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Combination of Carbon Nanotubes (CNTs) with Human blood as base fluid indicates the enhancement of
heat transport in Poiseuille flow and this physical phenomenon could not possible in normal liquids. Usually,
when blood cells get touch with external surfaces, the platelets of blood become activated and form blood
clots. Therefore, we have considered blood compatible CNT, so that chosen base fluid (blood) can easily
pass through it. Due to the higher thermal conductivity, CNTs play an important role to enhance the heat
transport in blood flow. These features lead to the novelty of this investigation to study the heat transport of
Casson fluid through CNTs in unsteady MHD free convective Poiseuille flow with thermal radiation. Such study
consigns practical applications in manufacturing of drugs, biomedical and Tissue engineering, biosensor and
other applications in myocardial therapy, neuronal and muscle regeneration. The non-dimensional governing
equations are formulated and solved analytically through classical Perturbation Technique and the analysis of
results are drawn in smooth curves via MATLAB code. Significant results for different implanted parameters are
compared between SWCNT and MWCNT and their significant behaviours are plotted graphically. The obtained
results indicate that Casson parameter accelerates the flow velocity for MWCNT and SWCNT. Furthermore,
interesting behavior on the outlines of velocity for SWCNT and MWCNT due to the presence of Schmidt
number, Peclet number and Reynolds number are detected. Comparison with previously published work has
been inspected and originated excellent agreement.

KEYWORDS: Thermal Conductivity, Heat Transport, CNTs, Casson Fluid, Nanotube Volume Fractions, Magnetic Drag
Force.

1. INTRODUCTION
CNTs can be witnessed as enfolded graphene sheets in
which single wall carbon nanotubes (SWCNTs) have one
layer with a diameter of less than 1 nm and multiple wall
carbon nanotubes (MWCNTs) have multi-layer comprising
of many concentrically inserted nanotubes, with diameters
more than 100 nm. As CNTs have a strong chemi-
cal bonding, so it gives remarkable physical properties
such as exceptional thermal and electric conductivity with
ultra-high strength. Observing these properties and multi-
disciplinary progress of CNT, numerous investigators1�2

have attempted to study the behaviour CNTs. Aman et al.3

presented the MHD radiating CNTs flow with four differ-
ent kind of base fluids and found that velocity and tem-
perature enhanced with Grashof number. Exchange of heat
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transfer flow of CNT with influences of thermal conduc-
tivity and viscosity in a rotating channel was deliberated
by Hussain et al.4

Casson5 instigated a fluid model to guess the flow
behavior of non-Newtonian fluid which have an infi-
nite viscosity at zero shear rate and no flow has been
occurred below this yield stress, known as Casson fluid.
Jelly, Tomato Sauce, Honey, Soup, Engine Oil, Human
Blood are some common examples of Casson fluids. Fur-
ther some latest explorations on Casson fluid flow are
attempted by Refs. [6, 7] with special impact of chemi-
cal reaction. It has been demonstrated by Khalid et al.8

that blood flow model with radiation effect has important
applications in CNTs analysis. Application of CNTs are
found during the extraction of blood when the allied CNTs
block the cells to permit the proteins and other smaller
molecules to pass over the channel wall.
Illustrative study on nanofluid with different nanoparti-

cles and nanotubes are presented by many researchers9–11

in their recent investigations and established important
results on heat-mass transfer in porous regime. They found
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considerable results that velocity is enhanced in slip condi-
tion. Also impact of thermophoresis and Brownian motion
have been studied and different suitable numerical meth-
ods are employed by them to solve their proposed model.
Moreover, numerous literatures12�13 have been found in
which the consequence of thermal radiation and MHD on
heat/mass transfer for nanofluid flow is explained elabo-
rately. MHD flow of the nanofluid in stretching porous
surface is studied by Krishna et al.14�15 and discussed
the effect of Prandtl number, due to the effect of which
the temperature profile reduces. Zueco et al.16�17 applied
two different numerical method to study the 2D and 3D
hydromagnetic flow of heat-mass transfer and achieved
significant outcomes. Inspired by their work Hazarika and
Ahmed18 investigated the flow of Casson fluid through
CNTs in a permeable vertical channel with the effects
thermal diffusion. Also investigation of various nanopar-
ticles on stretched sheet and vertical channel for MHD
nanofluid flow with embedded effects like thermophore-
sis, viscous dissipation is presented by Hazarika et al.19�20

They have utilized different numerical and analytical meth-
ods to solve the problem and the obtained results are
very significant. Effect of thermal radiation in heat trans-
port over square enclosure, stretching sheet and vertical
cylinder explored by Refs. [21–23]. They also illustrated
the behavior of Hartmann number and Rayleigh number
throughout the study and established significant results.

Krishna et al.24–26 discussed the exchange of heat and
mass in porous regime with emphasis on Hall and ion
effect. They observed that the fluid velocity drops by rising
Hartmann number, and upsurges for augmented values of
porosity parameter with the influences of Hall and ion-slip
effects. Hazarika et al.27�28 analytically and numerically
investigated the effect of diffusion thermo and thermal
radiation in different conduits and found that growing val-
ues of porosity parameter slowed down the flow velocity
for dual solution of nanofluid and base fluid, but boosted
the heat transfer for the radiation parameter. The higher
thermal energy increases the temperature of the micropo-
lar fluid for the higher Dufour effect, while this effect is
opposite in concentration. Numerical investigation for the
MHD fluid flow with the effect of thermal radiation and
chemical reaction in isothermal vertical plate is examined
by Ahmed.29 Also the MHD flow of exchange of heat with
variable thermal conductivity and exothermic reaction is
deliberated by Krishna and Reddy.30

The novelty of the present model is to explore the fea-
tures of CNT’s in a Poiseuille flow bounded by porous
plates filled with Casson fluid (Blood), which is chosen as
base fluid. Through the employed model, we have exam-
ined the effects of diverse involved parameters on the
velocity, temperature, concentration and shear stresses for
CNT’s and plot the outlines using MATLAB. We have
detected many significant outcomes and all are explained
in the results section. A dual effect of nanotube volume

fraction is observed for temperature profiles, when the val-
ues of nanotube volume fraction is higher, the tempera-
ture is boosted for higher Peclet number and decays at
lower values of Peclet number. As we know that, when
blood cells get touch with external surfaces, it becomes
clot. To avoid formation of blood clot, we have considered
blood compatible CNT,31 so that chosen base fluid (blood)
can easily pass through it. Blood compatible CNTs have
many potential uses in hemoperfusion in blood-purified
therapy.32 They can have great use in drug delivery and to
make artificial blood capillaries.

2. EXPERIMENTAL DETAILS
Here we consider an electrically conducting Poiseuille
flow of Casson-fluid through SWCNT and MWCNT
bounded by two static walls at �̄ = 0 and �̄ = a of width
a, taking a uniform magnetic field of strength B0 plac-
ing transversely to the plates, which is presented in the
Figure 1, and we have drawn this figure influenced by
Aman et al.7 and Hazarika and Ahmed.18 This MHD
Poiseuille flow is supposed to be incompressible and
unsteady with heat and mass transport influenced by the
thermal conductivity of CNTs.
We make the following assumptions

• That the base fluid is reflected as Casson fluid (Blood)
which contains the CNTs as a form of SWCNT and
MWCNT under thermal equilibrium.
• It is also assumed that the channel is permeated by a
uniform magnetic field, �B = �0� B0�0� of constant magni-
tude B0.
• A heat flux for radiation is applied to wall of the
channel.
• The buoyancy effects are exhibited using the Boussinesq
approximation.
• The nanofluid is under the influence of the acceleration
due to gravity g, which acts in the opposite direction of
the vertical axis (�̄).
• All the fluid properties except density in the buoyancy
force term are constant and the flow variables are functions
of normal distance �̄ and time t̄.
• The influence of the density variations in other terms of
the momentum and energy equations and the variation of
the expansion coefficient with temperature is negligible.
• The magnetic Reynolds number is small so that the
induced magnetic field can be ignored.
• The thermo-physical properties of the nanofluid are pre-
sumed constant except for variation of the density that is
determined based on Boussinesq approximation.
• Table II presents the thermo-physical properties for the
base fluid and the CNTs.

Under the above assumptions, the governing equations
are (using Refs. [7] and [18]),

�̄�̄ = 0 (1)
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Table I. Velocity distribution for � at Gm = 0 in SWCNT for casson
fluid (blood flow).

Aman et al.7 at Gm = 0 Present work at Gm = 0

Y � = 0	5 � = 1	0 � = 1	5 � = 0	5 � = 1	0 � = 1	5

0.0 0 0 0 0 0 0
0.2 0.4332 0.6087 0.6998 0.4456 0.6259 0.7197
0.4 0.4106 0.5381 0.5918 0.4213 0.5476 0.6093
0.6 0.2810 0.3458 0.3650 0.2987 0.3512 0.3807
0.8 0.1392 0.1641 0.1683 0.1403 0.1727 0.1793
1.0 0 0 0 0 0 0

Table II. Thermophysical properties of casson fluid (blood flow) and
CNTs.


 (Kg/m3) Cp (J/KgK) k (W/mk) � (S/m) �×105 (K−1)

Blood 1053 3594 0.492 0.8 0.18
SWCNT’s 2600 425 6600 106–107 27
MWCNT’s 1600 796 3000 1	9×10−4 44
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To solve the Eqs. (13)–(15) by means of the bound-
ary conditions (12), the perturbed technique for the power
series in � for the desired solution is

℘�y� t�= ℘0 �y�+
�∑
j=1

�j ei�t℘j �y� � where 0< �� 1

(16)
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where ℘ stands for u� h or �.
The formulation (16) is an infinite series solution tech-

nique and it is framed as the classical perturbation scheme
that is a convergent scheme depends on the perturbation
parameter 0 < � � 1 and so the higher order terms may
be omitted and the Eqs (13)–(15) are converted to the fol-
lowing ODEs
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3. VALIDITY AND ACCURACY
The current model of SWCNT and MWCNT is well ver-
ified by associating the outcomes with prior available
results initiated by Aman et al.7 at Gm = 0 and Gm = 2
for velocity when at � = 1� t = 2� � = 2� Rd = 2� Gh =
0	5� Re = 2� Pe = 3	5� Sc = 0	78� Sv = 2� Md = 2. The
comparison of the velocity for SWCNT with Casson fluid
(blood flow) is presented in Table I and it reflects that our
method is acceptable and gives adequate results.

Table I shows that augmented Casson parameter
enhance the velocity of blood flow in SWCNT.

4. RESULTS AND DISCUSSION
The base fluid is considered as Casson fluid (Blood flow)
in both ways of CNTs and significant behaviour is high-
lighted for the Casson fluid parameter (�) and nanotube
volume fraction (�) on nanofluid velocity, temperature and
concentration of species with underlined default param-
eters are � = 0	01, � = 1, Rd = 2, Gh = 0	5, Re = 2,
Pe = 3	5, Sc = 0	78, Sv = 2� Md = 2. In this investigation
the base fluid is Blood, which is a non-Newtonian fluid
and it follows Newtonian property when the shear rate is
more than 100 s−1. The consequence of non-Newtonian
behaviour of Blood flow is noteworthy, where the shear
rate is high.
Figures 2(a), (b) depict the behaviour of nanotube vol-

ume fraction (�) and Peclet number (Pe) over the dis-
tribution of nanofluid velocity and temperature for both
MWCNT and SWCNT. Pe is the ratio of heat transfer by
motion of a fluid to heat transfer by thermal conduction
that means it has relative importance of advection versus
diffusion, where Pe > 1 indicates that advection is domi-
nated, and Pe < 1 indicates a diffuse flow. The advection
to diffusion in the motion of flow has occurred in nan-
fluid velocity, while a transverse behaviour is observed
in the fluid temperature. The particle volume fraction of
nanofluid is the volumetric concentration of the nanopar-
ticles in the fluid, on the thermal conductivity. Growing
of volume fraction concentration means diminish of the
particle size, which may upsurge the thermal conductiv-
ity of nanofluids. As a result, the augmentation in thermal
conductivity of nanofluids rises with the growth of par-
ticle size. Hence increasing � enhanced the velocity and
its related boundary layer width. However, a dual effect
of � is detected over the temperature, where � raised the
temperature at higher Pe and declines temperature at lower
Pe. MWCNT has a dominant behaviour over SWCNT in
velocity, while gets reversed effect in temperature.

Fig. 1. The geometry of the flow model (Refs. [7, 18]).

J. Nanofluids, 12, 242–250, 2023 245
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Fig. 2. (a) Distribution of � and Pe on velocity profile in CNTs. (b) Distribution of � and Pe on Temperature profile in CNTs at Rd = 2	0, Sv = 2	0.

Figures 3(a), (b) represent the variation of � and �
in presence of lower (Md = 0	5) and higher (Md = 5	0)
magnetic drag force over the nanofluid velocity and tem-
perature respectively for SWCNT and MWCNT at the dif-
fusing species Sc = 1	30. In SWCNT, negative increasing
has seen in the velocity that means � declines u as well
as u has reverse flow behaviour. While in MWCNT, aug-
mented � enhanced u. Casson fluid is a shear thinning
liquid, which has infinite viscosity at zero rate of shear, a
yield stress below which no flow occurs, and a zero viscos-
ity at an infinite rate of shear. In Rheology, shear thinning
is the non-Newtonian behaviour of fluids whose viscosity
deceases under shear strain. Increasing Casson parameter
reduces the width of the boundary layer in SWCNT, and
molecules of the Blood are traveled in opposite direction in
case of MWCNT as values of u is negative. In this study,
Blood flow affects the behaviour of magnetic drag force in
CNTs that means it diminishes the effect of Lorentz force
due to MHD.
The nature of flow velocity of Blood for the variation �

and Gm of is illustrated in Figure 4. The Casson parameter
accentuates the velocity in the boundary layer and peak

Fig. 3. (a) Distribution of � and Md on velocity profile in CNTs at Sc = 1	3. (b) Distribution of � and Md on velocity profile in CNTs at Sc = 1	3.

values attained in the middle of the channel. Grashof num-
ber in mass transport is the ratio of buoyance forces due to
molar species to the viscous forces on Blood flow. Gm > 1
signifies that the buoyance forces are heavier than the vis-
cous forces and hence maximum elevation u is observed,
while least elevation has detected due to dominance of vis-
cous forces at Gm < 1. Velocity is suppressed due to high
conductivity of SWCNT, and elevation in u is seen for the
lower conductivity of MWCNT.
The behaviour of the velocity of blood flow for the influ-

ences of � and Re is shown in Figure 5 for MWCNT
and SWCNT. Nanotube volume fraction increased the
flow velocity in presence of SWCNT, while this trend is
reversed in MWCNT. Reynolds number is the measure-
ment of inertia forces to the viscous forces in momen-
tum boundary layer, which is subjected to relative internal
movement due to different fluid velocities. It is utilized
to determine whether the fluid flow is laminar or turbu-
lent pattern and detect how it will flow in different fluid
situations. It is one of the main controlling variable in
all viscous flows where a flow model can be developed.
Re = 0	1 < 1 means that fluid motion becomes Stokes or

246 J. Nanofluids, 12, 242–250, 2023
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Fig. 4. Distribution of � and Gm on velocity profile in CNTs at Sc =
1	3.

Creeping flow, where the viscous forces of the fluid domi-
nate the inertial forces and hence the velocity is suppressed
in presence of SWCNT. Re = 10 > 1 signifies that iner-
tia forces dominates over the viscous forces and therefore,
velocity is elevated in the negative direction for the case
of MWCNT.

In Figure 6, variation of nanotube volume fraction over
the Blood flow velocity for different cases of MWCNT at
Gh = 5	0 and SWCNT at Gh = 0	5. Gh shows the relative
significance of the buoyancy effect due to heat transport
compared with the viscous effect on the Blood flow fluid.
Viscous forces are dominant doe to Gh < 1, and thus gets
the lower values of u. Buoyance forces are dominant due
to Gh > 1, which elevates the curves of u along the channel
that means more free movements of the molecules ver-
tically upwards compared with Gh < 1. The Blood flow
velocity is accelerated in the augmented values � for both
the situations of SWCNT and MWCNT. u has a highest
elevation at �= 0	03 and Gh due to presence of MWCNT
(lower thermal conductivity).

Figure 7 shows the analysis of the temperature (h) for
the effects of � and Rd. Thermal radiation is the emis-
sion of electromagnetic waves from a surface that has a
temperature bigger than absolute zero. It reproduces the

Fig. 5. Distribution of � and Re on velocity profile in CNTs at Sc = 1	3.

Fig. 6. Distribution of � and Gh on velocity profile in CNTs at Sc =
1	3.

conversion of thermal energy into electromagnetic energy
and thermal energy is the kinetic energy of random move-
ments of atoms and molecules in matter. The thermal
radiation (Rd) is the ratio of the relative contribution of
conduction heat transfer to thermal radiation transfer. With
the help of Stefan-Boltzmann law of radiation, the rate
of heat transfer by emitted radiation can be determined.
Higher thermal conductivity in SWCNT gives the higher
temperature and lower temperature is carried by MWCNT
due to lower conductivity. Moreover, temperature and its
related boundary layer width raises with the increase of
nanotube volume fraction and an opposite behaviour is fol-
lowed by the thermal radiation.
Figure 8 depicts the study of concentration of species

(�) in the variation of Schmidt (Sc) number and suc-
tion velocity ration (Sv). Physically, this non-dimensional
parameter can be calculated as Sc = (momentum
diffusivity means kinetic viscosity)/(mass diffusivity), and
it can apply to describe the blood flows where simulta-
neous momentum and mass diffusion convection process
has occurred. Higher suction velocity causes the greater
friction of molecules and atoms in the Blood and which
pronounced the higher energy in the molar species layers,

Fig. 7. Distribution of � and Rd on velocity profile in CNTs at Sc = 1	3,
Pe = 3	5, Sv = 2	0.
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Fig. 8. Distribution of Sc and Sv on velocity profile.

Fig. 9. Distribution of � and Sc on velocity profile in CNTs.

and therefore width of the layers of � are decreased. Nat-
urally, higher values of � may calculated when kinetic
viscosity has a little effect over the mass diffusion, when
mass diffusion is weaker than kinetic viscosity then we
will obtain the lowest numerical values of � within the
regime of channel.
In presence of Oxygen (Sc = 0	75) and Benzene (Sc =

1	3) Figure 9 designates the behaviour of Blood flow
velocity for the variation of nanotube volume fraction in
SWCNT. At Sc = 1	3> 1, momentum diffusivity over the
mass diffusion, which accelerates the flow velocity by the
inclination of �. When Sc = 0	75 < 1 mass diffusion is
heavier than momentum diffusivity, and which decelerates
the flow velocity in the negative direction by augmented
values of � that means u has a reverse flow. Higher Sc
gives the positive values of u and lower Sc implicate the
negative values of u in the single wall carbon naotubes.

5. CONCLUSIONS
In this investigation, the proposed model of CNT’s for
Casson fluid (blood flow) in a vertical channel have been
solved analytically using perturbation analysis method and
the convergence has been shown numerically. The effects

of the embedded parameters are observed and studied
graphically. The major concluded points are as:
• Velocity is accelerated in MWCNT for higher magnetic
drag force (Md = 5	0) and back flow occur in SWCNT
for smaller (Md = 0	5) for the case of �. These outcomes
clearly establish that the magnetic field can be applied for
controlling the motion of the blood flow through CNT.
• Velocity accelerated for increasing values of Gh and
Gm with the effect of blood flow through CNTs. Aug-
mented values of Grashof number weaken the buoyancy-
driven vortex near the wall. Also, velocity is maximum in
the middle of the channel.
• In CNT’s, due to the presence of human blood, temper-
ature is elevated throughout the channel for the augmented
values of �, but it decays for Rd. This effect can be used
in radiation treatment, as by this treatment the affected
blood vessels become thin and this confines the blood flow
to the part and the condition of the patient may improve.
• The layers of molar concentration become thinner due
to weaker mass diffusivity for the greater values of Sc and
Sv.
• Velocity is augmented for higher values of Sc, however,
lower Sc indicates the back flow in SWCNT. These effects
are used to describe the motion of the blood flow through
CNTs wherein there exits simultaneous momentum and
mass diffusion convection processes.
• The flow velocity increases for � in SWCNT when
Re = 0	1, while this trend is reversed in MWCNT when
Re = 1.
• In physical point of view, when Pe� 1, then diffusive
effects control over convective transport, at the same time
it is generally opposite for Pe� 1, so dual symptoms of �
is noticed for temperature, where � rises the temperature
at Pe = 2	0 and drops at Pe = 0	2.
• MWCNT has a dominant behavior over SWCNT in
velocity, while the effect is reversed for temperature.
• This study has imperative future prospect due to the
enormous applications in biomedical engineering and bone
tissue regeneration.

APPENDIX

�1=�1−��+�

CNT


f

� �2=
1

�1−��2	5
�

�3=1+ 3��−1��
��+2�−��−1��

�

�4=�1−��+�
�
��CNT
�
��f

�

�5=�1−��+�
�
Cp�CNT

�
Cp�f
� a0=�1Re�

a1=�2

(
1+ 1

�

)
� a2=M2

d�3� a3=�4Gh�

248 J. Nanofluids, 12, 242–250, 2023



IP: 5.10.31.210 On: Tue, 03 Jan 2023 10:40:09
Copyright: American Scientific Publishers

Delivered by Ingenta

Hazarika et al. Heat Transfer of Casson Fluid in Poiseuille Flow of Carbon Nanotubes: A Power Series Approach

A
R
T
IC
LE

a4=�4Gm� a9=Sva0� b0=
�5Pe

�n

� b1=
R2

d

�n

�

a5=
a2

a1

� a6=
a3

a1

� a7=
a4

a1

� a8=
a0i�+a2

a1

�

b2=Svb0� b3=�b0i�−b1�� d0=Sv ·Sc�

d1= i�Sc� �1=
�

a1

� A= e−d0

e−d0−1
�

n2=
b2+

√
b2
2−4b1
2

� B= en2

en2−e−n2
�

n3=
a9+

√
a2
9+4a5

2
p1=

−Ba6

n2
2−a9n2−a5

�

p2=
−a6�1−B�

n2
2+a9n2−a5

� p3=
Aa7

a5

� p4=
a7�1−A�

d2
0−a9d0−a5

�

p5=p2+p4−p1−p3� n4=
a9+

√
a2
9+4a8

2
�

E=
(

1−e−n4

en4−e−n4

)
× �1

a8

�

D= 1
en3−e−n3

{
p2e

n2+p4e
−d0−p5e

−n3−p1e
−n2−p3

}

ABBREVIATIONS
CNT Carbon nanotubes

SWCNT Single wall carbon nanotubes
MWCNT Multiple wall carbon nanotubes

MHD Magnetohydrodynamics

NOMENCLATURE
B0 Magnetic field strength
�̄ Dimensional concentration of the nanofluid, mol/m3

�̄0 Concentration at wall � = 0, mol/m3

�̄a Concentration at wall � = a, mol/m3

Gh Thermal Grashof number
Gm Mass Grashof number
g Acceleration due to gravity, m/s2

H̄ Dimensional temperature of the nanofluid, K
H̄0 Temperature at wall � = 0, K
H̄a Temperature at wall � = a, K
h Non-dimensional temperature of the nanofluid
Md Magnetic parameter
Pe Peclet number
Re Reynold’s number
Rd Radiation parameter
Sc Schmidt number
Sv Suction velocity �Sv > 0�, m/s
t Time, s
Ū Dimensional velocity component along �-axis, m/s
u Non-dimensional velocity component along �-axis
�̄ Dimensional velocity component along �-axis, m/s
�0 Reference velocity along �-axis, m/s

Greek Letter
� Thermal diffusivity, m2/s
� Perturbation parameter
� Casson parameter
� Thermal conductivity, W/(m ·K)
 Viscosity, kg ·m−1 · s−1

� Angular velocity, s−1


 Density, kg/m3(

Cp

)
Heat capacitance, J/K

�
�� Thermal expansion coefficient, kg/(K ·m3)
� Electric conductivity, Sm−1

� Non-dimensional concentration of the nanofluid
��� Co-ordinate system

Suffices
CNT Carbon nanotubes

f Base fluid
nf Nanofluid
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