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Abstract. In the current examination, insightful approximations are researched for mag-
netohydrodynamics Carreau nanouid having gyrotactic microorganisms over a warmed
turning plate. The plate is moving with the steady uniform rakish speed. Administering
conditions are gotten by utilizing certain actual presumptions as incomplete di�erential
conditions with limit conditions. These nonlinear types of conditions are changed into
coupled standard di�erential conditions utilizing bunch likeness change. Optimal homotopy
investigation strategy Optimal Homotopy Asymptotic Method (OHAM) is utilized to
acquire the graphical outcomes and even qualities for the stream �eld factors. Graphical
portrayal of speeds, temperature, �xation and thickness of gyrotactic microorganisms are
examined and clari�ed. It is tracked down that dimensionless microorganism's �xation
develops for bioconvective Lewis number and focus distinction variable of microorganisms.
It is additionally seen that dimensionless speeds diminish because of the attractive impact
and Carreau liquid boundary. Contour plots and mathematical outcomes are given for
neighbourhood motion boundaries like skin rubbing coe�cient, Nusselt number, Sherwood
number and thickness number of motile microorganisms.

© 2023 Sharif University of Technology. All rights reserved.

1. Introduction

Most of uids in industry and common �eld like
mud, sauce, printer ink, polymers, liquid cleaning
agents, blood transport system, etc are signi�cant non-
Newtonian uids typically. As non-Newtonian uids
conveys physical and mathematical association be-
tween shear rate and shear stresses. It is grouped into
shear thickening, decreasing and dilatant uids. In this

*. Corresponding author.
E-mail address: muhammad sohail111@yahoo.com (M.
Sohail)

doi: 10.24200/sci.2021.54398.3731

manner number of constitutive explanation for such
kind of uid are proposed by speci�c examiners. Not at
all like, power-law model which is customarily known
as thickness subordinate Carreau uid model. It is
relevant for both low and high shear rates. This model
is at �rst introduced through Carreau [1,2]. Khan et
al. [3] considered the comportment of Carreau liquid
model numerically by uctuating and expanding sheet.
Bilal et al. [4] thought warm detachment with alluring
�eld. In that, converse Carreau liquid lead are seen for
n > 1 and for n < 1 shear thickening and decreasing
uid separately and warm partition depicted warm dis-
semination of uid stream. 3D e�ect of Carreau model
by using impact of homogenous-heterogeneous reaction
over broadened surface has been poor somewhere near
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Irfan et al. [5]. Kefayati and Tang [6] analyzed basic
convection stream of Magneto-hydrodynamics (MHD)
Carreau uid entropy age sway over warmed indirect
chambers by using Boltzmann technique.

Nanouids are used for achieving better warm
conductivity in heat move measure. It has wide extent
of di�erent applications including space, shield, oils,
ice chests, exhausting collaboration, water warming
in close planetary framework and devices cooling, etc.
The nanouid stating is from the outset used by Choi
and Eastman [7]. Khanafer and Vafai [8] mulled over
the nanouid application in various kinds of energy
close by planetary gathering. Nanouid are used
by Munyalo and Zhang [9] to review the e�ect of
atom size on some thermophysical properties. Sajid
and Ali [10] are essentially researched on overhaul
of warm conductivity of mutt nanouids. Magneto-
nanouid over vertical broadened surface is considered
by Rehman et al. [11].

Rotation are most helpful idea in numerous appli-
cations including PC gadgets, gas turbine, innovation
of food handling, clinical hardware's thus numerous
di�erent applications through pivoting surfaces for
example tube shaped turn, sheet revolution and plate
pivot and so on Quite possibly the main space of
examination is turning circle for non-Newtonian liq-
uid. At �rst, turning plate wonders is utilized by
Karman [12]. As of late, Hayat et al. [13] dissected
entropy age impact over turning plate for Sisko liquid
stream. The stream characteristics are reconnoitred by
Lai et al. [14] from the skewed stream over turning and
warmed plate. Hassan et al. [15] incited the assessment
on the condition of iron nanoparticles by taking fer-
rouid with rotating plate. The numerical results are
gotten by Lok et al. [16] on rotational stagnation-point
of axisymmetric stream under contracting/expanding
rotational circle.

Motile gyrotactic microorganisms are those little
living thing which are swim uninhibitedly with no
external force. These natural substances are negligible
thick than base uid at �rst. They all around swim
up way, which causing extension in base uid thickness
explicitly bearing. During this suspension, thickness
point produces which is known as bioconvection. From
the outset, the word bioconvection is used by Platt
[17]. There is a touch contrast among nanouid and
gyrotactic microorganisms. Qayyum et al. [18] exam-
ined the radiation sway with gyrotactic microorganisms
and nanouid stream over a turning circle. The bio-
convection pattern of nanoparticles with responsibility
of gyrotactic microorganisms through mass progress
convection are represented by Iqbal et al. [19]. Like-
wise, direct of magneto Maxwell nanouid depiction
with gyrotactic microorganisms is bankrupt somewhere
around Khan et al. [20]. Thermoelectric impact and
microorganisms are utilized by Sivaraj et al. [21].

Right now, Optimal Homotopy Asymptotic
Method (OHAM) is used by Marinca et al. [22] which
is applied for bothering techniques that is free for
assumptions of little limits for the plan of nonlinear
issues. OHAM was applied in di�erent applications
in di�erent kind of uids which are explored in [23{
30]. Hosseinzadeh et al. [31] studied the inclusion
of hybrid nanoparticles with di�erent shape factors
in water based micropolar uid. They considered
the involvement of natural convection by studying the
thermal transport. Hosseinzadeh et al. [32] examined
the bioconvection ow phenomenon in cross uid over
a stretching cylinder. They used an e�ective numerical
package to obtain the solution of modelled Cross uid
transport problem. They plotted the comportment of
numerous involved parameters on the solution pro�les.
Rostami et al. [33] examined the hydro thermal anal-
ysis in a porous enclosure by considering the comport-
ment of ethylene glycol nanoparticle. They plotted the
streamlines and contour plot to describe the behaviour
of transport phenomenon against numerous emerging
parameters. Das et al. [34] studied the phenomenon of
thermal transport on couple stress magneto radiated
model past over an exponential stretching sheet. The
ow is assumed to be ow in Darcy Forchheimer
medium with ohmic heating. Comprehensive study
has been made by Vinoth Kanna et al. [35] on fuels.
Gholinia et al. [36] studied the behaviour of di�erent
base uids suspended in CNTs. Utilization of silicon
dioxide on heat transport is explored by Hosseinzadeh
et al. [37]. Selimefendigil and �Oztop [38] studied
the involvement of mixed convection and magnetic
�eld in porous enclosure numerically. Some important
explorations covering the transport phenomenon are
detailed in [39{45,46].

The main objective of this article is to scrutinize
the ow of MHD [47{51] Carreau nanouid with
gyrotactic microorganisms [52] over rotating heated
disk. Von-Karman [52] transformations are applied
to trans�gure partial di�erential equations to ordinary
di�erential equations. In our next project, we will
extend this work to power law model with slip e�ects
and variable thermos physical properties. Also, the use
of Cattaneo-Christov theory will be made. OHAM is
used to plot the results graphically. The organization
of the article is as follows:

� Introduction is given in section one;

� Mathematical formulation is developed in section
two;

� Numerical solutions and analysis is given in sections
three and four respectively;

� Concluding remarks are given in section �ve;

� At the end references are listed.
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2. Mathematical formulation for the
considered ow with transport phenomenon

This analysis emphasizes on the MHD ow of two
dimensional incompressible Carreau nanouid with
motile gyrotactic microorganisms induced by rotating
disk. The strength of magnetic �eld B0 for boundary
layer is acted along z� direction (see Figure 1). Bio-
convective pattern occurs due to movement of motile
microorganisms from higher area of microorganisms to
low region. Constitutive relationship of Carreau uid
model [1{5,10,52] is:
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where (n) the power index. This model has the
following characteristics depending upon the power
index:

� Reduces to Newtonian model for n = 0;
� Shear thinning nature for 0 < n < 1;
� Pseudo-plastic or and when n > 1:

The microorganisms ux [51,52] is expressed as:

J � nV � nV̂ +Dmrn = 0; V̂ =
�
bWc

�C

�
rC:

After applying the boundary layer approximations,
the above equations and the corresponding boundary
conditions are expressed as follows which has been
made with the following assumptions:

� MHD e�ect,
� Carreau uid model,
� Rotating disc,

Figure 1. Physical model of ow con�guration.

� No slip theory,

� Boungrino model,

� Mass transfer,

� Heat transfer,

� Conduction,

� Gyrotactic microorganisms.
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u(r; z) = us (r) = l0r; v(r; z) = r
; w = 0;

T = T0; n = n0; C = C0;

at z = 0; u! 0; v ! 0; T ! T1;

n! n1; C ! C1; at z !1: (7)

3. Similarity variables

Considering the following transformations:
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Dimensionless coupled system of ordinary di�erential
equations is as follows:
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g = 1; � = 1; � = 1; � = 1; At � !1;
H 0 = 0; g = 0; � = 0; � = 0; � = 0: (15)

3.1. Skin friction coe�cient and local ux
parameters

Formulation for local skin friction coe�cients (Cf ) ;
Nusselt number (Nu) ; Sherwood number (Sh) and
density of mot��le microorganisms (Nn) are expressed
as:
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The expressions for dimensionless stress, heat transfer
rate, mass transportation rate and the density number
of microorganism pro�les are:
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4. Solution analysis and physical description

In the previous section, modelled equations have been
approximated via OHAM. The proposed method is
e�ective for the nonlinear problems and it has several
important features. i.e.:

� It is free from discretization;

� No issue of domain for this scheme;

� No issue of nonlinearity;

� Free from small or large parameters assumption or
requirement.

The upcoming discusses the comportment of di�erent
emerging parameters on solutions pro�les. For this task
several �gures and tables are prepared to observe the
comportment.

Figure 2 is plotted to perceive how the force record
and Hartman number changes the speed. It is seen that
for the expanding upsides of force law list, the speed
decelerates because of expansion in the nonlinearity
of given surface that upgrade resistive power. On
escalating the Hartman number (M) ; physically, the
Lorentz force will increase that in a result becomes
more resistance between the owing uid particles.
Consequently, uid slows down for both shear thinning
and thickening cases. As a result, velocity reduces due
to the slow movement of uid. The velocity �eld is
read for Carreau liquid boundary and Hartman number
in Figure 3. It is seen that the speed diminishes, for
expansion in both the boundaries. It is also observed
that an increment in �1 is indicates that the magnitude
of velocity f(�) decreases. Figure 4 is demonstrated
that speed diminishes for the shear thickening liquid
and furthermore for Hartman number. As Power-
list di�ers, it acts as the shear thickening liquid thus
shear diminishing layer would be little. Because of
shear thickening conduct, speed pro�le will diminish.
Similarly, it is shown that for the case of magnetic
parameter (M) ; velocity of particles decays due to its
resistive force, in which particles motion slows down.

Figure 2. Comparison of n and M for f(�).

Figure 3. Comparison of M and �1 for f(�).

Figure 4. Comparison of n and M for H(�).

Figure 5. Comparison of �1 and M for H(�).

Inuence of the uid parameter and the magnetic
parameter on velocity pro�le is analyzed with the help
of Figure 5. The comparable diminishing conduct is
noticed for both the boundaries power-law and Hart-
man number on speed pro�le. The expanding power-
law list and the Hartman number, shows the contrary
impact on the speed pro�le which is explained through
Figure 6. In this �gure, the shear diminishing case,
the stream speed of liquid particles upgrades for the
worth of force list law. It is additionally seen that for
enormous pace of attractive impact, frictional resistive
power is expanded which go against the liquid molecule
movement to help the velocity pro�le. In Figure 7, it
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Figure 6. Comparison of M and n for g(�).

Figure 7. Comparison of �1 and M for g(�).

Figure 8. Comparison of Nb and Pr for � (�).

is investigated that for an expanding worth of Carreau
liquid boundary, the speed pro�le increments and as
expanding worth of attractive boundary speed of liquid
declines because of the Lorentz power. Improving the
worth of Brownian movement boundary and Prandtl
number, the temperature pro�le result acts in an
unexpected way. It is uncovered in Figure 8, and it is
seen that temperature pro�le increments because of the
augmentation of Brownian movement boundary and
shows decay by di�ering Prandtl number. Likewise saw
that an addition in Prandtl number, warm layer thick-
ness are diminishes, thusly, the temperature decreases.

Figure 9. Comparison of Nt and Pr for � (�).

Figure 10. Comparison of Le and Pr for � (�).

In thermophoresis measure, warmed liquid particles
moves from hot to the virus surface. Therefore, liquid
temperature improves. Both dimensionless boundaries
act diversely for temperature pro�le. The e�ect of
thermophoresis boundary and Prandtl number on tem-
perature pro�le is appeared in Figure 9. Dimensionless
Lewis boundary is the proportion of warm to mass
di�usivity. By utilizing this, as diminishing in mass
di�usivity, grouping of nanoparticles is declined. Since
focus is identi�ed with dissemination of mass develop-
ments. It gives the contrary outcome for �xation pro-
�le. As increase in momentum di�usivity concentration
pro�le of nanoparticles ' (�) is increased. Behavior
of both parameters on ' (�) is shown on Figure 10.
Brownian movement boundary and Lewis number gives
a similar e�ect on �xation pro�le which showed in Fig-
ure 11, higher Brownian movement boundary prompts
higher arbitrary movement of liquid particles and lower
mass development because of motor energy, in which
�xation becomes rot. Additionally, for the enormous
Lewis number, warm di�usivity expanded that prompts
decrease in mass di�usivity. It is noticed that for higher
upsides of bioconvective Lewis number, the di�usivity
of swimming microorganisms in a turning plate re-
duced, along these lines the neighborhood grouping of
microorganisms has been diminished. As an increase
the Peclet number (Pe), the speed of swimming cells of
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Figure 11. Comparison of Nb and Le for � (�).

Figure 12. Comparison of Lb and Pe for � (�).

Figure 13. Comparison of 
 and Pe for � (�).

microorganisms increased. Through this pattern con-
centration of motile microorganisms �(�) in a moving
disk will be increased. The graphical e�ect of these
two boundaries on convergence of microorganisms is
exhibited with the assistance of Figure 12. The impact
of microorganisms focus contrast boundary and Peclet
number on centralization of motile microorganisms is
planned in Figure 13. For upgrading �xation distinc-
tion, builds the centralization of motile microorganisms
for encompassing liquid yet shows decrease in the
surface convergence of microorganism pro�le. Central-
ization of motile microorganisms has been upgrades as
we expand the Peclet number.

Figure 14. Plot of �1 and (n) for skin friction coe�cient.

Figure 15. Plot of Pr and Nb for Nusselt number Nur.

5. Contour plots description

Figure 14 presents the contour plot for nearby grating
coe�cient for various upsides of force record law and
Carreau liquid boundary. It shows inverse conduct
for shear diminishing and thickening liquids. Shape
plot for neighborhood Nusselt number and nearby
Sherwood number with di�erent upsides of dynamic
boundaries Prandtl and Brownian movement boundary
are portrayed in Figures 15 and 16 individually. For
increasing Nb; conductive heat transfer occurs due
to di�usion of nanoparticles that's decay the both
numbers Nu and Sh: In case of Pr both shows the
increasing behavior. Similarly contour plot for local
density number of microorganisms Nnr are plotted
with active parameters 
 and Pe in Figure 17.
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Figure 16. Plot of Pr and Nb for local Sherwood number.

6. Numerical solutions for di�erent emerging
parameters

Table 1 is prepared to notice the error analysis by
OHAM by �xing the involved parameters. Table 2
presents the numerical results for dimensionless stress
against magnetic parameter by �xing the other inu-
ential variables. It is recorded from the tabular results
that magnetic parameter enhances the dimensionless
stress. Physically, augmentation in magnetic param-
eter is responsible to retards the ow. It is observed
that for large, the values of CfRe

1
2 increases due to

high friction resistance by �xing the other inuential
parameters. Table 3 discusses the augmentation of
several parameters on heat transfer rate. Here, we

Figure 17. Plot of 
 and Pe for density of gyrotactic
microorganisms.

aim to explore the comportment of Brownian motion
parameter on (Nu). Tabulated data reveals the
enhancement in (Nu) against (Nb) : The magnitude
of mass transportation rate is noted against di�erent
emerging parameters through Table 4. Escalation
against Brownian motion parameter in mass transfer
rate is recorded. Table 5 displayed the decreasing
behavior of density of gyrotactic microorganisms for
large values of Pe and Lb.

7. Finishing remarks and key outcomes of
conveyed investigation

Transportation of warmth and mass for the progression
of Carreau nanouid with motile microorganisms has

Table 1. Error reduction against higher order approximations when St = 0:39; M = 2:25; �1 = 0:9; Re = 1:2; P r = 6:7;
Nt = 0:1; Nb = 0:3; Le = 1:2:

X XH
d Xg

d X�
d X'

d X�
d

CPU time
(s)

2 0:0002 0:0040 0:0020 0:0013 0:0270 0:29543
4 0:00007 0:0002 0:00030 0:00034 0:0053 2:40638
6 0:00002 0:00001 0:00002 0:00014 0:00039 10:9242
12 6:32� 10�6 7:92� 10�6 2:19� 10�5 0:000037 0:00004 58:9204
16 2:18� 10�6 1:62� 10�6 9:62� 10�6 7:74� 10�5 8:43� 10�5 64:4940
18 1:21� 10�6 8:75� 10�7 2:02� 10�6 9:85� 10�6 9:25� 10�6 78:8341
24 9:23� 10�7 4:63� 10�7 7:92� 10�7 6:47� 10�6 5:31� 10�6 98:9481
42 5:58� 10�7 9:84� 10�8 2:42� 10�7 8:73� 10�7 8:47� 10�7 308:842
50 2:48� 10�8 5:72� 10�8 8:13� 10�8 9:93� 10�8 5:29� 10�7 492:732
54 1:32� 10�8 2:73� 10�8 3:27� 10�8 4:83� 10�8 7:27� 10�8 537:847
60 6:72� 10�9 6:72� 10�9 1:63� 10�8 7:58� 10�9 4:21� 10�8 649:394
66 7:23� 10�10 4:21� 10�10 9:73� 10�9 5:74� 10�9 9:21� 10�9 843:639
70 3:76� 10�10 2:72� 10�11 5:57� 10�10 6:42� 10�10 2:36� 10�9 982:539
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Table 2. Numerical results of skin friction coe�cient

Re
1
2Cf (0) when St = 0:09; M = 2:02; �1 = 0:9; Re = 1:2;

P r = 6:7; Nt = 0:1; Nb = 0:3; Le = 1:2; 
 = 0:2; P e = 0:7;
Lb = 1:2:

M n �1 Re Re
1
2Cf (0)

0.1 1.0 0.5 0.9 0:423187
0.2 { { { 0:500069
0.3 { { { 0:572402
0.4 { { { 0:640583
0.1 2.0 0.5 0.9 0:429413
0.2 { { { 0:504486
0.3 { { { 0:576577
0.4 { { { 0:645889
1.0 1.0 0.5 0.9 0:981269
1.5 { { { 1:265467
2.0 { { { 1:490192
2.5 { { { 1:698251

Table 3. Computational results of Re�
1
2Nu(0) when

St = 0:09; M = 2:02; n = 2:9; �1 = 0:9; Re = 1:2;

 = 0:2; Pe = 0:7; Lb = 1:2:

Nb Nt Le Pr Re�
1
2Nu (0)

0.1 0.1 1.0 6.4 0:480056
0.2 { { { 0:463862
0.3 { { { 0:448108
0.4 { { { 0:432789
0.1 0.2 1.0 6.4 0:467692
0.2 { { { 0:451871
0.3 { { { 0:436486
0.4 { { { 0:421534

Table 4. Computation of local Sherwood number when
St = 0:29; M = 1:35; �1 = 0:2; Re = 1:4; 
 = 0:5;
Pe = 0:9; Lb = 1:5:

Nb Nt Le Pr Re�
1
2Nu (0)

0.1 0.1 1.0 6.4 0:015659
0.2 { { { �0:145346
0.3 { { { �0:198832
0.4 { { { �0:225441
0.1 0.2 1.0 6.4 �0:298010
0.2 { { { �0:011591
0.3 { { { �0:114436
0.4 { { { �0:165596

been examined in current investigation. Optimal
Homotopy Asymptotic Method (OHAM) is utilized
to acquire the scienti�c arrangement of nonlinear
coupled arrangement of changed standard di�erential
conditions. The impact of di�erent included variables
on dimensionless speed, temperature, convergence of
nanoparticles and centralization of motile microorgan-

Table 5. Calculation for local density number when
St = 0:39; M = 2:25; �1 = 0:9; Re = 1:2; P r = 6:7;
Nt = 0:1; Nb = 0:3; Le = 1:2:

Pe Lb 
 Re�
1
2Nnr (0)

0.1 0.5 0.2 0:324493

0.2 { { 0:310349

0.3 { { 0:296544

0.4 { { 0:283021

0.1 1.0 0.2 0:340332

0.2 { { 0:325989

0.3 { { 0:311915

0.4 { { 0:298117

ism's pro�les are introduced graphically and afterward
examined. The novel highlights of performed analysis
are:

� Power index shows inverse conduct on speed �eld on
account of shear diminishing and shear thickening;

� Velocity �eld reduces against augmenting values of
Hartman number and Carreau uid parameter;

� Inverse comportment has been recorded on temper-
ature �eld for Prandtl number and Brownian motion
parameter;

� Temperature pro�le depreciate by enhancing
Prandtl number;

� Augmentation in thermal pro�le is recorded against
thermophoresis and Brownian motion parameters;

� Concentration lessens for Brownian motion param-
eter and it upsurges for Prandtl number;

� Convergence of motile microorganism's rots for
bioconvective Lewis number and focus distinction
variable of microorganisms and upgrades for Peclet
number;

� Dimensionless stress grows against Hartman num-
ber;

� Mass transfer rate upsurges against Brownian mo-
tion parameter; whereas; heat transport rate dimin-
ishes.

Nomenclature

B0 Magnetic �eld strength
l0 Rate constant
u; v; w Velocity components

 Angular velocity
C0 Initial
�� Thermal di�usivity
T Temperature
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Db; Dt Brownian and thermophoretic di�usion
coe�cients

Nb Brownian motion parameter
Pe Bioconvection Peclet number
Pr Prandtl number
Re Local Reynold number
�1 Carreau uid parameter
Cf Skin friction coe�cients
(Nnr) Density of motmle microorganisms
f;H; g Dimensionless velocity
n Power law index
C Concentration
Us (r) = l0r Stretching velocity
r; �; z Spatial coordianates
C1 Ambient concentration
�0 Viscosity of microorganism and

suspension of nanouid
�f Density of nanouid
P Fluid pressure
Nt Thermophoresis motion parameter
Lb Bioconvection Lewis number
St Dimensionless stretching rate
M Hartman number
Le Lewis number
Nu Nusselt number
Sh Sherwood number
� Dimensionless temperature
' Dimensionless concentration
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