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Abstract
In the case of an electro-magneto-hydrodynamic actuator, little is known about the thermo-magneto-hydrodynamic irrevers-
ibilities arising in the dissipative flows of weakly conducting fluids past over a moving Riga plate. In this study, the electro-
magneto-hydrodynamic convective flow features of a viscous electrically conducting fluid over a horizontal Riga plate are 
deliberated comprehensively by considering the wall suction and Joule heating effects. It is assumed that the permanent 
magnets are of equal width and mounted alternatively on a plane surface. Due to the electromagnetic proprieties of the Riga 
plate, the exponentially decaying Grinberg term is included in the momentum conservation equation as a resistive drag force 
in this investigation. The modeled differential equations were non-dimensionalized and simplified mathematically by utiliz-
ing suitable dimensionless variables and adopting admissible physical assumptions. Numerical solutions were established 
herein by utilizing an efficient algorithm based on the generalized differential quadrature method and the Newton–Raphson 
iterative technique. It is worth concluding that the presence of the wall suction effect enhances noticeably the heat transfer 
rate and its thermodynamic irreversibility near the Riga plate, while a reverse feature is depicted with the elevating strengths 
of the magnetization field.
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(
ReL, Rex

)
  Reynolds numbers

S  Suction parameter
Ṡ′′′
G

  Volumetric entropy production rate 
(W K−1 m−3)

Ṡ′′′
0

  Entropic characteristic (W K−1 m−3)(
Ṡ′′′
H
, Ṡ′′′

F
, Ṡ′′′

J

)
  Entropic varieties (W K−1 m−3)

T  Fluid temperature (K)
Tw  Wall temperature (K)
T∞  Ambient temperature (K)
(x, y, z)  Cartesian coordinates (m)
(u, v,w)  Velocity components (m s−1)
uw  Wall velocity (m s−1)
vw  Suction velocity (m s−1)(
��, ��, ��

)
  Cartesian unit vectors

Greek Symbols
(ξ, η, χ)  Dimensionless spatial variables
(θ, Θ)  Dimensionless temperatures
μ  Dynamic viscosity (Pa s)
υ  Kinematic viscosity  (m2 s−1)
ρ  Density (kg m−3)
(ρCP)  Heat capacitance (J m−3 K−1)
Ω  Dimensionless temperature ratio

Subscripts
∞  Ambient condition
0  Reference value
w  Wall condition
η  First-order derivative w.r.t. η
ηη  Second-order derivative w.r.t. η

Abbreviations
EMHD  Electro-magneto-hydrodynamic
MHD  Magneto-hydrodynamic
ODEs  Ordinary differential equations
PDEs  Partial differential equations
GDQM  Generalized differential quadrature method
NRIT  Newton–Raphson iterative technique
SQLM  Spectral quasi-linearization method 
GLCGPs  Gauss–Lobatto collocation grid points
TRE  Total residual error
MBL  Momentum boundary layer
TBL  Thermal boundary layer
HTI  Heat transfer irreversibility
FFI  Fluid friction irreversibility
JHI  Joule heating irreversibility

1 Introduction

Boundary-layer control by electromagnetic forces and flows 
through slots or over porous surfaces and compliant walls 
(e.g., wavy boundaries) are among the few practical tech-
niques that have been recently developed, and still new 

methods are being proposed to examine the flow separa-
tion. In the electrically conducting fluid motion, the flow 
control is due to the application of the electromagnetic force 
�� = � × �, , which results from the vector product of the 
current density vector � and the magnetic induction field 
� . The amplitude of these specific forces is easily adjust-
able over time by applying an alternating current of high 
frequencies. So, this technique of control is more suitable 
as compared to other conventional methods like this based 
on the porosity of surfaces [1]. According to Ohm’s law, 
the current density vector is given by � = �(� + � × �) , in 
which σ denotes the fluid electrical conductivity, � repre-
sents the fluid velocity, � designates the generated electrical 
filed and � refers to the applied magnetic field. An external 
magnetic field affects significantly on the flow of electrically 
conducting fluids (e.g., liquid metals, semiconductor melts) 
with higher electrical conductivities 

(
e.g., � ∼ 106 Sm−1

)
 . 

The interaction of the flow with the magnetic field causes 
electric currents, which, in turn, interact with the external 
field and produce the so-called Lorentz forces �� . Therefore, 
in the flow of liquids possessing greater electrical conductiv-
ities, it is not necessary to apply an electric field to achieve 
effective control of the fluidic system. But for the fluids 
having lower electrical conductivities 

(
e.g., � ∼ 10 Sm−1

)
 , 

the electric currents produced by the term � × � are not 
enough to produce intense Lorentz forces �� for efficient 
flow control. Hence, for low electrically conductive fluids, 
an additional electric field must be applied to generate strong 
Lorentz forces having the ability to achieve the required con-
trol. Gailitis and Lielausis [2] firstly proposed to engender 
streamwise Lorentz forces to control the boundary-layer 
flows of weakly conducting fluids. The device demonstrated 
by Gailitis and Lielausis is an electromagnetic actuator, 
which is also named as a Riga plate by Pantokratoras and 
Magyari [3]. This innovative plate is a setup consisting of 
a span-periodic arrangement of long, strip-shaped magnets 
and electrodes of equal width and alternating polarity. For 
magnetic and electric fields having components along both 
the spanwise direction (i.e., z-direction) and the wall-normal 
direction (i.e., y-direction), respectively, the electromagnetic 
Lorentz forces �� point in the x-direction. The components 
of these forces have been firstly developed by Grinberg [4]. 
It was proved that the magnitude Fm of Lorentz forces can 
be expressed by an exponentially decaying function with 
respect to the spatial variable y , in which the physical quan-
tity Fm/ρ appeared in the momentum equation is known as 
the Grinberg term.

Pantokratoras [5] discussed the Blasius and Sakiadis 
flows over a horizontal Riga plate. These particular flows 
are analyzed for permeable as well as impermeable Riga 
plates with a uniform suction/injection velocity. Magyari 
and Pantokratoras [6] investigated the adding and oppos-
ing mixed convections over a Riga plate. Ahmad et al. [7] 
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established analytical solutions for nanofluid flows over a 
permeable Riga plate. Ramesh and Gireesha [8] studied non-
linear radiative flows of nanofluids past over a stationary/
moving Riga plates. Very recently, Thumma and Magagula 
[9] scrutinized numerically the characteristics of EMHD 
squeezing flows within a parallel Riga plate channel by 
employing the spectral local linearization method (SLLM). 
Similarly, Shah et al. [10] proposed an improved heat trans-
fer model to examine the features of a mixed convective 
stagnation point flow toward a linear stretching Riga plate 
in the presence of an internal heat source/sink and viscous 
dissipation. In another research investigation, Shamshuddin 
et al. [11, 12] analyzed numerically the combined impact of 
electrical and magnetic fields on non-Newtonian fluid flows 
driven by an elongating sheet with the help of an efficient 
Runge–Kutta shooting algorithm. From an energetic point of 
view, Gopi Krishna et al. [13] investigated the entropy gen-
eration with buoyancy effects for MHD Jeffrey flows within 
a microporous channel. A robust semi-analytical procedure 
based on the differential transform method (DTM) was 
adopted by Dash and Mishra [14] to study transient MHD 
liquid film flows in a porous medium. Rout et al. [15] studied 
the viscous dissipation impact on the squeezing flows of 
copper–water and copper–kerosene nanofluids in a paral-
lel channel by adopting the variational parameter method 
(VPM). Thumma et al. [16] deliberated numerically the sig-
nificance of tridimensional MHD Casson nanofluid flows 
with heat generation and viscous dissipation effects over an 
impermeable stretching sheet. An examination of the com-
plex dynamics of Fe3O4@CNT nanofluid newly performed 
by Shi et al. [17] in the presence of a magnetic field indi-
cates that the magnetic nanocomposite Fe3O4@CNT exhib-
its excellent magnetism and thermal proprieties. In another 
related investigation, Shi et al. [18] demonstrated further that 
the effect of magnetism on the heat transfer is significant. 
Similarly, Shi et al. [19] remarked that a higher cooling/
heating efficiency is achievable due to the enhancement in 
the thermal exchange through the distribution of magnetism.

The literature cited above confirms that until now a lit-
tle attention was paid to the combined effects of viscous 
and Joule heating dissipations on the characteristics of 
incompressible convective flows past over an electromag-
netic actuator (i.e., Riga plate). This electromagnetic tool 
can be used widely for reducing the pressure and frictional 
effects in the dragging of submarines by avoiding the bound-
ary-layer flow separation. Consequently, motivated by the 
engineering applications of this electromagnetic actuator 
in the control of electro-magneto-hydrodynamic convec-
tive flows and submarine industries [20, 21], the current 
investigation aimed to optimize the EMHD convective 
flows of electrically conducting dissipative fluids moving 
over a horizontal permeable Riga plate in the presence of 
viscous dissipation and Joule heating effects by applying 

the entropy generation minimization method after solving 
accurately the usual transport equations (i.e., continuity, 
momentum and energy conservation equations). Besides, 
the dimensionless ordinary differential equations (ODEs) 
governing the problem under consideration were simpli-
fied accordingly by adopting feasible physical assumptions. 
These ODEs were solved numerically via the generalized 
differential quadrature method (GDQM) [22–30] along 
with the Newton–Raphson iterative technique (NRIT) and 
the modified Gauss–Lobatto collocation grid points [31–33] 
during the spatial discretization. For more clarification, the 
present GDQM–NRIT results are discussed thoroughly via 
various graphical and tabular illustrations and validated 
with those developed analytically in the absence of viscous 
dissipation and Joule heating effects. Moreover, the gen-
eral GDQM–NRIT results are authenticated also numeri-
cally by carrying out multiple tabular comparisons with the 
results generated by the spectral quasi-linearization method 
(SQLM) [34–36]. As a challenge and future realistic numeri-
cal investigations of heat and mass transfer in a nanofluid 
medium, one may extend the interesting scientific results 
reported recently in [37–42] to the cases of unsteady mixed/
forced dissipative EMHD convective flows of Newtonian/
non-Newtonian nanofluids moving over an isothermal/
non-isothermal Riga plate by considering the first and sec-
ond laws of thermodynamics and adopting the generalized 
Buongiorno’s nanofluid model [43, 44] together with the 
empirical experimental correlations established by Cor-
cione [45] for the effective dynamic viscosity and thermal 
conductivity. Also, GDQM can be developed more to solve 
partial differential equations, like those tackled previously 
by Motsa and Animasaun [46–49] with the help of innova-
tive collocation numerical methods, such as the bivariate 
spectral quasi-linearization method (BSQLM), the paired 
quasi-linearization method (PQLM) and the bivariate spec-
tral relaxation method (BSRM).

Sequel to the aforementioned aim, it is important to pro-
vide proper answers to some interesting research questions 
during the comprehensive discussion of the present scientific 
manuscript. For example, but not limited to:

1. What are the impacts of the suction parameter, the Hart-
mann number, the Prandtl number, the Eckert number, 
as well as the dimensionless temperature ratio on the 
entropy generation of the fluidic medium and the estab-
lished EMHD convective flow over a horizontal Riga 
plate in the presence of viscous dissipation and Joule 
heating effects?

2. In which situation problem the Joule heating effect can 
be incorporated in the energy equation for viscous flows 
over a horizontal Riga plate?

3. What is the proper expression of Joule heating dissipa-
tion?
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4. Which are the probable physical parameters promot-
ing the enhancement of the heat transfer irreversibility 
within the fluidic medium?

5. What are the benefits of using a Riga plate on the skin 
friction factor and heat transfer rate?

6. How can we apply the generalized differential quadra-
ture method (GDQM) along with the Newton–Raphson 
iterative  technique (NRIT) to solve the present flow 
model?

7. Is there any difference in the accuracy of results, if the 
problem is resolved again by the spectral quasi-lineari-
zation method (SQLM)?

2  Physical Statement of the EMHD Flow 
Problem

Consider an electro-magneto-hydrodynamic (EMHD) con-
vective flow of a viscous electrically conducting fluid flow-
ing over a horizontal flat Riga plate in the opposite direction 
of the electromagnetic force �� =

(
−Fm, 0, 0

)
 under the sig-

nificant influences of viscous dissipation and Joule heating, 
where Fm = (πj0M/8)exp(− πy/a0). This electromagnetic 
plate is packed by alternating arrays consisting of succes-
sive electrodes and permanent magnets, which are mounted 
on a smooth surface as shown in Fig. 1. The electrically 
conducting fluidic medium is assumed to be Newtonian, 
incompressible and homogeneous and has a uniform elec-
tric conductivity � . Besides, the planar solid body that con-
stituted the innovative Riga plate is heated regularly by an 
imposed temperature Tw and moving horizontally along the 
x-direction with a uniform velocity uw in the si-finite space 

{(x, z)∕x > 0 and z > 0} , whereas the y-axis is positioned 
perpendicularly to the fluid flow direction, whose origin is 
localized at the surface of the Riga plate. On the other hand, 
the permeable Riga plate is supposed crossed vertically by 
a suction velocity vw(< 0) . As thermal boundary conditions, 
the fluid temperatures at the Riga plate (i.e., y = 0) and out-
side the boundary layer (i.e., y → ∞) are designated by Tw 
and T∞

(
< Tw

)
 , correspondingly.

Based on the aforementioned physical assumptions, the 
conservation partial differential equations (PDEs) governing 
the present flow problem are stated as follows [5]:

with the following appropriate boundary conditions

As emphasized in Eqs. (1)–(5), the couple (u, v) represents 
the velocity components in the x- and y-directions, respec-
tively, T designates the fluid temperature inside the thermal 

(1)
�u

�x
+

�v

�y
= 0,

(2)�

(
u
�u

�x
+ v

�u

�y

)
= �

�2u

�y2
−

�j0M

8
exp

(
−
�

a0
y

)
,

(3)

u
�T

�x
+ v

�T

�y
=

k(
�CP

) �
2T

�y2
+

�(
�CP

)
(
�u

�y

)2

+
�j0M

8
(
�CP

) exp

(
−
�

a0
y

)
u,

(4)
u(x, y = 0, z) = uw, v(x, y = 0, z) = vw, T(x, y = 0, z) = Tw,

(5)u(x, y → ∞, z) = 0 , T(x, y → ∞, z) = T∞.

Fig. 1  Geometrical description 
of the EMHD fluid flow model
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boundary layer, a0 indicates the width of magnets and 
electrodes, M denotes the magnetization of the permanent 
magnets and j0 refers to the applied current density in the 
electrodes.

After introducing the following dimensionless quantities:

Equations (1)–(5) are reduced to:

As shown above, Ha represents the modified Hartmann num-
ber, Pr designates the Prandtl number, Ec indicates the 
Eckert number, and S marks the suction parameter. These 
dimensionless physical parameters are expressed formally 
by:

Here, �(= �∕�) denotes the kinematic viscosity and 
L(= a0/π) defines a characteristic length scale. For more 
clarification, the physical meanings of the other symbols 
are highlighted clearly in the nomenclature table.

Under the assumptions of infinite plate geometry and strong 
suction (i.e., �∕�� ≡ 0) , Eqs. (7)–(11) can be simplified as 
follows:

(6)

� =

(
�

uwL
2

)
x , � =

(
�

a0

)
y, f (�, �) =

u

uw
,

g(�, �) =
( a0

��

)
v, �(�, �) =

T − T∞

Tw − T∞
.

(7)
�f

��
+

�g

��
= 0,

(8)f
�f

��
+ g

�f

��
=

�2f

��2
− Ha exp (−�),

(9)f
��

��
+ g

��

��
=

1

Pr

�2�

��2
+ Ec

(
�f

��

)2

+ HaEc exp (−�)f ,

(10)f (�, � = 0) = 1, g(�, � = 0) = S, �(�, � = 0) = 1,

(11)f (�, � → ∞) = 0, �(�, � → ∞) = 0.

(12)

Ha =
a2
0
j0M

8��uw
, Pr =

�CP

k
, Ec =

u2
w

CP

(
Tw − T∞

) , S =
( a0

��

)
vw.

(13)
�g

��
= 0,

(14)g
�f

��
=

�2f

��2
− Ha exp (−�),

(15)g
��

��
=

1

Pr

�2�

��2
+ Ec

(
�f

��

)2

+ HaEc exp (−�)f .

By making use of the physical constraint g(ξ, η = 0) = S in 
Eq. (13), the mathematical formulation of the present flow 
model is simplified as:

Here, the subscripts η and ηη highlight the first- and second-
order derivatives w.r.t. η.

Keeping in mind the Newtonian rheological behavior of 
the studied fluid flow and its thermal feature, the engineer-
ing quantities of interest Cf  (i.e., skin friction coefficient) 
and Nux (i.e., local Nusselt number) characterized the pre-
sent physical problem are given as follows:

After certain simplifications and rearrangements, we get the 
following reduced quantities:

in which

Further, the physical domain [0, η∞] can be reduced to the 
computational modeling interval [0, 1] by utilizing the fol-
lowing transformations:

(16)f��(�) − Sf�(�) − Ha exp (−�) = 0,

(17)
HaEc exp (−�)f (�) +

1

Pr
���(�) − S��(�) + Ecf 2

�
(�) = 0,

(18)f (� = 0) = 1, �(� = 0) = 1,

(19)f (� → ∞) = 0, �(� → ∞) = 0.

(20)Cf =
2�

�u2
w

(
�u

�y

)

y=0

,

(21)Nux = −
x(

Tw − T∞
)
(
�T

�y

)

y=0

.

(22)Cfr = f�(0),

(23)Nur = −��(0),

(24)Cfr =
1

2
ReLCf ,

(25)Nur =

(
ReL

Rex

)
Nux,

(26)ReL =
Luw

�
,

(27)Rex =
xuw

�
.
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where 0 ≤ χ ≤ 1.
It is worth noting here that the asymptotical quantity η∞ 

shown in Eq. (28) represents the approximate value of η 
verifying the physical constraints f(η) = 0 and θ(η) = 0 when 
the spatial variable η exceeds the momentum and thermal 
boundary-layer thicknesses (i.e., � → ∞).

By invoking the alterations defined by Eq.  (28), 
Eqs. (16)–(19) lead to:

In this state, the reduced physical quantities Cfr and  Nur 
become:

For solving accurately the resulting nonlinear differential 
system, an efficient numerical algorithm has been developed 
suitably for Eqs. (29)–(32) based on the generalized differ-
ential quadrature method (GDQM) and the recognized New-
ton–Raphson iterative technique (NRIT) as discussed clearly 
in the next section.

3  Numerical Methodology and Validation 
of GDQM–NRIT Results

The set of coupled nonlinear ODEs governed the present 
EMHD flow problem [i.e., Eqs. (29)–(32)] constitutes a non-
linear boundary value problem. This differential system can 

(28)

⎧
⎪⎨⎪⎩

� = �∕�∞,

f (�) = f
�
�∞�

�
= F(�),

�(�) = �
�
�∞�

�
= �(�),

(29)
1

�2
∞

F�� (�) −
S

�∞
F� (�) − Ha exp

(
−�∞�

)
= 0,

(30)

HaEc exp
(
−�∞�

)
F(�) +

1

�2
∞
Pr

��� (�)

−
S

�∞
�� (�) +

Ec

�2
∞

F2
�
(�) = 0,

(31)F(� = 0) = 1, �(� = 0) = 1,

(32)F(� = 1) = 0, �(� = 1) = 0.

(33)Cfr =
1

�∞
F� (0),

(34)Nur = −
1

�∞
�� (0).

be tackled numerically by discretizing their variables and 
unknowns spatially. For this purpose, GDQM and NRIT are 
employed successively as robustness numerical procedures 
to solve the resulting discrete system. In this regard, the 
computational domain [0, 1] is divided non-uniformly into 
(N − 1) parts {Δχi/1 ≤ i ≤ N − 1} by employing the modi-
fied expression of Gauss–Lobatto collocation grid points 
(GLCGPs) {χi/1 ≤ i ≤ N},  where Δχi = χi+1− χi. These nodal 
points can be localized spatially in the χ-direction by utiliz-
ing the following GLCGPs:

Here, the symbol N refers to the total number of GLCGPs.
Following the GDQM–NRIT procedure, the first- and 

second-order derivatives of the functions F(χ) and Θ(χ) 
can be estimated accurately in each collocation point χi as 
follows:

For further elucidations, the expressions of the weight-
ing coefficients dij and d̄ij corresponding to the first- and 
second-order differentiation matrices are given as follows 
[50–54]:

By making use of Eqs. (35)–(37), Eqs. (29)–(32) yield the 
following discrete system:

(35)�i =
1

2
−

1

2
cos

(
�i − �

N − 1

)
.

(36)

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

F𝜒

�
𝜒i

�
=

N∑
j=1

dijF
�
𝜒j

�
=

N∑
j=1

dijFj, where 0 ≤ 𝜒i ≤ 1 and 1 ≤ i ≤ N,

F𝜒𝜒

�
𝜒i

�
=

N∑
j=1

d̄ijF
�
𝜒j

�
=

N∑
j=1

d̄ijFj, where 0 ≤ 𝜒i ≤ 1 and 1 ≤ i ≤ N,

𝛩𝜒

�
𝜒i

�
=

N∑
j=1

dij𝛩
�
𝜒j

�
=

N∑
j=1

dij𝛩j, where 0 ≤ 𝜒i ≤ 1 and 1 ≤ i ≤ N,

𝛩𝜒𝜒

�
𝜒i

�
=

N∑
j=1

d̄ij𝛩
�
𝜒j

�
=

N∑
j=1

d̄ij𝛩j, where 0 ≤ 𝜒i ≤ 1 and 1 ≤ i ≤ N.

(37)

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

dij =

N∏
k=1,k≠i (

𝜒i−𝜒k)

(𝜒i−𝜒j)
N∏

k=1,k≠j (
𝜒j−𝜒k)

, when i ≠ j and 1 ≤ i, j ≤ N,

dij = −
N∑

k=1,k≠i
dik, when i = j and 1 ≤ i, j ≤ N.

d̄ij = 2
�
diidij −

dij

𝜒i−𝜒j

�
, when i ≠ j and 1 ≤ i, j ≤ N,

d̄ij = −
N∑

k=1,k≠i
d̄ik, when i = j and 1 ≤ i, j ≤ N.
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As mentioned previously, the numerical quadrature solutions {(
Fi,�i

)/
1 ≤ i ≤ N

}
 are generated iteratively by solving 

the above nonlinear algebraic system [i.e., Eq. (38)] success-
fully via the NRIT procedure. Besides, the discretized form 
of the dimensionless quantities Cfr and  Nur can be computed 
through the following relationships:

Furthermore, the dimensionless velocity and temperature 
profiles f(η) and θ(η) can be concluded locally from the 
discrete numerical results 

{(
F
(
�i

)
,�

(
�i

))/
1 ≤ i ≤ N

}
 as 

follows:

(38)

⎧
⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎩

Fi − 1 = 0, when i = 1,

1

𝜂2
∞

N�
j=1

d̄ijFj −
S

𝜂∞

N�
j=1

dijFj − Ha exp
�
−𝜂∞𝜒i

�
= 0, when 2 ≤ i ≤ N − 1,

Fi = 0, when i = N,

𝛩i − 1 = 0, when i = 1,

HaEc exp
�
−𝜂∞𝜒i

�
Fi +

1

𝜂2
∞
Pr

N�
j=1

d̄ij𝛩j −
S

𝜂∞

N�
j=1

dij𝛩j +
Ec

𝜂2
∞

�
N�
j=1

dijFj

�2

= 0, when 2 ≤ i ≤ N − 1,

𝛩i = 0, when i = N.

(39)Cfr =
1

�∞

N∑
j=1

d1jFj,

(40)Nur = −
1

�∞

N∑
j=1

d1j�j.

(41)f
(
�i
)
= F

(
�i

)
,

where

On the other hand, the closed-form solutions of the differ-
ential system of Eqs. (29)–(32) can be established easily for 
F(χ) and Θ(χ) in the absence of viscous dissipation and Joule 
heating effects (i.e., Ec = 0) as follows:

where

(42)�
(
�i
)
= �

(
�i

)
,

(43)�i =
�∞

2
−

�∞

2
cos

(
�i − �

N − 1

)
.

(44)F(�) =
F1(�) + F2(�) + F3(�)

(S + 1)
[
exp

(
S�∞

)
− 1

] ,

(45)�(�) =
exp

(
Pr S�∞

)
− exp

(
Pr S�∞�

)

exp
(
Pr S�∞

)
− 1

,

(46)F1(�) = Ha
[
exp

(
−�∞

)
− exp

(
−�∞�

)]
,

Table 1  Analytical validation of 
the GDQM–NRIT in terms of 
− Cfr and  Nur, when Ec = 0

S Ha Pr  GDQM–NRIT results Exact results

− Cfr Nur − Cfr Nur

− 0.3 0.2 6 0.5024072678 1.8000000000 0.5024072678 1.8000000000
− 0.4 0.6006626840 2.4000000000 0.6006626840 2.4000000000
− 0.5 0.7001660783 3.0000000000 0.7001660783 3.0000000000
− 0.6 0.8000371193 3.6000000000 0.8000371192 3.6000000000
− 0.3 0.0 6 0.3033701378 1.8000000000 0.3033701378 1.8000000000

0.2 0.5024072678 0.5024072678
0.4 0.7014443978 0.7014443978
0.6 0.9004815278 0.9004815278

− 0.3 0.2 6 0.5024072678 1.8000000000 0.5024072678 1.8000000000
7 2.1000000000 2.1000000000
8 2.4000000000 2.4000000000
9 2.7000000000 2.7000000000
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(47)F2(�) = (Ha − S − 1)
[
exp

(
S�∞�

)
− exp

(
S�∞

)]
,

By exploiting the exact expressions of the functions F(χ) 
and Θ(χ) developed especially for the aforementioned spe-
cial case (i.e., Ec = 0) , the GDQM–NRIT numerical algo-
rithm proposed in the solution methodology is authenticated 
through the exact values of − Cfr and  Nur generated ana-
lytically from the closed-form solutions described above by 
Eqs. (44)–(48) for various values of the physical parameters 
S, Ha and Pr as shown in Table 1. From this tabular illus-
tration, it is proved that there is a high degree of harmony 
between the GDQM–NRIT outcomes and the exact results 
obtained directly from the closed-form solutions. The accu-
racy and flexibility of GDQM–NRIT are confirmed further 
by carrying out supplementary numerical examinations with 
the help of the spectral quasi-linearization method (SQLM) 
as revealed in Tables 2, 3 and Fig. 2 for the reduced engi-
neering quantities of interest − Cfr and  Nur. An excellent 
degree of agreement is noted between the results given by 
GDQM–NRIT and those computed by SQLM, which led to 
the correctness of GDQM–NRIT results presented in the 
whole paper. Also, it is found from those tabular and graphi-
cal demonstrations that the proposed GDQM–NRIT proce-
dure can provide trustworthy numerical results for − Cfr and 
 Nur with a higher level of precision in a short CPU time 
(i.e., t < 0.6s) by selecting only a few collocation points N. 
From these numerical computations, it is found graphically 
that the total residual error (TRE) computed, especially 
for F(χ) and Θ(χ) from Eqs. (29) and (30), is still less than 
2 × 10−10 when the number of collocation points N is aug-
mented progressively from 5 to 200. It is worth mention-
ing here that the total residual error (TRE) is defined as:

in which

(48)F3(�) = Ha
[
exp

(
S�∞ − �∞�

)
− exp

(
S�∞� − �∞

)]
.

(49)TRE = ‖‖RF
‖‖∞ + ‖‖R�

‖‖∞,

(50)‖‖RF
‖‖∞ = max

{
abs

(
RF

(
�i

))/
1 ≤ i ≤ N

}
,

(51)‖‖R�
‖‖∞ = max

{
abs

(
R�

(
�i

))/
1 ≤ i ≤ N

}
,

(52)

⎧⎪⎪⎪⎨⎪⎪⎪⎩

RF

�
𝜒i

�
=

1

𝜂2
∞

N�
j=1

d̄ijFj −
S

𝜂∞

N�
j=1

dijFj − Ha exp
�
−𝜂∞𝜒i

�
, where 1 ≤ i ≤ N,

R𝛩

�
𝜒i

�
= HaEc exp

�
−𝜂∞𝜒i

�
Fi +

1

𝜂2
∞
Pr

N�
j=1

d̄ij𝛩j −
S

𝜂∞

N�
j=1

dij𝛩j +
Ec

𝜂2
∞

�
N�
j=1

dijFj

�2

, where 1 ≤ i ≤ N.

Table 2  Comparison between the results given by GDQM–NRIT and 
SQLM for − Cfr

S Ha GDQM–NRIT SQLM

− 0.3 0.2 0.5024072678 0.5024072678
− 0.4 0.6006626840 0.6006626840
− 0.5 0.7001660783 0.7001660783
− 0.6 0.8000371193 0.8000371192
− 0.3 0.0 0.3033701378 0.3033701378

0.2 0.5024072678 0.5024072678
0.4 0.7014443978 0.7014443978
0.6 0.9004815278 0.9004815278

Table 3  Comparison between the results given by GDQM–NRIT and 
SQLM for  Nur

S Ha Pr  Ec GDQM–NRIT SQLM

− 0.3 0.2 6 0.2 1.3771170749 1.3771170749
− 0.4 1.9192051087 1.9192051087
− 0.5 2.4598007226 2.4598007226
− 0.6 2.9999554575 2.9999554575
-0.3 0.0 6 0.2 1.6159671925 1.6159671925

0.2 1.3771170749 1.3771170749
0.4 1.1382688105 1.1382688105
0.6 0.8994223993 0.8994223993

− 0.3 0.2 6 0.2 1.3771170749 1.3771170749
7 1.6066352345 1.6066352345
8 1.8361535232 1.8361535232
9 2.0656718856 2.0656718856

− 0.3 0.2 6 0.0 1.8000000000 1.8000000000
0.2 1.3771170749 1.3771170749
0.4 0.9542341497 0.9542341497
0.6 0.5313512246 0.5313512246
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4  Second‑Law Analysis

In the presence of viscous and Joule heating dissipations, the 
volumetric entropy production rate Ṡ′′′

G
 for the present EMHD 

boundary-layer flow problem is written thermodynamically as 
the sum of three entropic varieties Ṡ′′′

H
, Ṡ′′′

F
and Ṡ′′′

J
 as:

These entropic quantities are given by:

By introducing the simplified dimensionless quantities 
defined by Eq. (28) and considering the physical quantity Ṡ′′′

0
 

as the entropic characteristic of the studied thermodynamic 
system, the entropic quantity Ṡ′′′

G
 can be adimensionalized 

as follows:

(53)Ṡ���
G

= Ṡ���
H
+ Ṡ���

F
+ Ṡ���

J
.

(54)

⎧⎪⎪⎪⎨⎪⎪⎪⎩

Ṡ���
H

=
k

T2

�
𝜕T

𝜕y

�2

: Heat Transfer Irreversibility (HTI),

Ṡ���
F

=
𝜇

T

�
𝜕u

𝜕y

�2

: Fluid Friction Irreversibility (FFI),

Ṡ���
J

=

�
𝜋j0M

8

�
exp

�
−
𝜋

a0
y

��
u

T

�
: Joule Heating Irreversibility (JHI).

in which

Besides, the relative thermodynamic irreversibility domi-
nance of HTI, FFI or JHI over the other can be scrutinized 
locally in the fluidic medium through the Bejan number Be 
as follows:

(55)NS =
Ṡ���
G

Ṡ���
0

= NH + NF + NJ ,

(56)NH =
Ṡ���
H

Ṡ���
0

=
𝛩2

𝜒
(𝜒)

𝜂2
∞

[
𝛩(𝜒) +𝛺

]2 ,

(57)NF =
Ṡ���
F

Ṡ���
0

=
Pr EcF2

𝜒
(𝜒)

𝜂2
∞

[
𝛩(𝜒) +𝛺

] ,

(58)NJ =
Ṡ���
J

Ṡ���
0

=
PrHaEc exp

(
−𝜂∞𝜒

)
F(𝜒)[

𝛩(𝜒) +𝛺
] ,

(59)� =
T∞

Tw − T∞
,

(60)Ṡ���
0

=
k

L2
.

(61)

Be =
Ṡ���
H

Ṡ���
G

=
NH

NH + NF + NJ

.

Fig. 2  Accuracy of GDQM–NRIT results, when S  =  − 0.3,  Ha  =   
0.2, Pr = 6 and Ec = 0.2

Based on the above considerations, the simplified expression 
of Bejan number Be is given by:
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Energetically, the magnitudes of the entropic quantities 
NH and

(
NF + NJ

)
 play a noticeable role in the improvement 

in the thermal efficiency of the system by minimizing the 
loss of heat through the entropy generation NS of the fluidic 
medium. Therefore, by intensifying (weakening) the value 
of the entropic quantity NH characterized the heat transfer 
irreversibility (HTI) compared to the resulting thermody-
namic quantity (NF + NJ),  the Bejan number Be can take 
the following specific values:

On the contrary, when the Bejan number takes the value 
Be = 0.5, the heat transfer irreversibility (HTI) and the 

(62)Be =
�2

�
(�)

�2
�
(�) + PrEc

[
�(�) +�

]
F2
�
(�) + �2

∞
PrHaEc exp

(
−�∞�

)[
�(�) +�

]
F(�)

.

(63)

{
Be → 1, whenNH >> NF + NJ ,

Be → 0, whenNH << NF + NJ .

sum of the fluid friction irreversibility (FFI) with the 
Joule heating irreversibility (JHI) are equally dominant (
i.e.,NH = NF + NJ

)
  and have the same percentage of con-

tribution to the entropy production inside the thermody-
namic system. Statistically, the average values of the 
dimensionless physical quantities   NH ,NF,NJ ,NS and Be 
are defined as follows:

(64)

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎩

N̄H =

̄̇S���
H

Ṡ���
0

=

1

∫
0

NH(𝜒)d𝜒 = trapz
�
�,��

�
,

N̄F =

̄̇S���
F

Ṡ���
0

=

1

∫
0

NF(𝜒)d𝜒 = trapz
�
�,��

�
,

N̄J =

̄̇S���
J

Ṡ���
0

=

1

∫
0

NJ(𝜒)d𝜒 = trapz
�
�,��

�
,

N̄S =

̄̇S���
G

Ṡ���
0

=

1

∫
0

NS(𝜒)d𝜒 = trapz
�
�,��

�
,

where

(65)B̄e =
N̄H

N̄S

=
N̄H

N̄H + N̄F + N̄J

,

(66)� =

⎛
⎜⎜⎜⎜⎜⎜⎜⎝

�1

�2

.

.

.

�N−1

�N

⎞
⎟⎟⎟⎟⎟⎟⎟⎠

,

(67)�H =

⎛⎜⎜⎜⎜⎜⎜⎜⎝

NH

�
�1

�
NH

�
�2

�
.

.

.

NH

�
�N−1

�
NH

�
�N

�

⎞⎟⎟⎟⎟⎟⎟⎟⎠

,�F =

⎛⎜⎜⎜⎜⎜⎜⎜⎝

NF

�
�1

�
NF

�
�2

�
.

.

.

NF

�
�N−1

�
NF

�
�N

�

⎞⎟⎟⎟⎟⎟⎟⎟⎠

,�J =

⎛⎜⎜⎜⎜⎜⎜⎜⎝

NJ

�
�1

�
NJ

�
�2

�
.

.

.

NJ

�
�N−1

�
NJ

�
�N

�

⎞⎟⎟⎟⎟⎟⎟⎟⎠

,�S =

⎛⎜⎜⎜⎜⎜⎜⎜⎝

NS

�
�1

�
NS

�
�2

�
.

.

.

NS

�
�N−1

�
NS

�
�N

�

⎞⎟⎟⎟⎟⎟⎟⎟⎠

.

Additionally, the physical quantities ̄̇S′′′
H
, ̄̇S′′′

F
, ̄̇S′′′

J
and ̄̇S′′′

G
 

shown above represent  the  mean values  of 
Ṡ′′′
H
, Ṡ′′′

F
, Ṡ′′′

J
and Ṡ′′′

G
, , respectively. These average amounts 

are evaluated numerically on MATLAB software via 
the trapezoidal integration method.

5  Results and Discussion

In this paper, the problem of EMHD convective flow of 
an incompressible electrically conducting fluid past over 
a horizontal heated Riga plate is investigated numeri-
cally by considering the significant impacts of viscous 
and Joule heating dissipations along with the existence 
of a downward wall-through flow passage. As discussed 
previously in the last section, the current Newtonian dis-
sipative fluid flow model is described mathematically by 
nonlinear coupled partial differential equations (PDEs). 
These PDEs are simplified to a set of ordinary differential 
equations (ODEs) by adopting realistic physical assump-
tions. After introducing suitable transformations, the 
resulting dimensionless ODEs are simulated numerically 
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with the help of GDQM–NRIT for generating accurate 
graphical results as shown in Figs. 3, 4, 5 and 6 for the 
velocity and temperature profiles. Moreover, the exact-
ness of the outputted numerical outcomes is checked ana-
lytically and numerically in terms of the reduced physi-
cal quantities − Cfr and  Nur by utilizing the closed-form 
solutions established analytically in Eqs. (44)–(48) and 
also by realizing further computational examinations via 
SQLM as proved clearly in Tables 1, 2 and 3. Based on 
the second law of thermodynamics, extra energetic find-
ings are exhibited and quantified in graphical and tabular 
forms as demonstrated in Table 4 and Figs. 7, 8, 9, 10 
and 11 for the entropy generation NS, Bejan number Be 
and their average entropic varieties N̄H , N̄F, N̄J , N̄S and B̄e 
by the well exploiting of the numerical data outputted 
for the dimensionless velocity and temperature distribu-
tions. For the present numerical computation, we have 
selected the values S = −0.3 , Ha = 0.2 , Pr = 6 , Ec = 0.2 
and Ω = 1 as default flow parameters, unless otherwise 
indicated, particularly in all tabular and graphical illus-
trations. Furthermore, to present realistic GDQM–NRIT 
results, it is more recommended to choose η∞ = 15 and 
N = 200 as the optimum values for the key parameters η∞ 
and N, in order to assure a maximum level of correctness 
for the engineering quantities − Cfr and  Nur in all subse-
quent analysis by GDQM–NRIT, which is estimated to be 

of the order of  10−10 for TRE as emphasized graphically 
in Fig. 2. The significant influences of various physical 
parameters, such as the suction parameter S , the modified 
Hartmann number Ha, the Prandtl number Pr , the Eck-
ert number Ec and the dimensionless temperature ratio Ω 
on the dimensionless graphical profiles of velocity f(η), 
temperature θ(η), entropy generation NS(η) and Bejan 
number Be(η), are revealed graphically via Figs. 3, 4, 5, 
6, 7, 8, 9, 10 and 11. As discussed above, the reduced engi-
neering quantities − Cfr and  Nur, as well as the entropic 
amounts N̄H , N̄F, N̄J , N̄S and B̄e , are computed numerically 
and then enlisted in Tables 2, 3 and 4.

Figure 3 is plotted to depict the features of the momen-
tum and thermal boundary layers against the varying values 
of the suction parameter S through the graphical aspects 
arising from the dimensionless profiles of velocity f (�) and 
temperature θ(η). From this illustration, it is noticed that the 
suction parameter S shows a decreasing behavior toward 
the thicknesses of both boundary layers, in which the fluid 
motion along the x-direction is slowed down meaningfully 
with a drop in the temperature of the downstream flow 
inside the thermal boundary-layer region when the abso-
lute value of the suction parameter S is incremented gradu-
ally from 0.3 to 0.6. Owing to the wall permeability, the 
presence of a downward wall-through flow passage tends 

Fig. 3  Velocity and temperature profiles for distinct values of S 

Fig. 4  Velocity and temperature profiles for distinct values of Ha

Fig. 5  Temperature profiles for distinct values of Pr

Fig. 6  Temperature profiles for distinct values of Ec
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Table 4  Numerical estimations 
of the entropic quantities 
N̄
H
, N̄

F
, N̄

J
, N̄

S
and B̄e , 

for various values of the 
embedded physical parameters 
S, Ha, Pr, Ec and�

S Ha Pr Ec Ω N̄
H

N̄
F

N̄
J

N̄
S B̄e

− 0.3 0.2 6 0.2 1 0.017282 0.012421 0.007584 0.037288 0.463481
− 0.4 0.023445 0.016154 0.007354 0.046954 0.499321
− 0.5 0.029686 0.019917 0.007069 0.056673 0.523813
− 0.6 0.035986 0.023653 0.006771 0.066411 0.541869
− 0.3 0.0 6 0.2 1 0.019397 0.009929 0.000000 0.029326 0.661421

0.2 0.017282 0.012421 0.007584 0.037288 0.463481
0.4 0.015918 0.016331 0.013001 0.045251 0.351771
0.6 0.015190 0.021632 0.016394 0.053216 0.285438

− 0.3 0.2 6 0.2 1 0.017282 0.012421 0.007584 0.037288 0.463481
7 0.019644 0.014802 0.009057 0.043504 0.451558
8 0.021949 0.017215 0.010555 0.049721 0.441453
9 0.024209 0.019654 0.012074 0.055939 0.432786

− 0.3 0.2 6 0.0 1 0.023193 0.000000 0.000000 0.023193 1.000000
0.2 0.017282 0.012421 0.007584 0.037288 0.463481
0.4 0.013251 0.023704 0.014428 0.051384 0.257890
0.6 0.010799 0.034029 0.020653 0.065482 0.164927

− 0.3 0.2 6 0.2 1 0.017282 0.012421 0.007584 0.037288 0.463481
2 0.006479 0.007125 0.004456 0.018060 0.358763
3 0.003389 0.005017 0.003167 0.011574 0.292872
4 0.002083 0.003876 0.002458 0.008419 0.247486

Fig. 7  Behaviors of NS and Be against varying values of S 

Fig. 8  Behaviors of NS and Be against varying values of Ha

Fig. 9  Behaviors of NS and Be against varying values of Pr

Fig. 10  Behaviors of NS and Be against varying values of Ec
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to prevent the flow establishment in the axial direction and 
returns the thermal boundary-layer thinner. This fact is hap-
pened due to the entrainment of fresh fluid from the ambient 
region (i.e., cold zone) to the thermal boundary-layer region 
(i.e., hot zone). Figure 4 represents the behaviors of the 
dimensionless profiles of velocity f (�) and temperature �(�) 
versus diverse values of the modified Hartmann number Ha 
when the other flow and thermal parameters are maintained 
fixed. After a careful analysis of this figure, it is found that 
the velocity profile f (�) exhibits a sharp decrease with a 
diminishing in the thickness of the momentum boundary 
layer when the modified Hartmann number Ha is upsurged 
progressively from 0 to 0.6. The reason behind this trend 
is explained physically by the presence of Lorentz forces 
�� =

(
−Fm, 0, 0

)
 . These electromagnetic forces act in the 

opposite direction to the fluid motion as drag-like forces, 
whose effective magnitudes Fm

(
=
(
�j0M∕8

)
exp

(
−�y∕a0

))
 

are decaying exponentially along the y-direction. Unlike the 
velocity profile, the temperature distribution �(�) through-
out the thermal boundary-layer region shows a dual char-
acteristic. On the one hand, the fluid temperature boosts 
intensively near to the surface of the Riga plate with the 
escalating values of Ha thanks to the maximum heat com-
municated to the fluid inside the momentum boundary layer 
by the extra thermal energy coming from the resistive works 
accomplished by the electromagnetic forces ��(i.e., Joule 
heating effect). On the other hand, it is noticed that the 
fluid temperature diminishes slightly away from the Riga 
plate with the increasing value of the control parameter Ha, 
due to the combined effects of cooling suction and negli-
gible resistance of the electromagnetic forces �� . Figure 5 
elucidates the variation of the fluid temperature �(�) with 
the rising values of the Prandtl number Pr when the other 
embedded parameters are kept constant. From this graphi-
cal representation, it is perceived that the fluid temperature 
and the thermal boundary-layer thickness are declined with 
the larger values of the parameter Pr (≥ 6) , because of the 
remarkable deterioration in the thermal diffusivity of the 
fluidic medium. Figure 6 addresses the energetic aspect 

of viscous dissipation parameter Ec (i.e., Eckert number) 
on the temperature distribution �(�) . Graphically, it is per-
ceived that the cross-fluid thermal field �(�) is remarkably 
enhanced via the augmenting values of the dissipative 
parameter Ec. Indeed, the Eckert number Ec represents the 
ratio between the flow kinetic energy and the boundary-
layer enthalpy difference. Consequently, the fluid tempera-
ture in the thermal boundary layer can be enhanced multiply 
via both the Joule heating effect coming from the paramet-
ric product Ha Ec as well as through the loss of thermal 
energy arising from the fluid friction between the adjacent 
layers when the Eckert number Ec is intensified from 0 to 
0.6 by the augmenting values of Ec. Figure 7 examines the 
impact of the suction parameter S on the thermodynamic 
characteristics of entropy generation NS and Bejan number 
Be within the fluidic medium. Evidently, it is revealed that 
the dimensionless entopic quantity NS is boosted via the 
larger values of |S| , while the entopic rate Be shows a dual 
behavior for the rising values of |S| , which increases near to 
the surface of the Riga plate and declines after exceeding a 
certain specified value of � . These graphical findings prove 
that the greater values of |S| provide a maximum dominance 
of the heat transfer irreversibility (HTI) close to the Riga 
plate, due to the remarkable heat transfer rate at the Riga 
plate. However, an opposite tendency is detected far from 
the Riga plate. Figure 8 illustrates the outcomes of increas-
ing values of the modified Hartmann number Ha on the 
profiles of entropy generation NS and Bejan number Be. 
Obviously, it is pointed out that NS upsurges with the inten-
sifying values of Ha, while Be weakens with the growing 
values of Ha near the Riga plate, indicating that the result-
ing entropic of the fluid friction irreversibility (FFI) and the 
Joule heating irreversibility (JHI) has reasonable domina-
tion over the heat transfer irreversibility (HTI), due to the 
strengthening in both the viscous friction forces and the 
electromagnetic resistance arising from the Lorentz forces 
�� against the fluid motion near the Riga plate, while a 
reverse trend is detected far from the Riga plate. Figure 9 
explains the impression of the Prandtl number Pr on the 
features of NS and Be. From this graphical representation, 
it is demonstrated that the higher values of the parameter Pr 
escalate considerably the entropy generation NS throughout 
the fluidic medium, due to the important increase in the 
absolute values of the temperature gradient. On the con-
trary to NS , it is explored that there is a dual impact of the 
Prandtlnumber Pr on the profile of Be, in which a higher 
contribution of the heat transfer irreversibility (HTI) is seen 
close to the Riga plate. Even so, this tendency is inversed 
as long as we get away progressively from the Riga plate. 
Figure 10 highlights the significances of the increasing 
values of the dissipation parameter Ec on the profiles of 
entropy generation NS and Bejan number Be. Graphically, 
it is noticed that the profile of NS can be elevated via the 

Fig. 11  Behaviors of NS and Be against varying values of Ω 
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larger values given to the parameter Ec, while the profile of 
Be shows a declining behavior for the greater values of Ec 
near the Riga plate and then increase slightly far from it. 
These outcomes indicate that FFI and JHI provide a higher 
contribution in the entropic thermodynamic process near 
the Riga plate compared with HTI, whereas HTI becomes 
the more governing entropic variety far from the Riga plate. 
Figure 11 scrutinizes the noteworthy influences of the ther-
mal parameter �

(
= T∞∕

(
Tw − T∞

))
 on the comportments 

of NS and Be toward the varying values of the wall tempera-
ture Tw . From this display, it is noted that the greater values 
of the temperature difference 

(
Tw − T∞

)
 between the Riga 

plate and the ambient medium enhance considerably both 
NS and Be. Also, it is concluded that the decreasing values 
of � strengthen the entropic contribution of HTI throughout 
the boundary-layer flow region.

Quantitatively, the numerical estimations of the impor-
tant dimensionless physical quantities −Cfr , Nur , N̄H , N̄F , 
N̄J , N̄S and B̄e against the sundry values of S , Ha, Pr, Ec 
and Ω are depicted in tabular forms as given in Tables 2, 
3 and 4. From Table 2, it is revealed that the skin friction 
coefficient −Cfr is increased with the rising values of both 
|S| and Ha . Also, it is noticed from Table 3 that the heat 
transfer rate Nur enhances with the increasing values of 
|S| and Pr . However, a declining effect on the heat transfer 
rate Nur is observed with the increasing values of Ha and 
Ec. These tabular results are in good agreement with the 
graphical results displayed in terms of velocity and tem-
perature profiles. As shown in Table 4, it is established 
statistically that the averaged resulting entropic quantity 
N̄S

(
= N̄H + N̄F + N̄J

)
 is an increasing function of |S| , Ha , 

Pr, and Ec , while it decreases with the growing values 
of Ω. Also, it is confirmed numerically that the averaged 
values of B̄e are enhanced via the mounting values of 
|S|. On the contrary, an opposite behavior is seen for the 
parameters Ha, Pr and Ec regarding the thermodynamic 
quantity B̄e.

6  Closing Remarks

A comprehensive numerical examination of electro-mag-
neto-hydrodynamic (EMHD) convective flows of viscous 
electrically conducting fluids over a horizontal moving Riga 
plate had been established numerically under the significant 
impacts of the wall suction and Joule heating by employing 
an efficient algorithm based on the generalized differential 
quadrature method (GDQM) and the Newton–Raphson itera-
tive technique (NRIT). The main significant outcomes of the 
present numerical perusal are summarized as follows:

• The proposed GDQM–NRIT procedure shows 
a higher numerical efficiency in providing fast accu-
rate  results with  a low computational effort and 
fewer iterations.

• A very high absolute accuracy of  10-10 had been achieved 
successfully for − Cfr and  Nur in a reduced CPU time 
and TRE, which are nearly less than 0.6 s and 2 × 10−10 , 
respectively, even with the use of a larger number of 
GLCGPs.

• The strengthening resistive Lorentz forces �� along with 
the greater positive values of the suction parameter |S| 
tend to slow down the fluid motion.

• The fluid temperature inside the flow region boosts with 
the increasing values of the modified Hartmann number 
Ha and Eckert number Ec (i.e., Joule heating and viscous 
dissipation effects).

• A drop in the fluid temperature is perceived for larger 
positive values of the suction parameter |S| and Prandtl 
number Pr.

• An upsurge in the reduced skin friction coefficient Cfr is 
noted for higher values given to the parameters |S| and 
Ha.

• An enhancement in the reduced heat transfer rate  Nur is 
revealed for larger values of |S| and Pr , while a significant 
reduction for Nur is remarked with the increasing values 
of Ha and Ec.

• A maximum amount of entropy generation can be added 
to the fluidic medium by growing the values of |S| , Ha, 
Pr, Ec and Tw.

• The heat transfer irreversibility can be enhanced consid-
erably near the Riga plate either by improving |S| , Pr and 
Tw or by diminishing Ha and Ec.
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