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In this work, the entropy generation on MHD pulsatile flow of Jeffrey nanofluid in a porous channel with Cattaneo-
Christov theory is investigated. Buongiorno nanofluid model is utilized to see the impact of thermophoresis and Brownian
motion. The consequences of thermal radiation, heat source/sink, viscous dissipation, and Ohmic heating are considered.
The governing equations are transformed to a system of ordinary differential equations by applying the perturbation
procedure then numerically tackled with fourth-order Runge-Kutta scheme aided by shooting technique. The influences of
different emerging parameters and variables on velocity, temperature, nanoparticles concentration, entropy generation, and
Bejan number are presented graphically. The influence of emerging parameters on heat and mass transfer rates are
prearranged in table. The temperature of nanofluid increases with an enhancement in Eckert number, thermophoretic, and
Brownian movements, whereas it decelerates for the rising values of cross flow Reynolds number. The concentration of
nanoparticles diminishes with an increment in the Lewis number, chemical reaction parameter, and Brownian motion
parameter whereas it improves with a rise in thermophoresis parameter. The entropy generation is an increasing function
of Eckert number and radiation parameter. Further, the Bejan number is enhanced for increasing the values of
Hartmann number.
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1 Introduction

Over the decades, significant studies have been
conducted to explore the role of pulsatory flow in a
channel or pipe due to its importance in biological and
industrial applications. These include electronic
cooling, drying technology, packed bed heat
exchangers, geothermal systems, catalytic reactors,
and so on"®. Wang et al.” numerically studied the
oscillatory flow of blood and heat transfer via small
vessels with radiative heat and Ohmic heating
consequences by executing the finite difference
scheme. Ali et al.® inspected the Casson fluid flow
with oscillation through a permeable channel. Sadeghi
et al.’ investigated the pulsatory non-Newtonian
blood flow through an flexible artery in the existence
of a magnetic field influence. Selvi et al.*° utilized the
method of integral transform to study the influence of
radiative heat and electromagnetic field on pulsatory
non-Newtonian flow of blood through a tapered

stenosed artery with a permeable medium. Shit et al.™*
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deliberated the oscillating blood flow via permeable
overlapping confined artery with viscous dissipation
and a magnetic field impacts. Recently,
Govindarajulu & Reddy™ scrutinized the oscillating
hybrid third grade nanofluid flow through a
permeable channel in the presence of viscous
dissipation and a magnetic field.

Non-Newtonian fluids have been exploring
different applications in various fields. Non-
Newtonian fluids like toothpaste, blood, ketchup,
paint, and many others are used extensively in our
daily lives. The three types of non-Newtonian fluids
are integral, rate, and differential. Specifically, Jeffrey
model deals with retardation time and the ratio of
relaxation time to retardation time in Jeffrey fluids,
which constitute a sub-class of rate type fluids™™".
Khan et al." inspected the hydromagnetic stagnation
Jeffrey nanoliquid flow over an extending sheet
under the influences of Brownian movements and
thermophoretic by employing the Cattaneo Christov
theory. Saif et al." presented the heat source and sink
consequences on Jeffrey nanoliquid flow passing on a
extendable curved sheet. Hayat et al.?’ analytically
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presented the flow of Jeffrey fluid passing a spinning
disk by implementing the homotopy analysis method.
Chu et al.?* calculated the third grade fluid flow on a
stretchable plane in the existence of viscous
dissipation and chemical reaction consequences with
help of Buongiorno model. Khan et al.” utilized the
homotopy analysis method to examine the
hydromagnetic stagnation flow of Jeffrey nanoliquid
on a plane. Hussain et al.”® explained the heat flux of
Cattaneo-Christov in Jeffrey fluid flow passing an
extending cylinder in the existence of thermal
relaxation and chemical reaction.

Recently, many researchers have become
interested in studying nanotechnology due to its
widespread applications. Nanofluid is a combination
of common fluids and nanoparticles with average
sizes ranging from 1 to 100nm**. Dogonchi and
Ganji** investigated the heat transfer and
hydromagnetic nanofluid flow between two parallel
plates with radiative heat effects by applying the
Cattaneo-Christov theory. Abbas et al.*? discussed the
nanofluid (Cu-H,O) in a square cavity with two
obstacles in the presence of magnetic field by
implementing a Galerkin finite element Method.
Hayat et al.* scrutinized the magnetic field and heat
generation impacts of second-grade nanofluid flow
over a stretchable Riga wall with Cattaneo-Christov
model. Dogonchi et al.* explored the heat transfer
and nanoliquid flow between two parallel disks with
the impressions of thermal relaxation and radiative
heat. Hamid et al.*® used the finite difference
technique to study the hydromagnetic flow of
Williamson nanoliquid between a permeable channel
along with the Brownian movement and
thermophoretic consequences.

Entropy is the quantity of energy produced in a
thermal system by irreversible processes. It has been
observed that such thermal energy is incapable of
being put to any useful use. As a result, lowering
entropy formation is advantageous for improving the
thermal system's performance®®**. Hayat et al.*
scrutinized the entropy production with viscous
dissipation, Ohmic heating, radiative heat effects on
hydromagnetic Jeffrey nanoliquid flow on an
extendable sheet. Almakki et al.** presented the MHD
Jeffrey nanoliquid flow in a permeable stretching
sheet with entropy generation. Entropy generation on
Jeffrey nanoliquid flow passes a variable thickened
surface with Ohmic heating and nonlinear radiative
heat flux is explored by Javed et al.”®. Pal et al.*
numerically scrutinized the hydromagnetic Jeffrey

nanoliquids flow on a linear stretchy surface in the
presence of radiative heat by using the Runge-Kutta-
Fehlberg method. Rehman et al.*® investigated the
entropy generation on the flow of Jeffrey nanofluid by
a extendable sheet with the help of the Buongiorno
model.

The major purpose of this study is to analyze the
influence of the Cattaneo-Christov heat flux model on
pulsatile Jeffrey nanofluid flow through a porous
channel with entropy generation. Buongiorno
nanofluid model is considered to see Brownian
movements and thermophoretic impacts. The
impression of Ohmic heating, radiative heat, and heat
source/sink are considered. The governing equations
are transformed to a system of ordinary differential
equations by applying the perturbation procedure then
numerically tackled with fourth-order Runge-Kutta
scheme aided by shooting technique. This work is

useful for biofluidic engineering, blood cancer
treatment, nano-drug delivery, pharmaceutical
process, chemical engineering, and biomedical

aspects. The influence of various physical parameters
and variables on velocity, temperature, nanoparticles
concentration, entropy generation, and Bejan number
are presented graphically. The heat and mass transfer
rates are tabulated for different values of emerging
parameters and discussed in detail.

2 Formulation of the problem

In this analysis, we consider pulsating electrically
conducting laminar and incompressible flow of
Jeffrey nanoliquid in a porous channel with the
Cattaneo-Christov.  model.  Chemical reaction,
radiative heat, viscous dissipation, Ohmic heating,
and heat source/sink are considered. The flow
geometry of the model is presented in Fig. 1 shows

y
Nanofluid

8

Fig. 1 — Coordinate system of geometry.
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that the bottom wall is parallel to the X*-axis and y*

-axis runs perpendicular to the walls, h indicates
hight between the plates. A magnetic field of intensity

B, is applying normal to the flow direction. T, (> TO)
and T, are the temperatures of the top and bottom

walls and C,(>C,) and C, are the concentration of

the nanoparticles of the top and bottom walls
respectively.

Assume that the pulsating flow is induced by the
pressure gradient of the form [4, 5]

_ Lk A(l+ ™), (D)
Py OX
here t* is dimensional time, w is frequency,

£(<<1) is a positive quantity, A is constant, P~ is
the dimensional pressure. By these assumptions the
governing equations are,
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Where u" is component of dimensional velocity in
X - direction, M, is dynamic viscosity of the fluid,

P is density of fluid, A, and A, material

parameters of Jeffrey fluid, o is the electrical
conductivity of the fluid, K, is thermal conductivity
flux,

of  fluid, q, is radiative heat

T:(pCp)p/(pCp)f , (pC,); is heat capacitance
of fluid, ( ,on)p is the effective heat capacity of the

nanoparticles, T*, C" are the temperature and
concentration , K, is the rate of first order chemical

reaction, D, is Brownian diffusion coefficient, D; is

thermophoresis diffusion coefficient, and T, is mean
temperature.

The appropriate boundary conditions are
Aty =0= u"=0,T"=T,, C" =C,, (3
Aty =h=u"=0,T =T, C" =C,. ...(6)

By applying the Rosseland estimation for ¢, and
following [24, 25], Eq. (3) becomes
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here, o is the Stephen-Boltzmann constant and ¥

is the Rosseland mean absorption coefficient.
Now, by following the non-dimensional parameters
and variables,

(T"-T)
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Where H =h /ﬁ is the frequency parameter,
Vi

_ (0C) vy . o
Pr=-"—E" s the Prandtl number, yy g h y_f Is
f

Ky

46°T? . L
the Hartmann number, Rd = ——L is the radiation
Kix
parameter, R_ﬂ is cross flow Reynolds number,
Vf

A=A is the dimensionless material parameter,
A? :
Ec=—; is the
@ (Cp)f (Tl _TO)

0 =wa is the thermal relaxation time parameter,

Eckert number,

Q- QN° s the heat source/sink parameter,
(pCp)f Vf

D, (Tl —To)
vaf

Nt = is the thermophoresis parameter,

Le= k—IS Lewis number, np=© 705 (C,-Co)
(pC ) De Vi

is the Brownian motion parameter, y=-11s
Vi

chemical reaction parameter, and :kic—oh2.

v (C,-Cy)

The Corresponding boundary conditions are
u(0)=0, #(0)=0, ¢(0) =0, ... (13)
u@@) =0, 62 =1, 1) =1. ... (14)

3 Solution of the problem
On account of Eq. (9), the velocity, temperature,
and concentration can be conveyed as follows:

u=u,(y)+eu(y)e" ... (15)
0=06,(y)+e6,(y)e" ... (16)
=g (y)+ed(y)e" - (7)

Using Egs. (9), (15), (16), and (17) in Egs. (10)-
(12) and then likening the corresponding coefficient
of different powers of &, we get

1 " !

[EJUO —Ru, —M?u,+H? =0, ... (18)
1 + ﬂ«l "_Rulf

1+4 1+4

—[I\/I2+IH ]u1+H2:o ... (19)
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The appropriate boundary conditions are
u,(0)=0, 6,(0)=0, ¢,(0)=0 } 24)
u,(0)=0, 6(0)=0, 4(0)=0 |
Uo @) =0, 6, =1 %, @®=1 } (25)
u@)=060)=0 41)=0

Now, the non-dimensional heat transfer rate
(Nusselt number Nu) and mass transfer rate

(Sherwood number Sh) at the walls is given as
[5, 17, 37],

Nu:(1+ﬂRdJ{%+ge"%j and
3 dy dy y-01

Sh= [% +ge" %]
y=0,1

... (26
dy dy (26)

Equations [18]-[23] are solved by utilizing the
shooting technique with the Runge-Kutta fourth-order

procedure with boundary conditions [24] and [25].
The step size 0.001(Ay:0.001).1><10’10 correctness

is fixed for the convergence criteria.

3.1 Entropy generation analysis
The dimensional form of entropy generation of the
current work is given as [37-39]
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where, NG = -
Kf (T1 _To)

is the entropy generation,

a :ﬁ is the temperature difference, , _ & =Co
TO ? CO
RD(C,-C,) i

K

is the concentration difference, | —
diffusion parameter.

On account of Eq. (9), NG can be expressed as

NG(y)=NG,(y)+&NG,(y)e", .. (29)
now by substituting the Egs. (15)-(17) and (29) into
the Eq. (28), and likening the coefficient

of like power of &, we get
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Table 1 — Comparison of the present study with the results
provided by NDSolve of @' at bottom wall, when H =1,

R=05 M=1,Rd=1 Pr=21,{_7, Le=1,
4

K,=0.001,Nb=Nt=0.1, Q=05,s=01, 1=1,
A, =1and y=0.2.
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Bejan number is defined as
Bejan number (Be) =
Entropy generation dueto heat and Mass transfer
Total entropy generation

4Rd N2 Lo, 2
(1+3J(.9) ()

+E(09)
Be = 4le EcPr
(1+3j(9') )
o Loy e Lo,
W+ (g L (09)

1 1 1

... (32)

M *EcPr
+

0)- . . .
Parameter  Values e The comparative result verifies that there is an
Present scheme NDSolve -
05 0.422554 04255 excellent agreement between the results provided by
M 10 0.384218 0.384217 NDSolve utilizing MATHEMATICA and the present
15 0.340227 0.340226 results which is given in Table 1
2.0 0.301454 0.301453 ) )
0.2 0.249725 0.249732 3. Results and Discussion
Ec 0.4 0.338965 0.338963 The objective of the present section deals with the
0.6 0.429909 0.429908 influence of pertinent parameters on the velocity,
08 0.522649 0.522648 temperature, nanoparticles concentration, entropy
0.5 0.273563 0.273563 generation, and Bejan number profiles of Jeffrey
Rd 1.0 0.384218 0.384217 liauid with the help of pict hi lts that
15 0.496128 0.496127 nanoliqui V\{I _ e help o p_|c ographic results tha
2.0 0.581812 0.581811 are revealed in Figs. 2-9. In this study ug, u,, 6,6,
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Fig. 2 — Steady velocity profile (a) impression of H =1.0, 1.5,2.0, 2.5, (b) impression of 1, =1,2,3,4, (c) impression of
M =0.5,1.0,1.5,2.0 , and (d) impression of R =0.5,1.0,1.5,2.0 .
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¢, ¢ denote the steady velocity, unsteady velocity,

steady temperature, unsteady temperature, steady
concentration and unsteady concentration
respectively. Throughout the study, the values of
pertinent parameters are respectively fixed as

Pr=21, M=1, 1=4,=1, H=2, Ec=05,

Nb=0.2, t:%, Nt=02, Le=1, K,=0.001,

R=1, Q=05, =1, y=1, unless otherwise
stated. Figs. 2(a)-2(d) elucidate the influences of
frequency parameter ( H ), material parameter ( A,),
Hartmann number (M ), and cross flow Reynolds
number (R) on u, . Fig. 2(a) displays that the steady

INDIAN J PURE APPL PHYS, VOL. 60, AUGUST 2022

velocity increases as the frequency parameter is
increased because a higher frequency amplifies the
steady velocity. The same nature can be seen

by varying material parameter 4, (see Fig. 2(b)).

Fig. 2(c) illustrates that the increment in M lowers
the steady velocity. This is because the applied
magnetic field creates retarding forces (also known as
Lorentz forces), which act as resistive drag forces in
the reverse direction of the flow. fig. 2(d) illustrates
that a rise in R upsurges the velocity near the top
wall (suction wall) while it slows the fluid movement
near the bottom wall (injection wall).

Figs. 3(a)-3(e) deliberate the impacts of material

parameters (A, A,), Hartmann number (M ), cross-

1
. (b)
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0 2 4 6
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1
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0.2} B
0
0 1 2 3 4
u x107™*

Fig. 3 — Unsteady velocity profile (a) impression of 1=0.51.0,1.5,2.0, (b) impression of A =1,2,3,4, (d) impression of

M =0.5,1.0,1.5, 2.0, (d) impression of R =0.5,1.0,1.5,2.0 , and (e) impressionof t = = = . Sz 37 2.

ZyEv ’ 4 17!
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Fig. 4 Steady temperature profile when H =15 (a) impression of Ec=0.2,0.4,0.6,0.8, (b) impression of
4,=0.51.0,1.5, 2.0, (c) impression of R =0.5,1.0,1.5, 2.0, (d) impressions of Q =—0.3,—0.1,0.1,0.3, (e) impression
of Nt=0.1,0.2,0.3,0.4, () impression of Nb =0.2,0.4,0.6,0.8, (g) impression of Rd =0.5,1.0,1.5, 2.0, and (h) impression of
0=0.0,0.1,0.2,0.3.

flow Reynolds number (R), and time (t) on u,. elucidates that the enhancement in Hartman number
diminishes the unsteady velocity because the Lorentz
. ) ) forces, which act normal to the flow direction and
It illustrates that there is a decrease in unsteady  gecreases the velocity of the fluid. Fig. 3(d) portrays
velocity with a rise in4. The opposite nature is  hot intensifying R expedites the velocity near the
depicted in Fig. 3(b) by varyingA,. Fig. 3(c)-  topwall (suction wall) while it slows the movement

Fig. 3(a) gives the impact of A4 on unsteady velocity.
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Fig. 5 — Unsteady temperature profile when H =2 (a) impression of Nt=0.2,0.4,0.6,0.8, (b) impression of
Nb=0.1,0.3,0.6,0.9, (c) impression of Ec=0.1,0.2,0.3,0.4, (d) impression of 4 =0.5,1.0,1.5, 2.0, (e) impression of
R =0.5,1.0,1.5, 2.0, (f) impression of § =0.1,0.2,0.3,0.4, (g) impressions of Q =—0.3,—0.1,0.1,0.3, (h) impressions
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of the fluid near the bottom wall (injection wall).
From Fig. 3(e) demonstrates that the unsteady
temperature is wavering for different values of
time (1).

Figs. 4(a)-4(h) present the influences of EC, A,,
R, Q, Nt Nb, Rd and 6 on 6. Fig. 4(a)
demonstrates that the temperature grows with a
increment in EC. Because the Eckert number is

linked to frictional forces. As a result, at higher values
of Ec, friction occurs inside the fluid which converts

1

689

the mechanical energy to thermal energy, therefore
the temperature of the nanofluid is upsurged.
The same behaviour is observed from Fig. 4(b) by
varying A,. Fig. 4(c) depicts the impact of R on
steady temperature distribution. It demonstrates that
the temperature dwindles for the higher values of R .
Fig. 4(d) illustrates that the increment in heat sink
decreases the temperature whereas the reverse trend
can be noticed in temperature for the increment in
heat source. Fig. 4(e) shows that an upturn in the
thermophoresis  parameter raises the nanofluid

1
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0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8 1
¢, ¢,
Fig. 6 — Steady concentration profile when H =15 (a) impression of Nb=0.2,0.4,0.6,0.8, (b) impression of

Le=0.5,1.0,1.5,2.0, (c) impression of Nt =0.1,0.2,0.3,0.4, (d) impression of » = 0.0,0.5,1.0,1.5, and (e) impression of

0=0.1,0.2,0.3,0.4 and (f) impression of 4, =0, 1, 2,3.
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Fig. 7 — Unsteady concentration profile when H =1 (a) impression of Le=0.5.1.0,1.52.0, (b) impression of
Nb=0.1,0.2,0.3,0.4, (c) impression of Nt =0.1,0.2,0.3,0.4, (d) impression of §=0.0,0.1,0.2,0.3, (e) impression of
7 =0.0,0.5,1.0,1.5, and (f) impression of t = E,Z’ﬂ,5_”,3_”,2,r

2 4 2

temperature. Because it tends to shift nanoparticles
away from the hot edge towards the cold zone. So, the
thickness of the boundary layer and the temperature
of the nanofluid are raised. The similar behaviour is
noticed by varying Nb (see Fig. 4(f)). Fig. 4(g)
presents the steady temperature is declining for the
intensifying values of Rd . This drop could be the

fact that raising Rd reduces the thickness of the
thermal boundary layer. The reverse nature is
observed by varying thermal relaxation time
parameter (see Fig. 4. (h)).

Figs. 5(a)-5(h) exhibit the influences of Nt, Nb,
Ec, 4, R, 5, Q,and t on 6,. Fig. 5(a) and fig.
5(b) portrays that the unsteady temperature is
increasing and oscillating with an enhancement of the
thermophoretic and Brownian movements. Fig. 5(c)
demonstrates that unsteady temperature is ascending
with an enhancement of Eckert number (EC) and also
it displays that ¢ profiles show the wavering
character. The same behaviour can be seen by varying
material parameter ( 4,) (see fig. 5(d)). Fig. 5(e)
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0 20 46 60 80 100 120 0 20 40 60 80 100 120
NG NG
Fig. 8 — Entropy generation profile when H =15 (a) impression of Ec=0.0,0.2,0.4,0.6, (b) impression of

A4 =0.5,1.0,1.5,2.0, (c) impression of M =0.5,1.0,1.5,2.0, (d) impression of Rd =1,2,3,4.

- ' ' T establishes the impact of Ron 6,. There is an

0.8} oscillatory tendency in &, profile depicted in this

0.6 -
¥
0.4}

figure for high values of R . Fig. 5(f) shows that 6,
profile oscillates as the thermal relaxation time
parameter is raised. The same nature is noticed by
varying the values of the heat source (Q > 0) and heat
sink (Q < 0) (see Figs. 5(g)). Fig. 5(h) demonstrates
that the unsteady temperature is wavering for different
. values of time (1).

Figs. 6(a)-6(f) exhibit the effects of Nb, Le, Nt,

y, 0,and A, on steady concentration nanoparticles
distribution (¢,). Fig. 6(a) illustrates that the steady

concentration decreases for large Nb. Physically,
collisions and abrupt movement of nanoparticles
usually happen for higher values of Nb and thus
more heat releases. As a result, steady concentration
decreases. The same nature is observed by varying
Lewis number (Le) on steady concentration
distribution. Fig. 6(c) demonstrates that the steady
Fig. 9 — Bejan number profile when H —1(a) impression of  CONcentration rises with an increment in Nt . Because
M =1.0,1.5,2.0,2.5, (b) impression of Ec=0.2,0.4,0.6,0.8. the temperature gradient is intimately related to
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thermophoresis, then the temperature of the fluid rises
as the (Nt) increases, and therefore the concentration
rises. The reverse behavior is noticed by varying
chemical reaction parameter (,) (see Fig. 6(d)).
Fig. 6(e) shows that the influence of & on steady
concentration nanoparticles. It is clearly observed that
the steady concentration of nanoparticle declines with

a rise in thermal relaxation property (o). The
opposite nature is observed by varying material
parameter (A, ) (see Fig.6(f)).

Figs. 7(a)-7(f) exhibit the impacts of Le, Nb, Nt,
0, y and U on ¢. Figs. 7(a) and 7(b) demonstrates
that the unsteady nanoparticles concentration profile
displays increasing near the walls and oscillating at
the centre of the walls as the increment of Le and
Nb. Fig. 7(c) and 7(d) illustrates that the
concentration of unsteady nanoparticles declining
near the walls and oscillates at the center of the walls
with increasing thermophoresis (Nt) and thermal
relaxation time (o). Fig. 7(e) presents that the
nanoparticles concentration is increased in a bottom
wall while it is decreased in the top wall for higher
values of y. Fig. 7(f) displays the impact of time (1)
on ¢. It shows that the oscillating character for
different values of time (1).

Figs 8(a)-8(d) indicate the impacts of Eckert
number, material parameter, Hartmann number, and

radiation parameter on entropy generation (NG)
profiles. Fig 8(a) demonstrates that the entropy
generation is upsurged for higher values of EC due to
the kinetic energy dominates the enthalpy difference
at large Eckert numbers. As a result, the entropy
generation is increased. A similar nature is observed
by varying material parameter (see Fig. 8(b)). Fig 8(c)
presents that the entropy generation is reduced for higher
values of M . Due to the retarding forces created by the
applied magnetic field, which decrease the thermal
boundary layer. Fig 8(d) demonstrates that the influence
of thermal radiation parameter on entropy generation
(NG). It can be seen that entropy number upsurges
with the rise in Rd, because of thermal radiation's
relative commitment to conductive heat.

Figs 9(a)-9(b) elucidate the influences of H and
Ec on Bejan number of Jeffrey nanofluid. Fig. 9(a)
displays the Bejan number is accelerated due to

intensifying the values of M because more resistance
acts on fluid flow. The reverse trend is noticed by
varying Eckert number (see fig. 9(b)). The Nusselt
and Sherwood number distribution for steady and

unsteady influences (Nug, Nu, Sh,, Sh)) at the
bottom wall for various values of Ec, Nb, Nt,Rd,
and R are presented in Table 2. It indicates that Nu,

and Nu, at the bottom wall are enhanced while
increasing, Eckert number, Brownian motion,

Table 2 — Variations of heat and mass transfer rate at the bottom wall for steady and unsteady effects ( Nu,, Nu, , sh,, Sht ) for various

valuesof 4, Ec, Nb, Nt, Rd,Rat H =2, M=1,2=4; =1, Ec=0.5, Pr=21,t:%, Nb=0.2, Nt=0.2, Le=1,

K,=0.001, R=1,Q=05, §=1,y=1.

Parameters Values (Nus )y:o
Ec 0.2 1.539849
0.4 3.134793
0.6 4.843793
Nb 0.1 3.968939
0.2 3.974077
0.3 3.978640
Nt 0.1 3.779939
0.2 3.974077
0.3 4.217373
Rd 1.0 3.044523
2.0 3.974077
3.0 4.874265
R 05 7.448737
1.0 3.974077

1.5 2.249538

(Nu),., (Sh),. (Sh),

0.001721 -0.054597 -0.000109
0.003584 -0.122155 -0.000236
0.005608 -0.199563 -0.000385
0.004573 -0.318842 -0.000616
0.004575 -0.159513 -0.000308
0.004576 -0.106431 -0.000205
0.004342 -0.074364 -0.000138
0.004575 -0.159513 -0.000308
0.004836 -0.260032 -0.000518
0.003881 -0.213600 -0.000442
0.004575 -0.159513 -0.000308
0.005123 -0.124424 -0.000240
0.006282 -0.560066 -0.000717
0.004575 -0.159513 -0.000308
0.003230 -0.047529 -0.000114
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thermophoresis, and radiation parameter whereas the
opposite nature can be seen with the enhancement in
cross flow Reynolds number. Also, this table shows

that Sh; and Sh, at the bottom wall are increased for

giving higher values in Nb, Rand Rd . Further, it
is clearly noticed that Sh, and Sh, at the bottom wall

are a declining function of Ec, and Nt.

5 Conclusion

The present study deals with the entropy generation
on pulsatile flow of Jeffrey nanofluid in a porous
channel with Cattaneo-Christov theory. Buongiorno
nanofluid model is focused to view the Brownian
movement and thermophoretic influences. The effects
of thermal radiation, Ohmic heating, and heat
source/sink are considered. The governing equations
are transformed to a system of ordinary differential
equations by applying the perturbation procedure
then  numerically tackled with  fourth-order
Runge-Kutta scheme aided by shooting technique.
The impact of various pertinent parameters and
variables on velocity, temperature, nanoparticles
concentration, entropy generation, and Bejan number
are presented graphically. Distributions of Nuand
Sh are tabulated for different values of physical
parameters are discussed in detail. The main
outcomes are

e The temperatures are rising functions by
mounting the Ec, Nb, and Nt.

e The concentration of the nanoparticles is
declining with an increment of chemical reaction,
Lewis number, and Brownian motion.

e The Nusselt number is magnifying for higher
values of Nb and EC whereas the opposite
nature can be identified with an increment in R
and Rd at the bottom wall.

e Mass transfer rate is a decreasing function of EC
and Nt.

e The entropy generation is increasing for
intensifying Ec, 4, and Rd whereas the

reverse trend can be noticed with an enhancement
in M.

e Bejan number is dwindling for escalating
Hartmann number whereas it is increasing
with the enhancement in viscous dissipation.
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