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Abstract. This study presents the analysis of entropy generation concept for unsteady magnetohydrodynamics
Jeffrey fluid flow over a semi-infinite vertical flat plate. This physical problem is constituted by transient coupled
highly nonlinear equations and is evaluated numerically by using an implicit scheme. The average values of wall
shear stress and Nusselt number, entropy generation number and Jeffrey fluid-flow variables are analysed for distinct
values of physical parameters at both transient and steady states. The results show that the time needed for achieving
a steady state pertaining to the temperature and velocity gets augmented with the increased values of Jeffrey fluid
parameter. The results also specify that the entropy generation number increases with the increasing values of Jeffrey
fluid parameter, group parameter and Grashof number while the opposite trend is seen for the magnetic parameter.
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1. Introduction
The boundary layer concept for flow over a vertical plate
is attracted predominantly in the study of the nature of
the flow pattern and drag force, which includes several
industrial and engineering applications in combustion
flames and solar collectors, electronic equipment, in the
area of reactor safety, aerodynamic extrusion of plastic
sheets, as well as in building energy conservation and
cooling systems, etc.
The research on non-Newtonian fluid flows with the
heat transfer has evinced interest due to their numerous technological applications. These fluids show shear
stress–strain relationships which differ considerably
from the classical Newtonian model. Numerous mathematical models have been presented to explain the
diverse manner of non-Newtonian fluids. The nonNewtonian fluids such as coal in water, synthetic
lubricants, pulps, molten plastics, polymers, ink, glues,
emulsions, etc. have engineering applications mainly
in the industries – for instance chemicals, cosmetics,
polymer processing, pharmaceuticals, foodstuffs such
as jams, jellies and marmalades. The flow of a nonNewtonian fluid under natural convection has received

significant attention by many researchers. Initially, the
investigation of free convective heat transfer past a vertical plate for the flow of a non-Newtonian fluid is given
by Acrivos [1]. Later, substantial research has been carried out for the study of flow of a non-Newtonian fluid
over a vertical plate. A few articles were available on
free convection flow with the physical aspects of the
geometry vertical plate [2–5]. Hayat et al [6] analysed
the non-Newtonian fluid model in a channel with convective flow boundary conditions. Interesting numerical
work on natural convective non-Newtonian fluid in a
cavity has been carried out by Pop and Sheremet [7].
Ahmed and Mohamed [8] studied another important
application on the non-Newtonian fluid from a surface
using numerical methods. Also, Siddiqa et al [9] presented a paper on dusty non-Newtonian fluid along a
surface. Among the numerous non-Newtonian models
proposed, one non-Newtonian fluid model is the Jeffrey
fluid [10–13]. In this fluid, the constitutive relationship
between the rate of strain and stress is much more complex than that of the Newtonian fluid. It is proficient in
defining the phenomena of retardation and relaxation
time. The studies of this fluid have applications in peristaltic flow [14], blood flow [15], electro-osmotic flow
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[16], etc. Some attempts have also been made for the
study of Jeffrey fluid flow with various aspects [17–
19].
The study related to magnetohydrodynamics (MHD)
flow differs from the usual hydrodynamic flow in that
the fluid is considered to be electrically conducting.
Also, it is not magnetic, it influences the magnetic
field by virtue of electric currents but not by its mere
presence. Today, numerous scientific endeavours are
associated with MHD, i.e. aerodynamics, electrical
components transmission lines, the cooling of nuclear
reactors, plasma containment, high-speed aerodynamics, propulsion and power generation, in flow control,
metal forming, communications, etc. The application of
MHD phenomena has much importance in many technological fields such as plasma studies [20], medicine
science [21], direct numerical simulations [22], drag
reductions in the boundary layer [23], seawater propulsion [24], etc. In particular, the MHD flow of Jeffrey fluid
has applications in the study of peristalsis flow [25], metallurgical materials processing, chemical engineering
flow control [26], metal extrusion processes, examining the instinct system of cilia motion [27] and recently
in the study of oscillatory flow [28]. In many industrial applications, the uniform magnetic field is used to
control the construction of material, the distillation of
molten metals and non-metallic enclosures, cooling of
continuous strips and filaments, etc. A few studies of
MHD Jeffrey fluid flow with several geometries have
been found in [29–32]. Recently, Hayat et al [33] scrutinised the MHD flow of Jeffrey fluid through stretched
surface with chemical reaction effects. Muhammad et al
[34] investigated the transient MHD Jeffrey fluid flow
between the plates.
The laws of thermodynamics are the essential
principles on which all thermofluid systems are industrialised today. The first law of thermodynamics furnishes
information regarding the energy of the system quantitatively. Conversely, the second law of thermodynamics
defines that the entire natural processes are irretrievable and thus it is useful to identify the irreversibility
in any thermal system as well as to determine the optimum conditions under which the processes or devices
are operated. The entropy generation is related with thermodynamic irreversibility, which is the same in most
of the heat transfer processes and which controls the
irreversibility associated with the natural phenomenon
such as electric cooling, the counter-flow heat exchanger
applications [35], etc. Currently, entropy generation
analysis has been extensively applied in many heat transfer processes. It has been the subject of various studies
in several areas such as gas flow through duct, porous
media, turbomachinery, heat transferring devices, electric cooling and combustion. The entropy generation
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process provides a good improvement in terms of power
utilisation, material processing, energy conservation,
environmental effects, refrigeration system [36], reducing the available energy during heat transfer [37] and to
examine the effect of fouling formation [38]. The foremost applications related to energy, such as solar energy
collectors, heat energy systems and cooling of modern
electronic systems, depend on the entropy generation.
Some researchers examined the entropy generation concept along with the heat transfer for various physical
geometries. Dalir [39] analysed the entropy generation
concept for a two-dimensional (2D) forced convection
Jeffrey fluid flow past a stretching sheet. Dalir et al
[40] analysed the entropy generation for MHD flow,
heat-mass transfer of a Jeffrey fluid with viscous dissipation over a plate. Sheremet et al [41] analysed
the entropy heat generation concept for free convective
nanofluid inside a cavity. Recently, Gibanov et al [42,43]
examined the entropy heat generation in a cavity saturated with ferrofluid. Also, Reddy et al [44] studied the
entropy heat generation concept for the transient MHD
flow of a non-Newtonian couple stress fluid.
From the previous literature, it is seen that very
limited work has been carried out for the unsteady Jeffrey fluid flow over a vertical plate with the entropy
generation. Thus, in the present paper, we are interested
to study the entropy heat generation analysis for Jeffrey
fluid flow past a vertical flat plate in the province of
the boundary layer. The surface temperature is chosen,
which is higher than that of the free stream temperature.
The governing mathematical equations of Jeffrey fluid
are highly nonlinear, coupled and complicated. Hence,
in general, one can obtain the numerical solution using
the finite-difference technique which is validated with
the earlier published results presented in the literature.
The unsteady nature of the Jeffrey fluid flow along with
the entropy is examined and discussed. Further, the Jeffrey fluid-flow variables are compared with the usual
Newtonian fluid flow.

2. Mathematical formulation
Consider an unsteady 2D incompressible Jeffrey fluid
flow over a semi-infinite uniformly heated vertical plate.
The plate, having length l, is vertically aligned with the
applied magnetic field B0 (figure 1). The chosen coordinate geometry is in rectangular shape, in which the xand y-axes are taken vertically upward and normal to the
plate, respectively. The surrounding fluid temperature is
assumed to be static and analogous to that of the ambi . In the beginning, i.e. t  = 0, the
ent temperature T∞

temperature T∞ is identical for the plate and neighbouring fluid. Later (t  > 0), the temperature of
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Figure 1. Flow geometry and coordinate system.
 ) and maintained
the plate is increased to Tw (>T∞
uniformly throughout the process. The constitutive
model for incompressible Jeffrey fluid is given as
follows:

T̄ = P I¯ + S̄,

μ ¯
S̄ =
γ̇ + λ1 γ̈¯ ,
1+λ

(1)

In eq. (3), J¯ and B̄ are given by Maxwell’s equations
and Ohm’s law, namely
∇ × H̄ = 4π J¯, ∇ × B̄ = 0, ∇ × Ē = 0,


J¯ = σ Ē + Ū × B̄ .

Momentum equation

Here, J¯ is the current density, H̄ is the magnetic field,
B̄ is the magnetic flux, σ is the electrical conductivity of the fluid, Ē is the electric field and Ū is the
velocity vector. The vertical plate is under the influence
of a transversely applied magnetic field with a uniform strength, B0 , as shown in figure 1. The magnetic
Reynolds number is presumed to be very small. Hence,
the induced axial magnetic field interaction along with
the motion of electrically conducting Jeffrey fluid flow is
assumed to be very small compared to the applied magnetic field interaction. Additionally, no external electric
field is applied. With these suppositions, the magnetic
field J × B of the body force term in momentum eq.
(3) reduces to −σB02 u, where B0 is the intensity of the
forced transverse magnetic field. Thus, eq. (3) can be
rewritten as
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where T̄ represents the Cauchy stress tensor, S̄
represents the extra stress tensor, P is the pressure,
I¯ is the identity tensor, λ is the ratio of relaxation
to the retardation times, λ1 is the ratio of retardation
time, μ is the dynamic viscosity and γ̇ is the rate of
strain.
Thus, for the present problem, the governing boundary layer equations with Boussinesq’s approximation
are as follows [13,45]:
Continuity equation
∂u ∂v
+
= 0.
∂x
∂y

(2)

where u, v are the velocities along the axial and
transverse coordinate systems, respectively, βT is the
volumetric coefficient of thermal expansion, T  is the
 is the free stream temperature and g is
temperature, T∞
the acceleration due to gravity.

Energy equation
∂T 
∂T 
∂2T 
∂T 
+
v
=
α
+
u
.
∂t 
∂x
∂y
∂ y2

(5)
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The subsequent initial and boundary conditions are
given by
 , u = 0, v = 0
t  ≤0 : T  = T∞

for all x and y;

t  >0 : T  = Tw , u = 0, v = 0

at y = 0;

T

=

 ,u
T∞

= 0, v = 0

at x = 0;

∂u
→0, v→0 as y→∞.
(6)
∂y
Now, introducing the following dimensionless
parameters [46]:
 , u→0,
T  →T∞

x
ul
y
vl
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υ
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 )
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λ1 υ
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l

−1

=


μυ 2 T∞

 )2 l 2
k(Tw − T∞

,

where U, V are dimensionless velocities along the axial
and transverse directions, respectively, α is the thermal
diffusivity, ρ is the density, k is the thermal conductivity, μ is the viscosity of the fluid, ν is the kinematic
viscosity, Gr is the Grashof number, Pr is the Prandtl
number, Br is the Brinkman number, is the dimensionless temperature difference, M is the magnetic
field, β is the Deborah number, Br −1 is the group
parameter.
Substituting the above non-dimensional quantities in
eqs (2)–(6), they reduce to the subsequent
form:
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+
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(7)
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t>0 : T = 1, U = 0, V = 0

at Y = 0;

T = 0, U = 0, V = 0

at X = 0;

T →0, U →0,

(9)

∂U
→0, V →0 at Y →∞.
∂Y

(10)

Table 1. Grid independence test for selecting mesh size.
Grid size

Average Nusselt number (Nu) for Pr =
0.71, λ = 2.2, β = 0.01, M = 1.0

25 × 125
50 × 250
100 × 500
200 × 1000

0.419236
0.409652
0.408686
0.408637

3. Solution methodology
To evaluate the governing unsteady coupled nonlinear
equations (7)–(9) together with the suitable condition eq. (10), a stable (unconditional) implicit scheme
‘Crank–Nicolson method’ is applied, which is described
in [47]. The region of integration is obtained in the
rectangular grid with X max = 1, X min = 0, Ymax =
20 and Ymin = 0. In this Crank–Nicolson method,
the procedure is repeated for several time steps until
the time-independent state solution is reached. The
time-independent state solution can be reached when
the absolute difference between the values of flowfield variables (U and T ) at two successive time steps
is <10−6 at all rectangular grid points. Numerical
simulations have been carried out for different values
of physical parameters. The Crank–Nicolson scheme
is unconditionally stable
 with local truncation error
O t 2 + Y 2 + X and it tends to zero as t, Y
and X tend to zero. Henceforth, the numerical method
is compatible. Therefore, the compatibility and stability
ensure convergence.
3.1 Grid independence study
To obtain an efficient consistent grid (mesh) system for
numerical simulations, a mesh independency test has
been performed for different mesh sizes of 25 × 125,
50×250, 100×500 and 200×1000 and the values of Nu
for the Jeffrey fluid-flow physical parameters Pr = 0.71,
β = 0.01, M = 1.0 and λ = 2.2 on the boundary, at
Y = 0, is given in table 1. Systematic grid is used for all
cases. It is viewed from table 1 that 100×500 (grid size)
compared with 50 × 250 and 200 × 1000 (grid sizes)
does not have a considerable effect on the results of
average heat transport coefficient. Thus, 100×500 (grid
size) is enough for this problem with step sizes of 0.01
and 0.04 in axial and transverse directions, respectively.
Likewise, to produce a consistent result pertaining to
time, a grid (time)-independent test has been conducted
for several time step sizes as given in table 2 and the
time step size t (t = n t, n = 0, 1, 2, . . .) is fixed as
0.01.
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Table 2. Grid independence test for selecting time step size.
Time step size
( t)
0.5
0.1
0.08
0.05
0.02
0.01

Average Nusselt number (Nu)
for Pr = 0.71, λ = 2.2, β =
0.01, M = 1.0
0.402692
0.406111
0.408351
0.408446
0.408646
0.408686
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the Jeffrey fluid parameter (λ) is the ratio of relaxation to the retardation times and λ1 is the ratio of
retardation time. The values λ = λ1 = 0 indicate Newtonian fluid model. λ = 0, λ1  = 0 indicate
 Maxwell’s

fluid model. Also, Deborah number β = λ1 υ/l 2 is
directly proportional to the retardation time. Hence,
for analysing the Jeffrey fluid-flow model, we consider
λ > 0 values with fixed Deborah number (β = 0.01)
in the present research paper. Furthermore, the magnetic parameter M (refer to eq. (8)) is the ratio of
electromagnetic force to viscous force. Here, M = 0
corresponds to the hydrodynamic flow and M > 0
corresponds to the hydromagnetic flow situation. Therefore, M > 0 values are considered in the present
study.

4.1 Velocity

Figure 2. Comparison of flow-field variables.

4. Results and discussion
To analyse the transient nature of the flow-field
variables, such as velocity and temperature, their values are shown at various locations which are adjacent to
the vertical plate.
The virtual flow-field variables for the case of the
Newtonian fluid (λ = 0.0, β = 0.0, M = 0.0) are
analogous with those of Takhar et al [48] for the Prandtl
number (Pr) = 0.7 as shown in figure 2. The numerical values are found to be in good agreement. This
confirms the accuracy and validity of the present numerical technique. The numerical results are presented to
illustrate the variation of the non-dimensional flow-field
variables, entropy generation number, average momentum and heat transport coefficients for various physical
parameter values such as the Jeffrey fluid parameter (λ) and magnetic parameter (M). Such types of
variations are shown graphically and discussed in the
following subsections. Also, in this problem the Deborah number (β) is fixed as 0.01. Further, in eq. (4),

Figure 3 represents the simulated velocity (U )
profile for different values of Jeffrey fluid parameter
(λ) and magnetic parameter (M). The unsteady U profile against time (t) at (0, 0.63) location is graphically
presented in figure 3a. At this location, the velocity profile amplifies with time, attains the temporal
maxima, then decreases marginally, and at the end it
reaches time-independent state. Also, it is perceived
that in the environs of the vertical plate the unsteady
U curves augment with the rising values of λ with
fixed M = 1.0 which is shown in figure 3a. Also,
it is noted that at the fixed value of λ = 2.2, the
unsteady U curves decrease for rising values of M,
since as M increases, the viscosity of the fluid reduces
which is responsible for the decrease of velocity curves.
From figure 3a, it is also seen that the time required to
achieve the temporal maxima reduces as λ amplifies.
Figure 3b reveals the time-independent state velocity
curves against the Y coordinate. It is observed that the
U curves in this graph begin with the no-slip boundary
condition, attain their maximum value and then drop
to zero along the Y coordinate sustaining the outlying
boundary conditions. In the vicinity of the hot plate, it
is observed that the magnitude of dimensionless axial
velocity (U ) increases as Y increases from Ymin (=0).
Further, the time required to reach the steady-state conditions reduces as λ increases while a reverse trend is
observed for M. Also, the time-independent U curves
in the region adjacent to the plate, i.e. 0 < Y < 4.5,
has an increasing trend for cumulative values of λ.
The same trend is seen in the transient velocity profile which is shown in figure 3a, whereas reverse trend
can be seen in the region away from the hot plate, i.e.
Y > 4.6.
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Figure 3. Time-dependent and time-independent velocity profiles (U ) for various values of λ and M.

Figure 4. Time-dependent and time-independent temperature profiles (T ) for various values of λ and M.

4.2 Temperature
Figure 4 describes the consequence of λ and M on
temperature profile (T ) for the flow of a Jeffrey fluid.
The transient T vs. the time (t) at the position (0,
0.56) is shown in figure 4a. From this graph, initially,
the transient T curve is found to augment with t significantly, reaches its maximum value, then declines
and after slightly increasing, reaches the steady-state
time. Furthermore, for all curves in unsteady T profile
mentioned in figure 4a, the time to achieve temporal
peak rises as the dimensionless parameter upsurges. It
is perceived from figure 4a that an increase in λ results
in a decrease in the T curves. Also, an increasing value
of M results in an increase in T curves. An increase
in the temperature of the fluid indicates an increase in
the motion of fluid particles. The effective collision thus
increases the fluid temperature adjacent to the hot plate
due to decrease in the dynamic viscosity of the fluid.
Figure 4b shows the steady-state T profile against the Y
coordinate for different values of dimensionless parameters (λ and M). These steady-state patterns start with

wall temperature value, i.e. T = 1 and then decreases
to zero. It is seen that intensifying λ ultimately results
in the reduction of temperature. Also, as M increases,
the steady-state T curves increase. The same trend is
noticed in figure 4a.
4.3 Friction and heat transfer coefficients
From a thermal engineering point of view, the wall shear
stress and heat transfer rate coefficients are important
parameters in the research field, particularly in nonNewtonian fluid (Jeffrey fluid), due to their innumerable applications in natural convection studies. For the
present Jeffrey fluid-flow problem, the dimensionless
average wall shear stress and heat transfer coefficients
are given below:
1  ∂U 


Cf =

dX,
∂Y Y =0
 1 
∂T
Nu = −
dX.
∂Y Y =0
0

(11)

0

(12)
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Figure 5. Average momentum transport coefficient (C f ) and average heat transport coefficient (Nu) for various values of λ
and M.

These quantities are computed using five-point
approximation and Newton–Cotes quadrature formulae.
¯
Figure 5 elucidates the transient C¯ f and Nu
profiles of Jeffrey fluid flow covering different values of
λ and M. In figure 5, in the beginning the C¯ f upsurges
with t. However, after a definite interval of time, C¯ f
reaches a steady state. Also, it is remarked that C¯ f
increases with increasing values of λ, but a reverse trend
is seen for M. This shows the similar trend with that of
time-dependent U profile which is shown in figure 5a.
¯ declines signifFigure 5b illustrates that, initially, Nu
icantly, then slightly increases and finally it becomes
independent of time. Also, it is seen that initially, the
¯ curves of Jeffrey fluid overlap with each other, but
Nu
they deviate after some interval of time. Further, these
figures demonstrate that in the initial time ‘the heat conduction only takes place and is more dominant than the
¯ increases
natural convection’. Also, it is shown that Nu
with increasing values of λ and reduces for rising values
of M as shown in figure 5b.
4.4 Entropy generation analysis
The entropy generation for incompressible Jeffrey fluid
is given as [40,49–51]
 
  2
μ
∂T
k
1
∂u 2
Sgen = 2
+ 
T∞ ∂ y
T∞ (1 + λ)
∂y


∂u ∂ 2 u
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+
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T∞
Equation (13) can be rewritten as
Sgen = S1 + S2 + S3 ,

where
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Here S1 , S2 and S3 denote the entropy generation of
Jeffrey fluid produced by heat flow, viscous dissipation
and magnetic field, respectively.
The dimensionless entropy heat generation
parameter (Ns) of the Jeffrey fluid is defined as the
ratio of the volumetric entropy generation rate to the
characteristic entropy generation rate. Accordingly, the
entropy generation parameter for Jeffrey fluid is written
as [51]

 2

∂T
Br(Gr)2
∂U 2
Ns =
+
∂Y
∂Y
(1 + λ)


∂U ∂ 2 U
∂U ∂ 2 U
∂U ∂ 2 U
+U
+U
+β
∂Y ∂Y ∂t
∂Y ∂ X ∂Y
∂Y ∂Y 2
Br(Gr)2
MU 2 ,
+
(14)



 )2 /T 2 l 2 is the characteristic
where k(Tw − T∞
∞
entropy generation rate.
The effect of various physical parameters on entropy
generation (Ns) against time (t) at the position (0, 0.95)
is shown in figure 6. The variation of Jeffrey fluid parameter (λ) and magnetic parameter (M), on transient Ns is
described in figure 6a and variation of Grashof number
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Figure 6. Simulated transient entropy profile (Ns) vs. time (t) for various values of (a) λ and M and (b) Br

−1

and Gr.

Figure 7. Simulated steady-state entropy profile (Ns) vs. Y at X = 1.0 for various values of (a) λ and M and (b) Br
Gr.

(Gr) and group parameter (Br −1 ) is shown in figure 6b.
From these figures, it is observed that initially the Ns
curves rise drastically, then decline, again rise, reach
temporal maxima, and then stay there independent of
time. The significant remark from these transient graphs
is, in the initial time, all Ns curves are combined and
later they split for all values of physical parameters. This
specifies that, the conduction is more dominant than the
convection at initial time. Later, after a certain stage the
heat transfer rate is affected by the influence of natural
convection with escalating entropy. Before reaching a
steady state, overshoots of the entropy generation profile
occur. From figure 6a, it is noted that Ns increases with
increasing values of λ. In figure 6a, it is also viewed that,
as the magnetic parameter increases, the entropy generation number in the transient state becomes weak. The
Ns (entropy) curves in figure 6b have a similar trend
as discussed in figure 6a. Thus, increasing values of
group parameter (Br −1 ) and Grashof number (Gr) give
higher entropy production.

−1

and

The computer-generated time-independent entropy
curves for various control parameters λ, M, Br −1
and Gr against Y at X = 1.0 are shown in figures 7a
and 7b. Here, it is observed that as the transverse
coordinate rises, the entropy curves radically rise and
achieve the highest value, then decrease swiftly and
reach zero. Also, a thinner boundary layer is noticed for
the entropy production for all values of dimensionless
parameters. This indicates that in the neighbourhood to
the hot plate, the entropy production is higher to produce
a thinner boundary layer. Figure 7a shows the influence of λ and M on Ns. From this graph, it is noted
that for enhanced values of λ, the time-independent
Ns curves increase adjacent to the plate (i.e. in the
interval Y ∈ [0, 4]), then decrease when Y > 4.
This is due to increase in the heat transfer coefficient
near the tropical region which causes a higher entropy
production (refer to figure 5b). Also, it is noted from
figure 7a that the entropy production near the plate (i.e.
0 < Y < 3.4) decreases for increasing values of M
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Figure 8. Simulated steady-state entropy contours (Ns) vs. Y at X = 1.0 for various values of (a) λ and (b) Br

60

−1 .

Figure 9. Time-independent state contours of velocity (U ) and temperature (T ) with fixed value of Pr = 0.71 for (a)
Newtonian fluid and (b) Jeffrey fluid.

while the opposite trend is noticed when Y > 3.4.
Figure 7b shows that the entropy increases in the environs of the hot plate, then declines and approaches zero
along the Y coordinate. Also, it is observed that for
increasing values of Br −1 and Gr, the Ns curves rise.
For higher values of group parameter or Grashof number, the entropy production owing to the fluid friction
increases.
Figures 8a and 8b show the entropy lines for different
values of Jeffrey fluid parameter and group parameter.
The variation trend of entropy lines is seen to be very
close to the hot plate for the values of λ compared to
Br −1 . From figure 8a, it is perceived that at any coordinate point (X, Y ) the entropy contour values increase for
cumulative values of λ. The same trend is also noticed
for Br −1 values, which is illustrated in figure 8b. Also,
for entropy contours, lower values are observed for λ and
higher values for Br −1 . This is factual since the production of entropy is less for λ compared to Br −1 . The

significant remark from these graphs is that the entropy
production takes place only in the vicinity of the hot
vertical plate.

4.5 Comparison of Jeffrey and Newtonian fluids
Figures 9a and 9b illustrate the velocity and
temperature (U and T ) contours for Jeffrey fluid and
Newtonian fluid flows. The Newtonian fluid profile is
shown in figure 9a and the Jeffrey fluid profile is shown
in figure 9b. The velocity of the Jeffrey fluid flow is perceived to be lower compared to that of the Newtonian
fluid flow, but pertaining to the temperature, the reverse
trend is noticed. Also, the steady-state T contours for the
Jeffrey fluid are somewhat different, with thicker temperature (thermal) boundary layer than that of the usual
Newtonian fluid.
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5. Concluding remarks
In the present research paper, the heat transfer and
entropy generation distributions for the transient Jeffrey fluid flow over a semi-infinite vertical plate have
been studied numerically. The Crank–Nicolson finitedifference scheme is applied to solve the governing
flow-field equations (Jeffrey fluid) with the aid of
Thomas and pentadiagonal algorithms. The entropy heat
generation distributions are derived and assessed with
the help of Jeffrey fluid-flow variables. The effects
of Jeffrey fluid parameter and magnetic field parameter on flow distributions along with the average heat
and momentum transfer coefficients are analysed. Further, the influences of Jeffrey fluid parameter, magnetic
parameter, Grashof number and group parameter on the
entropy generation are analysed. A few essential conclusions are given below:
1. The time needed to attain steady-state
conditions increases for the increasing values of
Jeffrey fluid parameter and magnetic parameter.
2. The velocity increases and temperature decreases
with rising values of λ. Also, Cf and Nu increase
with the increasing values of λ, whereas the whole
scenario is opposite for various values of M.
3. Entropy generation parameter increases for cumulative values of Jeffrey fluid parameter, Grashof
number and group parameter. However, the trend
is opposite for the magnetic parameter.
4. The entropy contour value increases for increasing
values of λ and Br −1 .
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