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With impressive thermal outcomes, the nanofluids present multidisciplinary applications in the cooling
processes, thermal systems, extrusion processes, heat storage devices and many more. The aim of current
research is to inspect thermal impact of Jeffrey fluid with tiny particles under the assumptions of variable
thermal conductivity. The problem is supported with applications of chemical reaction, activation energy
and magnetic force. For heat and mass transfer phenomenon, Cattaneo-Christov diffusion theories have
been implemented. The formulated model is solved by using the homotopy analysis method (HAM) with
excellent accuracy. The graphical analysis is performed with specified range of parameters like
0:2 6 H 6 0:8; 0:1 6 - 6 1:7; 0:0 6 N 6 1:5; 0:0 6 P 6 3:1; 0:3 6 c 6 0:6; 0:6 6 W 6 3:2; 0:5 6 X 6 2:0;
0:0 6 R 6 1:5; 0:2 6 Nt 6 1:7; 1:0 6 Pr 6 1:9; 0:5 6 Sc 6 1:4;0:3 6 b 6 1:5; 0:1 6 e 6 1:0; 0:2 6 Nb 61:7:
The assessment of flow parameters is graphically evaluated. It is observed that both velocity profiles peri-
odically enhance for Deborah number while temperature, microorganisms and concentration distribu-
tions decelerate. The greater estimates of variable thermal conductivity and heat generation improve
the temperature distribution while conflicting scenario ensures for thermic relaxation constant.

� 2022 THE AUTHORS. Published by Elsevier BV on behalf of Faculty of Engineering, Ain Shams Uni-
versity. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).
1. Introduction

In the fourth industrial revolution, miniaturization is consid-
ered to be the next-generation device in the electronic sub-
industry. However, effective management of thermal energy
around heat-generating electronic components compacted in a
constrained environment remains a challenge. In our world of
smart devices, it is adduced that overheat at diminutive length-
scale could translate to a significant loss in component perfor-
mance, impairment of device reliability which is a precursor for
system failure. More so, since the failure factor in miniaturized
electronic products increases exponentially with internal tempera-
ture, thermal management is considered as the lifeline in compact-
sized dependent on the electronic devices. Hence, thermal energy
control with nanofluid has been considered as the veritable tech-
nology for dissipating heat in multi-cascaded electronic compo-
nents. Therefore, because of the inherent excellent thermal and
heat transfer properties, nanofluids have been accepted as a candi-
date coolant for cooling and thermal management for microelec-
tronics. Being a nanoparticle-mediated media, nanofluid consists
of particulate nanometer-sized species in colloidal suspension
engineered to achieve a unique capacity of high thermal effective-
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Nomenclature

u;vð Þ velocity components
B0 magnetic field constant strength
x angular frequency
Tw temperature
Cw nanoparticles concentration
nw microorganisms density
T1 free stream temperature
C1 free stream concertation
n1 free stream microorganisms density
m kinematic viscosity
X ratio among relaxation and retardation times
# electric conductivity
a� represents retardation time
g gravitational acceleration
} thermal expansion coefficient
d
T
� thermal relaxation time
r� microorganisms volume

thermal conductivity
heat generation volumetric rate

f the heat capacities ratio
d
C
� solutal relaxation time

K designates reaction rate
m be the rate constant
E� symbolizes activation energy
b� the Boltzmann constant

indicates chemotaxis constant
I be the swimming cell speed
DT diffusivity for thermophoresis

Dm diffusivity for microorganisms
DB diffusivity for Brownian
qp nanoparticles density
qm microorganisms density
qf base fluid density
W Deborah number
H Magnetic parameter
- mixed convection
N buoyancy ratio parameter
P bioconvected Rayleigh number
Pr Prandtl number
N heat generation constant
Nb Brownian motion
d1 thermic relaxation constant
Nt thermophoresis
S angular frequency to stretching rate ratio
Sc Schmidt number
d2 solutal relaxation
D reaction rate
Υ bioconvected Lewis number
K temperature difference
b bioconvected Peclet number
H activation energy
C concentration difference constant for microorganisms
c stretching ratio
Shx local Sherwood number
Nnx motile density number
Nux local Nusselt number
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ness in cooling processes. There is exhaustive literature on the use-
fulness of nanofluid has been presented in recent years. Reddy
et al. [1] addressed the nanofluid properties to enhance thermal
impact of water with chemical reactive species. Sreedevi et al. [2]
reported the onset of nanoparticles against wedge flow under the
applications of radiated phenomenon. The nanofluid due to swir-
ling of cylinder via modified thermal expressions was inspected
by Reddy et al. [3]. Sreedevi and Reddy [4] evaluated the nanofluid
thermal efficiencies with Williamson fluid numerically. Abdel-
salam et al. [5] identified the hybrid Casson nanofluid material
flow via sinusoidal channel. Alsharif et al. [6] claimed the DC oper-
ated phenomenon for hybrid nanofluid following the electroosmo-
sis phenomenon. Thumma et al. [7] expressed the nanofluid
elongated by moving space under impact of additional heating
source. Bhatti et al. [8] considered the solar energy application
with entertaining of nanoparticles in elastic regime. Mekheimer
et al. [9] rpeoted the drug delivery associated to the human blood
via utilization of nanoparticles via computational approach. The
dynamic of nanoparticles in viscoelastic foundation with nanoplate
was inspected by Liu et al. [10]. Vinh et al. [11] observed the role of
nonlocal parameters in nanoshells with porous layer. Vinh et al.
[12] performed computational simulations for nanoshells under
consideration of nonlocal factors. Bouafia et al. [13] used the inte-
gral plate hypothesis to discuss the nanofluids problem in elastic
medium. Heidari et al. [14] depicted the thermal mechanics of nan-
otubes in wavy surface. Song et al. [15] examined the migration of
nanofluid conveying the enhancement in water base material in
heated surface. Oke et al. [16] reported the thermal transportation
of nanoparticles with 47 nm diameter under heat source effects.
Rajakarunakaran et al. [17] presented the selp compacting analysis
with nanoparticles. Liu et al. [18] performed molecular dynamic
analysis for nanoparticles with different volume fraction. Li et al.
[19] suggested the applications of drug delivery with interaction
of carbon nanotubes. The applications of graphene oxide nanopar-
2

ticles subject to the solar collector was presented by Huhemandula
et al. [20].

The phenomenon of bioconvection is characterized by flow
instability in the hydrodynamic field which is mediated by a com-
plex of stimuli-induced effects on self-propelling motile organisms
resident in the fluid media. In order to effect its locomotive action
in the fluid medium, microorganisms in nature portend a dual-
density behavior with the upper dense surface to trigger sufficient
disruption in the fluid layer which is classified as microscopic con-
vection. The causative stimuli of bioconvective transport decide
the christening of macroscopic convection in the fluid media. For
instance, chemostatic is caused by chemical species while oxytac-
tic is mediated by an abundance of oxygen, the gravitational force
is seen to control the formation of gyrotactic bioconvection. The
repeated instabilities in the fluid layer associated with bioconvec-
tion are believed to mediate cross-layer mixing of constituents in
the fluidic media in which micro-organisms are embedded have
been described as a passive strategy for improving convective ther-
mal transport in nanofluid-dependent electronic cooling strategy.
Khan and Shehzad [21] address the gyrotactic bioconvection anal-
ysis for nanofluid by using Carreau fluid model. Waqas et al. [22]
expressed the Joule heating influence for microorganism flow via
stretchable moving space. Azam et al. [23] intended the interrefer-
ence of cross nanofluid with expression of bioconvection numeri-
cally. Hussain et al. [24] observed the stability of nanofluid in
wavy surface with dynamic of microorganisms. The double diffu-
sion layer for micropolar nanomaterial additionally incorporated
with microorganisms was focused in the investigation of Habib
et al. [25]. Chu et al. [26] addressed the quantitative analysis of
nanofluid via stretched disk with gyrotactic microorganisms. Xia
et al. [27] preformed the computational aspect of bioconvection
for Eyring-Powell nanofluid with irreversibility framework. Habib
et al. [28] used the slip phenomenon for examining the bioconvec-
tion association of nanofluid with role of electric force. Elbashbe-
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shy et al. [29] responded the bioconvection applications in stretch-
ing cylinder with nanomaterials. According to Makinde et al. [30],
bioconvection is unavoidable because numerous bacteria (organ-
isms) are present, and it is well-known that many bacteria can
be harmed and occasionally killed by high temperatures. On the
other hand, the organism known as a thermophile is frequently
found in the earth’s warm climates. Bioconvection was defined
by Animasaun et al. [31] as the movement of numerous small
organisms in a fluid, particularly free-swimming zooplankton in
water. In other words, it will always show itself in shallow suspen-
sions of haphazardly moving microorganisms that, on average,
swim upward and are slightly denser than water.

Although several constitutive models have been utilized to nar-
rate rheological shear-thinning/shear-thickening behavior in non-
Newtonian fluids, these constitutive relations are limited in practical
cases where the requirement for extensive experimental shear rate
data isparamount fordesigndecisionmakingprocesses. For instance,
during rheometer studies onmicromechanics of complex fluids such
as gels and polymeric materials, exhaustive data on shearing effect
over a wide range of thermal and loading conditions are captured
in minimal exposure. The Jeffrey fluid model is the extension of vis-
cous fluidmodelwhich captured the predict elastic andmemory fea-
tures associated to the dilute polymer solutions and biological
liquids. Many investigations are reported by investigators by using
the Jeffrey fluid model under diverse flow features [32–34].

Motivated by above presented literature survey on bioconvec-
tion flow of nanofluids, the aim of current work is to report the
heat and mass transfer phenomenon in three-dimensional Jeffrey
nanofluid with microorganism. The analysis is performed in view
of variable thermal conductivity. The modified Cattaneo-Christov
diffusion theories and generation/absorption features are also
implemented to perform the heat transfer analysis. Moreover,
thermal transport is augmented with the imposition of the mag-
netic field in a media comprising of microorganisms embedded
in Jeffrey nanofluid. The source of flow is bidirectional accelerating
moving surface with periodic motion [35,36]. The motivations for
considering the oscillatory stretching surface are associated with
different industrial and engineering phenomenon like manufactur-
ing processes, fiber spinning, hot rolling, plastic manufacturing,
food production. Moreover, the thermal transport due to moving
surfaces present exclusive applications in cooling of strips, food-
stuff processing, chemical processes, design of heat exchangers
etc. The analytical scheme namely homotopy analysis scheme is
implemented for simulations. The solution accuracy is verified.
The analysis of important physical parameters is presented with
sufficient emphasis on thermal dissipation and reactive transport
for bio-convective nanofluid model.
Fig. 1. Flow illustration of problem.
2. Problem formulation

Three-dimensional bio-convective flow of Jeffrey nanomaterial
towards periodically moving surface is assumed here. Periodically
accelerated surface z ¼ 0ð Þ moves with velocities u ¼ ax sinxt and
v ¼ by sinxt along x� and y� directions, correspondingly, where
a; b are stretching rates while x signifies angular frequency. Here,
flow is presumed at z P 0 and magnetic field B0 of constant
strength is considered along z� direction. Thermal and mass trans-
portation feature are analyzed by utilizing modified diffusion laws.
Heat transfer analysis is further accomplished by considering vari-
able thermal conductivity and heat generation/absorption features.
Additionally, this exploration involves the significances of activa-
tion energy with chemical reaction rate. Furthermore, the moving
surface retained uniform temperature Tw; nanoparticles concentra-
tion Cw and microorganisms density nw, whereas free stream nano-
fluid temperature, concentration and microorganisms density is
3

signified by T1;C1 and n1; respectively (Fig. 1). All these assump-
tions for unsteady flowmodel leads to the resulting boundary layer
expressions [35,36]:
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with suitable boundary constraints [35,36]:

u ¼ ax sinxt; v ¼ by sinxt; w ¼ 0; n ¼ nw; T ¼ Tw;

C ¼ Cw; at z ¼ 0; t > 0; u ! 0; @u
@z ! 0; v ! 0;

@v
@z ! 0; T ! T1; C ! C1; n ! n1; as z ! 1:

9>=
>;
ð7Þ

Here, m refers kinematic viscosity, X denotes ratio among relax-
ation and retardation times, # stands for electric conductivity,
a� represents retardation time, g the gravitational acceleration,
} denotes thermal expansion coefficient, d

T
� indicates thermal

relaxation time, r� the microorganisms volume, k Tð Þ refers thermal

conductivity, Q denote heat generation volumetric rate, f ¼ ðqcÞ
n
_

ðqcÞ
f
_

the heat capacities ratio, d
C
� be solutal relaxation time, K designates

reaction rate, m be the rate constant, E� symbolizes activation
energy, b� the Boltzmann constant, indicates chemotaxis con-

stant, I be the swimming cell speed, qp;qm;qf

� �
refers corre-

sponding densities for nanoparticles, microorganisms and base
fluid, DT ;Dm;DBð Þ denotes corresponding diffusivities for ther-
mophoresis, microorganisms and Brownian.

Furthermore, the mathematical expression used for variable
k Tð Þ is:

k Tð Þ ¼ k1 1þ ehð Þ; where e being small parameter, k1 denotes
thermal conductivity at ambient zone, while h signifies dimension-
less temperature.

To obtain dimensionless expressions, the related transforma-
tions are [35,36]:
ð8Þ
In behalf of (8), Eqs. (1)–(7) are transmuted as:
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With boundary assumptions:
The relevant involved parameters like W (Deborah number), H
(Magnetic parameter), - (mixed convection), N (buoyancy ratio
parameter), P (bioconvected Rayleigh number), Pr (Prandtl num-
ber), N (heat generation constant), Nb (Brownian motion), d1 (ther-
mic relaxation constant), Nt (thermophoresis), S(angular frequency
to stretching rate ratio), Sc (Schmidt number), d2 (solutal relax-
ation), D (reaction rate), Υ (bioconvected Lewis number), K (tem-
perature difference), b (bioconvected Peclet number), H
(activation energy), C (concentration difference constant for
microorganisms) and c (stretching ratio) are delineated as:

ð15Þ

The stimulating physical quantities like local Sherwood Shx
�

� �
,

motiledensity Nnx
�

� �
and localNusselt Nux

�
� �

numbersarerevealedas:

ð16Þ
Where mass, motile microorganisms and heat surface fluxes

are shown as:

ð17Þ
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In view of dimensionless variables (8), we attained.

Shx
� ¼ �/n 0; sð Þ ffiffiffiffiffiffiffi

Re~x
p

; Nnx� ¼ �vn 0; sð Þ ffiffiffiffiffiffiffi
Re~x

p
;

Nux� ¼ �hn 0; sð Þ
ffiffiffiffiffiffiffi
Re~x

p
:

ð18Þ
3. Homotopy analysis method

Current physical model problem after utilization of (8) is trans-
formed into highly nonlinear non-dimensional expressions (9–13)
with transmuted boundary constraints (14) and almost it is hard to
find exact solution of such complicated expressions. Homotopy
analysis procedure (HAM) along with MATHEMATICA software is
employed to attain analytic solution with amazing outcomes. The
convergence analytic region and solution guesstimates can simply
be determined and adjusted. This procedure does not demand any
kind of constraints like large/small parameters and further not
comprise discretization processes as in numerical techniques. This
commanding analytic procedure was originally recommended by
Liao [37] and afterward many researchers adopted this practice
[38–40]. Initial estimates for current flow problems are:

f 0ðn; sÞ ¼ sin s 1� exp �nð Þð Þ; h0ðn; sÞ ¼ exp �nð Þ; v0ðn; sÞ ¼ exp �nð Þ;
g0ðn; sÞ ¼ c sin s 1� exp �nð Þð Þ; /0ðn; sÞ ¼ exp �nð Þ:

	
ð19Þ

The linear auxiliary operators for specified values of time are
defined as:
ð20Þ
satisfying.

ð21Þ
in which, symbolizes arbitrary constants.
The analytic homotopic solution measured here mostly be

dependent on auxiliary parameters �h/; �hh; �hv; �hf ; �hg
� �

; and by
assigning precise values to these parameters will commendably
regulate and adjust the convergence area. Fig. 2 is drafted to locate
convergence region for all these variables and further the per-
mitted values for desired convergence are shown in Table 1.
4. Solution verification

The simulation simulated in previous section are verified
numerically in Table 2. The comparison of obtained data is ensured
by comparing with work of Ariel [41] for limiting case. Clearly, a
good agreement is assessed between both studies.
5. Analysis and discussion of results

5.1. Analysis of results

This section is organized to discuss the essential characteristics
of diverse flow parameters on microorganisms concentration
v n; sð Þ; nanoparticles concentration / n; sð Þ, flow fields
5

f nðn; sÞ; gnðn; sÞ
� �

; and temperature h n; sð Þ through diverse plots in
detail. Furthermore, different numerical tables are organized to
confer the effects of varied related variables on local Sherwood,
motile density, and Nusselt numbers. The whole analysis is com-
puted by assigning fixed selected values to involved dimensionless
variables as: S ¼ 0:1; X ¼ 0:4; W ¼ 0:3; H ¼ 0:6; - ¼ 0:1; N ¼ 0:2;
P ¼ 0:2; Pr ¼ 1:2; N ¼ 0:2; Nb ¼ 0:1; d1 ¼ 0:1; Nt ¼ 0:2; Sc ¼ 0:4;
d2 ¼ 0:1; D ¼ 0:3; Υ ¼ 0:7; K ¼ 0:1; b ¼ 0:7; H ¼ 0:2; C ¼ 0:4;
c ¼ 0:4; m ¼ 0:5; and e ¼ 0:1: Moreover, the numerical values of
auxiliary parameters for all curves are taken as �hg ¼ �hh ¼
�h/ ¼ �hv ¼ �0:8: These values of variables stay common for entire
analysis except alteration in specific tables and figures.

The graphical portrayal of magnetic and mixed convection vari-
ables H;-ð Þ on f nðn; sÞ is expressed in Fig. 3. This graph interprets
that larger estimates of - (mixed convection) associated with
velocity augmentation, while upsurge in H (Magnetic parameter)
leads to reduce velocity in this direction. In fact, higher values of
mixed convection - further dominates the buoyancy force conse-
quences which indeed enhance velocity distribution. Moreover,
augmentation in magnetic variable H produces resistance in move-
ment of nanofluid which reduce velocity significantly. The buoy-
ancy ratio variable and bioconvected Rayleigh number N;Pð Þ for

velocity in x
�� direction is conferred in Fig. 4, which displays that

both these parameters deteriorate the velocity in this direction.
The physical impact of stretching ratio and magnetic parameters

c;Hð Þ on velocity component in y
�� direction is displayed in

Fig. 5. These curves indicate that magnetic parameter has similar
decreasing tendency on velocity distribution in this direction as

prescribed along x
�� direction (Fig. 3), but velocity distribution

remarkably improves for higher estimates of stretching ratio vari-

able. Fig. 6 expresses the change in velocity along y
�� direction for

bioconvected Rayleigh number and buoyancy ratio variable P;Nð Þ:
These curves interpret that these parameters increase velocity in
this direction. Fig. 6(a–f) are prepared to find physical conse-
quences ofW (Deborah number), S (angular frequency to stretching
rate ratio) and X (ratio among relaxation and retardation times) on
velocity fields f nðn; sÞ; gnðn; sÞ

� �
versus s at a fixed distance n ¼ 0:25

from oscillatory surface. Fig. 7a, b) demonstrate that both velocity
components periodically decelerate for enhancement in X and
reaches at minimum levels. Physically, relaxation time is boosted
for higher X by which additional time is required for nanofluid par-
ticles to endure equilibrium situation from disturbed system and
thus this declaration in velocities happen. Fig. 7c, d divulges that
both velocity components periodically accelerate and achieve max-
imum level for greater W: Since, this variable related with retarda-
tion time and so that nanofluid viscosity lessens for enhancement
in W; which generates this increasing trend in velocity curves.
Fig. 7e, f are prepared to deliberate the periodic outcomes of S on
velocity fields versus time. This variable significantly descents
velocity amplitudes and furthermore a distinguishable phase shift
results for larger estimations of this parameter.

The graphical depiction of related variables on dimensionless
temperature fields are briefly explained in Figs. 8–10. Physical
characteristics of thermal conductivity and Brownian motion vari-
ables e;Nbð Þ are delineated in Fig. 8, which interprets that temper-
ature curves show enhancing trends for augmentation in both
variables. Since kinetic energy is enhanced by faster collision of
nanofluid particles for higher Nb which definitely upsurge temper-
ature distribution. Furthermore, heat transportation can be
improved by choosing variable thermal conductivity. Fig. 9 shows
the physical outcomes for thermophoresis and heat generation
parameters Nt;Nð Þ. Here, these variables effectively escalate the
temperature distributions. In fact, higher Nt further improves the
transmission of suspended nanoparticles to relatively cooler region



Fig. 2. h-curve profiles for velocities, motile microorganisms, concentration and temperature.

Table 1
Ranges for convergence control variables �h/; �hh; �hv; �hf ; �hg

� �
:

Estimated solutions Convergent-control variables Convergence region

f ðn; sÞ �hf �1:2 6 �hf 6 �0:2
gðn; sÞ �hg �1:9 6 �hg 6 �0:1
hðn; sÞ �hh �1:5 6 �hh 6 �0:1
/ðn; sÞ �h/ �1:1 6 �h/ 6 �0:15
vðn; sÞ �hv �1:15 6 �hv 6 �0:5
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by which temperature boost up. Moreover, additional heat is gen-
erated for enhancement in N which ultimately intensify nanofluid
temperature. Characteristics of Prandtl number and thermic relax-
ation constant Pr; d1ð Þ has been portrayed in Fig. 10. It is seen that
temperature remarkably drops for augmenting both variables.
Physically, thermal diffusivity is diminished for larger Pr and sub-
sequently nanofluid temperature descents. Moreover, thermic
relaxation time increases for higher d1 by which heat conduction
delays and temperature drops.

Figs. 11–13 are plotted to consider behavior of related variables
for concentration sketches. Fig. 11 reports the graphical illustration
of reaction rate and temperature difference variables D;Kð Þ: These
curves show that the diverse expanding estimations of these vari-
ables exhibit deterioration in concentration and connected layer
thickness. The profiles of nanoparticles concentration for varying
activation energy and thermophoresis parameters H;Ntð Þ are
revealed in Fig. 12, which articulates that concentration and con-
nected layer thickness improves for augmenting both variables.
Physically, reaction rate decreases for largerH consequently solute
Table 2
Comparison of numerical computations when S ¼ X ¼ N ¼ P ¼ H ¼ 0:

c Ariel [41]

HPM Exact

�f 00 0ð Þ �g00 0ð Þ �f 00 0ð Þ
0.0 1.00000 0.00000 1.000000
0.1 1.02025 0.06684 1.020259
0.2 1.03949 0.14873 1.039495

6

concentration upsurges. The enhancement in concentration profile
is noted due to variation of thermophoresis parameter Nt: The
thermophoresis is famous phenomenon which is based on the
migration of tiny particles from hot surface to the cooler regime
due to temperature gradient. Due to migration of such particles,
the improvement in the concentration profile has been observed.
Fig. 13 is drawn to deliberate the physical consequences of solutal
relaxation and Schmidt number d2; Scð Þ: The particular higher esti-
mates of both variables correspond to lower the concentration and
its related boundary thickness. Physically, higher d2 corresponds to
increase solutal relaxation time by which nanoparticles concentra-
tion drops. Moreover, higher Sc induces lesser Brownian move-
ment and nanoparticles concentration diminishes.

The physical characteristics of essential flow variables on
microorganism’s distribution has been observed in Figs. 14–15.
To observe the significances of related variables like bioconvected
Peclet and Lewis numbers b;Υð Þ, Fig. 14 is organized. These curves
show that enlarging both variables effectively decay this distribu-
tion. Since higher estimations of b and Υ effectively reduce the
microorganism’ diffusivity by which motile density diminishes
remarkably. The influence of microorganism’s concentration differ-
ence and magnetic parameters C;Hð Þ on v n; sð Þ is graphically
exhibited in Fig. 15. It is perceived that elevation in H improves
the microorganism profile significantly, but proliferation in C show
opposite trends.

To observe the physical behavior of relevant variables on con-
centration, temperature and microorganism distributions versus
s 2 ½0;10p� at a distance n ¼ 0:15 from accelerating surface,
Figs. 16–18 are planned. The periodic influence of X is shown in
Present results

�g00 0ð Þ �f 00 0ð Þ �g00 0ð Þ
0.000000 1.00000 0.00000
0.066847 1.02026 0.06686
0.148736 1.03950 0.14870



Fig. 3. Graphical influence of H & - on f n .

Fig. 4. Graphical influence of P & N on f n .

Fig. 5. Graphical influence of H & c on gn .

Fig. 6. Graphical influence of P & N on gn .

Fig. 7a. Graphical impact with time on f n for X.

Fig. 7b. Graphical impact with time on gn for X.
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Fig. 16a–c, which indicates that all these distributions periodically
accelerate and reaches at maximum level Fig. 17a–c are sketched
to find influence of varying higherW. It is seen from the curves that
these distributions decrease periodically and attains minimum
levels. Fig. 18a, b are prepared to find the graphical impact of d1
and d2 on temperature and concentration fields versus time,
respectively. Here, amplitude of temperature distribution rises
7

for improvent in d1, while same escalating trends in concentration
distribution occurs for escalation in d2.

Tables 3–5 are organized to find the significances of diverse rel-
evant variables on local Nusselt, Sherwood and motile density
numbers, correspondingly. The physical influence of X;W;Pr; d1; e
and N on local Nusselt number is expressed in Table 3. Here, these
tabular values indicate that heat transfer rate boosts for enlarging
W;Pr and d1, while other remaining variables show diminishing
behavior. Table 4 interprets that mass transfer rate is intensified
by augmenting the significant variables like X;D and K, but



Fig. 7c. Graphical impact with time on f n for W.

Fig. 7d. Graphical impact with time on gn for W.

Fig. 7e. Graphical impact with time on f n for S.

Fig. 7f. Graphical impact with time on gn for S.

Fig. 8. Graphical influence of Nb & e on h.

Fig. 9. Graphical influence of Nt & N on.
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enhancing values of W; d2 and H lowers down the mass transfor-
mation rate significantly. Table 5 portrays the numerical outcomes
for X;W;Υ; b;C and H on motile density number by keeping other
variables fixed. This numerical data divulges that escalating X and
H significantly reduce motile density number, while contrary out-
comes are obtained for higher W;Υ; b and C.

5.2. Discussion of results

The results for velocity profile as a function of time against vari-
ation of different parameters show oscillatory behavior. The oscil-
8

lation in the velocity is observed without any phase shift except
the variation of angular frequency to stretching rate ratio param-
eter. The pattern of magnitude of velocity remains uniform. No
turbulent case is noted as themagnitude of oscillations in bidirec-
tional moving surface has assumed to be small. The heat andmass
transfer phenomenon enhanced for eclectically conductivity
nanomaterials. An increasing change in the thermal profile due
to variable viscosity parameter has been observed. Therefore, it



Fig. 10. Graphical influence of Pr & d1 on h.

Fig. 11. Graphical influence of D & K on /.

Fig. 12. Graphical influence of Nt & H on /.

Fig. 13. Graphical influence of Sc & d2 on /.

Fig. 14. Graphical influence of b & Υ on v.

Fig. 15. Graphical influence of C & H on v.
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Fig. 16a. Graphical impact with time on h for X.

Fig. 16b. Graphical impact with time on / for X.

Fig. 16c. Graphical impact with time on v for X.

Fig. 17b. Graphical impact with time on / for W.

Fig. 17a. Graphical impact with time on h for W.

Fig. 17c. Graphical impact with time on v for W.
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Fig. 18a. Graphical impact with time on h for d1.

Fig. 18b. Graphical impact with time on / for d2.

Table 3
Physical significances of X;W;Pr; d1; e and N, at s = p/2 on Nux Rexð Þ�0:5

:

X W Pr d1 e N Nux Rexð Þ�0:5

0.4
0.5
0.6

0.3 1.2 0.1 0.1 0.2 0.45889
0.44957
0.44077

0.4 0.5
0.7
0.9

0.47631
0.49201
0.50653

0.3 0.7
1.1
1.5

0.36182
0.43785
0.52544

1.2 0.2
0.3
0.4

0.47204
0.48652
0.50250

0.1 0.3
0.5
0.7

0.40588
0.37632
0.36548

0.1 0.4
0.6
0.8

0.23849
�0.039821
�0.39187

Table 4
Physical significances of X;W; d2 ;D;K and H, at s = p/2 on Shx Rexð Þ�0:5

:

X W d2 D K H Shx Rexð Þ�0:5

0.4
0.5
0.6

0.3 0.1 0.3 0.1 0.2 0.10648
0.11056
0.11453

0.4 0.5
0.7
0.9

0.10144
0.096577
0.091970

0.3 0.2
0.3
0.4

0.10399
0.10147
0.098894

0.1 0.5
0.6
0.8

0.19625
0.23921
0.32148

0.3 0.2
0.7
0.9

0.11194
0.14088
0.15321

0.1 0.4
0.5
0.7

0.073754
0.057127
0.023333

Table 5
Physical significances of X;W;Υ; b;C and H, at s = p/2 on Nnx Rexð Þ�0:5

:

X W Υ b C H Nnx Rexð Þ�0:5

0.4
0.5
0.6

0.3 0.7 0.7 0.4 0.6 0.64226
0.63770
0.63343

0.4 0.5
0.7
0.9

0.65178
0.66019
0.66766

0.3 0.5
1.0
1.5

0.55798
0.76976
0.97532

0.7 0.6
1.1
1.6

0.62908
0.69577
0.76545

0.7 0.5
0.9
1.3

0.64565
0.65923
0.67280

0.4 0.5
0.9
1.6

0.64717
0.62449
0.48836
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is suggested the consideration of variable viscosity of nanofluids is
more effective to improve the thermal phenomenon. The thermal
phenomenon can be controlled for specified values of Prandtl
number.
11
6. Conclusions

The thermal impact of Jeffrey nanofluid for bio-convective flow
due to bidirectional accelerated frame has been studied theorat-
cially. Cattaneo-Christov diffusion theories are applied to consider
mass and thermal transformation features. Thermal characteristics
are further accomplished in presence of variable thermal conduc-
tivity and heat generation. Whole flow model is explored by con-
sidering activation energy and chemical reaction features. Major
outcomes are:

� The decreasing impact of bioconvected Rayleigh number and
buoyancy ratio parameter on velocity profile is noted.

� The temperature, microorganism and concentration profiles
periodically accelerate for higher relaxation to retardation times
parameter.

� Velocities periodically upsurge for enlarging Deborah number,
but other distributions slow down periodically for this
parameter.

� The consideration of variable thermal conductivity enhanced
the temperature profile more exclusively.

� The nanoparticles concentration gets lessened for amplification
in solutal relaxation and reaction rate variables, while conflict-
ing consequences are achieved for activation energy.
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� Microorganism distribution is deteriorated for enlarging bi-
oconvective Peclet and Lewis numbers.

� The temperature amplitude increases for thermic relaxation
parameter.
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