivity of microor-
ganisms decreases, hence the motile density falls. Also, motile density reduces for greater
Pe. An increase in Pe moves to a drop in the diversity of microorganisms; therefore, the
motile density of fluid decreases. The effectiveness of the microorganism’s concentration
difference constant (�) and bioconvective Rayleigh number (Rb) onmotile density profile
is shown in Figure 13. It is noticed that an increase in� decreases density profile. Similarly,
growth in Rb, the concentration variation amongst the surface andmicroorganisms grows.
It produces a change in the motile density profile.
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Figure 11. Nanoparticle volume fraction profile for distinct values of α andM.

Figure 12. Motile density profile for distinct values of Pe and Lb.

In Table 2, the nature of heat transport rate (−θ ′(0)), mass transport rate (−φ′(0))and
microorganisms density number (−χ ′(0)) are presented. It is observed that the heat trans-
port increases for enhanced values of β1 and Pe. The decreasing trend of heat transport
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Figure 13. Motile density profile for distinct values of Rb and�.

rate is noticed when intensifying α,α1,Nt,Nb, and Lb. From Table 2, we accomplish that
by increasing the numerical rate of α,β1,Nb and Pe improves the mass flux rate, a bit
reverse trend is noticed for α1,Nt and Lb. From Table-2, it is noticed that higher values of
α,β1,Nb, Lb, and Pe enhancing the density number of motile microorganisms. Finally, it is
witnessed that rate of −χ ′(0) decreases for the enhanced values of α1 and Nt.

6. Concluding remarks:

Bioconvection movement of magnetized Oldroyd-B nano liquid flow includes swimming
microorganisms examined with viscous dissipation, Joule heating, and reactive chemical
species. Consequences of Brownian motion and thermophoresis are incorporated into the
model for nanofluids. Relevant conclusions are given graphically and deliberated quantita-
tively to recognize the variant in the controlling parameters. A few significant findings can
be highlighted from the generated numerical results as follows:

• Physical parameters are positively correlated through statistical analysis.
• The relaxation time parameter plays a significant role in decelerating velocity profile

and accelerating temperature profile.
• The mixed convection parameter and retardation time parameter exhibits pretty

reverse impacts in velocity and temperature distributions.
• Even though nanoparticle concentration and boundary layer thickness decreased by

an upsurge in the adverse chemical reaction rate, the reverse impact arose for the
favorable chemical reaction rate.
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• Motilemicroorganismdensity at boundary layer regime decreases for growing Peclet
number and bioconvection Lewis number, but it increases for Rayleigh number.

• Themotilemicroorganism’s density reduceswith relaxation timeand thermophoresis
parameters, increasing with Brownian movement, bioconvection Lewis, and Peclet
numbers.

This work subsidizes enhancement for advancedMHDOldroyd-B nanofluidmovements
remarkably in complex media like cooling of Micro clips, Nuclear reactors, Fuels, extrac-
tion of Geothermal power, Micro actuation procedure & Bio-Medicines. The present work
has strong connectionswith nano-drugdelivery, Hyperthermia, Cancer therapeutics, Nano-
cryosurgery, Magnetic cell separation, and Magnetic resonance imaging.
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