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Carbon nanotubes (CNTs) are being used in nanomedicine as drug delivery systems,
particularly for the medical therapy of cancer. The CNTs are initially infused into the
blood, which then travels to the tumour via waves generated by the artery walls in the
presence of an outside influence, like a magnetic field. This article analyses the study
of heat and mass transmission in a blood-based Casson nanoliquid MHD flow using
single-wall (SW) and multi-wall (MW) carbon nanotubes (CNTs) on a rotating disc with
a heat source and magnetic field effects. The suspension of both kinds of carbon
nanotubes is accomplished using Casson blood. The spinning and extending of the disc
cause the flow to be formed. The controlling nonlinear PDEs are transformed into
nonlinear ODEs, and ODEs are resolved using the Runge-Kutta fourth-order approach
in MATLAB's bvp4c package. By means of graphical representation, the effects of
different model restrictions are highlighted for the following parameters: momentum,
energy transport, concentration, microorganism profiles, drag coefficient, heat and
mass transport rates, and motile density number. This study demonstrates that the
fluid momentum of a single-walled CNTs-blood Casson nanofluid is relatively less
impacted and that the heat profile of this nanofluid is more dominant than that of a
multi-walled CNTs-blood nanoliquid. The outcomes further show that with higher
levels of the volume fraction of nanoparticles, the friction factor and rate of heat
transport are improved.

1. Introduction

The Coriolis force is an imaginary or pseudo force that affects objects moving inside of a frame of
reference that spins in relation to another frame of reference. Electronic equipment, computer
memory gadgets, turning machines, medical instruments, rotating processes, etc. are only a few
examples of the many manufacturing domains and engineering sectors where the Coriolis force is
crucial to the analysis of nanofluid in porous space. The Coriolis force plays a significant role in the
fundamental flow manifestation. The Coriolis effect depends on momentum, the motion of the earth
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and movement of the liquid or body that has been diverted by the Coriolis force. When travelling far
or quickly, the impact of this force is more noticeable. The coriolis effect describes how weather
affects fast-moving objects like rockets and airplanes. The Coriolis effect is primarily responsible for
determining the directions of predominant winds. Most notably, climate variability is greatly
stimulated by the Coriolis force. Coriolis force was used by Bachok et al., [1] to study the movement
of nanoliquids and the transfer of heat across a disc saturated with a porous medium. Rashidi et al.,
[2] described an entropy generation analysis for magneto-steady flow due to the application of
nanomaterials and Coriolis force through a disc. Turkyilmazoglu [3] examined the heat transfer
properties of five different nanoparticles over a revolving disc. The Coriolis force substantially
influences the fluid flow properties in several geophysical and manufacturing uses, which causes the
creation of secondary flows [4]. Bai et al., [5] investigated the water graphene oxide nanofluid flow
in the riser condensing tubes of the solar collector heat transmission using computational methods
and two-phase modelling. Mondel et al., [6] conducted a study on the effectiveness of wind energy
as a source of electricity in Bangladesh. Firdaus et al., [7] conducted a fundamental investigation on
the high-rise building's wind energy potential. Okonkwo et al., [8] examined three approaches that
may be created and used to produce green hydrogen for refueling stations utilising photovoltaic (PV)
systems. Tlili and Alharbi [9] has studied numerical simulation of a solar wall using PMC.

lijima's [10] 1991 research was the first to reveal CNTs, which are long, lean carbon cylinders.
CNTs are allotropic forms of carbon that belong to the buck-minster-fullerene structural family, which
also comprises spherically shaped buckyballs. These are massive macro-molecules that stand out due
to their distinctive size, form, and exceptional physical characteristics. The information given by the
CNT, manufacturing company NTI includes that the CNT particles are capable of displaying a 15-fold
increase in thermal conductivity, a 1000-times higher current carrying capacity than copper, are five
times more elastic, and are 200 times stronger than steel. CNT utilisation is also environmentally
friendly since carbon chains are present in them. Therefore, it is crucial to comprehend how carbon
nanotubes affect both Newtonian and non-Newtonian fluid flow. Single-wall CNTs (SWCNTs) and
multi-wall CNTs (MWCNTSs) are the two fundamental forms of CNTs. The incredible importance of
carbon nanotubes (CNTs) in a variety of disciplines, including nanotechnology, calcareous water,
conductive polymers, air purification techniques, surplus robust filaments, flat-panel displays, bio-
sensors, and many other, has led to the conclusion that they will be the innovative substance of the
twenty-first century. The model of heat conductivity for CNT-base mixtures was investigated by Xue
[11]. Hayat et al., [12] studied the characteristics of CNTs in a stretching flow issue of Darcy-
Forchheimer, melting heat and chemical reactions. Mahanthesh et al., [13] examined the Marangoni
convection- and heat radiation-impacted MHD nano-liquid flow incorporating CNT nano-particles.
Raja et al., [14] used a clever computing approach to define the MHD flow of CNTs nanoliquid with
slip. Mahesh et al., [15] studied the impact of suction and injection across a Marangoni boundary
layer flow on MHD Casson fluid and thermal radiation on a permeable surface using single-wall and
multiwall CNT models. Maranna et al., [16] determined the 2D movement of a viscoelastic ternary
nanofluid made of Silver (Ag)-SWCNTs-Graphene across a permeable constricting surface under the
influence of radiation, slip parameters, and heat source/sink implications. Maranna et al.,[17]
examined the impacts of a CNT magnetic field flow due to a stretched plate when Navier's slip is
present. Maranna et al., [18] examined the impact of radiation and Marangoni convective boundary
conditions on the flow of ternary hybrid nanofluids in a porous medium with mass transpiration
effect.

Cancer has numerous types and is a commonplace and pervasive disease worldwide. Traditional
medicine and nanotechnology with nanoparticles are the two methods used to treat cancer are taken
from Chen et al, [19] and Morrison et al., [20]. Surgery, radiation, and chemotherapeutic are
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examples of traditional treatments that use high doses of radiation and medications to reduce
tumours and kill cancer cells, respectively [21]. In the nanotechnology treatment process, various
nanoparticles, including magnetic particles, carbon nanotubes, and gold particles, are employed to
cure cancer. When the temperature exceeds 42—45° C, the cancerous tissues are killed because these
particles behave such as heat sources in the presence of the applied magnetic field. Rajakarunakaran
et al., [22] analysed machine learning regression techniques for determining concrete compression
strength. Aljaloud et al., [23] researched the thermal behaviour and phase transition of a copper
oxide-containing water nanofluid that is contained inside a porous metal cylinder. Aljaloud et al., [24]
investigated the temperature effect of cross-nanofluid bioconvection phenomena caused by
stretched cylinders. AlDosari et al., [25] investigated the computational modelling of drug release
employing nanoparticles in cancer cells on 2-D materials using the molecular dynamics approach.
Banawas et al., [26] used a molecular dynamics simulation to investigate how the starting
temperature and starting pressure affected the thermal and mechanical behaviour of reinforced
calcium phosphate cements.

Casson fluid is frequently employed in the simulation of blood flow and ordinary life suspension
and has a number of advantages over other fluid models. The Casson fluid model has been used by
the majority of investigators to assess the characteristics of flow of blood in arteries. Copley [27] and
Scott-Blair [28] used the Casson fluid model to illustrate the fundamental shear character of blood in
veins. In their investigations on the behaviour of flow of blood, Casson [29] examined the accuracy
of the Casson fluid model and discovered that the yield stress for blood is not zero at lower shear
velocities. The effect of blood circulation in tubes with a size varying from 130 to 1000 mm can be
precisely measured using the Casson fluid simulation, discovered by Merrill et al., [30]. Mustafa et
al., [31] and Mustefa et al., [32] studied the parallel free flow in the presence of the Casson fluid on
a semi-infinite plane plate and in the field of stagnation point approaching a extending sheet. Singh
et al., [33] have explored the laminar boundary layer flow of an electrically conducting Casson fluid
caused by a horizontally perforated sheet that is linearly contracting or expanding with mass
transpiration. Mahabaleshwar et al., [34] examined the impact of radiation across the flow of sticky
Casson nanofluids on a linear extending/shrinking surface with a mass transport factor. Omar et al.,
[35] present the analytical solution to the behaviour of the unsteady Casson fluid with the
incorporation of heat radiation and chemical processes. ZainulAbidin et al., [36] investigated the
effect of non-Newtonian blood rheology and stenosis height on the solute dispersion mechanism in
the cardiovascular system.

Magnetohydrodynamics is the study of the magnetic properties of electrically conducting fluids
like liquid metals, saltwater, electro-lytes, etc. Alfevin [37], a Swedish electrical engineer, pioneered
the MHD fields. MHD is a collection of equation sets, including Maxwell's, Navier-Stokes, fluid
dynamics, and electromagnetic. The MHD mobility of radioactive material on Casson nanoliquid was
investigated by Walelign et al., [38]. The properties of MHD on Casson fluid have been investigated
by Mahantesh et al., [39]. It is used in a wide variety of industrial and geophysical settings, including
nuclear reactors, cold plasma generators, etc. The extensive geophysical and engineering uses of
liguid motion caused by the rotating disc, including centrifugal machine, the crystal formation
process, the pumping of metals at high melting temperatures, thermal power producing systems,
and air cleaning equipment, have maintained investigators interest in the subject. Von Karman
interprets the flow produced by the rotating disk [40]. The amalgamated effects of temperature and
mass transport in flow brought on by the rotation of a course, porous disc is studied by
Turkyilmazoglu and Senel [41]. Regarding the issues with stretching surfaces, rotational flow today
finds enormous importance because of multiple uses including gas turbine rotors, disc cleaners,
rotating machinery, food production, rotor-stator systems, diagnostic equipment, rotating
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machinery, and numerous others. Khan et al., [42] examines the Casson blood-gold nanofluid flow
that results from an elongated turning disk. A stretched disk's effect on nanofluid flow was studied
by Mustafa et al., [43]. The analytical study of a continuous flow of visco-elastic liquid and MHD flow
of second-grade fluids due to prolonged sheets in a permeable media utilising the Cattaneo-Christov
pattern has been investigated by Maranna et al.,[44]. Mahabaleshwar et al., [45] researched the non-
Newtonian MHD flow and heat transmission of a Cu-Al,Os/water hybrid nanofluid caused by a
permeable extending/ shrinking surface. Mahabaleshwar et al, [46] examined the
magnetohydrodynamic axisymmetric flow of Casson fluid across a non-linear permeable surface that
is stretching/shrinking. Prasad et al., [47] investigated the impact of entropy creation on the MHD
peristaltic transfer of Casson nanofluid in a vertical, non-uniform channel with the effects of magnetic
field and convective circumstances.

Heat transfer has many uses in the areas of engineering and metallurgy. In the realm of fluid
mechanics, heat transfer through an extending sheet is a crucial issue. Sumalatha and Bandari [48]
observed that the source of heat and radiation factor improved the fluid temperature when they
investigated the impact of changes in the heat source on the casson fluid travelling across a deformed
surface. Gul et al., [49] examined the magnetic impact on thin-film blood based CNTs nanofluid flow.
Akber et al., [50] analyzed the magnetic impact on the flow of SW- and MW-CNTs across a flowing
permeable channel. The "thermal-diffusion (Soret) effect" is the term used to refer the mass flux
caused by a thermal gradient. The "diffusion-thermo (Dufour)" impact is the name given to the
energy flux brought on by concentration changes. According to Kafoussias et al., [51], the Soret effect,
for example, to separate isotopes and in mixtures of gases with very small and moderate molecular
weights has been used. Numerous real-world implications of the Soret and Dufour effects are found
in the fields of geotechnical and chemical engineering fields. In the current work, these variables are
taken into account in the temperature and mass equations, respectively, because of the significant
technical uses of Soret and Dufour effects in the sciences and engineering. The influence of Soret,
Dufour, chemical processes, and heat radiation on combined convection stagnation point movement
on an isothermal vertical sheet in a porous medium was examined by Olanrewaju and Gbadeyan [52]
through mathematical model analysis. In a porous media, stable natural convection and mass
transport motion across a semi-infinite vertical porous plate were investigated by Alam et al., [53]
for the impacts of Dufour and Soret. Vishalakshi et al., [54] explored the three-dimensional flow of a
fluid with heat exchange while being affected by a magnetic field and when there is a porous medium.
Dero et al., [55] investigated how the suction phenomena and thermal slip impacts affected radiated
hybrid nanoparticles with a stability framework.

The current investigation, which is inspired by the earlier work, looks into the thorough analysis
of blood-based Casson nanoliquids made of CNTs flowing through a rotating extendable disc under
the influence of a magnetic field and a heat source. The primary concern of this work is to excogitate
the flow features of blood flow with the inclusion of CNTs nanoparticles. In this regard, the Casson
fluid with Xue model was adopted to simulate the transportation of blood flow over a stretchable
turning disk. Matlab is faster and allows you to test complex algorithms immediately without
recompilation. In this study, the slip velocity, MHD flow, heat and mass transfer, and CNTs for a
rotating disc flow are also inspected. Such effects on a Casson nanofluid have rarely been considered
in the literature. Examining the MHD flow of a blood-based Casson nanoliquid, including SWCNTs and
MWCNTSs, as it passed over a stretched sheet is the goal of the current work. The behaviour of the
fluid flow and heat profiles against various physical restrictions was examined. The novelty of this
study is to investigate the impact of volume fraction, stretching parameter, thermal and exponential
space-based heat source factors, magnetic factor, Dufour number, Soret number, Schmidt number,
and Casson parameter on velocity, heat, concentration, Nusselt number, skin friction coefficient, and
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Sherwood number. The impacts of all limitations on disparate profiles are shown in graphs. The
outcomes of the current investigation are more significant.

2. Mathematical Formulation
2.1 Physical Configuration

Consider the flow of blood-based carbon nanoliquids over an extendable rotating disk. The
rotating and expansion of the disc are what generate the flow. The disc is positioned at z =0, rotating
at a fixed angular speed Q, whereas 7 is the axis perpendicular to the lower disk in the cylindrical
co-ordinate system, with I and s acting as the radial and tangential axes, respectively. SWCNTs and
MWCNTSs are utilized with blood as the working fluid. There is no slippage betwixt the blood and CNTs
because they are in a no-slip situation.

Let T and C represent the temperature and concentration, respectively, and let (u,V, W) signifies

the variables of velocities in the direction of (,S,z), accordingly. At the surface of the disk,

temperature and concentration are assumed to be T, and C,, respectively. Away from the disk

w?

contact, the free stream is maintained at fixed values of pressure p_, concentration C_, and

oo !

temperature T_. The electrical field and hall current are not taken into account, and only the

exogenous, unchanging magnetic flux is provided perpendicular to fluid motion with a fixed magnetic
flux density of B,. The boundary restrictions and physical issues are schematically shown in Figure 1.

Bo B0

Nanoparticles
Fig. 1 Flow geometry

2.2 Regulating System and Boundary Constraints

The associated equations are obtained from [56-58].
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Continuity equation,
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With the limitations of the boundaries
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Where, Dis molecular diffusion coefficient, h, for convective heat transmission coefficient, pis
pressure, o - electrical conductivity, y - tangential momentum accommodation coefficient, v -
kinematic viscosity, /3 - Casson parameter, A - velocity slip factor, n - exponential index, B, - constant

magnetic flux density, C, - heat capacity, C, - concentration susceptibility, Q: - thermal dependent

S
heat source (THS) parameter, Q; - exponential space dependent heat source (ESHS) coefficient, h, -

convective heat transfer coefficient, K; - thermal-diffusion ratio, T,,-mean temperature of the fluid.

121



CFD Letters
Volume 15, Issue 9 (2023) 116-135

2.3 Nanofluid Effective Properties

The efficient nanofluid relationships provided by Xue [11] and discussed by Makinde and
Animasaun [62,63] are of the following type:

ﬂnf=(1_ﬂT’ anf:(ﬂt:;pf)nf' Poi =(1-0)p; +op5,
(pCp)nf :(1_¢)(pcp)f +(p(pcp)s'
1-p+2¢ K, Iog(kSJrkf] @
o k, —K; 2Kk
1-p+2¢ ks Iog(kSJrkf]
K —k, 2k,

In Eq. (8), ¢- nano-particle volume fraction, pC is specific heat capacity, « - thermal diffusivity,

L is dynamic viscosity, pis density, Kis thermal conductivity, Q- constant angular velocity, the
subscripts nf , f and S, respectively, symbolizes nonmaterial, base fluid and solid particles.

2.4 Similarity Transformations

To transform the governing PDEs into ODEs; we introduce the Von Karman’s similarity
transformations.

e=(Qlv,)"z, u=QrF(), v=0arG(E), w=(Qv,)H(&),
- Cc-C 9
p—p, =24, Qp(&), e(g)zTT_?o, §(E) =g (9)

In these Eq. (9), &is non-dimensional variable, F (&), G(&), H(&)denotes radial, tangential,
and normal dimensionless velocity functions, respectively. 9(5) is non-dimensional temperature and
¢(¢&)is non-dimensional concentration.

The PDE system consisting of Eq. (1) — Eq. (7) is condensed to the following ODEs by using Eq. (9):

dH

—+2F =0 (10)
dg

2
L 1+l d Iz—Hd—F—F2+GZ—MF:O (11)
BD p)dé d& D

2
EENEER L RTR P SLLY Y, (12)
BD de? de D
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E 40,40 Q) Qo o 0,90
TPraz Hd§+ I 0+ I exp ( n§)+Dud§2 0 (13)
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dF dG

F(0)=c+A—| ., G(0)=1+A2]  H(0)=0,
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The variables included in the equations mentioned above are:

B=(1—(o)2'5, D=1-p+p%>, E=ki,
P K
C
| :1_(/)+¢(PC ) M = 682 Pr:( P)f ’
(PCp)f prQ’ K
0. % . 9 Bi:h_f[V_f
j ('Ocp) Q" 7 ('OCP) Q ke Q2 ’ o)
Du = D(C,-C.)k , Sc_v—f, Sr= D(Tf _Tm)kT ,
c.C (Tf T@) D v, (C,—C,)T,
C:i A=2__Zﬂ 2 -
Q' x Vv

In Eq. (16), the parameters M -magnetic parameter, Pr- Prandtl number, Q;- THS/sink
parameter, Qg - ESHS/sink parameter, Bi - Biot number, Du - Dufour number, SC - Schmidt number,

Sr - Soret number, c- stretching parameter (measures the ratio of radial stretch to the swirl, and it
ranges from 0 to 1, such that ¢ =0is the non-stretching case), and Asignifies slip factor.

2.5 Physical Quantities

The drag force C, , rate of heat transfer Nu, and mass transfer rate Sh are stated below:

, 2 2
Cf — TWI’ +ka NU — rqm Sh — rqn (17)

pi(Qr)’ ke (T, -T.) c,-C,°
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The shear stresses along radial and tangential (7,, and 7,, ) axes at the disc's surface for Casson
nanofluid are stated below:

[ [ 1)(6u awﬂ { ( 1)((% 1awﬂ
Twr = | Mt =l = += v Tk = | Mot I+— + ’
p)\or os)] pNez raos)|

(18)
8T oC
q = _k qn =7 Ao
oz 0 0z ),_,
Here, q,,is heat flux, and ¢, is mass flux at the disk surface.
Using Eq. (9) in Eqg. (19) — Eq. (20), we have:
F '2 +G'2 k
Re'?C, ( j\/ (©) , ReNu,=--10'(0),
(1-9)” ks (19)

Re™? Sh=-¢'(0)

2

Qr
Where Re =
Vs

is the local Reynolds number.

3. Results and Discussion

This section's graphical representations (Figure. 2 until Figure 14) examine the effects of relevant
factors on the quantities F (&), G(&), 6(&), ¢(&), dragforce C,, thermal exchange rate Nu, ,
and mass transport coefficient Sh, . Results have been obtained for both SW-CNTs (solid-lines) and
MW-CNTs (dashed-lines). The relevant variables have the following default value until otherwise
stated: A=0.5, Bi=5.0, c=0.5, Du=0.1, M =0.5, n=0.5, Pr=10, Q. =Q, =0.01, Sc=4.0,
Sr=0.2, #=0.5 and ¢ =0.1. The thermophysical characteristics of blood and CNTs are detailed in
Table 1.

Table 1

List of the base fluid's and CNTs' physical
characteristics [48,58]

Physical properties SWCNT MWCNT Blood

p (kg m-3) 2600 1600 1050
Cp () kg-1 k-1) 425 796 3617
k (Wm-1 k-1) 6600 3000 0.52

Figure 2(a) illustrates the impact of ¢ on the radial velocity F (5) on the SW-CNT and MW-CNT

added nanofluids. This graph clearly shows that as the ¢ parameter is magnified, the fluid
momentum augments. Furthermore, as shown in Figure 2(a), the MWCNT-added nanofluids move at
speeds that are higher than those of the SWCNT-added nanofluids. This information may be valuable
for both manufacturing and medical uses. For instance, the research above suggests that MW-CNTs
may reach the tumour more quickly than SW-CNT nanoparticles in the therapy of cancer.
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Figure 2(b) depicts how the solid volume fraction ¢ responds to the tangential velocity
distributionG . Greater ¢ results in an improvement in the velocity field G. In addition, the
momentum profile G for MWCNTSs is greater than that for SWCNTs. The overall reason is that the
magnetic component with a negative sign is included in Eq. (12), and as a result, the azimuthal
momentum is increasing. The drag force slows the flow in this scenario.

The relationship between the fluctuation in the heat profile £(&) and the solid volume fraction
@ is shown in Figure 2(c). The thermal energy profile (&) is raised for the solid volume fraction ¢ .
This is because greater levels of the solid volume fraction cause the thermal layer thickness to grow.
SWCNTs have a larger temperature distribution @(£) than MWCNTs. This is a similar result reached
by the authors in Akbar and Khan [59].

0.5 0.9
0.8
0.4 0.7

0.6
\ ¢=0.1,0.2,0.3 0.5 ‘ a\(p=()_1,().2, 0.3

ap 04
el = 03
B L 02}
0.1}
0.0 | 0.0
1 1 1 1 L 1 1 1 1 _0] 1 1 1 1 1 1 1 1 1
00 05 1.0 1.5 2.0 2.5 3.0 35 40 45 50 00 05 1.0 1.5 2.0 2.5 3.0 35 40 45 50

—_— —

(a) (b)

0(8) —

0.0

0.1 L 1 1 1 1 L L L 1
00 05 1.0 1.5 20 25 30 35 40 45 5.0

(c)
Fig. 2. Plots of @ versus (a) F (&), (b) G(£), (c) 8(¢)

It is evident from Figure 3 that the profile 8(&) surges during both Q; and Q. . Physically, bigger
Q; and Q. result in more heat being produced in the fluid system, which causes 8 () to rise. It is

crucial to remember that the thermal field is stronger compared to the other situations when there
is combined a thermal-based heat source (THS) and an exponential space-based heat source (ESHS).
The exponential heat source factor, in particular, is significantly higher than the THS factor. As a
result, the ESHS process is more appropriate for uses including heating processes, such as solar
panels, atomic reactors, etc.
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Solid: SWCNT _blood
Dash:MWCNT _blood

‘ i Black line: Q= 0.1, Q_=0.1
— Red line: Q =0.0,Q,=0.1
¥ o4t Green line: Q.70.1,Q.=0.0
) lue line: Q= 0.0,Q_=0.0

02| ‘
0.0 |
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Fig. 3. Plots of (&) versus Q; and Qg

In Figure 4(a) to Figure 4(d), the effects of rising ¢ valueson F (&), G(&), 8(&) and ¢(&) are
depicted. The radial extending rate is measured by the factor ¢, which is specified as ¢ =S/ Figure
4(a) exhibits that the radial momentum boundary layer thickens as the variable ¢ increases. In fact,
when crises, the rate of radial expansion increases, accelerating flow in the radially outer direction.
Mathematically, the disc extending force in the radial direction grows with ¢, which causes the radial
velocity function F (5) to grow for greater c. This is because the disc extending rate along the radial

axis is exactly proportional to the extending strength factor c. Additionally, it is observed that the
variation of F(f)has a large impact on the revolving disk's surface. The results of tangential
momentum have demonstrated progressive behaviour with growing ¢ (see Figure 4(b)). Besides, it
can be seen in Figure 4(c) that when the value of c rises, the heat profile reduces and the thermal
boundary layer thins. Thus, in real-world applications, radial expansion of the disc aids in improving
the revolving disk's cooling process. For water-based CNTs, a similar finding was reported in the
published research by Mushtag and Mustafa [61]. Figure 4(d) shows that for rising c, the
concentration profile falls. Further, from these graphs it is noticed that both velocities ( F (§) and

G(&)) are higher for MWCNT-nanoliquid than SWCNT-nanofluid.
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The impact of the magnetic factor M on F (f) and G(f)velocities is presented in Figure 5(a)
and Figure 5(b), respectively. The radial and tangential velocities for SW- and MW-CNT nanofluids fall
as M rises. This is due to the strong resistive force (which resists liquid motion in nano-liquid flow)
provided by the magnetic factor operating in the z direction, and this is what causes the F (5) and
G (5) fluid momentums and the corresponding layer thickness to decrease. The flow velocities are

likewise viewed to be significant in the zone of 0<£<2.0 and to be diminishing along ¢&.
Furthermore, at the free stream, all curves converge to zero.
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Fig. 5. Plots of M versus (a) F (5) (b) G (5)

The effects of M on 8(£) and ¢(&) are interpreted in Figure 6(a) and Figure 6(b). The Lorentz

theory states that the implemented magnetic field increases fluid heat and mass while diminishing
the thickness of the boundary layer flow. This improvement occurs due to the reduction in velocities.
Hence increasing value of M parameter increases the trend of temperature and concentration. In
comparison to the MWCNT nanofluid, the SWCNT nanofluid exhibits lesser velocities and greater
temperature dispersion. The reason behind this is SW-CNTs have more electrical conductivity in
comparison with MW-CNTs. Aziz et al., [60] and Mushtaq and Mustafa [61] both discovered a similar
outcome.
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Figure 7 depicts the influence of the Dufour number ( Du) on temperature field (49(5)). For

greater approximations of the Dufour number ( Du =0.0, 0.15, 0.3), the liquid temperature increases.
An enhancement in energy flow is observed for higher values of the Dufour number because of the
rise in concentration gradient that is accountable for increasing the temperature. One can see that

the temperature near the lower disc is prominent, while in the upper half of the region it is zero.
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Fig. 7. Plots of DU versus (&)

Figure 8 elucidates the impact of Soret number ( Sr) on (¢(§) ). The concentration field is more

pronounced in the lower half of the region for larger estimates of Soret number (Sr = 0.0, 2.0, or
4.0). It is because as Sr rises, the temperature gradient raises as well, leading to a larger convective

flow. Consequently, the concentration profile (¢(§) ) gets higher. Moreover, in the upper half of the

space between two discs, the concentration profiles are zero. Hence, it follows that the cross-
diffusion impact can be used to regulate the rate of heat mass transport.
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The influence of Schmidt's number (Sc) on (¢(¢&)) is pictured in Figure 9. The concentration

profile narrows for greater values of Sc (Sc = 3.0, 5.0, or 7.0). The reason is that the bigger Sc
lowers mass diffusivity, which lowers ¢(§) . In the upper half of the flow region concentration field

converges to zero.
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Fig. 9. Plots of SCversus ¢(¢)

The flow properties for various values of f are represented in Figure 10(a) and Figure 10(b). It is
essential to mention that the £ has a significant impact on the non-Newtonian behaviour of Casson
fluid. As the value of £ rises, the radial and tangential velocities drop as a result of the higher flow
resistance. To put it another way, rising [ is analogous to lowering the yield stress, which then lowers
the fluid velocity. As S gets closer to infinity, the Casson problem is also transformed into a

Newtonian problem. In addition, when CNT nanoparticles are suspended in a blood-based Casson
nanoliquid, MWCNT move faster than SWCNT in the blood. The profiles converge to zero at the free
stream.
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The impact of £ on the Casson nanofluid thermal performance is seen in Figure 11. It has been
noted that when CNTs are added in blood-based Casson nanofluid, a spike in £ values cause a rise

in temperature. Moreover, it is obvious that the SWCNT nanoparticles have a greater heat than the
MWCNT nanoparticles.

0.7 ‘

6 (€)

B=0.5,1.0,10

00 05 1.0 15 2.0 25 30 35 40 45 50

Fig. 11. Plots of S versus 8(¢)

From Figure 12, it is observed that the normalized drag force is increased with higher values of
scaled stretching parameter c and decreased for larger values of Casson parameter f. It is evident
from this graph that the SWCNT nanofluid has greater normalised drag force than the MWCNT
nanofluid. Furthermore, the drag force at the free stream is high for minimal values of . Both CNTs
experience the same amount of drag for a significantly large value of the Casson parameter. The
combined effect of M and ¢ on heat transfer rate is disclosed in Figure 13 for both SWCNT and
MWCNT nanofluids. The rate of local heat exchange diminishes as M grows in value. In contrast
hand, it gets better with greater values of ¢. For a zero-volume fraction, both CNT curves are
congruent. The Sherwood number, also known as the mass transfer rate, is an increasing function of
Sc and reduces as Sr increases, as shown in Figure 14. The mass transfer rate is higher at the free
stream, and the profiles are increasing linearly in the flow region.
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4. Conclusion

The present study has investigated the fluid flow over a rotating extendable disc by dispersing
CNTs in a blood based Casson nanoliquid in the presence of ESHS, THS, a magnetic field, and
convective boundary conditions. The investigation is carried out by considering blood-based Casson
nanofluid and SW- and MW- CNTs as the dispersing nanoparticles. The problem is solved numerically
for the solutions of velocity, temperature, and concentration profiles by using the RK-4t" order
method with the bvp4c technique. Further analysis of the profiles affected by pertinent parameters
is done by plotting the solutions graphically together with the comprehensive discussion. The
following list includes the study's key findings:

i.  The primary and secondary velocities are higher for MW-CNTs-nanoliquid compared to

SW-CNTs-nanoliquid.

ii. Thetemperature field is improved in the presence of ESHS and THS aspects. Furthermore,
the effect of ESHS is more prominent than the THS aspect.

iii.  Stretching strength parameter enhances radial velocity while other profiles decline.

iv.  Heat transfer rate is upraised for longer magnitude of ¢for both cases of CNT-
nanoparticles.

v.  The mass transfer rate is increasing along SC whereas decreases with Sr.
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