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ABSTRACT
An analysis of the hydromagnetic flow of an incompressible Casson fluid through a vertical channel with
insulated walls is considered. Influences of induced magnetic field, thermal radiation, heat sink, first-order
chemical reaction, and viscous dissipation are accounted. The resulting simultaneous coupled equations
are solved by using the perturbation technique. The influences of pertinent parameters on fluid veloc-
ity, temperature, concentration, induced magnetic field, induced current density, Nusselt number, skin
frictions, and mass flux are discussed. It is observed that the Casson parameter and radiation parame-
ter improves the fluid velocity, the Nusselt number, and the skin friction at the two isolated walls. The
inducedmagnetic field in themidline of the channel reduces due to the influences of the chemical reaction
parameter and the heat sink parameter, while the Casson parameter increases. Themass flux of the system
improves with the Casson parameter, radiation parameter, and chemical reaction parameter.
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Nomenclature

Bi Biot number
Ci Solutal Biot number
C∗
0 , C

∗
d concentration of vertical walls (Mol/m3)

C∗ concentration of the fluid in dimensional form (Mol/m3)
C concentration in non-dimensional form
Cp heat capacity at constant pressure (J/(K.kg))
d distance between the two walls (m)
D mass diffusivity (m2/s)
Ec Eckert number
G Grashof number
G1 Solutal Grashof number
g acceleration due to gravity (m/s2)
h∗ induced magnetic field at z∗- direction (A/m)
Ha Hartmann number
H∗
0 magnetic field (A/m)

I non-dimensional IMF
Kr chemical reaction parameter (s−1)

Qo heat generation/absorption coefficient (W/(m2.K))
qr radiative heat flux (W/m2)
Rd radiation parameter
S heat source/sink parameter
Sc Schmidt number
T∗
0 , T

∗
d temperature of vertical walls (K)

T∗ temperature of the fluid (K)
T non-dimensional temperature
U characteristic- velocity (m/s)
u∗ velocity in x∗−direction (m/s)
W non-dimensional velocity

CONTACT Nayan Mani Majumdar nayanm.majumdar@gmail.com

Greek Symbols

β ′ coefficient of thermal expansion (1/K)
βc coefficient of mass expansion (m3/Mol)
ε electrical permittivity (F/m)
κ thermal conductivity (W/(m.K))
μ coefficient of viscosity (kg/(m.s))
ν kinematic viscosity of the fluid (m2/s)
λ non-dimensional chemical reaction parameter
μe magnetic permeability (H/m)
σ electrical conductivity (A2S - 3/(kg.m2))
ρ fluid density (kg/m3)
τ0, τ1 skin-friction
σ ∗ Stefan–Boltzmann constant
δ∗ mean absorption coefficient

1. Introduction

Casson is referred to as a shear-thinning liquid that is under-
stood to have non-finite viscosity at zero-rated of shear. Casson
fluid has a very important role in the fields like medical, chem-
icals, biologicals, and engineering. Also, Casson fluid is used
in drilling operations and food processing. Casson devised the
Casson fluid model in 1959 for predicting flow patterns of sus-
pended pigment oil (Casson 1959). Honey, jelly, soup, concen-
trated fruit liquids, and artificial fibres are all examples of Casson
fluid. Casson fluid may be found in the manufacturing of a wide
range of substances, including synthetic lubricants, medicinal
compounds, paints, coal, tomato sauce, China clay, and sev-
eral others. As human blood contains numerous elements such
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as fibrinogen, human red blood cells, protein, and globulin in
aqueous base plasma, it is also known as Casson fluid. Casson
fluid’s effective uses in drilling processes, biological treatments,
food processing, and bio-engineering activities have captured
the attention of a wide range of researchers. Many investigators
investigated some research on Casson fluids such asMukhopad-
hyay et al. (2013), Pramanik (2014), Arthur, Seini, and Bortteir
(2015) studied in the presence of the magnetic field, the flow
of Casson fluid over a porous surface with some chemical reac-
tion. In 2018, Krishna, Reddy, and Makinde (2018) investigated
the effect of chemical reaction with a porous stretching sheet
of Casson fluid on MHD flow. Mohamad et al. (2019) studied
the impact of rotating a Casson fluid on an operating channel
disk. In the industrial environment,many scholars executed their
researchworkon theeffects of variousparameters on theCasson
fluid. Recently, Abdullahi,Wala, and Sani (2020), Anandha Kumar
et al. (2022), Asogwa and Ibe (2020), Das (2021), Ramudu et al.
(2021), Sandeep, Sulochana, and Ashwinkumar (2022), Reddy
et al. (2022), Hussain, Zeeshan, and Sagheer (2022), Saranya, Al-
Mdallal, and Animasaun (2022), Vishnu Ganesh et al. (2022a),
Vishnu Ganesh et al. (2022b), etc investigated the characteristics
of Casson fluid flow.

The study of the dynamics of electrically conducting fluids
in the presence of a magnetic field is called magnetohydrody-
namics (MHD). Cramer (1973) presented a summary of magne-
tohydrodynamic flow as well as the induced magnetic field in
industrial and engineering applications. Many researchers such
as Jha and Apere (2011), Hamza, Usman, and Sule (2015), and
Sheikholeslami et al. (2016) have presented hydromagnetic flow
with various geometries and methods. Gregory et al. (2016)
and Rashidi, Esfahani, and Maskaniyan (2017) presented the
MHD flow and its mathematical modelling in biological systems.
Krishna, Jyothi, and Chamkha (2020) investigated the MHD flow
of second-grade fluid through a porous medium over a semi-
infinite vertical stretching sheet. Recently, Sharma, Choudhury,
and Das (2022), Nayak, Acharya, and Mishra (2022), Hussain, Aly,
andÖztop (2022), andHussain et al. (2022) investigated theMHD
flow.

In investigations of hydromagnetic convective flows, the
effect of the inducedmagnetic field has been neglected inmany
studies to facilitate the mathematical analysis of such a sim-
ple problem. The induced magnetic field also generates its own
magnetic field in the fluid and consequently the original mag-
netic field changes; at the same time, the flux in the magnetic
field produces mechanical forces that modify the movement of
the fluid. Therefore, in many situations, it is necessary to include
the effect of the induced magnetic field in the hydromagnetic
equations. Many researchers have considered the effect of the
induced magnetic field in their studies, such as Globe (1959),
Arora (1972), Guria et al. (2007), and Singh et al. (2010), who
have considered that effects in their magnetohydrodynamic
flow analysis. In addition, Singh and Singh (2012) analysed the
importance of the induced magnetic field, such as an electric
field passage in upward concentric cylinders. Jha and Isa (2013)
explained the effect of an induced magnetic field on the elec-
tric flow of non-artificial convection between the vertical chan-
nel and also considered the heating effect identically. Also, the
effect of induced magnetic field is considered by Sarveshanand
and Singh (2015) in their research work. Jha and Aina (2017)

investigated the effect of an induced magnetic field for MHD
flow with non-artificial convection using a micro-channel with
parallelly vertical electric walls at the same distance. Kumar,
Singh, and Kumar (2020) investigated the effect of inducedmag-
netic field on the convective flowbetweenvertical parallel plates
with the Hall effect. Kumar (2021) studied the impact of Newto-
nian cooling/heating with an induced magnetic field in a chan-
nel for a Newtonian fluid. Shah et al. (2022) studied the impact
of an inducedmagnetic field onmagnetohydrodynamic convec-
tive flow in a rectangular channel of two immiscible fluids.

Recently, Hussain, Aly, and Alsedias (2022), Hussain, Alsedias,
and Aly (2022), Gokulavani, Muthtamilselvan, and Al-Mdallal
(2022) studied heat and mass transfer flows with different
geometries. Thermal radiation is mainly electromagnetic radi-
ation which is generated by the thermal motion of all parti-
cles in matter. Thermal radiation is the outflow of electromag-
netic waves that from all the particles which have temperatures
very large than absolute zero. Many researches have been done
by researchers. Some of them are Shateyi and Motsa (2009),
Elbashbeshy and Emam (2011). Kho et al. (2017), Daniel et al.
(2018), Sedki et al. (2021), Kumar et al. (2021), Prakash et al.
(2021), Hussain, Raizah, and Aly (2022), etc.

Viscous dissipation is very important in the flow of fluids hav-
ing high velocities, which increases the temperature of the fluid.
Generally, viscous dissipation is defined as the transformation
of kinetic energy to internal energy (heating up the fluid) due
to viscosity which includes both turbulent kinetic energy and
mean flow kinetic energy. In 1951, Brinkman (1951), initiated
research on the viscous dissipation. Basu and Roy (1985) stud-
ied the effect of viscous dissipation on the laminar flow problem
in a tube. Jha and Aina (2018) studied the effect of viscous dis-
sipation on completely progressed natural convection flow in
a vertical microchannel. Recently, Vijayalakshmi and Govindara-
jan (2019), Naseem et al. (2022), Loh, Chen, and Lim (2022), and
Hassan et al. (2022) presented the impact of viscous dissipation.

Here, our objective is to study the Casson fluid flow with
an induced magnetic field in a vertical channel, incorporating
the influences of viscous dissipation, heat source/sink, first-order
chemical reaction, and thermal radiation. This study is an exten-
sion of the study of Kumar (2021) on Casson fluids by incor-
porating heat source/sink parameter, viscous dissipation, and
first-order chemical reaction.

2. Mathematical analysis

Consider a fully developed, incompressible, viscous, steady,
chemically reacting hydromagnetic flow of Casson fluid through
a vertical channel having insulated walls.

The x-axis is taken along the vertical parallel-insulated walls
and the y and z-axes are taken as shown in Figure 1. Here, the
influences of the induced magnetic field (IMF), radiative heat
flux, first-order chemical reaction, viscous dissipation, and heat
sink are considered.

Then, the governing equations following Sarveshanand and
Singh (2015), and Kumar (2021) become:

ν

(
1 + 1

β

)
d2u∗

dz∗2
+ μeH∗

0

ρ

dh∗

dz∗
+ gβ ′(T∗ − T∗

d )

+ gβc(C
∗ − C∗

d) = 0 (1)
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Figure 1. Geometrical shape for considered model.

d2h∗

dz∗2
+ σμeH

∗
0
du∗

dz∗
= 0 (2)

κ

ρCp

d2T∗

dz∗2
− Q0

ρCp
(T∗ − T∗

d ) − 1
ρCp

dqr
dz∗

+ ν

Cp

(
1 + 1

β

)(
du

dz∗

)2

+ 1
σρCp

(
dh∗

dz∗

)2

= 0 (3)

D
d2C∗

dz∗2
− Kr(C∗ − Cd

∗) = 0 (4)

where β is the Casson parameter and other symbols are men-
tioned in the nomenclature section.

The boundary restrictions are (Kumar [2021]):

u∗ = 0, h∗ = 0,
dT∗

dz∗
= α1(T

∗ − T∗
d ),

dC∗

dz∗
= α2(C

∗ − C∗
d) at z∗ = 0,

u∗ = 0, h∗ = 0, T∗ = T∗
0 , C

∗ = C∗
0 at z∗ = d,

(5)

Using Rosseland approximation, we take the qr (radiative heat
flux) as:

qr = −4σ ∗

3δ∗
∂T∗4

∂z∗
(6)

Here, also, we write T∗4 in the Taylor series around T∗
0 , where T

∗
0

is the free stream temperature and omitting higher order terms,
we get

T∗4 ≡ T∗3
0 (4T∗ − 3T∗

0 ) (7)

Using Equations (6) and (7) into Equation (3), we get

κ

ρCp

d2T∗

dz∗2
− Q0

ρCp
(T∗ − T∗

d ) + 16σ ∗T∗
0
3

3δ∗ρCp
d2T∗

dz∗2

+ ν

(
1 + 1

β

) (
du

dz∗

)2

+ 1
σQCp

(
dh∗

dz∗

)2

= 0 (8)

Acknowledging similarity transformations

W = u∗

U
, z = z∗

d
, I = h∗

σμeH∗
0Ud

, T = T∗ − T∗
d

T∗
0 − T∗

d

,

C = C∗ − C∗
d

C∗
0 − C∗

d

, Ha = μeH
∗
0d

√
σ

μ
,

Ec = U2

Cp(T∗
0 − T∗

d )
, G = gβ ′d2(T∗

0 − T∗
d )

Uν
,

G1 = gβcd2(C∗
0 − C∗

d)

Uν
, S = Q0d2

κ
,

Rd = 16σ ∗T∗
0
3

3κδ∗ , Bi = α1d, Ci = α2d, Sc = ν

D
, λ = Kr d2

ν

(9)

The Equations (1), (2), (8), (4) reduce to
(
1 + 1

β

)
d2W

dz2
+ Ha2

dI

dz
+ GT + G1C = 0 (10)

d2I

dz2
+ dW

dz
= 0 (11)

(1 + Rd)
d2T

dz2
− ST + EcPr

(
1 + 1

β

)(
dW

dz

)2

+ Ha2PrEc

(
dI

dz

)2

= 0 (12)

d2C

dz2
− λScC = 0 (13)

with restrictions

W = 0, I = 0,
dC

dz
= CiC,

dT

dz
= BiT at z = 0

W = 0, I = 0, C = 1, T = 1 at z = 1
(14)

3. Method of the solution

The solutionof Equation (13) under theboundary conditions (14)
is

C = A1e
m1z + A2e

−m1z (15)

The paired differential Equations (10)−(12) with relevant restric-
tions (14) can be solved by using the perturbation technique.
As Eckert number (Ec << 1) is very small, so, for solutions of
Equations (11)−(13), we introduce

W(z) = W0(z) + EcW1(z) + o(Ec2)
I(z) = I0(z) + EcI1(z) + o(Ec2)
T(z) = T0(z) + EcT1(z) + o(Ec2)

(16)

Using Equation (16), Equations (10−12) reduces to the following
form
Zeroth order equations:

BW0
′′ + Ha2I0

′ + GT0 + G1C = 0 (17)

I0
′′ + W0

′ = 0 (18)

(1 + Rd)T0
′′ − ST0 = 0 (19)

First-order equations:

BW1
′′ + Ha2I1

′ + GT1 = 0 (20)
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I1
′′ + W1

′ = 0 (21)

(1 + Rd)T1
′′ − ST1 + PrBW0

′2 + Ha2PrI0
′2 = 0 (22)

With the boundary restrictions

W0 = 0, W1 = 0, I0 = 0, I1 = 0, T0′ = BiT0,

T1
′ = BiT1 at z = 0

W0 = 0, W1 = 0, I0 = 0, I1 = 1, T0 = 1,

T1 = 0 at z = 0

(23)

Solving the Equations (17)−(22) under restrictions (23), we get

T0 = A3e
Nz + A4e

−Nz (24)

I0 = A5 + A6e
Kz + A7e

−Kz + A10e
Nz − A11e

−Nz

+ A12e
m1z − A13e

−m1z (25)

W0 = A14 − A6Ke
Kz + A7Ke

−Kz − A10Ne
Nz − A11Ne

−Nz

− A12m1e
m1z − A13m1e

−m1z (26)

T1 =

⎡
⎢⎢⎣

A15eNz + A16e−Nz + A74e2Kz + A75e−2Kz + A76e2Nz + A77e−2Nz + A78e2m1z+
A79e−2m1z + A80 + A81e(K+N)z + A82e−(K+N)z + A83e(K−N)z + A84e−(K−N)z+
A85e(K+m1)z + A86e−(K+m1)z + A87e(K−m1)z + A88e−(K−m1)z + A89e(N+m1)z+
A90e−(N+m1)z + A91e(N−m1)z + A92e−(N−m1)z

⎤
⎥⎥⎦

(27)

I1 =

⎡
⎢⎢⎣

A93 + A94eKz + A95e−Kz + A96eNz − A97e−Nz + A98e2Kz − A99e−2Kz + A100e2Nz−
A101e−2Nz + A102e2m1z − A103e−2m1z + A104z + A105e(K+N)z − A106e−(K+N)z+
A107e(K−N)z − A108e−(K−N)z + A109e(K+m1)z − A110e−(K+m1)z + A111e(K−m1)z−
A112e−(K−m1)z + A113e(N+m1)z − A114e−(N+m1)z + A115e(N−m1)z − A116e−(N−m1)z

⎤
⎥⎥⎦

(28)

W1 =

⎡
⎢⎢⎢⎢⎢⎢⎣

A117 − A94KeKz + A95Ke−Kz − A96NeNz − A97Ne−Nz − 2A98Ke2Kz − 2A99Ke−2Kz

−2A100Ne2Nz − 2A101Ne−2Nz − 2A102m1e2m1z − 2A103m1e−2m1z − A104−
(K + N)A105e(K+N)z − (K + N)A106e−(K+N)z − (K − N)A107e(K−N)z−
(K − N)A108e−(K−N)z − (K + m1)A109e(K+m1)z − (K + m1)A110e−(K+m1)z −
(K − m1)A111e(K−m1)z − (K − m1)A112e−(K−m1)z − (N + m1)A113e(N+m1)z−
(N + m1)A114e−(N+m1)z − (N − m1)A115e(N−m1)z(N − m1)A116e−(N−m1)z

⎤
⎥⎥⎥⎥⎥⎥⎦

(29)

The induced current density is:

J(z) = −
(
dI
dz

)

=

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

−A6KeKz + A7Ke−Kz − A10NeNz − A11Ne−Nz − A12m1em1z − A13m1e−m1z−
A94KeKz + A95Ke−Kz − A96NeNz − A97Ne−Nz − 2A98Ke2Kz − 2A99Ke−2Kz−
2A100Ne2Nz − 2A101Ne−2Nz − 2A102m1e2m1z − 2A103m1e−2m1z − A104−
(K + N)A105e(K+N)z − (K + N)A106e−(K+N)z − (K − N)A107e(K−N)z−
(K − N)A108e−(K−N)z − (K + m1)A109e(K+m1)z − (K + m1)A110e−(K+m1)z−
(K − m1)A111e(K−m1)z − (K − m1)A112e−(K−m1)z − (N + m1)A113e(N+m1)z−
(N + m1)A114e−(N+m1)z − (N − m1)A115e(N−m1)z − (N − m1)A116e−(N−m1)z

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦

(30)
The skin frictions at the surfaces z = 0 and z = 1 are:

τ ]z=0, 1 = τW(
μU
d

) , where τW =
(

μ
∂u∗

∂z∗

)
z∗=0, d

Thus,

τ0 = +
(
dW

dz

)
z=0

= +
[(

dW0

dz

)
+ Ec

(
dW1

dz

)]
z=0

(31)

τ1 = −
(
dW

dz

)
z=1

= −
[(

dW0

dz

)
+ Ec

(
dW1

dz

)]
z=1

(32)

The mass flux(Q) is obtained as

Q = Q∗

Ud
=

∫ z=1

z=0
W(z)dz, whereQ∗ =

∫ z∗=d

z∗=0
u∗dz∗ (33)

The Nusselt number at the surfaces z = 0 and z = 1 are

Nu]z=0, 1 = dqW
κ(T0∗ − Td∗)

, where qW = −
(

κ
∂T∗

∂z∗

)
z∗=0, d

Thus,

Nu0 = −
(
dT

dz

)
z=0

= −
[(

dT0
dz

)
+ Ec

(
dT1
dz

)]
z=0

(34)

Nu1 = −
(
dT

dz

)
z=1

= −
[(

dT0
dz

)
+ Ec

(
dT1
dz

)]
z=1

(35)

4. Results and discussion

In this section, the impacts of various parameters that affect
the characteristics of flow, heat, and mass transfer have been
graphically represented.

The following values are assigned to the parameters:

Sc = 0.9 ;Ha = 5 ; S = 1 ;G = 1 ;G1 = 1 ; Bi = 0.7 ; Pr = 0.63 ;
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β = 2 ; Rd = 1 ; γ = 1

Figures 2–6 represent the velocity profile for the Casson
parameter (β), chemical reaction parameter ( γ ), radiation
parameter(Rd), heat sink parameter (S), Schmidt number (Sc),
respectively.

It is found that the velocity profiles are nearly parabolic in
nature having the maximum value near the centreline of the
channel.

Figure 2 shows that the rising Casson parameter from β = 1
toβ = 4 throughβ = 2 raises the fluid velocity. It is significant to
note that the fluid reduces to Newtonian when β → ∞. There-
fore, compared to Casson fluid, Newtonian fluid has a thicker
momentum boundary layer.

Figure 3 shows that the fluid velocity reduced with the
rise in the chemical reaction parameter. Thus, the fluid motion
is slowed due to the chemical reaction, indicating that the
consumption of chemical species causes a reduction in the

Figure 2. Effect of β in W.

Figure 3. Effect of γ in W.
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concentration field, which lowers the buoyant effects caused by
concentration gradients. As a result, the fluid flow
retarded.

Figure 4 shows that the Rd produces a significant rise in
the fluid velocity. Physically, the increase in the thermal radi-
ation parameter causes a considerable increase in the thermal
conditions in the temperature of the fluid, which determines
more fluid in the boundary layer due to the buoyancy effect and
therefore increases the velocity in the fluid. This result agrees
well with Kumar (2021).

Figure 5 shows that increasing values of S from S = −1 (heat
source) to S = 3 (heat sink) through S = 1 (heat sink) reduce
the width of the momentum boundary layer. This is because,
when heat is absorbed, there is a decrease in the buoyancy force
and the flow field is affected by negative effects and leads to a
depreciation of the speed values.

From Figure 6, it is observed that an intensification in the
Schmidtnumber (Sc) leads to a lessening in the fluid velocitydue
to a decrease in molecular diffusivity, which leads to a reduction
in the fluid velocity.

Figure 4. Effect of Rd in W.

Figure 5. Effect of S in W.
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Figures 7–9 represent the plots of induced magnetic field
(IMF) for various Casson parameter, thermal Grashof number,
and chemical reaction parameter, respectively.

It is observed that the values of IMF rise with the increase in
the values ofβ andGwhen z ∈ (0, 0.54), while it shows a reverse
trend when z ∈ (0.54, 1).

Figure 9 shows that the IMF declines with the increase in
chemical reaction parameterwhenz ∈ (0, 0.5), while it shows an
opposite trend when z ∈ (0.5, 1).

Figures 10–12 represent the plots of ICD for various Casson
parameter, Eckert number, and chemical reaction parameter,
respectively.

Figure 6. Effect of Sc in W.

Figure 7. Effect of β in I.
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Figure 10 shows that by increasing the Casson parameter, the
ICD of fluid decreases significantly when z ∈ (0, 0.2) and when
z ∈ (0.85, 1), but a reverse trend is seen when z ∈ (0.20.85).

Figure 11 shows that by raising S from S = −1 (heat source)
to S = 3 (heat sink) through S = 1 (heat sink), the ICD of fluid
improved when z ∈ (0, 0.2) and(0.8, 1), while the opposite
behaviour is seen when z ∈ (0.2, 0.8).

Figure 12 shows that the ICD of the fluid amplifies with the
effect of the chemical reaction parameter when z ∈ (0, 0.2) and
(0.8, 1), but declines when z ∈ (0.2, 0.8).

Figures 13–15 represent the plots of temperature profile for
various S, Bi, and Ec, respectively.

Figure 13 shows that the temperature profile of fluid reduces
for increasing S. This is due to the effect that added heat

Figure 8. Effect of G in I.

Figure 9. Effect of γ in I.
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sink causes a reduction in thermal energy as well as kinetic
energy, and consequently reduces the thickness of the thermal
boundary layer. A similar effect is seen for Bi as observed in
Figure 14.

Figure 15 shows that the rise in Ec raises the fluid tempera-
ture. Physically, increasing Eckert number increases the kinetic
energy of the fluid inside the thermal boundary layer and thus
increases the temperature of the fluid.

Figures 16–18 represent theplots of the concentrationprofile
for various Bi, γ , and Sc, respectively.

It shows that the amplification in Bi (Figure 16), γ (Figure 17),
and Sc (Figure 18) reduces the fluid concentration. Increasing the
chemical reaction parameter results in an increase in the num-
ber of solute molecules performing chemical reactions, which
causes the concentration field to drop. A rise in Schmidt number
decreases mass diffusivity so concentration decreases.

Figure 10. Effect of β in J.

Figure 11. Effect of S in J.
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Figure 12. Effect of γ in J.

Figure 13. Effect of S in T.

Table 1 shows the calculated values of the Nusselt number
Nu0 and Nu1 at the surfaces z = 0 and z = 1, respectively. It is
seen that β , Rd, and Ec amplify the Nu0 and Nu1.

Table 2 shows the calculated values of skin friction and mass
flux. It shows that β , Rd, and Ec amplify the skin friction values
τ0 and τ1 at the surfaces z = 0 and z = 1, respectively, whereas
an opposite trend is observed for the chemical reaction param-
eter γ . Furthermore, the mass flux is seen to rise due to the
intensification inβ , Rd, and Ec, whereas γ showsopposite trend.

5. Validity and comparison

The novelty of this study lies in the investigation of the effects
of viscous dissipation, heat source/sink parameter, and first-
order chemical reaction in the MHD Casson fluid flow in a
channel.

In the absenceof a chemical reaction, thepresent study iswell
validated through the study of Kumar (2021), when β → ∞, S =
0 and Ec = 0.
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Figure 14. Effect of Bi in T.

Figure 15. Effect of Ec in T.

The computed results obtained are compared with those
reported by Kumar (2021). Table 3 shows a comparisonwith that
of Kumar (2021) and is found in decent agreement.

6. Conclusion

• The velocity profiles are nearly parabolic in nature, having a
maximum value close to the centreline of the channel

• The Casson parameter and the radiation parameter have an
accelerating effect on the fluid velocity. But, the chemical

reaction parameter, the heat sink parameter, and the Schmidt
number have a decelerating effect on the fluid
velocity.

• The impact of the Casson parameter and thermal Grashof
number enhances the IMF on the first half of the midline of
the channel, while an opposite effect on the second half is
observed.

• The impact of the chemical reaction parameter reduces the
IMF on the first half of the centreline while an opposite effect
on the second half is seen.
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Figure 16. Effect of Bi in C.

Figure 17. Effect of γ in C.

• ICD in the centreline of the channel decreases due to influ-
ences of chemical reaction parameter and heat sink parame-
ter, while it enhances due to Casson parameter.

• Temperature improves due to Eckert number. Heat sink
parameter and thermal Biot number reduces the temperature
of the fluid profile.

• Concentration reduces due to chemical reaction parameter,
thermal Biot number and Schmidt number.

• Nusselt number enhances with Casson parameter, radiation
parameter, and Eckert number at both the surfaces z = 0 and
z = 1.

• Skin friction enhances with the Casson parameter, radiation
parameter, and Eckert number at both the surfaces z = 0
and z = 1, while the chemical reaction parameter shows the
opposite impact.
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Figure 18. Effect of Sc in C.

Table 1. Nusselt Number Table for Sc = 0.9, Ha = 5, S = 1, G = 1, G1 =
1, Bi = −0.2, Pr = 0.63, γ = 1.

β Rd Ec {Nu}z=0 {Nu}z=1

1 1 0.01 0.191696 −0.278160
2 1 0.01 0.191705 −0.278071
3 1 0.01 0.191709 −0.278029
1 1 0.01 0.191696 −0.278160
1 2 0.01 0.208348 −0.122556
1 4 0.01 0.223495 0.015359
1 1 0.01 0.191696 −0.278160
1 1 0.3 0.192687 −0.268683
1 1 0.5 0.193370 −0.262148

Table 2. Numerical values for dimensionless skin frictions and mass flux forSc =
0.9, Ha = 5, S = 1, G = 1, G1 = 1, Bi = 0.7, Pr = 0.63.

β γ Rd Ec τ 0 τ 1 Q

2 1 1 0.01 0.4151 0.5091 0.0610
3 1 1 0.01 0.4681 0.5716 0.0672
4 1 1 0.01 0.5000 0.6091 0.0707
2 1 1 0.01 0.4151 0.5091 0.0610
2 2 1 0.01 0.3827 0.4847 0.0569
2 3 1 0.01 0.3594 0.4667 0.0539
2 1 1 0.01 0.4151 0.5091 0.0610
2 1 2 0.01 0.4241 0.5157 0.0621
2 1 4 0.01 0.4318 0.5214 0.0630
2 1 1 0.01 0.4151 0.5091 0.0610
2 1 1 0.3 0.4156 0.5095 0.0611
2 1 1 0.5 0.4159 0.5097 0.0612

• Mass flux in the system enhances with the Casson parameter,
radiation parameter, and Eckert number, whereas chemical
reaction parameter shows reverse trend.

This type of study will be useful for biomedical engineering
and many types of medical treatments, particularly the thermal

Table 3. Comparison of skin-frictions (Taking Ha = 3).

τ0 τ1

Bi Rd Kumar (2021) Present result Kumar (2021) Present result

−0.1 1 0.438910 0.438909 0.458035 0.458035
−0.1 2 0.467083 0.467082 0.476039 0.476039
1 1 0.300842 0.300842 0.383984 0.383983
1 2 0.312444 0.312443 0.392515 0.392514
2 1 0.258703 0.258703 0.361383 0.361382
2 2 0.266828 0.266828 0.367876 0.367876

therapeutic procedure. For the design of the relevant equip-
ment, the thermal radiation heat transfer is crucial. Bursitis can
also be treated with it.
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APPENDIX
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