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Using ethylene glycol as the base fluid, nanomaterials graphene oxide (GO) and 
molybdenum disulfide (MoS2) are disseminated into the fluid. The heat transfer 
behaviour of a non-Newtonian Powell-Eyring fluid hybrid nanofluid is evaluated together 
with several effects such as magnetic, suction and radiation. Ordinary differential 
equations (ODEs) are acquired by deriving the mathematical model in partial differential 
equations (PDEs) with suitable similarity transformations. The formulas are numerically 
estimated with the assistance of the bvp4c solver in MATLAB. The impact of parameter 
effects on the skin friction coefficient, local Nusselt number, entropy generation, velocity 
profile and temperature profile are reviewed and discussed. The aftermath revealed that 
skin friction and suction effects are elevated along the magnetic field. The rate of heat 
transmission is enhanced by improving the value of the suction parameter. Magnetic 
field, Eckert number and suction boosted entropy over the shrinking plate. 
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1. Introduction 
 

Nanofluid is a type of fluid where a tiny particle measured in nanometers is submerged into a 
base fluid. Various nanoparticles can be used, usually metal oxides like graphene, alumina, 
molybdenum disulfide and copper. Nanofluid is a development used to improve the thermal 
properties of a conventional fluid because using only the base fluid provides low thermal 
conductivity. The idea of nanofluid was first introduced by Choi and Eastman [1]. A few years back, a 
new type of nanofluid was introduced to the industry. This fluid is created by combining two or more 
different types of nanoparticles and dispersing them into a base fluid. One of the gains of hybrid 
nanofluid is it can help reduce the cost since nanoparticles like copper, silver, and gold are expensive. 
Combining different particles requires only a tiny amount of each particle, hence why it is better than 
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nanofluid. Moreover, much past research has proved that hybrid nanofluid can transmit heat more 
effectively than conventional nanofluid. Due to their relevant and good thermal conductivity, a lot of 
fields are utilizing both nanofluid and hybrid nanofluid, such as generators, thermal storage, coolant 
machines, medical devices, solar systems and welding. Hussain et al., [2] looked into the flow of GO-
MOS2/H2O subject to melting heat. For increasing volume fraction, the skin friction and Nusselt 
number are less in value for GO-MOS2/H2O compared to MOS2/H2O. Khan et al., [3] explored the flow 
of GO-MOS2/H2O through slender revolution bodies. Due to the concentration of nanoparticles, the 
velocity of the fluid plunges for both nanofluid and hybrid nanofluid. Chu et al., [4] inspected MHD 
GO-MOS2/H2O flow for a vertical cylinder with a shape factor. The temperature of the fluid was 
enlarged, and the velocity was depleted by the increment of magnetic parameters for both nanofluid 
and hybrid nanofluid. Khazayinejad and Nourazar [5] analyzed the flow of GO-Ag/H2O considering an 
inclined magnetic field. The temperature of nanofluid Ag/H2O can be improved by the insertion of 
GO, owing to the thermal conduction property of GO. Ramesh et al., [6] examined the heat transfer 
of GO and aluminium alloy through a porous cylinder. The temperature of A7072-AA7075/H2O is 
lower in comparison to the Fe3O4-GO /H2O. Hussain and Jamshed [7] considered Cu-SiO2/EG flow 
with the implementation of the finite difference method. The heat transfer rate of Cu-SiO2/EG is 
more efficient than Cu/EG. Mishra et al., [8] evaluated the Non-Newtonian Casson Fluid Cu-Al2O3/EG 
flow. They concluded that adding the nanoparticles to the base fluid EG helps improve the fluid's 
thermophysical properties. 

Magnetohydrodynamics (MHD) is an exploration of the behaviour of liquids that are conducted 
electrically, along with the presence of a magnetic field. The current that is produced by the magnetic 
field will pass by a moving fluid, which subsequently incites force in the fluid. The force is well 
recognized as the Lorentz force, which appears as a consequence of the MHD effect and is beneficial 
in the cooling process. Anuar et al., [9] looked into Cu-Al2O3/H2O MHD flow near the stagnation area 
in the presence of the homogeneous-heterogeneous condition. The magnetic parameter M is 
thinning the contracting sheet's momentum and thermal boundary layer. Using the Successive 
linearization method, Bhatti et al., [10] evaluated the MHD stagnation point flow on a shrinking sheet. 
They deduced that the velocity of the fluid increases along with the magnetic parameter. Awaludin 
et al., [11] studied stagnation point flow with heat sources and chemical reactions. They discovered 
that as the value of magnetic goes up, the solution is unique for elongating sheets, and for contracting 
plates, the solutions are not unusual. Sajjad et al., [12] explored MHD Cu-Al2O3/H2O on an upright 
contracting wedge with Joule heating and slip effects. They inferred that the magnetic field grows 
both the momentum and temperature of the liquid. Lund et al., [13] inspected MHD 3D Cu-Al2O3/H2O 
on a nonlinear shrinking plate using the 3-level Lobato Illa method and concluded that the magnetic 
effect diminishes both the velocity and temperature of the fluid. Another study by Lund et al., [14] 
also proved that the magnetic field slows down the speed of the fluid. Their research included Stefan 
blowing and slip effects for MHD Casson nanofluid. 

Non-Newtonian fluid has an inconstant viscosity. It relates to the shear stress, elasticity, and 
pressure changes. Most fluids used in real-life applications are considered non-Newtonian, such as 
dyes, lubricants, ketchup, chemical processing, paints, elastomers, and mining. The complicated 
behaviour of non-Newtonian fluid makes it difficult to analyse by using a basic equation or any 
Newtonian model. Hence, previous scholars created several non-Newtonian models to ease the 
study of shear stress and strain in the fluid. Some of the models for non-Newtonian are the power 
law, Casson, Maxwell, Jeffrey and Powell-Eyring models. The Powell-Eyring model was developed in 
1944. Unlike other models, this model emerges directly from the dynamic of fluid theory, usually 
based on an empirical expression. Thus, even though the structure of this model is more complex, it 
is more beneficial. Prior studies that have utilized this model are the magnetically influenced Powell-
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Eyring Cu-MeOH and GO-MeOH flow, Powell-Eyring Cu-Al2O3/H2O and Cu/H2O flow, MHD Powell-
Eyring nano-liquid flow over a contracting wedge, Powell-Eyring fluid flow on a stretched plate, 
gyrotactic microorganisms in the Powell-Eyring fluid while considering radiation and suction effects, 
and C71500–Ti6Al4V/ C2H6O2−H2O fluid on a vertical plate with a heat source [15-20]. 

Entropy relates to the irreversibility level that takes place throughout a process. It tells the 
amount of disturbance produced, which dissipates the productivity of a system. The heat 
transmission process is founded on basic thermodynamic concepts. The first rule is related to energy 
conservation, and the second rule states that in a thermal process, the system's entropy must exist. 
Thermodynamically, the dysfunction is in the form of losing energy during the process as a 
consequence of several features and effects such as heat generation, radiation, suction, 
concentration level and many more. Entropy occurrence happens in ample real-life applications such 
as heating and cooling appliances, reactors, nuclear and solar technology, and sensors. That being 
the case, it is necessary to study how to control the production of disruption and preserve the energy 
in a system. Many scholars solved the problem of entropy generation in heat transfer, such as EMHD 
radiated Ag-TiO2/Blood flow, EMHD Cu-Al2O3/H2O flow near the stagnation point of an elongating 
plate with radiation, the influence of Lorentz force effect for Cu-Fe3O4/EG, mass-based GO-Fe3O4/H2O 
flow for a convectively warmed stretching shrinking plate, CNTs-Cadmium telluride/EG flow with 
radiation and melting effects, impact of curvature on peristaltic thrusting of EMHD Cu-Al2O3/Blood, 
and flow of viscoelastic nanofluid over an elongating cylinder [21-27]. 

The first person that introduced the study of stagnation point flow was Hiemenz in the year 1911. 
The flow of the fluid near the stagnation point moves toward the plate orthogonally. Then, on a 
moving or stationary plate, the flow will be divided into two different directions. The velocity of the 
flow on the stagnation area is said to be zero or in a not-moving state. However, the pressure, heat 
transfer, mass deposition and heat transfer are at the highest value when they are close to the 
stagnation region. A few studies on stagnation point flow have been completed earlier, such as -
CuO/H2O flow when it was exposed to suction, EMHD Cu-Al2O3/H2O flow on a vertical plate when it 
was revealed to slip and suction, SWCNTs-CuO/EG flow with melting heat, magnetic and heat 
source/sink effects, EMHD Cu-Al2O3/H2O stagnation flow when velocity slip, viscous dissipation and 
radiation, Ag-CuO/H2O stagnation flow on an exponentially contracting plate, and Casson nanofluid 
flow under the influence of Thompson and Troian slip [28-33]. Oblique stagnation flow also has been 
investigated, such as EMHD Cu-Al2O3/H2O flow on a contracting surface and MWCNT-SWCNT/EG flow 
on an elongated cylinder [34,35]. 

As per the literature, only a few research have been dedicated to the flow of EG-based GO-MoS2 
hybrid nanofluid and the entropy analysis over a contracting plate. Motivated by the characteristics 
of non-Newtonian hybrid nanofluid and the importance of entropy analysis on a shrinking surface, 
this research covers those elements by analyzing the flow of GO-MoS2/EG fluid on a porous plate 
with magnetic field, radiation, and suction effects. The usage of GO in this work is in line with the 
increasing utilization of GO in advanced applications. MoS2 possesses an excellent catalytic feature 
and a favourable low value of friction. Suitable similarity transformations are used to convert partial 
differential equations into ordinary differential equations. The rapidity, temperature, skin friction 
coefficient, local Nusselt number and entropy generation are the main points that are being 
discussed and analyzed from figures and tables. 
 
2. Mathematical Modelling 
 

The flow of an incompressible Powell-Eyring hybrid nanofluid near a stagnation point along a 
porous horizontal flat plate is of interest, as indicated in Figure 1. The 𝑥 and 𝑦 are Cartesian 
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coordinates in which the 𝑥 -axis is measured horizontally, and the y-axis is normal to the surface. The 
plane 𝑦 = 0 corresponds with the flat plate, and the fluid flows inside 𝑦 ≥ 0. Horizontally, the plate 

extends and contracts where 𝑢𝑤(𝑥) = 𝑏𝑥
1

3, where 𝑏 > 0 represents the stretching rate and 𝑏 < 0 

represents the shrinking rate. The ambient (inviscid) fluid velocity is 𝑢𝑒(𝑥) = 𝑎𝑥
1

3, where 𝑎 is a 
positive constant. 𝑇𝑤 is denoted as the surface temperature, while the far-field temperature of the 
hybrid nanofluid is known as 𝑇∞. It is noteworthy when 𝑇𝑤 > 𝑇∞ is an assisting flow and 𝑇𝑤 < 𝑇∞ 
resembles the opposing flow. 𝑣𝑤 is defined as the mass velocity, where the suction and injection 
parameters are noted as 𝑣𝑤 < 0 and 𝑣𝑤 > 0, respectively. The fluid parameters of the Powell-Eyring 

model are denoted by 𝛽∗ and 𝜀. 𝐵 is the imposed magnetic field, where 𝐵 = 𝐵0𝑥−
1

3 and radiation 
heat flux is represented by 𝑞𝑟. Based on the above assumption, the governing boundary layer 
involved is modelled as follows [23,30,36]: 
 
𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0              (1) 

 

𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
= 𝑢𝑒

𝜕𝑢𝑒

𝜕𝑥
+ (𝜈ℎ𝑛𝑓 +

1

𝜌ℎ𝑛𝑓𝛽∗𝜀
)

𝜕2𝑢

𝜕𝑦2
−

1

2𝜌ℎ𝑛𝑓𝛽∗𝜀3
(

𝜕𝑢

𝜕𝑦
)

2 𝜕2𝑢

𝜕𝑦2
−

𝜎ℎ𝑛𝑓 𝐵2

𝜌ℎ𝑛𝑓
 (𝑢 −  𝑢𝑒)    (2) 

 

𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
=

𝑘ℎ𝑛𝑓

(𝜌𝐶𝑝)
ℎ𝑛𝑓

(
𝜕2𝑇

𝜕𝑦2) +
𝜇ℎ𝑛𝑓

(𝜌𝐶𝑝)
ℎ𝑛𝑓

(
𝜕 𝑢

𝜕 𝑦
)

2

−
1

(𝜌𝐶𝑝)
ℎ𝑛𝑓

(
𝜕𝑞𝑟

𝜕𝑦
)       (3) 

 
With boundary conditions of: 
 

𝑢 = 𝑢𝑤(𝑥) = 𝑏𝑥
1

3 ,         𝑣 = 𝑣𝑤(𝑥),       𝑇 = 𝑇𝑤(𝑥) = 𝑇∞ + 𝑇0𝑥−
1

3 at  𝑦 = 0  
 

𝑢 → 𝑢𝑒(𝑥) = 𝑎𝑥
1

3,      𝑇 → 𝑇∞  as  𝑦 → ∞          (4) 
 

 
Fig. 1. Shrinking porous horizontal plate model 

 
The appropriate similarity transformation is introduced as follows [36]: 
 

𝜓 = √
3𝑎𝜈𝑓

2
𝑥

2

3𝑓(𝜂),    𝜃(𝜂) =
𝑇−𝑇∞

𝑇𝑤−𝑇∞
,     𝜂 = 𝑦√

2𝑎

3𝜈𝑓
𝑥−

1

3        (5) 

 

It is widely known that the stream function is 𝜓 where 𝑢 =
𝜕𝜓

𝜕𝑦
 as well as 𝑣 = −

𝜕𝜓

𝜕𝑥
. Then, 𝑢 and 

𝑣 can be written as: 
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𝑢 = 𝑎𝑥
1

3𝑓′,    𝑣 = −
1

3
√

3𝑎𝜈𝑓

2
𝑥−

1

3𝑆           (6) 

 
It is noticeable that the differentiation concerning 𝜂 is denoted as primes and the suction and 

injection parameters known as 𝑆 = 2𝑓 − 𝜂𝑓′ where 𝑆 > 0 and 𝑆 < 0 respectively. Using Eq. (5) and 
substituting into Eq. (1) to Eq. (4) will yield the reduced ordinary differential equations below: 
 

(
1

𝜙𝑎𝜙𝑏
+ 𝜒

1

𝜙𝑏
) 𝑓′′′ −

𝜒𝜍

3𝜙𝑏
𝑓′′2𝑓′′′ −

1

2
𝑓′2 + 𝑓𝑓′′ −

3

2

𝜙𝑒

𝜙𝑏
𝑀 (𝑓′ −  1) +

1

2
= 0     (7) 

 
𝜙𝑑

𝑃𝑟𝜙𝑐
(1 +

𝑃𝑟𝑅𝑑

𝜙𝑑
) 𝜗′′ +

𝐸𝑐

𝜙𝑎𝜙𝑐
𝑓′′2 + 𝑓𝜗′ = 0          (8) 

 
Along with the boundary conditions: 
 
𝑓′(0) = 𝛼, 𝑓(0) = 𝑆, 𝜃(0) = 1 at   𝜂 = 0 
 
𝑓′(𝜂) → 1,      𝜃(𝜂) → 0 as  𝜂 → ∞           (9) 
 

where 𝜒 = 
1

𝜇𝑓𝛽∗𝜺
 and 𝜍 =

𝑎3

𝜀2𝜈𝑓
 are the material parameters, 𝑀 =

𝝈𝒇 𝐵0
2

𝑎𝝆𝒇
 is the magnetic field parameter, 

𝑃𝑟 is the Prandtl number, 𝑅𝑑 =
16𝜎∗𝑇∞

3

𝜈𝑓(𝜌𝐶𝑝)
𝑓

3𝑘∗ is radiation parameter, 𝐸𝑐 =
𝑢𝑒

2

(𝑇𝑤−𝑇∞)(𝐶𝑝)
𝑓

 is the Eckert 

number, 𝑆 is suction and 𝛼 =
𝑏

𝑎
 is the stretching/shrinking parameter, where an elongating plate is 

denoted by 𝛼 > 0, and a contracting plate is depicted by 𝛼 > 0. 
The hybrid nanofluid parameters are represented by [37]: 

    

𝜙𝑎 = (1 − 𝜙1)2.5(1 − 𝜙2)2.5 =
𝜇𝑓

𝜇ℎ𝑛𝑓
                     (10) 

 

𝜙𝑏 = (1 − 𝜙2) [(1 − 𝜙1) + 𝜙1
𝜌𝑠1

𝜌𝑓
] + 𝜙2

𝜌𝑠2

𝜌𝑓
=

𝜌ℎ𝑛𝑓

𝜌𝑓
                   (11) 

 

𝜙𝑐 = (1 − 𝜙2) [(1 − 𝜙1) + 𝜙1

(𝜌𝐶𝑝)
𝑠1

(𝜌𝐶𝑝)
𝑓

] + 𝜙2

(𝜌𝐶𝑝)
𝑠2

(𝜌𝐶𝑝)
𝑓

=
(𝜌𝐶𝑝)

ℎ𝑛𝑓

(𝜌𝐶𝑝)
𝑓

                 (12) 

 

𝜙𝑑 =
𝑘ℎ𝑛𝑓

𝑘𝑓
, 𝜙𝑒 =

𝜎ℎ𝑛𝑓

𝜎𝑓
                       (13) 

 
The formulas used to calculate the values of hybrid nanofluid parameters 𝜙𝑎, 𝜙𝑏 , 𝜙𝑐 , 𝜙𝑑 , 𝜙𝑒  based 

on their respective thermophysical characteristics can be found in Table 1. The thermo-physical 
properties for GO-MoS2/EG hybrid nanofluid particles are recorded in Table 2. The provided values 
will be utilised for the computation of the hybrid nanofluid parameters 𝜙𝑎, 𝜙𝑏 , 𝜙𝑐 , 𝜙𝑑 , 𝜙𝑒. The 
subscript ℎ𝑛𝑓, 𝑛𝑓, 𝑓, 𝑠, 𝑠2 is referred to as hybrid nanofluid, nanofluid, base fluid, first nanoparticle, 
and second nanoparticle, respectively. 
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Table 1 
The features of thermo-physical hybrid nanofluids [38] 
Features Hybrid Nanofluid 

Density (𝜌) 𝜌ℎ𝑛𝑓 = (1 − 𝜙2)[(1 − 𝜙1)𝜌𝑓 + 𝜙1𝜌𝑠1] + 𝜙2𝜌𝑠2 

Viscosity (𝜇) 𝜇ℎ𝑛𝑓 = 𝜇𝑓/(1 − 𝜙1)2.5(1 − 𝜙2)2.5 

Heat capacity (𝜌𝐶𝑝) (𝜌𝐶𝑝)
ℎ𝑛𝑓

= (1 − 𝜙2) [(1 − 𝜙1)(𝜌𝐶𝑝)
𝑓

+ 𝜙1(𝜌𝐶𝑝)
𝑠1

] + 𝜙2(𝜌𝐶𝑝)
𝑠2

 

Thermal conductivity (𝑘) 
𝑘ℎ𝑛𝑓 =

𝑘𝑠2 + 2𝑘𝑛𝑓 − 2𝜙2(𝑘𝑛𝑓 − 𝑘𝑠2)

𝑘𝑠2 + 2𝑘𝑛𝑓 + 𝜙2(𝑘𝑛𝑓 − 𝑘𝑠2)
× 𝑘𝑛𝑓 

Electrical conductivity (𝜎) 
𝜎ℎ𝑛𝑓 =

𝜎𝑠2 + 2𝜎𝑛𝑓 − 2𝜙2(𝜎𝑛𝑓 − 𝜎𝑠2)

𝜎𝑠2 + 2𝜎𝑛𝑓 + 𝜙2(𝜎𝑛𝑓 − 𝜎𝑠2)
× 𝜎𝑛𝑓 

 
Table 2 
The values of nanoparticles and base fluid thermo-physical properties [39-41] 
Thermophysical Properties Graphene Oxide (GO) Molybdenum 

Disulphide (MoS2) 
Ethylene Glycol (EG) 

Thermal conductivity 𝑘 5000 34.5 0.253 
Density 𝜌 1800 5060 1115 
Specific heat 𝐶𝑝 717 397.746 2430 

Electrical conductivity 𝜎 6.3x107 2.09x104 10.7x10-5 

 
The relevant physical quantities are the skin-friction coefficient 𝐶𝑓, Nusselt number 𝑁𝑢𝑥  and 

entropy generation 𝑁𝐺 , where [36,37]: 
 

𝐶𝑓 =
𝜏𝑤

𝜌𝑓𝑢𝑒
2 ,        𝑁𝑢𝑥 =

𝑥𝑞𝑤

𝑘𝑓(𝑇𝑤−𝑇∞)
,       𝑁𝐺 =

𝑇∞
2 𝑎2𝐸𝐺

𝑘𝑓(𝑇𝑤−𝑇∞)2                  (14) 

 

Furthermore, shear stress is defined by 𝜏𝑤 = [(𝜇ℎ𝑛𝑓 +
1

𝛽∗𝜀3)
𝜕𝑢

𝜕𝑦
−

1

4𝛽∗𝜀3 (
𝜕𝑢

𝜕𝑦
)

3

]
𝑦=0

, heat flux 𝑞𝑤 =

−𝑘ℎ𝑛𝑓 [1 +
16𝜎∗𝑇∞

3

3𝑘∗𝜈𝑓(𝜌𝐶𝑝)
𝑓

] (
𝜕𝑇

𝜕𝑦
)

𝑦=0
 and 𝐸𝐺 =

𝑘ℎ𝑛𝑓

𝑇∞
2 [(

𝜕𝑇

𝜕𝑦
)

2

+
16𝜎∗𝑇∞

3

3𝑘∗𝜈𝑓(𝜌𝐶𝑝)
𝑓

(
𝜕𝑇

𝜕𝑦
)

2

] +
𝜇ℎ𝑛𝑓

𝑇∞
(

𝜕𝑢

𝜕𝑦
)

2

. By using 

the same transformations from (5) and (6), the physical quantities equations are reduced to: 
 

𝐶𝑓𝑅𝑒𝑥

1

2 = √
3

2
𝑅𝑒𝑥

1/2
𝐶𝑓 = (

1

𝜙𝑎
+ 𝜒) 𝑓′′(0) −

𝜒𝜍

6
𝑓′′3(0),         √

3

2
𝑅𝑒𝑥

−1/2
𝑁𝑢𝑥 = −𝜙𝑑  (1 + 𝑅𝑑)𝜗′     

        
3

2
𝑅𝑒−1𝑁𝐺 = 𝜙𝑑  (1 + 𝑅𝑑)𝜗′2 +

𝐵𝑟𝑇∞

𝜙𝑎(𝑇𝑤−𝑇∞)
 𝑓′′2(0)                   (15) 

 

Some additional notations are the local Reynolds number 𝑅𝑒𝑥 =
𝑥𝑢𝑒

𝑣𝑓
 and Brinkmann number 

𝐵𝑟 =
𝜇𝑓𝑢𝑒

2

𝑘𝑓(𝑇𝑤−𝑇∞)
. 

 
3. Discussion 
 

The solver that is used in this work is the bvp4c solver built-in MATLAB due to its capability to 
manage PDEs that come with some complex boundary rules. For various values of the governing 
parameter , the fluid flow problem is analyzed numerically. With ethylene glycol EG as the base fluid, 
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the Prandtl number Pr is fixed as Pr = 204 [42]. The concentration for both nanoparticles graphene 
oxide 𝐺𝑂 and molybdenum disulfide 𝑀𝑜𝑆2 are 0.1. 𝜙1 and 𝜙2 indicate 𝑀𝑜𝑆2 and 𝐺𝑂, respectively. 

The escalation of magnetic field 𝑀 soars the skin friction as in Figure 2. As the speed of the fluid 
becomes faster, the skin friction in the system is also raised due to the creation of interference by 
Lorentz force within the boundary layer. Figure 3 shows that the intensification of 𝑀 weakens the 
Nusselt number. The depleted Nusselt number depicts that the rate of heat transmission in the 
system is reduced. The production of entropy swells with the increment of 𝑀 as in Figure 4. This 
relates a lot with the enhancement of temperature as 𝑀 increases because this denotes that more 
energy is given to the particles, thus the amount of heat transmission out of the fluid contracts. 
Hence, the generation of interference, thermally, is boosted. A lot of friction is also generated 
because of the Lorentz force, which affects the amount of disturbance in the system. The critical 
value 𝛼𝑐 gets smaller as 𝑀 gets bigger, such that 𝛼𝑐 = −2.5631 (𝑀 = 0.02), 𝛼𝑐 = −2.6304 (𝑀 =
0.05) and 𝛼𝑐 = −2.7438 (𝑀 = 0.1). This phenomenon depicts that the magnetic field parameter 
weakens the separation of the boundary layer. 
 

 

 

 

Fig. 2. 𝐶𝑓𝑅𝑒𝑥

1

2 for varied 𝑀 and 𝜒 = 0.1, 

𝜍 = 0.1, 𝑅𝑑 = 1.0, 𝐸𝑐 = 0.1, 𝑆 = 2 

 Fig. 3. 𝑁𝑢𝑥𝑅𝑒𝑥
−1/2

 for varied 𝑀 and 𝜒 =
0.1, 𝜍 = 0.1, 𝑅𝑑 = 1.0, 𝐸𝑐 = 0.1, 𝑆 = 2 

 

 
Fig. 4. 𝑁𝐺 . 𝑅𝑒−1 for varied 𝑀 and 𝜒 =
0.1, 𝜍 = 0.1, 𝑅𝑑 = 1.0, 𝐸𝑐 = 0.1, 𝑆 = 2 

 
Figure 5 displays that a higher concentration of graphene oxide 𝜙2 reduces the skin friction 

coefficient. Usually, the increment of volume fraction enhances skin friction because the collision 
among the particles is elevated, thus surging the skin friction of the system. However, based on Figure 
5, it is illustrated that the skin friction diminished as 𝜙2 grows. The reason is the presence of holes 
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on the surface, and the suction effect attracts the flow, which leads to less flow near the plate, thus 
significantly affecting the decrement of skin friction. 𝜙2 slows down the local Nusselt number, as in 
Figure 6, which means that the system's heat transfer rate is diminishing as GO becomes more 
concentrated. The volume fraction's swelling elevates the liquid's temperature because more heat is 
absorbed into it. The enhancement of 𝜙2 diminishes the entropy generation, as in Figure 7. The 
increment of volume fraction apparently raises the count of collisions among the particles. Thus, the 
thermal energy inside the hybrid nanofluid is elevated due to the very compact condition. Hence, the 
generation of interference, thermally, is dwindled. The critical value 𝛼𝑐 gets bigger as 𝜙2 rises, which 
dictates that 𝜙2 accelerates the boundary layer separation. Such that, 𝛼𝑐 = −2.8117 (𝜙2 = 0.07), 
𝛼𝑐 = −2.7438 (𝜙2 = 0.1) and 𝛼𝑐 = −2.7219 (𝜙2 = 0.11). 
 

 

 

 

Fig. 5. 𝐶𝑓𝑅𝑒𝑥

1

2 for varied 𝜙2 and 𝜒 = 0.1, 

𝜍 = 0.1, 𝑀 = 0.1, 𝑅𝑑 = 1.0, 𝐸𝑐 = 0.1, 
𝑆 = 2 

 Fig. 6. 𝑁𝑢𝑥𝑅𝑒𝑥
−1/2

 for varied 𝜙2 and 𝜒 =
0.1, 𝜍 = 0.1, 𝑀 = 0.1, 𝑅𝑑 = 1.0, 𝐸𝑐 =
0.1, 𝑆 = 2 

 

 
Fig. 7. 𝑁𝐺 . 𝑅𝑒−1 for varied 𝜙2 and 𝜒 = 0.1, 
𝜍 = 0.1, 𝑀 = 0.1, 𝑅𝑑 = 1.0, 𝐸𝑐 = 0.1, 
𝑆 = 2 

 
Figure 8 reveals that as the magnetic field 𝑀 surges, the velocity of the fluid speeds up, and the 

momentum boundary layer becomes thinner. The existence of magnetic field somehow affects the 
augmentation of velocity. Moreover, the Lorentz force generated by the magnetic field does not 
restrain. Still, it pushes the flow, which is due to the linear relationship between the applied force 
with the magnetic field and the rapidity of the fluid. Figure 9 shows that as 𝑀 escalates, the 
temperature of the fluid drops, and the thermal boundary layer gets narrower. More nanomaterials 
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are gathered on the wall due to the existence of Lorentz force, which makes the temperature of the 
plate become hotter instead of the fluid. 
 

 

 

 
Fig. 8. 𝑓′(𝜂) for varied 𝑀 and 𝜒 = 0.1, 𝜍 =
0.1, 𝑅𝑑 = 1.0, 𝐸𝑐 = 0.1, 𝑆 = 2 

 Fig. 9. 𝜗(𝜂) for varied 𝑀 and 𝜒 = 0.1, 𝜍 = 0.1, 
𝑅𝑑 = 1.0, 𝐸𝑐 = 0.1, 𝑆 = 2 

 
Figure 10 displays that the elevation of suction 𝑆 boosts the velocity of the liquid and reduces the 

momentum boundary layer. Rationally, suction attracts more fluid to the slab, owing to the existence 
of holes on the plate. Hence, more drag force is produced near the plate due to the flow of hybrid 
nano liquid there. Figure 11 illustrates that the temperature of the fluid becomes colder, and the 
thermal boundary layer minimizes as the value of 𝑆 hikes. The porous surface and high amount of 
suction lead to the cooling down of the temperature of the fluid, which leads to a higher heat transfer 
rate in the vicinity of the boundary layer. 
 

 

 

 
Fig. 10. 𝑓′(𝜂) for varied 𝑆 and 𝜒 = 0.1, 𝜍 =
0.1, 𝑀 = 0.1, 𝑅𝑑 = 1.0, 𝐸𝑐 = 0.1 

 Fig. 11. 𝜗(𝜂) for varied 𝑆 and 𝜒 = 0.1, 𝜍 =
0.1, 𝑀 = 0.1, 𝑅𝑑 = 1.0, 𝐸𝑐 = 0.1 

 
Figure 12 reveals that the concentration of graphene oxide 𝜙2 is elevated, the velocity of the 

liquid slows down. The viscosity of the fluid is enhanced, thus the magnification of the viscous force 
that leads to the drop of the velocity of the liquid. Figure 13 shows that the temperature of the fluid 
aggravates. Because of the high thermal conductivity of GO, more heat is transmitted into the fluid 
as 𝜙2 increases. The density of the fluid is also enhanced, which leads to the reduction of the space 
between the particles. For that reason, the molecules will bring out their thermal energy, and the 
rate of heat shifting is increased. 
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Fig. 12. 𝑓′(𝜂) for varied 𝜙2 and 𝜒 = 0.1, 
𝜍 = 0.1, 𝑀 = 0.1, 𝑅𝑑 = 1.0, 𝐸𝑐 = 0.1, 
𝑆 = 2 

 Fig. 13. 𝜗(𝜂) for varied 𝜙2 and 𝜒 = 0.1, 
𝜍 = 0.1, 𝑀 = 0.1, 𝑅𝑑 = 1.0, 𝐸𝑐 = 0.1, 
𝑆 = 2 

 
Figure 14 displays that thermal radiation 𝑅𝑑 inflates the temperature of the fluid and thickens 

the thermal boundary layer. With abundant radiation, more heat is transferred into the liquid since 
the bumping of molecules is enhanced, more energy conversion takes place in the flow, and higher 
heat flux is produced. Radiation has a direct relation with the internal energy of particles and 
temperature. Therefore, the temperature of the fluid will boost along with the value of radiation. 
 

 
Fig. 14. 𝜗(𝜂) for varied 𝑅𝑑 and 𝜒 = 0.1, 
𝜍 = 0.1, 𝑀 = 0.1, 𝐸𝑐 = 0.1, 𝑆 = 2 

 
Figure 15 illustrates that Eckert number 𝐸𝑐 swells the temperature of the liquid. When 𝐸𝑐 is high, 

it denotes high kinetic energy. Higher 𝐸𝑐 depletes the internal viscosity of hybrid nanofluid, then 
brings out tremendous internal energy in the flow where the kinetic energy turns into heat energy, 
hence adding up more heat to the fluid that ultimately enhances the temperature. 
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Fig. 15. 𝜗(𝜂) for varied 𝐸𝑐 and 𝜒 = 0.1, 
𝜍 = 0.1, 𝑀 = 0.1, 𝑅𝑑 = 1.0, 𝑆 = 2 

 
4. Conclusions 
 

The analysis of non-Newtonian hybrid nanofluid GO-MOS2/EG stagnation point flow on a 
contracting slab has been scrutinized with the influence of magnetic, radiation and suction. The 
results of this research paper are summarized as follows: 

i. Magnetic and suction effects speed up the velocity of the fluid. 
ii. The concentration of graphene oxide, radiation and Eckert number parameters elevate the 

temperature of the liquid.  
iii. Magnetic field and suction boost the skin friction in the system. 
iv. Suction promotes the rate of heat transmission in the system.  
v. Magnetic field, Eckert number and suction encourage the generation of disturbance in the 

system. 
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