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This work explores the effect of second order slip on magnetohydrodynamic (MHD) flow of a fractional
Maxwell fluid on a moving plate and a comparison between two numerical algorithms (Tzou and
Stehfest’s algorithm). The problem is formulated for Maxwell fluid with Caputo-time fractional deriva-
tives. Semi analytical solutions are derived using Laplace transform. The solution is obtained using
numerical technique of Laplace transform Stehfest’s algorithm. To insight the physical behavior of the
fluid, a graphical illustration is made. The influence of fractional parameter, the magnetic force, the
porosity parameter, the slip parameters are analyzed and discussed. A tabular and graphical comparisons
with Tzou’s algorithm are made for the sake of validation of the present results.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The viscoelastic fluids pass through many incidents in industry
and engineering, such as synthetic propellants, polymer solutions
and many others. Maxwell fluid has been studied widely among
all the viscoelastic fluid models (Fetecau and Fetecau, 2004;
Fetecau et al., 2009; Tan and Masuoka, 2007; Jamil et al., 2011;
Abbasbandy et al., 2014; Aman et al., 2017a,b). The flow of
Maxwell fluid is important to industrial applications. A Peristaltic
motion of Maxwell fluid was examined by Abbasi et al. (2016).
Hsiao (2014) had examined Maxwell fluid flow using Numerical
Method. Aman et al. (2017a,b) studied Maxwell nanofluid with
four types of molecular liquids. Hsiao (2017) studied Maxwell fluid
electrical MHD thermal extrusion system with viscous dissipation.
It was a minor implementation to thermal extrusion manufactur-
ing processing system energy.

Viscoelastic behavior is described by the constitutive equations
with fractional derivatives. These fractional derivatives are
acquired from the classical derivatives. The generalization of the
classical to fractional dynamics is acquired by utilizing some
approaches of fractional derivatives. Formal Caputo or Riemann-
Liouville differential operators are used widely in engineering
(Ruzhansky et al., 2017; Baltaeva and Agarwal, 2018; Agarwal
et al., 2017). Caputo-Fabrizio is one of the modern approaches
established by Caputo and Fabrizio (2015) which is appropriate
for Laplace transform. Shah et al. (2017) examined flow of a frac-
tional fluid over a vertical plate. They obtained a semi analytical
solution for the Laplace inverse. Siddique and Vieru (2011) investi-
gated stokes flow of a Newtonian fluid with fractional derivatives
under the slip condition. Atangana (2016) used fractional deriva-
tive to non-linear Fisher’s reaction-diffusion equation. Aman
et al. (2018a,b) used Caputo time fractional model for heat transfer
enhancement of water-based graphene nanofluid. Al-Mdallal et al.
(2010) investigated fractional boundary value problems via
numerical approach collocation-shooting method. Some important
literature concerning the numerical approaches in fractional and
discrete fractional calculus can be found in (Abdeljawad
and Baleanu, 2017; Abdeljawad and Baleanu, 2016; Abu-Saris and
Al-Mdallal, 2013; Al-Mdallal and Syam, 2012; Al-Mdallal and Hajji,
2015; Aman et al., 2018a,b) and the references therein.

Flow of non-Newtonian fluids with porous medium has been
reported in many biological and industrial processes. Abbas et al.
(2006) studied MHD flow of Maxwell fluid in a porous channel.
Hayat et al. (2011) studied MHD flow of Maxwell fluid in a channel
with porous medium. Tripathi and Bég (2012) investigated numer-
ically the oscillating peristaltic flow of generalized Maxwell fluid
using homotopy perturbation method.
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Two types of slip conditions are generally considered in fluid
problems namely slip and no-slip boundary conditions. In the
no-slip boundary conditions there is no relative motion between
walls and fluid but there are some surfaces where the liquids slip
against the walls. For example, in the capillaries the no-slip condi-
tion doesn’t work (Day, 1990). Thus, the no-slip condition is inad-
equate in several situations such as flow of polymeric liquids. In
addition, slip condition also named as Navier condition has a
remarkable importance in lubrication, medical sciences, polishing
artificial heart valves and biological fluids. Maxwell fluid is ana-
lyzed with slip condition for Couette and stokes’ flow (Ebaid,
2008; Vieru and Rauf, 2011; Vieru and Zafar, 2013). Hayat et al.
(2016) analyzed unsteady MHD flow over exponentially stretching
sheet with slip conditions. Ishak et al. (2017) used slip condition
while studying Maxwell fluid stagnation point flow numerically.
Fractional Maxwell fluid is studied by Liu and Guo (2017) and
Tahir et al. (2017) with second-order slip.

The above literature motivated us to examine the heat, velocity
and shear stress for the flow of Fractional Maxwell fluid with sec-
ond order slip in a porous medium. The constitutive equations are
formulated using fractional calculus. The semi analytical solutions
are obtained using Laplace transform and Numerical Laplace
inverse transform (Stehfest’s and Tzou’s algorithms). Moreover,
the results obtained from both algorithms are compared numeri-
cally and graphically for the sake of validity.
2. Preliminary

In this section, we present some information about Caputo-
Fabrizio fractional derivative and its properties:

Definition 1: Let f 2 H1ða; bÞ; b > a; alpha 2 ½0;1� then the new
Caputo-Fabrizio fractional derivative is defined as:

Da
t f ðtÞ ¼

aMðaÞ
ð1� aÞ

Z t

a
eð

�aðt�sÞ
ð1�aÞ Þ @f ðsÞ

@s
ds ð1Þ

where MðaÞ ¼ a is the normalization function satisfying
Mð0Þ ¼ Mð1Þ ¼ 1; for more details the reader is referred to Caputo
and Fabrizio (2015). However; if f R H1ða; bÞ;then the derivative
becomes:

Da
t f ðtÞ ¼

aMðaÞ
ð1� aÞ

Z t

a
eð

�aðt�sÞ
ð1�aÞ Þ½f ðtÞ � f ðsÞ�ds: ð2Þ

Definition 2: Let a 2 ð0;1Þ (Losada and Nieto (Losada and Nieto,
2015). The fractional integral of order a of a function f is defined
by:

Itaf ðtÞ ¼
2ð1� aÞ

ð2� aÞMðaÞ f ðtÞ þ
2a

ð2� aÞMðaÞ
Z t

a
f ðsÞds; t P 0: ð3Þ

The fractional integral of Caputo type of function of order
0 < a < 1; represents an average between function f and its inte-
gral of order one. Thus, it implies:

2ð1� aÞ
ð2� aÞMðaÞ þ

2a
ð2� aÞMðaÞ ¼ 1; ð4Þ

From Eq. (4) this concludes that MðaÞ ¼ 2=2� a;0 6 a 6 1

Due to this, (Losada and Nieto (Losada and Nieto, 2015) refor-
mulated the new Caputo derivative of order 0 < a < 1; as:

Da
t f ðtÞ ¼

1
ð1� aÞ

Z t

a
eð

�aðt�sÞ
ð1�aÞ Þ @f ðsÞ

@s
ds; ð5Þ

Some properties of Caputo-Fabrizio fractional derivative are
presented below:
i. For a variable p, the Laplace transform of a Caputo-Fabrizio
fractional derivative is:
LfDa
t f ðtÞg ¼ pLff ðtÞ � f ð0Þg

pð1� aÞ þ a
: ð6Þ
ii. The fractional derivative DðaþnÞ
t f ðtÞ of order ðaþ nÞ, if n P 1

and a 2 ð0;1Þ is given by:
DðaþnÞ
t f ðtÞ ¼ Da

t ðDðnÞ
t f ðtÞÞ: ð7Þ
iii. The fractional derivative of the elementary and transcenden-
tal functions according to the definition (5), (for sinwt) is
given as: � �

Da

t sinðxtÞ ¼ 1
ð1� aÞ

Z t

0
xe

�aðt�sÞ
ð1�aÞ cosxsds: ð8Þ
iv. The Caputo-Fabrizio fractional operator can be extended by
letting a ¼ 1; in Eq. (6); we get:
lim
a!1

LfDa
t f ðtÞg ¼ lim

a!1
L½pLff ðpÞ � f ð0Þg

pð1� aÞ þ a
� ¼ pLff ðpÞ � f ð0Þg

¼ Lff 0ðpÞg: ð9Þ

v. If f is infinitely differentiable then, the result obtained is:� �
Da
t

Z t

0
f ðtÞ

� �
¼ MðaÞ

ð1� aÞ
X1
n¼0

f ðnÞð0Þ MðaÞ
ð1�aÞ e

� ta
ð1�aÞ ntn � ta

ð1�aÞ

� ��n

n!

� CðnÞ � Cðn;� ta
ð1� aÞÞ

� �
:

ð10Þ
3. Mathematical framework

An unsteady flow of generalized Maxwell fluid with second
order slip is taken into consideration over a plate. The fluid covers
the area y� > 0 and magnetic field (uniform) is normally applied to
the flow. At t� ¼ 0 the plate and fluid are static and the flow starts

due to the motion of the plate with velocity At�bðb > 0Þ at t� > 0.
Slip boundary is taken between the velocity of the wall and fluid
velocity along with porous medium. Fig. 1 illustrates the physical
interpretation of the problem.

The governing equations can be described as:

ð1þ k�Da
t� Þs�ðy�; t�Þ ¼ l @u�ðy�; t�Þ

@y�
; ð11Þ

qð1þ k�Da
t� Þ

@u�ðy�; t�Þ
@t�

¼ l @2u�ðy�; t�Þ
@y2

� rB2
0qð1þ k�Da

t� Þu�ðy�; t�Þr

� l
qk0

u�ðy�; t�Þ þ ð1þ k�Da
t� ÞqbgðT� � T1Þ;

ð12Þ

qcpðDa
t� ðy�; t�ÞÞ ¼ k1 1þ 16r�T3

3k1k
�

 !
@2T�ðy�; t�Þ

@y2
; ð13Þ

Here u� symbolizes velocity alongx direction, T� is temperature,
s� is shear stress and q; b;l; g;r;B0;r�; k� are density, thermal
expansion coefficient, dynamic viscosity, gravitational force, elec-
trical conductivity, magnetic field factor, Stefan–Boltzman and
absorption coefficient respectively. Here k0 is porosity and k1 is
the thermal conductivity. The boundary conditions are:

uðy�;0Þ ¼ @u�ðy�;0Þ
@t�

¼ 0 y� > 0; ð14Þ



Fig. 1. Geometric representation of the problem.
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u�ð0; t�Þ ¼ At�b þ #� @u
�

@y�

����
y�¼0

� f�
@2u
@y2

�����
y�¼0

; ð15Þ

u�ðy�; t�Þ; @u
�ðy�; t�Þ
@y�

! 0; y� ! 1; t� > 0 ð16Þ

T�ðy�;0Þ ¼ T1;

T�ð0; t�Þ ¼ Tw;

T�ðy�; t�Þ ¼ T1; y� ! 1 ð17Þ
where #�; zeta�; is first and second order slip parameters respec-
tively. We utilize the following dimensionless variables in the gov-
erning equations:

u ¼ u�

ðAmbÞ 1
2bþ1

; y ¼ y�ðAmbÞ 1
2bþ1

m
; t ¼ t�ðAmbÞ 2

2bþ1

m
;M ¼ M�m

ðAmbÞ 2
2bþ1

;

k ¼ k�
ðAmbÞ 2

2bþ1

m

 !a

; # ¼ #�ðAmbÞ 1
2bþ1

m
; f ¼ f�ðAmbÞ 2

2bþ1

m2
;

s ¼ s�

qðAmbÞ 2
2bþ1

; h ¼ T� � T1
Tw � T1

:

ð18Þ

After non-dimensionalization, Eqs. (11)–(13) may be written as:

ð1þ kDa
t Þsðy; tÞ ¼

@uðy; tÞ
@y

; ð19Þ

ð1þ kDa
t Þ
@uðy; tÞ

@t
¼ @2uðy; tÞ

@y2
�Mð1þ kDa

t Þuðy; tÞ � Kuðy; tÞ

þ ð1þ kDa
t ÞGrh; ð20Þ

Preff
@ah
@ta

¼ @2h
@y2

; ð21Þ

where

M ¼ rB2
0q;Gr ¼

cbgðTw � T1Þ
ðAmbÞ 3

2bþ1

;Nr ¼ 16rT3
1

3k1k
� ;

K ¼ m2

k0ðAmbÞ
2

2bþ1

;Pr ¼ lcp
k1

;Preff ¼ Pr
1þ Nr

;

are magnetic parameter, Grashoff number, radiation parameter,
porosity parameter and effective Prandtl number. Eqs. (15)-(17)
become:

uðy;0Þ ¼ @uðy;0Þ
@t

¼ 0 y > 0; ð22Þ

uð0; tÞ ¼ tb þ #
@u
@y

����
y¼0

� f
@2u
@y2

�����
y¼0

; ð23Þ

uðy; tÞ; @uðy; tÞ
@y

! 0; y ! 1; t > 0; ð24Þ

hðy;0Þ ¼ 0;
hð0; tÞ ¼ 1;
hðy; tÞ ¼ 0; y ! 1: ð25Þ
4. Method of solution

The fractional differential equations are solved via semi analyt-
ical Laplace transform technique. Numerical inverse Laplace trans-
form technique is applied to acquire the solutions of temperature,
velocity and shear stress. Let us define Lfuðy; tÞg ¼ �uy; sÞ; and s
denotes the transform parameter.

4.1. Temperature

Applying Laplace transform to Eq. (21) and using Eq. (25), we
acquire:

Preff sa�hðy; sÞ ¼ @2�hðy; sÞ
@y2

ð26Þ

�hð0; sÞ ¼ 0; �hð1; sÞ ¼ 1
s
; ð27Þ

with solution:

�hðy; sÞ ¼ 1
s
e
�y

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Preff gammas

sþalphagamma

q
; ð28Þ

with its inverse Laplace transform for 0 < a < 1
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hðy; tÞ ¼ 1� 2Preffc
p

Z 1

0

sin yx
qPreffcþ q2Þ e

� actq2
Preff cþqdq; ð29Þ

where c ¼ 1
1�a. The Nusselt number is evaluated as:

Nu ¼ �@hðy; tÞ
@y

����
y¼0

¼ �L�1 @�hðy; sÞ
@y

����
y¼0

( )
;

¼ �L�1 1
s

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Preffcs
sþ ac

s( )
¼

ffiffiffiffiffiffiffiffiffiffiffiffi
Preffc

q
I0ðac2 tÞe�ðac2 tÞ; 0 < a < 1: ð30Þ
4.2. Velocity

Applying Laplace transform to Eq. (20) and using Eqs. (22)–(24),
we obtain:

@2�uðy;sÞ
@y2

�ððsþMÞð1þksaÞþKÞ�uðy;sÞ¼�ð1þksaÞGr�hðy;sÞ; ð31Þ
Fig. 2. Temperature profile comparison for Tzou’s and Stehfest’s algorithm.

Fig. 3. Velocity profile comparison for Tzou’s and Stehfest’s algorithm.
4.3. Subject to the boundary conditions

uð0; tÞ ¼ 1
sb þ 1

þ #
@�u
@y

����
y¼0

� f
@2�u
@y2

�����
y¼0

; ð32Þ

�uðy; sÞ; @�uðy; sÞ
@y

! 0; y ! 1; ð33Þ

�uðy; sÞ ¼ f 1
sbþ1 � # 1

s A
ffiffiffi
B

p
þ f 1

s AB� A
sg

f1þ #
ffiffiffi
C

p
þ fCg e�y

ffiffi
C

p

� ð1þ ksaÞGr
sðBþ ð1þ ksaÞ ffiffiffi

B
p �Mð1þ ksaÞ � KÞ e

�y
ffiffi
B

p
; ð34Þ

where

A ¼ � ð1þ ksaÞGr
ðPreff cssþac þ ð1þ ksaÞ

ffiffiffiffiffiffiffiffiffiffi
Preff cs
sþac

q
�Mð1þ ksaÞ � KÞ

; B ¼ Preffcs
sþ ac

;

C ¼ ððsþMÞð1þ ksaÞ þ KÞ
Fig. 5. Temperature profile for variation of Prandtl number Pr.

Fig. 4. Shear stress profile comparison for Tzou’s and Stehfest’s algorithm.
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Taking Laplace transform of Eq. (14), the shear stress in trans-

form domain can be expressed as:

�sðy; sÞ ¼ � 1
ð1þ ksaÞ

ffiffiffi
C

p
f 1
sbþ1 � # 1

s A
ffiffiffi
B

p þ f 1
s AB� A

sg
f1þ #

ffiffiffi
C

p
þ fCg e�y

ffiffi
C

p
(

�
ffiffiffi
B

p
ð1þ ksaÞGr

sðBþ ð1þ ksaÞ
ffiffiffi
B

p
�Mð1þ ksaÞ � KÞ e

�y
ffiffi
B

p
)
: ð35Þ

Due to complexity of Eqs. (24) and (35), we use numerical
Inverse Laplace transform using Stehfest’s algorithm (Stehfest,
1970) and compared with Tzou’s algorithm (Tzou and Puri,
1997). The solution for Stehfest’s algorithm is:

uðy; tÞ ¼ lnð2Þ
t

X2n
j¼1

ð�1Þjþn
XðjþnÞ�jj�nj

2

l¼floor jþ1
2ð Þ

inð2lÞ
ðn� 1Þlðl� 1Þðj� 1Þð2l� jÞ
� �

u

0
B@
2
64

y;
j lnð2Þ

t

� 	!#
; ð36Þ
Fig. 6. Temperature profile for variation of fractional parameter a.

Fig. 7. Velocity profile for variation of Grashoff number Gr.
where the parameter n is called ‘‘Stehfest number” and should be
even. The solution for Tzou’s algorithm is given as:

uðy; tÞ ¼ e4:7

2
u y; 4:7t

 �
2

þ Re
XN1
q¼1

ð�1Þqu y;
4:7þ npi

t

� 	 ! !
: ð37Þ

where N1 is a natural number ðN1 >> 1Þ, Reð�Þ denotes the real part
and i is the imaginary unit (Stehfest, 1970).
5. Results and discussion

In the present study, heat transfer flow of a generalized Max-
well fluid with magnetic force, porosity and second order slip
effects are inspected. The problem is modeled in terms of coupled
PDEs. Some non-dimensional variables are introduced to transform
Fig. 9. Velocity profile for variation of second order slip parameter f.

Fig. 8. Velocity profile for variation of first order slip parameter #.
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the PDEs to ordinary differential equations. Semi analytical and
numerical Inverse Laplace transform technique is used to solve
the problem. Graphical and tabular comparison between the two
algorithms is made. Effect of various parameters is presented via
graphs.

In (Figs. 2–4), the present results for solution of velocity and
shear stress obtained via Stehfest’s and Tzou’s algorithms are com-
pared. Both graphs show the validation of the present results. Here
we choose to use Stehfest’s algorithm for our results as this
algorithm is highly accurate and stable Method which is widely
used in engineering.

Fig. 5 depicts the impact of Prandtl number, Pr, on the temper-
ature of fluid for Stehfest’s algorithm. The temperature is decreas-
ing function of Pr. Physically, the increase in Prandtl number
minimizes viscosity which reduces thermal boundary layer. Fig. 6
illustrates the impact of fractional parameter, a, on the tempera-
Fig. 10. Velocity profile for variation of fractional parameter a.

Fig. 11. Velocity profile for variation of Magnetic parameter M.
ture field for Stehfest’s algorithm. The result obtained shows that
increasing fractional parameter values leads to an increase in tem-
perature of the fluid.

Fig. 7 depicts the behavior of velocity field with varying Grash-
off number for Stehfest’s algorithm. Velocity field is an increasing
function of Grashoff number due to dominant buoyancy force.
The velocity field is zero at Gr ¼ 0; showing that the fluid flows
due to buoyancy force. Fig. 8 shows that velocity field is a decreas-
ing function of first order slip parameter, #. The fluid velocity is
lowest for highest value of first order slip parameter.

Fig. 9 explains velocity behavior with varying second order slip
parameter, f. Velocity of the fluid reduces with maximizing values
of f. Physically, reducing fluid velocity means Maxwell fluid’s vis-
cosity increases. The impact of fractional parameter on the velocity
profile are shown in Fig. 10. The velocity of Maxwell fluid decreases
with the increasing fractional parameter. Increasing value of
Fig. 12. Velocity profile for variation of Prandtl number Pr.

Fig. 13. Velocity profile for variation of relaxation time k.
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fractional parameter increases viscosity of fluids which leads to
decrease the velocity of the fluid. Fig. 11 illustrates the impact of
magnetic parameter, M on velocity profile. The increasing M tends
to decrease the velocity profile. The magnetic force (produced due
to external applied magnetic field) opposes velocity of the fluid.
The graph for Prandtl number for both algorithms is sketched in
Fig. 12. Prandtl number, Pr, one of the important parameter in fluid
dynamics, is the ratio of momentum to thermal diffusivity. Veloc-
ity of fluid minimizes with increasing Prandtl number and has
greater velocity at zero Prandtl number. Momentum diffusivity
becomes dominant than thermal diffusivity when Prandtl number
increases. Therefore, momentum diffusivity leads to decrease the
fluid velocity.

Fig. 13 depicts the variation of fluid velocity with relaxation
time, k. Velocity shows the same decreasing behavior with increas-
Fig. 14. Velocity profile for variation of porosity parameter K.

Fig. 15. Velocity profile for variation of magnetic parameter M for constant
K ¼ 0:03.
ing values of relaxation time. Fig. 14 illustrates that velocity of the
fluid maximizes with increasing porosity parameter. The greater
the porosity parameter is, the faster the fluid flows. Figs. 15 and
16 depict the impact of variation of M on velocity of the fluid for
constant values ðK ¼ 0:03Þ and ðK ¼ 0:04Þ respectively. The veloc-
ity decreases with increasing magnetic effects and the fluid veloc-
ity is greater for ðK ¼ 0:04Þ compared to ðK ¼ 0:03Þ. Figs. 17 and 18
illustrate the variation of fluid velocity with variation of porosity
parameter, K; while considering maximum and minimum values
for magnetic parameter, ðM ¼ 0:5Þ and ðM ¼ 3Þ. The fluid flows fas-
ter at ðM ¼ 0:5Þ while the velocity is lower under greater effect of
magnetic field with ðM ¼ 3Þ, as the magnetic forces retard the fluid
flow.

The variation of shear stress with first order slip parameter, #; is
shown in Fig. 19. The shear stress is increasing function of #. Fig. 19
Fig. 16. Velocity profile for variation of magnetic parameter M for constant
K ¼ 0:04.

Fig. 17. Velocity profile for variation of porosity parameter K for constant M ¼ 0:5.



Fig. 19. Shear stress profile for variation of first order slip parameter #.

Fig. 18. Velocity profile for variation of porosity parameter K for constant M ¼ 3. Fig. 20. Shear stress profile for variation of relaxation time k.

Fig. 21. Shear stress profile for variation of second order slip parameter f.

Table 1
Comparison of numerical inverse laplace transform for temperature by Stehfest’s and
Tzou’s algorithm.

y 0 0.1 0.2 0.3 0.4 0.5 0.6

hðy; tÞ[Stehfest’s] 1 0.662 0.434 0.28 0.182 0.0117 0.075
hðy; tÞ [Tzou’s] 1 0.661 0.432 0.28 0.18 0.0114 0.072

Table 2
Numerical inverse Laplace transform for velocity by Stehfest’s and Tzou’s algorithm.

y 0 0.1 0.2 0.3 0.4 0.5 0.6

uðy; tÞ [Stehfest’s] 1.949 1.24 0.842 0.608 0.46 0.38 0.318
uðy; tÞ [Tzou’s] 1.954 1.23 0.832 0.603 0.46 0.38 0.318
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shows that shear stress is smaller in the absence of first order slip
parameter, #. Fig. 20 depicts the behavior of shear stress with vari-
ation in relaxation time. The shear stress is increasing with increas-
ing relaxation time in the presence of slip parameters. The
variation is significant near the plate while at some distance from
the plate there is no change in the shear stress. Fig. 21 depicts that
shear stress is an increasing function of second order slip parame-
ter in the presence of first order slip parameter. Moreover, shear
stress is smaller in the absence of second order slip parameter, f;
while maximizes with increasing values of f . This variation is
effective near the plate and after y ¼ 1, there is no variation in
the shear stress. The numerical comparison for temperature is pre-
sented in Table 1 for the sake of validation while numerical com-
parison for velocity solution is shown in Table 2 at various
distances of the plate. To establish the validation for shear stress,



Table 3
Numerical inverse Laplace transform for shear stress by Stehfest’s and Tzou’s
algorithm.

y 0 0.1 0.2 0.3 0.4 0.5 0.6

uðy; tÞ [Stehfest’s] �0.607 �0.406 �0.81 �0.505 �0.331 �0.231 �0.171
uðy; tÞ [Tzou’s] �0.601 �0.40 �0.811 �0.506 �0.332 �0.231 �0.172

458 S. Aman et al. / Journal of King Saud University – Science 32 (2020) 450–458
a comparison is made in Table. 3. It is concluded that the results
are validated through these illustrations.
6. Conclusion

In this study, a generalized Maxwell fluid with second order slip
effect is investigated and the problemwas solved via Laplace trans-
form and Numerical Inverse Laplace transform. The solution is
compared for two numerical algorithms namely Tzou’s and
Stehfest’s algorithms and we choose Stehfest’s algorithm to solve
the problem. Furthermore, the results are illustrated via graphs
and we concluded that velocity and shear stress are smaller in
the presence of slip parameters. The Fluid flow increases gradually
with porosity parameter. For the sake of accuracy, we compared
the results of two algorithms graphically and numerically for tem-
perature, velocity and shear stress.
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