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This research presents the applications of entropy generation phenomenon in incompressible flow of Jeffrey nanofluid
in the presence of distinct thermal features. The novel aspects of various features, such as Joule heating, porous medium,
dissipation features, and radiative mechanism are addressed. In order to improve thermal transportation systems based on
nanomaterials, convective boundary conditions are introduced. The thermal viscoelastic nanofluid model is expressed in
terms of differential equations. The problem is presented via nonlinear differential equations for which analytical expres-
sions are obtained by using the homotopy analysis method (HAM). The accuracy of solution is ensured. The effective
outcomes of all physical parameters associated with the flow model are carefully examined and underlined through various
curves. The observations summarized from current analysis reveal that the presence of a permeability parameter offers re-
sistance to the flow. A monotonic decrement in local Nusselt number is noted with Hartmann number and Prandtl number.
Moreover, entropy generation and Bejan number increases with radiation parameter and fluid parameter.

Keywords: Jeffrey nonmaterial, entropy generation, magnetohydrodynamics (MHD), Bejan number, porous
medium, Brownian motion

PACS: 47.65.–d, 47.65.Gx, 96.12.St, 91.35.Dc DOI: 10.1088/1674-1056/ac4236

1. Introduction

Rheological behavior of fluids, frequently used in indus-
tries differs remarkedly from Newtonian fluids. Such fluids
are known as non-Newtonian fluids and have extensive uti-
lizations in various fields of engineering and science, such as
plastics manufacturing, food processing, wire coating, dying
of papers, and glass fibers production, etc. The Jeffrey model
is one of the most important models of non-Newtonian fluids.
The Jeffery fluid model was initially introduced by scientist
Jeffery[1] to study the characteristics of viscous fluids. Re-
cently the Jeffrey model has attracted much research because
of its applications in many natural areas and industry. Hayat
et al.[2] reported the three-dimensional (3D) flow behavior of
Jeffrey fluid due to nonlinear stretched sheet. Heat and mass
transportation in flow of Jeffrey liquid in existence of heat
source due to stretched surface is reported by Qasim.[3] Reddy
et al.[4] investigated flow features of Jeffrey liquid among to
torsionally fluctuating disks. Magnetic field on the Jeffrey
fluid flow in tubes, having small diameter is reported by Nal-
lapu and Radhakrishnamacharya.[5] For recent developments
in Jeffrey fluid interested readers may consult in Refs. [6–11]

A colloidal suspension of nanoparticles (1 nm–100 nm)

into base fluids such as water, Ethylene, bio-fluids, oil, and

other lubricants, etc. is a nanofluid or nanomaterial. Oxide

particles, metallic particles, carbon nanotubes, and ceramic

particles are commonly used in the formation of nanomate-

rials. Having higher thermal conductivity and heat transfer

rate, nanomaterials have attracted the interest of researchers

in the last decade. Hwang et al.[12] investigated nanofluids

to study their lubrication features and thermal conductivity.

Experimental and theoretical investigations were conducted to

explore the thermal conductivity and viscosity of nanomate-

rial flow by Murshed et al.[13] Hayat et al.[14] inspected the

flow features of a Ree–Eyring nanoliquid with a heat source,

activation energy, and viscous dissipation between two rotat-

ing disks. Khan et al.[15] addressed stagnation point flow in

cross nanoliquid considering mixed convection, magnetohy-

drodynamics (MHD), radiation, and activation energy effects.

Recent advancements in nanofluids are listed in Refs. [16–23].

The study of fluid flows over a porous-medium surface

has gained much attention due to its versatile usages in engi-

neering, industry, bio-engineering, irrigation, blood flow, bio-
†Corresponding author. E-mail: fazal.haq@kiu.edu.pk
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physical sciences, and especially in the field of geothermal sci-
ences. Nadeem et al.[24] reported Casson fluid flow in three di-
mensions by a stretching permeable sheet. Xu et al.[25] exam-
ined the influence of porosity on natural convective transport
in fluid flow by metal-foam cavity. Hayat et al.[26] examined
the impact of porosity on stagnation point flow of magneto-
hydrodynamic viscous material by a vertical extending sheet.
Analysis of heat transportation in the fluid flow due to an expo-
nentially stretched porous surface is reported by Mandal and
Mukhopadhyay.[27] The characteristics of the Maxwell fluid
over a porous surface is investigated by Bhatti et al.[28] Im-
provement in the thermal performance of nanomaterials in
the presence of solid nano-sized particles and foam metals
is reported by Xu et al.[29,30] Khan et al.[31] numerically ex-
amined Darcy–Forchhemier flow along with heterogeneous–
homogeneous reactions. Mathematical modeling and theoret-
ical investigation of convective nanofluid flow by porous sur-
face with phase interactions is reported by Xing et al.[32] Xu et
al.[33] reported the impacts of permeability on convective heat
transportation in fluid flow by metal-foam duct.

The thermal energy per unit temperature that is unavail-
able for valuable work is the entropy (irreversibility) of sys-
tem. In other words the total rate of disorder in a system is
entropy. In any thermodynamic arrangement, chemical reac-
tions, internal fluid friction, radiation effects, viscous dissipa-
tion, magnetic field, porous medium internal energy losses,
which generate entropy in the system. Entropy generation
gained extraordinary attention in various fields of science and
engineering such as heat exchangers, electronic device cool-
ing, and turbomachinery. Poulikakos and Bejan[34] introduced
a general framework for irreversibility optimization to study
the thermal characteristics of conventional fins of different
kinds. In this study the first law of thermodynamics is used
to study the different shape of fins and second law of thermo-
dynamics is utilized to optimize the entropy of fins in terms
of dimension and length. Latter on Bejan[35] developed a
model based on both thermodynamics and system irreversibil-
ity. Now, the entropy generation due to nanomaterial flow is
becoming an interesting field of research. Wang et al.[36] re-
ported Couette flow behavior and estimated entropy genera-
tion (EG) for both of heat transfer and shear. Heat transport
properties and EG were studied through the second law of ther-
modynamics and the results obtained are equated with the flow
of CuO, Ag, and Al2O3 nanoliquid by Jafarmadar et al.[37]

Khan et al.[38] inspected the EG in MHD Carreau nanomate-
rial flow by a stretched surface subject to viscous dissipation
and nonlinear thermal ration. Features of dissipative unsteady
flow and EG with thermo-diffusion and diffusion thermo ef-
fects are reported by Hayat et al.[39] Recent developments on

entropy generation are described in Refs. [40–50].
The current work aims to analyze the flow of Jeffrey

nanofluid over a stretched configuration with the entropy gen-
eration and various thermal features. The motivating and dis-
tinct aspects of current analysis are summarized as follows:

(i) Examination of the rheological significances of Jef-
frey nanofluid subject to the magnetic force and porous space.

(ii) The applications Bejan number and entropy genera-
tion are taken into account with optimized applications.

(iii) The novel significances of viscous dissipation and
thermal radiation are also utilized to examine the combined
heat/mass transport.

(iv) Convective boundary conditions are imposed to im-
prove the transportation process.

(v) Some studies have already been reported in the lit-
erature regarding the flow of Jeffrey nano-materials over a
stretched surface, however, the flow of Jeffrey nanofluid in
presence of such thermal consequences has not been per-
formed in the literature. Therefore, the current investigation
aims to fill this research gap. The solution procedure is based
on analytical expressions employing a homotopic convergent
scheme.

(vi) Current thermal flow model conveys many applica-
tions in the improving heat transfer mechanism, solar energy
applications, thermal systems, energy production, energy con-
sumptions, etc.

2. Problem formulation
Here MHD two-dimensional convective transport of Jef-

frey nano-material with entropy generation assessment is pre-
sented with convective boundary constraints. For electrically
conducting fluid, the magnetic force impact is assumed in the
normal direction with uniform magnetic field strength B0 as
shown in Fig. 1.

Concentration boundary layer 
Thermal boundary layer 

Momentum boundary layer 

Nanofluid saturatedNanofluid saturated

B
0
B

0
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0

u→0
C
∞

T
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g
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w
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w
 

y
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Fig. 1. Flow geometry.

The role of the induced magnetic force is ignored due to
small Reynolds number assumptions. Furthermore, the en-
ergy equation is modified by considering the viscous dissipa-
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tion and thermal radiation. The important prospective of ther-
mophoretic features and Brownian movement are utilized. The
linear configuration (stretched surface) attain uniform velocity

uw (x) = bx. The mathematical model for the Jeffrey nanofluid
after employing boundary layer assumptions is given as fol-
lows:

∂u
∂x

+
∂v
∂y

= 0, (1)

u
∂u
∂x

+ v
∂u
∂y

=
ν

1+λ2

[
∂ 2u
∂y2 +λ1

(
u

∂ 3u
∂x∂y2 + v

∂ 3u
∂y3 −

∂u
∂x

∂ 2u
∂y2 +

∂u
∂x

∂ 2u
∂x∂y

)]
−

σB2
0

ρ
u− ν

kp
u, (2)

u
∂T
∂x

+ v
∂T
∂y

=
k

ρcp

∂ 2T
∂y2 + τ

{
DB

∂C
∂y

∂T
∂y

+
DT

T∞

(
∂T
∂y

)2
}
+

σB2
0

ρcp
u2− 16σ

3k∗ρcp

∂

∂y

(
T 3 ∂T

∂y

)

+
ν

ρcp (1+λ2)

[(
∂u
∂y

)2

+λ1

(
u

∂u
∂y

∂ 2u
∂x∂y

+ v
∂u
∂y

∂ 2u
∂y2

)]
, (3)

u
∂C
∂x

+ v
∂C
∂y

= DB
∂ 2C
∂y2 +

DT

T∞

∂ 2T
∂y2 (4)

with

u = uw (x) = ax, − k
∂T
∂y

= h f (Tw−T ) , v = 0,

DB
∂C
∂y

+
DT

T∞

∂T
∂y

= 0 at y = 0,

u→ u0 (x) = bx, T → T∞, C→C∞ as y→ ∞, (5)

where B0 is the magnetic field, (u, v) is the velocity along
x and y directions, (Tw,Cw) is the surface temperature and
concentration, λ1 is relaxation time, DB is the coefficient of
the Brownian motion, λ2 is the relaxation to retardation time
ratio, cp is fluid specific heat, kp is permeability, DT is the
thermophoretic diffusion, ν is the kinematic viscosity, b is the
sheet stretching rate constant, (T∞,C∞) is the ambient temper-
ature and concentration, k∗ is the absorption coefficient, σ is
the electric conductivity, τ is the heat capacity ratio, h f is the
convective heat transfer, k is thermal conductivity, qm is the
local mass flux, Ha is Hartman number, β is Deborah num-
ber, A is the ratio parameter, k1 is the porosity parameter, Nb

is Brownian dispersion variable, Rd is the radiation parame-
ter, Pr is Prandtl number, Nt is thermophoresis variable, Ec
is Eckert number, Nr is temperature difference ratio parameter,
Sc is Schmidt number, Shx is Sherwood number, C fx is he skin
friction, Nux is Nusselt number, Re is Reynolds number, Br is
Brinkman number, ε is concentration difference variable, Ω is
the temperature difference parameter, λ3 is diffusive variable,
Bi is thermal biot number, µ is the dynamic viscosity, η is a di-
mensionless variable, T is the nanofluid temperature, θ(η) is
the dimensionless temperature, ϕ(η) is the dimensionless con-
centration, f ′(η) is dimensionless velocity, C is the nanofluid
concentration, and qw is the surface heat flux. Considering

η =

√
a
υ

y, u = ax f ′, v =−
√

aυ f ,

θ (η) =
T −T∞

Tw−T∞

, φ (η) =
C−C∞

Cw−C∞

. (6)

Using Eq. (6), equations (2)–(5) take the form

f ′′′− k1 f ′ (1+λ2) +
{

f f ′′− f ′2−Ha f ′+β

(
f ′′2− f f (iv)

)}
= 0, (7)

(1+λ2) θ
′′+Pr (1+λ2)

[
f θ
′+Nbθ

′
φ
′+Ntθ

′2 +EcHa2 f ′2
]
+Rd (1+λ2)

[
3(Nr+1)2

θ
′2 +(Nr+1)3

θ
′′
]

+ Pr Ec
[

f ′′2 +β
(

f ′ f ′′2− f f ′′ f ′′′
)]

= 0, (8)

φ
′′+

Nt

Nb
θ
′′+Sc f φ

′ = 0, (9)

f (0) = 0, Nbφ
′ (0)+Ntθ

′ (0) = 0, f ′ (0) = 1, θ
′ (0) =−Bi (1−θ (0)) , θ (0) = 1 at η = 0,

f ′ (∞)→ A, θ (∞)→ 0, φ (∞)→ 0 as η → ∞. (10)

Here,

Ha =
σB2

0
aρ

, β = aλ1, A =
b
a
, k1 =

ν

akp
, Nb =

τDB (Cw−C∞)

ν
, Sc =

ν

DB
, Bi =

h f

k

√
υ

a
,

Rd =
16σ∗ (Tw−T∞)

3

3k∗kp
, Pr =

µcp

k∗
, Nt =

τDT(Tw−T∞)

νT∞

, Ec =
u2

w

Cp (Tw−T∞)
, Nr =

T∞

Tw−T∞

. (11)
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2.1. Physical quantities

The coefficient of skin friction (C fx), Sherwood (Shx),
and Nusselt (Nux) numbers are mathematically defined as

C fx =
2τw

ρu2
w
,

Nux =
xqw

k f (Tw−T∞)
,

Shx =
x jw

DB (Cw−C∞)
, (12)

where

τw =
ν

(1+λ2)

[
∂u
∂y

+λ1

(
u

∂ 2u
∂x∂y

+ v
∂ 2u
∂y2

)]∣∣∣∣
y=0

,

qw =−k
(

1+
16σ∗

3kk∗
T 3
)

∂T
∂y

∣∣∣∣
y=0

,

jw =−DB
∂C
∂y

∣∣∣∣
y=0

. (13)

Using Eq. (12), the dimensionless form of Eq. (11) is

C fx (Rex)
0.5 =

2
(1+λ2)

{
f ′′ (0)+β

[
f ′ (0) f ′′ (0)− f (0) f ′′′ (0)

]}
,

ShxRe−0.5
x =−φ

′ (0) , NuxRe−0.5
x =−

{
1+Rd (θ (0)+Nr)3

}
θ
′ (0) , (14)

where Rex
(
= ax2/ν

)
is the Reynolds number.

2.2. Entropy rate and Bejan number

The local volumetric rate of irreversibility for the considered flow is[9,14,38]

EG =
k

T 2
∞

(
1+

16σ∗

3kk∗
T 3
) (

∂T
∂y

)2

+
σB2

0
T∞

u2 +
µ

T∞kp
u2 +

ν

ρcp (1+λ2)

[(
∂u
∂y

)2

+λ1

(
u

∂u
∂y

∂ 2u
∂x∂y

+ v
∂u
∂y

∂ 2u
∂y2

)]

+
RdDB

T∞

∂T
∂y

∂C
∂y

+
RdDB

C∞

(
∂C
∂y

)2

. (15)

The first term of Eq. (15) is the entropy generation due to thermal radiation, the second is due to magnetic field, the third is due
to the porous medium, the fourth is due to the viscous dissipation, the fifth and sixth terms are due to mass transfer.

The characteristic entropy generation rate
(
EG0

)
is

EG0 =
k (Tw−T∞)

2

T 2
∞x2 . (16)

The final form of entropy is

NG =
EG

EG0

= Re
[
1+Rd {1+(Nr−1) θ}3

]
θ
′+

HaReBr
λ3

f ′2 +
k1ReBr

λ3
f ′2

+
ReBr

λ3 (1+λ2)

[
f ′′2 +β

(
f ′ f ′′2− f f ′′ f ′′′

)]
+

Reε

λ3
θ
′
φ
′+

ReεΩ 2

λ 2
3

φ
′2. (17)

Mathematically

Re =
uwx
ν

, Br =
µu2

w

k (Tw−T∞)
, λ3 =

Tw−T∞

T∞

,

Ω =
Cw−C∞

C∞

, ε =
RdDBC∞

k
. (18)

The Bejan number is defined as

Be =
Entropy generation due to heat transfer

Total entropy generation
, (19)

Be =
Re
[
1+Rd {1+(Nr−1) θ}3

]
θ ′

NG
. (20)

3. Solution procedure

The set of dimensionless equations (7)–(9) are locally
similar so the analytical solution is computed by using the ho-
motopy analysis method (HAM). The pioneer directions and
mathematical formulation of this scheme was originally pro-
posed by Liao[51] and later many interesting developments and
generalizations on this method have been presented by various
researchers.[41,45,48] The relevant initial guesses and linear op-
erators are taken as

f0 (η) = 1− (1−A) e−η −A(1−η) ,

θ0 (η) =
βi

1+βi
e−η ,
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φ0 (η) =
βi

1+βi

(
Nt

Nb

)
e−η , (21)

£ f =
d3 f
dη3 −

d f
dη

, £θ =
d2θ

dη2 −θ ,

£φ =
d2φ

dη2 −φ , (22)

with

£ f
[
B1 +B2 eη +B3 e−η

]
, £θ

[
B4 eη +B5 e−η

]
,

£φ

[
B6 eη +B7 e−η

]
, (23)

where Bi (i = 1–7) are constants.

4. Convergence analysis
The assisting variables h̄ f , h̄θ , and h̄φ play a vital role

in regulating the convergence of homotopic expressions. Fig-
ure 2 is plotted to find the ranges of assisting parameters after
the 14-th order of approximation when λ2 = A= β = k1 = 0.1,
Ec = 0.3, Ha = Nt = Bi = 0.2, Rd = 0.4, Nb = 0.7, Sc = Pr =
1.0, and Nr = 1.1.

-2.5 -2.0 -1.5 -1.0 -0.5 0 0.5 1.0
ℏ

-1.5

-1.0

-0.5

0

0.5

1.0

1.5

f 
"(

0
),

  
θ

'(
0
),

 ϕ
′(

0
)

ϕ′(0)=

θ′(0)=

f ″(0)=

Fig. 2. The h̄ curves for f ′′(0), θ ′(0), and φ ′(0).

The convergence regions of velocity, temperature, and
concentration functions are −1.8 ≤ h̄ f ≤ −0.4, −1.5 ≤ h̄θ ≤
−0.3, and −1.6 ≤ h̄φ ≤ −0.2. The convergence of the HAM
solution is presented in Table 1.

Table 1. Computational outcomes for f ′′(0), φ ′(0), and θ ′(0), when
λ2 = A = β = k1 = 0.1, Ec = 0.3, Nb = 0.7, Rd = 0.4, Sc = Pr = 1.0,
Ha = Nt = Bi = 0.2, and Nr = 1.1.

Approximations − f ′′(0) −θ ′(0) φ ′(0)

01 1.076 0.157 0.0449

05 1.106 0.152 0.0436

10 1.112 0.151 0.0431

15 1.115 0.150 0.0430

20 1.117 0.150 0.0429

25 1.118 0.149 0.0428

30 1.119 0.149 0.0427

35 1.119 0.149 0.0427

40 1.119 0.149 0.0427

5. Solution validation
After successfully simulating the analytical expressions

in the previous section, we aim here to confirm the computed
solution. To this end, the present results have been verified
by comparison with the continuation of Turkyilmazoglu[52] in
Table 2. There is an excellent agreement between both studies.

Table 2. Comparison of f ′′(0) with λ2 = β = k1 = A = 0.

Ha Turkyilmazoglu[52] Present results

0.0 −1.000000 −1.000000

0.5 −1.224744 −1.224747

1.0 −1.414213 −1.414218

6. Discussion
In this section, we scrutinize graphically the effect

of sundry variables on the velocity field f ′ (η), temper-
ature θ (η), mass concentration φ (η), Nusselt number(
NuxRe−0.5

x
)
, skin friction coefficient

(
C fxRe0.5

x
)
, and Sher-

wood number
(
ShxRe−0.5

x
)
, total irrevesibility rate (NG), and

Bejan number (Be) against various parameters. Since the cur-
rent analysis is based on theoretical approach, fixed values are
assigned to parameters: λ2 = A = β = k1 = 0.1, Ec = 0.3,
Nb = 0.7, Sc = Pr = 1.0, Ha = Nt = Bi = 0.2, Rd = 0.4, and
Nr = 1.1.

6.1. Velocity profile

In this subsection salient features of the Deborah number
(β ), Hartman number (Ha), permeability parameter (k1), and
ratio parameter (A) on the Jeffery nanofluid velocity ( f ′ (η))

are discussed. The effect of β on f ′ (η) is shown in Fig. 3(a).
The fluid velocity increases versus higher β . Physically, β

has direct relation with the sheet stretching rate, so increasing
β causes an increase in the sheet stretching rate, as a result
the fluid velocity inside the boundary layer upsurges and the
thickness of momentum boundary layer also increases. Veloc-
ity field decays via higher fluid parameter, since fluid param-
eter has inverse relation with retardation time which means
that retardation time decay with higher λ2 (Fig. 3(b)). A de-
crease in velocity with increasing Hartman number is observed
in Fig. 3(c). Physically, for higher Ha, more Lorentz force is
produced, which is a restive force acting on the fluid opposite
to the flow. Hence the fluid velocity retards with rising Ha.
Figure 3(d) explores the influence of the porosity variable on
velocity field. In fact the velocity has an inverse relation with
permeability, thus f ′ (η) and momentum layer thickness de-
cease with increasing k1. The influence of the ratio variable on
the velocity is depicted in Fig. 3(e).
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Fig. 3. Impacts β (a), λ2 (b), Ha (c), k1 (d), and A (e) on f ′ (η).

It can be seen from this figure that for A < 1, the velocity
field and the layer thickness increase and for A > 1, the veloc-
ity decreases and layer thickness increase whereas for A = 1
the boundary vanishes since for A = 1 the fluid velocity and
sheet stretching velocity becomes the same.

6.2. Temperature profile

Figures 4(a)–4(h) presented to show the behavior of the
temperature field θ (η) with fluid parameter (λ2), the Prandtl
number (Pr), the thermophoretic variable (Nt), the ratio of
temperature (Nr), the Brownian movement (Nb), the radiation
parameter (Rd), and the thermal biot number (Bi).

Figure 4(a) explores the characteristics of θ (η) with in-
creasing thermal layer λ2, the thickness inflates with higher
λ2 since for higher λ2 retardation time deceases which causes
an increase in the temperature field and thermal layer. The
variation in θ (η) for higher Pr is depicted in Fig. 4(b). The
nanofluid temperature decreases at higher Pr. As we know
that Pr has an inverse relation with thermal diffusivity, so an
increase in Pr means a decrease in fluid thermal diffusivity.
Subsequently thermal field and associated layer width falling
down with rising Pr. The radiation effect on the thermal field
is studied in Fig. 4(c). As expected the thermal field and layer
thickness increase for higher Rd. Physically, the radiation vari-
able describes relation of heat transfer conduction to transfer
of thermal radiation, so an increase in Rd slows down the ther-
mal radiation transmission, which ultimately favors tempera-
ture increase. The behavior of θ (η) with Ec is displayed in
Fig. 4(d). The observations reveal that θ (η) is a decreasing
function of Ec.

Figure 4(e) elucidates the impact of the Brownian move-
ment of nanoparticles on the thermal field. Clearly θ (η) in-
creases with higher Nb, because the Brownian phenomenon
involves the random movement of nanoparticles which in-
creases with temperature profile. The graphical trend explored
in Fig. 4(f) shows an increasing variation in nanofluid tem-
perature due to specified values of Nt. Physically, the ther-
mophoretic force is a force which extracts the nanoparticles
from a hot surface and pushes them to a region of low temper-
ature and consequently an improved heat transfer phenomenon
results.

Figure 4(g) shows the influence of Nr on θ (η), obviously
the thermal field diminishes for higher Nr. Wall temperature
(Tw) is higher than ambient temperature and Nr is inversely
proportional to Tw−T∞, thus for higher Nr the θ (η) decreases.
Variation of θ (η) with increasing values of Bi is plotted in
Fig. 4(h). The nanofluid temperature and thermal layer de-
creases with higher Bi.
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Fig. 4. Impacts of λ2 (a), Pr (b), Rd (c), Ec (d), Nb (e), Nt (f), Nr (g), and Bi (h) on θ (η).

6.3. Concentration profile

Features of the mass concentration (ϕ(η)) versus Brown-
ian dispersion (Nb), Schmidt number (Sc), and thermophoresis
diffusion variable (Nt) are studied in this subsection through
Figs. 5(a)–5(c).
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Fig. 5. Impacts of Sc, Nb, and Nt on ϕ (η).

The behavior of ϕ(η) for increasing Sc in Fig. 5(a) indi-
cates that higher Sc reduces mass concentration. Physically, Sc
represents the ratio of momentum to mass diffusivities, so in-
crease in Sc results in an increment in momentum diffusivity
while mass diffusivity diminishes. Ultimately a reduction in
mass concentrations is observed. Figures 5(b) and 5(c) shows
the influence of Nb and Nt on mass concentration. Clearly
ϕ(η) increases with Nb and diminishes with higher Nt.

6.4. Physical quantities

In this subsection, the behavior of physical quantities,
i.e., skin friction (C fx), Nusselt number (Nux), and local mass
transfer (Shx) versus influential variables are presented graph-
ically.
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Fig. 6. Effects of Ha and β (a), λ2 and β (b) on C fxRe0.5
x .
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The graphical observations presented in Figs. 6(a) and
6(b) reflect the influence of Ha, β , and λ2 on skin friction. The

magnitude of the skin friction diminishes for higher Hartman

and Deborah number and C fx increases with the fluid parame-

ter and Deborah number. The characteristics of Nux versus Pr,

Ha, Rd, and Ec are studied through Figs. 7(a) and 7(b). The

Nusselt number monotonically decreases for increasing values

of Pr and fixed values of Ha (see 7(a)). From Fig. 7(b), it can

be seen that the Nusselt number decreases with higher radia-

tion variable and Eckert number. Figures 8(a) and 8(b) explore

the behavior of the Sherwood number against Nb, Nt, and Sc.

The magnitude of the Sherwood number increases with larger

Nb and Sc while a declining change is noted due to variation

of Nt and Sc.

6.5. Entropy generation and Bejan number

In this subsection the impact of significant variables on

Bejan number (Be) and entropy (NG) is analyzed and dis-

cussed graphically through Figs. 9(a)–9(f). The influence of

Brinkman number on entropy and Bejan number is demon-

strated in Figs. 9(a) and 9(b). It is observed from these figures

that entropy increases for higher Brinkman number (Br) while

the Bejan number decreases. Physically, Brinkman number at-

tains opposite relations with thermal diffusivity which means

that maximum values of Br entropy generation increases and

the Bejan number decreases. Figures 9(c) and 9(d) demon-

strates the behavior of NG and Be for increasing values of Jef-

frey fluid variable (λ2). It is observed from these figures that

the trend for both NG and Be is to increase at higher λ2. Fig-

ures 9(e) and 9(f) display the effect of radiation constant (Rd)

on NG and Be. Both NG and Be increase with higher Rd. In

fact Rd has direct relation with both NG and Be, so for higher

Rd radiation emission increases. Consequently NG and Be for

higher Rd.
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7. Conclusions
The mathematical modeling and analysis for the flow of

Jeffrey nanofluid with entropy generation features, Joule heat-
ing and thermal radiation has been presented. The porous
stretched surface subject to the magnetic force induces the
flow. The analytical procedure based on a convergent scheme
is followed to compute the solution. The solution accuracy is
ensured and compared with previous research data. The sum-
marized observations are listed below.

(i) A declining trend in the velocity profile is observed
with permeability of porous space, Deborah number and fluid
parameter.

(ii) An increase in nanofluid temperature is related to the
Biot number, fluid constant, radiation parameter, and temper-
ature difference ratio parameter.

(iii) The skin friction coefficient decreases with higher
Hartmann number and Deborah number while a monotoni-
cally increment is noticed for the fluid parameter.

(iv) A lower change in local Nusselt number is observed
due to the change in Hartmann number.

(v) A declining impact of Brinkman number on entropy
generation and Bejan number is noticed.

(vi) Entropy generation and Bejan number increase with
fluid constant and radiation parameter.
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