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Abstract
This research provides the analysis of an analytical method named Homotopy analysis method which is applied to examine 
the series solutions/results on the thermal boundary layer flow over an extend-ing wedge. The wedge is considered to be 
absorptive with the existence of Ohmic heating and thermal radiation. The problem is non-dimensionalized by implement-
ing similarity variables. Finally and more generally some figures are sketched to demonstrate the accuracy of the applied 
method and pertinent parameters such as MHD, Prandtl number, suction/injection C parameter, mixed convective parameter, 
Eckert Ec number and radiation parameter are presented. An attractive chance is attained when our achieved calculations are 
compared with already existing results in a limiting case; hence, dependable outcomes are being reflected.

Keywords Fluid mechanics · Mixed convection · Ohmic heating · Radiation · Stretching wedge · Suction/injection

Abbreviations
Ω  Wedge angle parameter
Tw  Temperature of the wall
T∞  Temperature of free stream
Pr  Prandtl number
�  Fluid dynamic viscosity (Pas)

�  Fluid kinematic viscosity
g  Gravitational acceleration
Nr  Radiation parameter
�  Thermal expansion coefficient
k  Thermal conductivity of the fluid (W  m−1  K−1)
�  Electrical conductivity of the fluid,
�  Density of fluid (kg  m−3)
B0  Magnetic field
C  Mass Transfer
Cp  Specific heat (J  kg−1  K−1)
Ec  Eckert number
δ  Casson fluid parameter
U  Free stream velocity
�  Dimensionless temperature
M  MHD
Gr  Grashof number
Re  Reynolds number
�∗  Stefan-Boltzman constant
k∗  Spectral mean absorption Coefficient
�  Mixed convection parameter

Introduction

The study of magnetohydrodynamics (MHD) flow problems 
is frequently encountered in industry, geography, oceanogra-
phy, binary alloy solidification and drying phase, mixed con-
vection flow convicted by instantaneous action of buoyancy 
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forces because mass and thermal diffusion attract the atten-
tion of many scientists and researchers. Moreover, in MHD 
pumps, liquid metals, MHD power generators, ionized gases, 
etc, the magnetic field effects on mixed convection flows are 
noteworthy. The thermal behaviour of the MHD problem 
with viscous dissipation in power engineering and metal-
working procedures gain more interest. Many researchers 
discussed the mixed convection MHD flow above a verti-
cal stretching sheet and they examined the special effects 
of heat generation in inclined inclusion under the impact 
of a magnetic field [1, 8]. Theoretical/experimental reviews 
have been performed on mixed convective and heat transfer 
characteristics within boundary layer flow above a wedge 
in the existence of uniform injection or suction. Mention 
can be made to the updated/recent reviews/research [9, 15]. 
A mixed convective flow model ended with a wedge sur-
rounded by a porous medium analyzed by Vargas et al. [16]. 
They obtained non-matching results for multiple wedge 
angles by using three distinct approaches. The approximate 
values of a steady, laminar mixed convective flow past a 
porous wedge are obtained by using the Keller-box method 
[17]. Menni et al. [18, 21] frequently investigated the heat 
transfer properties in nanofluids with different geometries. 
Several researchers investigated non-Newtonian models 
such as Maxwell [22], Walter-B [23], Second grade [24], 
Williamson, Carreau and Micropolar fluid [25, 27]. Non-
Newtonian fluids take the interest of many researchers due 
to their applications and compound structure and one of the 
emerging fluids is the Casson fluid. Numerical solutions are 
obtained for the 3D unsteady MHD flow of Casson fluid 
with radiation and Hall effects of Casson fluid [28]. The 
mechanisms of Brownian diffusion and thermophoresis 
in Casson fluid were analyzed in the study of Imranullah 
et al. [29]. Furthermore, the exact and analytical solutions 
of oscillatory plate problems of Casson fluid were obtained 
by Khalid et al. [30, 31]. Siddiqa et al. [32] explored the 
flow of Casson dusty models through radiating wavy cones. 
A 2D chemically reacting Casson and Maxwell fluid’s flow 
was investigated in the study of Kumar et al. [33]. Numeri-
cal simulations of unstable 3D hydromagnetic Cas-son fluid 
flow with radiation and Hall influence discussed by Prasad 
et al. [34].

To find the numerical results of the query, the Spectral 
quasi liberalization method was used by them. The impacts 
of heat generation absorption, the chemical reaction on the 
Casson fluid flow past exponentially vertical sheets with 
ramped surface and wall concentrations surrounded in a 
porous medium is studied by Kataria and Patel et al. [35]. 
They use the Laplace transformation method to solve the 
model problem. Radiation and viscous dissipation effects 
are important in various fields of study. Significant tem-
perature rates are found in polymer production flows, for 
instance, injection modeling where some types of nuclear, 

mechanical, electrical, or chemical engineering are trans-
formed at a high rate. Yih [36] discussed the impact of radia-
tion on mixed convective past an isothermal wedge through 
a porous medium and he obtained numerical results of the 
problem. The impact of thermal radiation with a heat source 
or sink on the forced convection flow of MHD near a non-
isothermal wedge discussed by Chamkha et al.[37].

They used an iterative, tri-diagonal finite difference 
approach to achieve the solutions. Odat et al. [38] addressed 
the radiation impacts on a mixed convective flow in a non-
Darcy poriferous medium over a wedge and they only found 
the forced and free convection cases by applying the Keller 
box method. The Hiemenz flow over a permeable wedge 
with thermophoresis influence on mass and heat transfer 
with the chemical reaction is solved in the existence of heat 
radiation by using the HAM [39]. The radiation impact on 
a forced convective flow around a wedge is measured using 
the Keller-box method [40]. The impact of thermal radia-
tion and temperature-dependent viscosity on MHD forced 
convection past a non-isothermal wedge discussed by Pal 
and Mondal [41]. They use the shooting method with the 
RK- Fehlberg scheme to obtain the solutions. The influence 
of varying fluid viscosity and radiation on heat transport 
and fluid flow along asymmetric wedge was discussed by 
Mukhopadhyay [42]. She considered fluid viscosity as a 
linear function of temperature to achieve numerical solu-
tions. Su et al. [43] used the differential transform method 
to find the series solution of MHD mixed convective heat 
transfer problem with ohmic heating and thermal radiation. 
Many researchers investigate the MHD mixed convection 
heat transfer over a poriferous extended wedge with ohmic 
heating and caloric radiation. However, this system comes to 
nothing for unbounded domains. A convergent series solu-
tion is obtained for MHD viscoelastic flow models over a 
permeable wedge with caloric radiation [44].

The consequence of heat generation absorption and 
caloric radiation on the MHD flow of a micropolar fluid 
with heat transfer past over a wedge with Hall slip and 
ion conditions were studied by Uddin et al. [45]. The non-
dimensionalized system of ODEs is solved by Shooting and 
R-K methods. The viscous dissipation effects in natural con-
vection are discussed in the results obtained by Gebhart [46]. 
The impact of viscous dissipation and chemical reaction on 
MHD free convective flow past an infinite vertical plate with 
radiation that began impulsively analyzed by Jitender et al. 
[47]. Moreover, mathematical modeling and analytical/simu-
lation of the different type of equations are investigated with 
the help of some new fractional derivatives and fractional-
fractal operators [48, 50]

The combined consequences of viscous dissipation and 
radiative mixed convective with heat transfer characteris-
tics on the MHD Casson model in the existence of suction 
or injection over an extended permeable wedge have not 
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yet been studied by any researcher. Therefore, we intend 
to study MHD mixed convection Casson model flow with 
ohmic heating and radiation over a permeable stretching 
porous wedge. The highly non-linear governing equations 
involved in this study are transformed into coupled non-
linear equations with the aid of similarity transformations. 
A comprehensive analysis has been done to measure the 
impact of important parameters on velocity and tempera-
ture profiles using the HAM [51]. This method has been 
extensively utilized by many researchers. Mentioned can be 
made to the works of [52, 54]. This method has advantages 
over some other methods like homotpy perturbation method 
[55, 58], Taylor series method [59, 60], VIM [61, 62], a 
local meshless technique [63, 64] because HAM does not 
depend on small/large values of involved parameters. The 
other method gives a divergent solution when the domain 
becomes unbounded. Some of the important parameters are 
Casson fluid, porosity, radiation and magnetism, suction 
injection and mixed convection. Moreover, the effects on 
the Nusselt number and the skin friction coefficients are also 
discussed. Which are highly used in emerging engineering 
interest quantities. Su et al. [43] solve the problem for vis-
cous fluid and obtained the solution using Taylor series and 
showed that this method gives divergent solutions when the 
domain goes infinity.

The content of the article is as follows. Section  2 
addresses the problem development, Solution procedure and 
convergence are described in Sect. 3. Section 4 highlights 
the effects of parameters on the profiles of velocity and tem-
perature. Section 5 discloses the impact of parameters on 
surface drag force and Nusselt number. Finally, the conclu-
sion is given in Sect. 6.

Problem development

The primary equations of MHD mixed convective flow for 
Casson fluid are continuity, momentum and energy. It is 
decided that the flow occurs under the impact of an out-
wardly applied magnetics field toward the axial direction. 
The important equations of the model might be classified 
in the Cartesian coordinates(x, y) by this supposition. The 
wedge is stretched with Uw velocity. The velocity U away 
from the surface/wedge. Tw expressed the wall temperature. 
The temperature of fluid away from the wedge is expressed 
by T∞ . Such type of flow is encountered in the medial open-
ing wedge [65]. Mass, momentum and energy are defined as:

(1)
�u

�x
+

�v

�y
= 0,

with boundary conditions

where

Rosseland approximation is expressed by qr =
−4�∗

3�∗

�T4

�y
 

(where �∗ denotes Stefan-Boltzman constant, �∗ absorption 
coefficient). T4 may be expressed using Taylor’s series. Esca-
lating T4 about T∞ and ignoring higher order terms takes 
T4 = 4T3

∞
T − 3T4

∞
. Under such supposition we obtain 

qr =
−16T3

∞
�∗

3�∗

�T

�y
 . Implementing the following variables:

� is defined by

The continuity equation is also satisfied by Eq. (7), therefore, 
from Eqs. (2) and (3) we have

with (4) and (5) express by

(2)
u
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(4)
T(x, y) = Tw, u(x, y) = Uw, v(x, 0) = vw, y → 0

u(x, y) = U, T(x, y) = T∞ as y → ∞

(5)
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(
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(10)
f �(∞) = 1, f �(0) = R, �(0) = 1, f (0) = C, �(∞) = 0.
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Since primes signify the differentiation concerning for � , 
M, Grx , � , C, R, Ec, Pr and � is dimensionless. These are 
express by

Engineering interest

It is defined as Cf =
�w

�U2
 where �w =

�

�B +
Py
√

2�

�

(�u∕�y)y=0 
and Nux =

xqw

�(Tw−T∞)
 where qw = −�(�T∕�y)y=0.

Finally we have

(11)

Grx =
g�0(TW − T∞)x

3

�2
, Rex =

Ux

�
Ec =

U2

cp(TW − T∞)
Pr =

�cp

�

M =
�B2

0

�U0

, � =
Grx

ℜ2
x

,Nr =
16T3

∞
�0

3k∗�

(12)R
1

2

e Cf =
(

1 +
1

δ

)

f
��

(0), and Re−
1

2Nu = −�
�

(0).

Solution procedure and convergence 
confirmation

Computations have been carried out for the Eqs. (8–10) 
using the homotopy analysis technique for several values 
of emerging parameters [51]. Results of R

−
1

2

e Cf
 achieved by 

HAM are compared with the numerical results obtained by 
[36, 44, 66]. It is noted that the achieved results have a won-
derful agreement with each other and hereafter authenticate 
our solution method. In this technique, auxiliary variables 
ℏ plays a central and valuable role in the convergence of 
HAM solutions. Figure 1 portrays the combined ℏ curves 
of momentum and temperature equations. The horizon-
tal line ranges of momentum and temperature curves are 
−0.4 ≤ f

��

(0) ≤ −0.1, −0.4 ≤ �(�) ≤ −0.1 . Comparison of the 
values of R

−
1

2

e Cf
 when δ = ∞, � = 0,m = 1, R = 0 = M , are 

listed in Table. 1 for various values of C. From this table, 
Homotopy-Pade findings are found in magnificent agreement 
which shows the authentication of the present technique.

Table 1  Comparison of present 
results with previous studies 
for various values of C, and 
when δ = ∞, � = 0,m = 1, 
R = 0 = M

C  Numerical DTM-BF Numerical HAM-Pade

Ishak et al. [66] Yih [36] Su et al. [43] Su et al. [43] Present results

1.0 1.8893 1.88931 1.889283054 1.889313587 1.889318145
− 1.0 0.7566 0.75658 0.756379208 0.758557091 0.7565751190
− 0.5 0.9692 0.96923 0.969357017 0.969229466 0.9692293788
0.0 1.2326 1.23259 1.233501042 1.232587947 1.232587225
0.5 1.5418 1.54175 1.541985282 1.541750966 1.541748726

2

1

0

–1

–2
–0.4–0.5 –0.3 –0.2 –0.1 0.0 0.1

M = 1, m = 0.2, γ = 0.1, Pr = 1,
Nr = 1, Ec = 0.1, λ = 1, δ = 0.2

 , ̄hθ

f "    (0)

(Rex)
–1/2 Nux

f " , (
R

e x)—1
/2
 N

u x

h̄f

Fig. 1  ℏ-curves for f ��(0)

δ  = 0.5, 5, 10, ∞, R = 2

δ  = 0.5, 5, 10, ∞, R = 0.1
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Fig. 2  Trends of fluid velocity via δ



Flow and thermal study of MHD Casson fluid past a moving stretching porous wedge  

1 3

Velocity and temperature profile for several 
parameters

Figures 2–17 are sketched to explain the aftermaths of 
miscellaneous parameters on fascinated fields. Figure 2 is 

sketched to see the effects of Casson fluid parameter δ when 
R = 2 i-e wedge stretches faster and R = 0.1 means wedge 
stretches slower. It is noted that for R < 1 as increases the 
velocity increases but for R > 1 it shows opposite behaviour. 
Figure 3 is prepared to see the effect of MHD M when R > 1 

Nr = 0.2, Ec = 0.2, m = 0.2, C = 1,
Pr = 1, λ = 0.8, δ = 0.1

M = 0, 5, 10, R = 0.1

M = 0.5, 10, R = 2

0 1 2 3 4 5 6
η

2.0

1.5

1.0

0.5

f'   /
η

Fig. 3  Trends of fluid velocity via M and R 
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M = 5
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Fig. 4  Temperature profiles via M and R 
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η
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Fig. 5  Trends of fluid velocity via � and R 
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Fig. 6  Temperature profiles via � and R 
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or R < 1 . The f �(�) declines with enhancement in values M 
when with the rise in M values the f �(�) profiles decrease, 
whereas for R = 0.1 , we have the reverse behavior. Impact 
of M for R = 2 and R = 0.1 , �(�) are sketched in Fig. 4. It is 

remarkable to note that when the trends decrease as MHD 
becomes larger but when R > 1 the �(�) increases as we 
increase the value of M. Figure 5 depicts the f �(�) for dif-
ferent values of � parameter when R = 1.1 or R = 1∕2 . The 

η  θ/

η
0

1.0

0.8

0.6

0.4

0.2

0.0
1 2 3 4 5

Nr = 1, Ec = 0.1,
M = 1, m = 0.2, C = 0.5, Pr = 1,

   = 1,δ  λ = 1

R = 0, 0.5, 1, 1.5, 2

Fig. 9  Temperature profiles via R 
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λ = 0.8,    = 0.1δ  

η
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Fig. 10  Trends of fluid velocity via C and R 
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Fig. 11  Temperature velocity profiles via C and R 
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Fig. 12  Trends of fluid velocity via Nr 
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Fig. 13  Temperature velocity profiles via Nr 
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Fig. 14  Trends of fluid velocity via Ec 



Flow and thermal study of MHD Casson fluid past a moving stretching porous wedge  

1 3

trends of velocity rise firstly and then decreases as increas-
ing the wedge angle parameter for R = 1.1 or R = 1∕2 . The 
impact of � wedge angle on �(�) are sketched in Fig. 6, and 

it is noted that a rise in leads to a decline in �(�) for R = 1∕2 . 
Moreover, various values of mixed convection parameters 
for R < 0.5 or R > 1 give the velocity variation as observed 
from Fig. 7.

For assisting flow velocity increases for both the values of 
R but for opposing flow, the fluid velocity declines for both 
the values of R. Figures 8 and 9 portrait the impact of R on 
�(�) and f �(�) . A rise in R leads to the escalation of veloc-
ity and decreases the boundary layer thickness. However, 
temperature profiles exhibit a decreasing behavior with an 
increase in R. Suction/injection parameter C effects are dis-
played in Figs. 10 and 11. For R = 0.5 and with the escala-
tion in C the fluid velocity rises but for R = 1.5 it decreases. 
The impact of different parameters such as Ec, Nr and Pr 
on temperature and velocity profiles shown in Figs. 12–17. 
It is noted that the increase in Ec or Pr results in a decrease 
in temperature and velocity profiles, whereas the impact of 
the Nr parameter is found to be the opposite.

Nr = 0.2, m = 0.2, C = 1, M = 1, 
Pr = 1, � = 0.8, � = 0.1, R = 0.2

Ec = 0, 0.5, 1, 1.5
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Fig. 15  Temperature velocity profiles via Ec 
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Fig. 16  Trends of fluid velocity via Pr
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Fig. 17  Temperature velocity profiles via Pr
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Skin friction and temperature coefficient 
for several parameters

The influence of M on Re
−1

2 Nu is observed in Fig. 18 and it is 
clear that as we increase M the Re

−1

2 Nu increases for R < 1 . 

The impact of � on Re−
1

2Cf
 is shown in Fig. 19. If we divide 

this Figure between R < 1 and R > 1 , we found an opposite 
behavior as values are increased. Figure 20 is prepared to 
see the influence of � on Re

−1

2 Nu . Here, it is noted that as we 
increase � the Re

−1

2 Nu also increases. The influence of Nr 
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on Re
1

2Cf
 and Re

−1

2 Nu is sketched in Figs. 21 and 22. Both 
Re

−
1

2Cf
 and Re

−1

2 Nu decreases as the values of Nr increased. 
Figures 23 and 24 are made to see the influence of Cas-
son fluid parameter δ on Re−

1

2Cf
 for R < 1 and R > 1 . When 

wedge stretches slow R < 1 a rise in the value decreases skin 
friction and when the wedge stretches faster R > 1 we found 
an opposite behavior. Figure 25 is made to see the impact of 
on Nusselt number when R = 0.2. The increase in δ values 
decreases the Re

−1

2 Nu number.

Conclusions

Convergent series/analytic solutions are obtained by the 
homotopy analysis method (HAM). From the figures and 
tables, we conclude the main investigations as follows:

• An increase in M reduces the momentum boundary layer 
thickness as R < 1 or R > 1.

• When R = 1.1 or R = 0.5 the velocity gradually attains 
the peak values but then decays to the free stream veloc-
ity with the escalation of �.

• The �(�) boundary layer width declines as we increase 
the value of �.

• As R → 1 , f �(�) has the highest value and the boundary 
layer is thin.

• f �(�) velocity and �(�) boundary layer width reduce with 
the rise of R.

• As R < 1∕R > 1 , injection rises the �(�) and f �(�) layer 
width, whereas suction has a reverse impact on the 
boundary layer.

• Skin friction for R < 1 decreases as it increases. However, 
it increases for R > 1 as we increased.

• When R = 0.2 < 1 , the Nusselt number decreases as we 
increase the values of δ.

• The skin friction enhances but Nusselt number decline 
as Nr upsurges.

Acknowledgements The author Dr. Majid Hussain acknowledge the 
financial support provided by the Higher Education Commission Paki-
stan, under National Research Program for Universities No: 9145/Pun-
jab/NRPU/R&D/HEC/ 2017, for this work.

References

 1. Agrawal P, Dadheech PK, Jat RN, Bohra M, Nisar KS, Khan I. Lie 
similarity analysis of MHD flow past a stretching surface embed-
ded in porous medium along with imposed heat source/sink and 
variable viscosity. J Mater Res Technol. 2020;9(5):10045–53. 
https:// doi. org/ 10. 1016/j. jmrt. 2020. 07. 023.

 2. Irfan M, Farooq MA. Thermophoretic MHD free stream flow with 
variable internal heat generation/absorption and variable liquid 
characteristics in a permeable medium over a radiative exponen-
tially stretching sheet. J Mater Res Technol. 2020;9(3):4855–66. 
https:// doi. org/ 10. 1016/j. jmrt. 2020. 03. 005.

 3. Khan U, Zaib A, Khan I, Nisar KS. Activation energy on MHD 
flow of titanium alloy (Ti6Al4V) nanoparticle along with a cross 
flow and streamwise direction with binary chemical reaction 
and non-linear radiation: Dual Solutions. J Mater Res Technol. 
2020;9(1):188–99. https:// doi. org/ 10. 1016/j. jmrt. 2019. 10. 044.

 4. Akgül A, Siddique I. Analysis of MHD Couette flow by frac-
tal-fractional differential operators. Chaos Solitons Fractals. 
2021;1(146):110893. https:// doi. org/ 10. 1016/j. chaos. 2021. 
110893.

 5. Ikram MD, Imran MA, Chu YM, Akgul A. MHD flow of a New-
tonian fluid in symmetric channel with ABC fractional model 
containing hybrid nanoparticles. Comb Chem High Throughput 
Screen. 2021. https:// doi. org/ 10. 2174/ 13862 07324 66621 04121 
22544.

 6. Siddique I, Akgul A. Analysis of MHD generalized first problem 
of Stokes in view of local and non-local fractal fractional dif-
ferential operators. Chaos Solitons Fractals. 2021;140:110161. 
https:// doi. org/ 10. 1016/j. chaos. 2020. 110161.

 7. Asjad MI, Ikram MD, Akgul A. Analysis of MHD viscous fluid 
flow through porous medium with novel power law fractional 
differential operator. Phys Scr. 2020;95(11):115209.

 8. Hashemi MS, Akgul A. On the MHD boundary layer flow with 
diffusion and chemical reaction over a porous flat plate with suc-
tion/blowing: two reliable methods. Eng Comput. 2019;29:1–2. 
https:// doi. org/ 10. 1007/ s00366- 019- 00876-0.

 9. Watanabe T, Funazaki K, Taniguchi H. Theoretical analysis 
on mixed convection boundary layer flow over a wedge with 
uniform suction or injection. Acta Mech. 1994;105(1):133–41. 
https:// doi. org/ 10. 1007/ BF011 83947.

 10. Kasaeian A, Daneshazarian R, Mahian O, Kolsi L, Chamkha 
AJ, Wongwises S, Pop I. Nanofluid flow and heat transfer in 
porous media: a review of the latest developments. Int J Heat 
Mass Transf. 2017;1(107):778–91. https:// doi. org/ 10. 1016/j. 
ijhea tmass trans fer. 2016. 11. 074.

 11. Menni Y, Azzi A, Chamkha AJ. A review of solar energy 
collectors: models and applications. J Appl Comput Mech. 
2018;4(4):375–401. https:// doi. org/ 10. 22055/ JACM. 2018. 
25686. 1286.

 12. Menni Y, Azzi A, Chamkha A. Enhancement of convective heat 
transfer in smooth air channels with wall-mounted obstacles in 
the flow path. J Therm Anal Calorim. 2019;135(4):1951–76. 
https:// doi. org/ 10. 1007/ s10973- 018- 7268-x.

 13. Sakhri N, Menni Y, Chamkha A, Salmi M, Ameur H. Earth 
to air heat exchanger and its applications in arid regions an 
updated review. Tecnica Italiana Ital J Eng Sci. 2020;64:83–90.

 14. Menni Y, Chamkha AJ, Ameur H. Advances of nanofluids in 
heat exchangers: a review. Heat Transf. 2020;49(8):4321–49. 
https:// doi. org/ 10. 1002/ htj. 21829.

 15. Ahmad I, Ahmad H, Inc M, Yao SW, Almohsen B. Applica-
tion of local meshless method for the solution of two term time 
fractional-order multi-dimensional PDE arising in heat and 
mass transfer. Thermal Sci. 2020;24(Suppl. 1):95–105. https:// 
doi. org/ 10. 2298/ TSCI2 0S109 5A.

 16. Vargas JV, Laursen TA, Bejan A. Nonsimilar solutions for 
mixed convection on a wedge embedded in a porous medium. 
Int J Heat Fluid Flow. 1995;16(3):211–6. https:// doi. org/ 10. 
1016/ 0142- 727X(95) 97182-R.

 17. Deswita L, Nazar R, Ishak A, Ahmad R, Pop I. Mixed convec-
tion boundary layer flow past a wedge with permeable walls. 

https://doi.org/10.1016/j.jmrt.2020.07.023
https://doi.org/10.1016/j.jmrt.2020.03.005
https://doi.org/10.1016/j.jmrt.2019.10.044
https://doi.org/10.1016/j.chaos.2021.110893
https://doi.org/10.1016/j.chaos.2021.110893
https://doi.org/10.2174/1386207324666210412122544
https://doi.org/10.2174/1386207324666210412122544
https://doi.org/10.1016/j.chaos.2020.110161
https://doi.org/10.1007/s00366-019-00876-0
https://doi.org/10.1007/BF01183947
https://doi.org/10.1016/j.ijheatmasstransfer.2016.11.074
https://doi.org/10.1016/j.ijheatmasstransfer.2016.11.074
https://doi.org/10.22055/JACM.2018.25686.1286
https://doi.org/10.22055/JACM.2018.25686.1286
https://doi.org/10.1007/s10973-018-7268-x
https://doi.org/10.1002/htj.21829
https://doi.org/10.2298/TSCI20S1095A
https://doi.org/10.2298/TSCI20S1095A
https://doi.org/10.1016/0142-727X(95)97182-R
https://doi.org/10.1016/0142-727X(95)97182-R


 M. Hussain et al.

1 3

Heat Mass Transf. 2010;46(8):1013–8. https:// doi. org/ 10. 1007/ 
s00231- 010- 0646-y.

 18. Menni Y, Chamkha AJ, Zidani C, Benyoucef B. Heat and nano-
fluid transfer in baffled channels of different outlet models Heat 
and nanofluid transfer in baffled channels of different outlet 
models. Math Model Eng Probl. 2019;6(1):21–8. https:// doi. 
org/ 10. 18280/ mmep. 060103.

 19. Menni Y, Chamkha AJ, Zidani C, Benyoucef B. Numerical 
analysis of heat and nanofluid mass transfer in a channel with 
detached and attached baffle plates numerical analysis of heat 
and nanofluid mass transfer in a channel with detached and 
attached baffle plates. Math Model Eng Probl. 2019;6(1):52–60. 
https:// doi. org/ 10. 18280/ mmep. 060107.

 20. Menni Y, Chamkha AJ, Ghazvini M, Ahmadi MH, Ameur H, 
Issakhov A, Inc M. Enhancement of the turbulent convective 
heat transfer in channels through the baffling technique and oil/
multiwalled carbon nanotube nanofluids. Numer Heat Transf 
Part A Appl. 2020;4:1–41. https:// doi. org/ 10. 1080/ 10407 782. 
2020. 18428 46.

 21. Ghalib MM, Zafar AA, Farman M, Akgül A, Ahmad MO, 
Ahmad A. Unsteady MHD flow of Maxwell fluid with Caputo-
Fabrizio non-integer derivative model having slip/non-slip fluid 
flow and Newtonian heating at the boundary. Indian J Phys. 
2021;3:1. https:// doi. org/ 10. 1007/ s12648- 020- 01937-7.

 22. Mehmood UO, Mustapha N, Shafie S. Nonlinear peristaltic flow 
of Walter’s B fluid in an asymmetric channel with heat trans-
fer and chemical reactions. Thermal Sci. 2014;18(4):1095–107. 
https:// doi. org/ 10. 2298/ TSCI1 10921 096M.

 23. Hayat T, Khan SA, Alsaedi A. Simulation and modeling of 
entropy optimized MHD flow of second grade fluid with dissipa-
tion effect. J Mater Res Technol. 2020;9(5):11993–2006. https:// 
doi. org/ 10. 1016/j. jmrt. 2020. 07. 067.

 24. Danish GA, Imran M, Tahir M, Waqas H, Asjad MI, Akgul A, 
Baleanu D. Effects of non-linear thermal radiation and chemical 
reaction on time dependent flow of Williamson nanofluid with 
combine electrical MHD and activation energy. J Appl Comput 
Mech. 2020. https:// doi. org/ 10. 22055/ JACM. 2020. 35122. 2568.

 25. Khan M, Sardar H. Heat generation/absorption and thermal radia-
tion impacts on three-dimensional flow of Carreau fluid with con-
vective heat transfer. J Mol Liq. 2018;15(272):474–80. https:// doi. 
org/ 10. 1016/j. molliq. 2018. 08. 088.

 26. Shah Z, Shutaywi M, Dawar A, Kumam P, Thounthong P, Islam 
S. Impact of Cattaneo-Christov heat flux on non-isothermal con-
vective micropolar fluid flow in a hall MHD generator system. J 
Mater Res Technol. 2020;9(3):5452–62. https:// doi. org/ 10. 1016/j. 
jmrt. 2020. 03. 071.

 27. Khan I, Ali F, Shafie S. Exact Solutions for Unsteady Magne-
tohydrodynamic oscillatory flow of a maxwell fluid in a porous 
medium. Zeitschrift fur Naturforschung A. 2013;68(10–11):635–
45. https:// doi. org/ 10. 5560/ zna. 2013- 0040.

 28. Nandkeolyar R. A numerical treatment of unsteady three-dimen-
sional hydromagnetic flow of a Casson fluid with Hall and radia-
tion effects. Results Phys. 2018;1(11):966–74. https:// doi. org/ 10. 
1016/j. rinp. 2018. 10. 041.

 29. Ullah I, Shafie S, Khan I, Hsiao KL. Brownian diffusion and ther-
mophoresis mechanisms in Casson fluid over a moving wedge. 
Results Phys. 2018;1(9):183–94. https:// doi. org/ 10. 1016/j. rinp. 
2018. 02. 021.

 30. Khalid A, Khan I, Khan A, Shafie S. Unsteady MHD free con-
vection flow of Casson fluid past over an oscillating vertical 
plate embedded in a porous medium. Int J Eng Sci Technol. 
2015;18(3):309–17. https:// doi. org/ 10. 1016/j. jestch. 2014. 12. 006.

 31. Khalid A, Khan I, Shafie S. Exact solutions for unsteady free 
convection flow of Casson fluid over an oscillating vertical plate 
with constant wall temperature. Abstract Appl Anal. 2015. https:// 
doi. org/ 10. 1155/ 2015/ 946350.

 32. Siddiqa S, Begum N, Ouazzi A, Hossain MA, Gorla RS. Heat 
transfer analysis of Casson dusty fluid flow along a verti-
cal wavy cone with radiating surface. Int J Heat Mass Transf. 
2018;1(127):589–96. https:// doi. org/ 10. 1016/j. ijhea tmass trans fer. 
2018. 08. 022.

 33. Kumar MS, Sandeep N, Kumar BR, Saleem S. A comparative 
study of chemically reacting 2D flow of Casson and Maxwell 
fluids. Alexandria Eng J. 2018;57(3):2027–34. https:// doi. org/ 10. 
1016/j. aej. 2017. 05. 010.

 34. Prasad KV, Vajravelu K, Vaidya H, Basha NZ, Umesh V. Ther-
mal and species concentration of MHD Casson fluid at a vertical 
sheet in the presence variable fluid properties. Ain Shams Eng J. 
2018;9(4):1763–79. https:// doi. org/ 10. 1016/j. asej. 2016. 08. 017.

 35. Kataria HR, Patel HR. Effects of chemical reaction and heat gen-
eration/absorption on magnetohydrodynamic (MHD) Casson fluid 
flow over an exponentially accelerated vertical plate embedded in 
porous medium with ramped wall temperature and ramped surface 
concentration. Propul Power Res. 2019;8(1):35–46. https:// doi. 
org/ 10. 1016/j. jppr. 2018. 12. 001.

 36. Yih KA. MHD forced convection flow adjacent to a non-isother-
mal wedge. Int Commun Heat Mass Transfer. 1999;26(6):819–27. 
https:// doi. org/ 10. 1016/ S0735- 1933(99) 00070-6.

 37. Chamkha AJ, Mujtaba M, Quadri A, Issa C. Thermal radia-
tion effects on MHD forced convection flow adjacent to a 
non-isothermal wedge in the presence of a heat source or sink. 
Heat Mass Transf. 2003;39(4):305–12. https:// doi. org/ 10. 1007/ 
s00231- 002- 0353-4.

 38. Al-Odat MQ, Al-Hussien FM, Damseh RA. Influence of radiation 
on mixed convection over a wedge in non-Darcy porous medium. 
Forsch Ingenieurwes. 2005;69(4):209. https:// doi. org/ 10. 1007/ 
s10010- 005- 0004-2.

 39. Kandasamy R, Hashim I. Chemical reaction and variable viscos-
ity effects on MHD mixed convection heat and mass transfer for 
Hiemenz flow over a porous wedge in the presence of suction or 
injection. Int J Fluid Mech Res. 2008;35(1):50. https:// doi. org/ 10. 
1615/ Inter JFlui dMech Res. v35. i1. 10.

 40. Kaya A, Aydin O. The effect of radiation on forced convection 
flow around a wedge. J Thermal Sci Technol. 2009;29(1):1–6.

 41. Pal D, Mondal H. Influence of temperature-dependent viscosity 
and thermal radiation on MHD forced convection over a non-
isothermal wedge. Appl Math Comput. 2009;212(1):194–208. 
https:// doi. org/ 10. 1016/j. amc. 2009. 02. 013.

 42. Mukhopadhyay S. Effects of radiation and variable fluid viscosity 
on flow and heat transfer along a symmetric wedge. J Appl Fluid 
Mech. 2009;2(2):29–34.

 43. Su X, Zheng L, Zhang X, Zhang J. MHD mixed convective heat 
transfer over a permeable stretching wedge with thermal radiation 
and ohmic heating. Chem Eng Sci. 2012;20(78):1–8. https:// doi. 
org/ 10. 1016/j. ces. 2012. 04. 026.

 44. Rashidi MM, Ali M, Freidoonimehr N, Rostami B, Hossain MA. 
Mixed convective heat transfer for MHD viscoelastic fluid flow 
over a porous wedge with thermal radiation. Adv Mech Eng. 
2014;11(6):735939. https:// doi. org/ 10. 1155/ 2014/ 735939.

 45. Uddin Z, Kumar M, Harmand S. Influence of thermal radiation 
and heat generation/absorption on MHD heat transfer flow of a 
micropolar fluid past a wedge considering hall and ion slip cur-
rents. Thermal Sci. 2014;18(suppl. 2):489–502. https:// doi. org/ 
10. 2298/ TSCI1 10712 085U.

 46. Gebhart B. Effects of viscous dissipation in natural convection. J 
Fluid Mech. 1962;14(2):225–32. https:// doi. org/ 10. 1017/ S0022 
11206 20011 96.

 47. Reddy GJ, Raju RS, Rao JA. Influence of viscous dissipa-
tion on unsteady MHD natural convective flow of Casson fluid 
over an oscillating vertical plate via FEM. Ain Shams Eng J. 
2018;9(4):1907–15. https:// doi. org/ 10. 1016/j. asej. 2016. 10. 012.

https://doi.org/10.1007/s00231-010-0646-y
https://doi.org/10.1007/s00231-010-0646-y
https://doi.org/10.18280/mmep.060103
https://doi.org/10.18280/mmep.060103
https://doi.org/10.18280/mmep.060107
https://doi.org/10.1080/10407782.2020.1842846
https://doi.org/10.1080/10407782.2020.1842846
https://doi.org/10.1007/s12648-020-01937-7
https://doi.org/10.2298/TSCI110921096M
https://doi.org/10.1016/j.jmrt.2020.07.067
https://doi.org/10.1016/j.jmrt.2020.07.067
https://doi.org/10.22055/JACM.2020.35122.2568
https://doi.org/10.1016/j.molliq.2018.08.088
https://doi.org/10.1016/j.molliq.2018.08.088
https://doi.org/10.1016/j.jmrt.2020.03.071
https://doi.org/10.1016/j.jmrt.2020.03.071
https://doi.org/10.5560/zna.2013-0040
https://doi.org/10.1016/j.rinp.2018.10.041
https://doi.org/10.1016/j.rinp.2018.10.041
https://doi.org/10.1016/j.rinp.2018.02.021
https://doi.org/10.1016/j.rinp.2018.02.021
https://doi.org/10.1016/j.jestch.2014.12.006
https://doi.org/10.1155/2015/946350
https://doi.org/10.1155/2015/946350
https://doi.org/10.1016/j.ijheatmasstransfer.2018.08.022
https://doi.org/10.1016/j.ijheatmasstransfer.2018.08.022
https://doi.org/10.1016/j.aej.2017.05.010
https://doi.org/10.1016/j.aej.2017.05.010
https://doi.org/10.1016/j.asej.2016.08.017
https://doi.org/10.1016/j.jppr.2018.12.001
https://doi.org/10.1016/j.jppr.2018.12.001
https://doi.org/10.1016/S0735-1933(99)00070-6
https://doi.org/10.1007/s00231-002-0353-4
https://doi.org/10.1007/s00231-002-0353-4
https://doi.org/10.1007/s10010-005-0004-2
https://doi.org/10.1007/s10010-005-0004-2
https://doi.org/10.1615/InterJFluidMechRes.v35.i1.10
https://doi.org/10.1615/InterJFluidMechRes.v35.i1.10
https://doi.org/10.1016/j.amc.2009.02.013
https://doi.org/10.1016/j.ces.2012.04.026
https://doi.org/10.1016/j.ces.2012.04.026
https://doi.org/10.1155/2014/735939
https://doi.org/10.2298/TSCI110712085U
https://doi.org/10.2298/TSCI110712085U
https://doi.org/10.1017/S0022112062001196
https://doi.org/10.1017/S0022112062001196
https://doi.org/10.1016/j.asej.2016.10.012


Flow and thermal study of MHD Casson fluid past a moving stretching porous wedge  

1 3

 48. Gomez-Aguilar JF, Hernandez MM. Space-time fractional diffu-
sion-advection equation with Caputo derivative. Abstract Appl 
Anal. 2014;1:2014.

 49. Gomez F, Morales L, Gonzalez M, Alvarado V, Lopez G. Frac-
tional thermal diffusion and the heat equation. Open Phys. 
2015;13(1):10269. https:// doi. org/ 10. 1515/ phys- 2015- 0023.

 50. Safdari H, Aghdam YE, Gomez-Aguilar JF. Shifted Chebyshev 
collocation of the fourth kind with convergence analysis for the 
space-time fractional advection-diffusion equation. Eng Comput. 
2020;18:1–2. https:// doi. org/ 10. 1007/ s00366- 020- 01092-x.

 51. Liao S. Beyond perturbation: introduction to the Homotopy analy-
sis method. Oxford: CRC Press; 2003.

 52. Rashidi MM, Erfani E. Analytical method for solving steady MHD 
convective and slip flow due to a rotating disk with viscous dis-
sipation and Ohmic heating. Eng Comput. 2012. https:// doi. org/ 
10. 1108/ 02644 40121 12462 83.

 53. Khan MI, Alzahrani F, Hobiny A, Ali Z. Estimation of entropy 
generation in Carreau-Yasuda fluid flow using chemical reaction 
with activation energy. J Mater Res Technol. 2020;9(5):9951–64. 
https:// doi. org/ 10. 1016/j. jmrt. 2020. 05. 085.

 54. Waqas M, Khan MI, Asghar Z, Kadry S, Chu YM, Khan WA. 
Interaction of heat generation in nonlinear mixed/forced convec-
tive flow of Williamson fluid flow subject to generalized Fourier’s 
and Fick’s concept. J Mater Res Technol. 2020;9(5):11080–6. 
https:// doi. org/ 10. 1016/j. jmrt. 2020. 07. 068.

 55. He JH, El-Dib YO. The enhanced homotopy perturbation method 
for axial vibration of strings. Mechanical Engineering. New York: 
Facta Universitatis; 2021. (https:// doi. org/ 10. 22190/ FUME2 10125 
033H).

 56. He JH, El-Dib YO. Homotopy perturbation method with three 
expansions. J Math Chem. 2021;59(4):1139–50. https:// doi. org/ 
10. 1007/ s10910- 021- 01237-3.

 57. Anjum N, He JH, Ain QT, Tian D. Li-He’s modified homotopy 
perturbation method for doubly-clamped electrically actu-
ated microbeams-based microelectromechanical system. Facta 
Universitatis, Series: Mechanical Engineering. 2021. DOI 64. 
Number:10.22190/FUME210112025A

 58. He JH, El-Dib YO. The reducing rank method to solve third-
order Duffing equation with the homotopy perturbation. Numer 

Methods Partial Differ Equ. 2021;37(2):1800–8. https:// doi. org/ 
10. 1002/ num. 22609.

 59. He JH. Taylor series solution for a third order boundary value 
problem arising in architectural engineering. Ain Shams Eng J. 
2020;11(4):1411–4. https:// doi. org/ 10. 1016/j. asej. 2020. 01. 016.

 60. He CH, Shen Y, Ji FY, He JH. Taylor series solution for fractal 
Bratu-type equation arising in electrospinning process. Fractals. 
2020;28(01):2050011. https:// doi. org/ 10. 1142/ S0218 348X2 05001 
15.

 61. Ahmad H, Khan TA. Variational iteration algorithm-I with an 
auxiliary parameter for wave-like vibration equations. J Low Freq 
Noise Vib Active Control. 2019;38(3–4):1113–24. https:// doi. org/ 
10. 1177/ 14613 48418 823126.

 62. Ahmad H, Seadawy AR, Khan TA. Study on numerical solution 
of dispersive water wave phenomena by using a reliable modifi-
cation of variational iteration algorithm. Math Comput Simul. 
2020;1(177):13–23. https:// doi. org/ 10. 1016/j. matcom. 2020. 04. 
005.

 63. Ahmad I, Khan MN, Inc M, Ahmad H, Nisar KS. Numerical simu-
lation of simulate an anomalous solute transport model via local 
meshless method. Alexandria Eng J. 2020;59(4):2827–38. https:// 
doi. org/ 10. 1016/j. aej. 2020. 06. 029.

 64. Inc M, Khan MN, Ahmad I, Yao SW, Ahmad H, Thounthong P. 
Analysing time-fractional exotic options via efficient local mesh-
less method. Results Phys. 2020;1(19):103385. https:// doi. org/ 10. 
1016/j. rinp. 2020. 103385.

 65. Takeuchi R, Ishikawa H, Aratake M, Saito I, Kumagai K, Aka-
matsu Y, Saito T. Medial opening wedge high tibial osteotomy 
with early full weight bearing. Arthrosc J Arthrosc Related Surg. 
2009;25(1):46–53. https:// doi. org/ 10. 1016/j. arthro. 2008. 08. 015.

 66. Ishak A, Nazar R, Pop I. Falkner-Skan equation for flow past a 
moving wedge with suction or injection. J Appl Math Comput. 
2007;25(1):67–83. https:// doi. org/ 10. 1007/ BF028 32339.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1515/phys-2015-0023
https://doi.org/10.1007/s00366-020-01092-x
https://doi.org/10.1108/02644401211246283
https://doi.org/10.1108/02644401211246283
https://doi.org/10.1016/j.jmrt.2020.05.085
https://doi.org/10.1016/j.jmrt.2020.07.068
https://doi.org/10.22190/FUME210125033H
https://doi.org/10.22190/FUME210125033H
https://doi.org/10.1007/s10910-021-01237-3
https://doi.org/10.1007/s10910-021-01237-3
https://doi.org/10.1002/num.22609
https://doi.org/10.1002/num.22609
https://doi.org/10.1016/j.asej.2020.01.016
https://doi.org/10.1142/S0218348X20500115
https://doi.org/10.1142/S0218348X20500115
https://doi.org/10.1177/1461348418823126
https://doi.org/10.1177/1461348418823126
https://doi.org/10.1016/j.matcom.2020.04.005
https://doi.org/10.1016/j.matcom.2020.04.005
https://doi.org/10.1016/j.aej.2020.06.029
https://doi.org/10.1016/j.aej.2020.06.029
https://doi.org/10.1016/j.rinp.2020.103385
https://doi.org/10.1016/j.rinp.2020.103385
https://doi.org/10.1016/j.arthro.2008.08.015
https://doi.org/10.1007/BF02832339

	Flow and thermal study of MHD Casson fluid past a moving stretching porous wedge
	Abstract
	Introduction
	Problem development
	Engineering interest

	Solution procedure and convergence confirmation
	Velocity and temperature profile for several parameters
	Skin friction and temperature coefficient for several parameters
	Conclusions
	Acknowledgements 
	References




