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This work examined magneto-hydrodynamics flow of aluminum oxide– water based 
saturated in porous media that characterized by the Darcy-Forchheimer model. Heat 
transfer mechanism was analyzed in the presence of convective heating process and 
zero mass flux condition. Tiwari-Das model is employed to study the characteristics of 
nanofluid.  A uniform magnetic field was imposed and a linear stretching surface was 
used to generate the flow. Application of appropriate transformation yields nonlinear 
ordinary differential equation through nonlinear Navier-Stokes equations and solved 
by Runge–Kutta Fehlberg shooting technique. Importance of influential variables such 
as velocity, temperature and concentration were elaborated graphically. Biot number, 
porosity, Forchheimer number and nanoparticle volume fraction parameters under 
various magnetic field and local Nusselt number were calculated numerically and 
interpreted. The results indicate that the effect of magnetic field is dominant on 
boundary layer thickness with respect to Biot number, porosity and nanoparticle 
volume fraction effect on temperature and nanoparticle concentration profile. An 
increase in Biot number, improvement in temperature distribution and nanoparticle 
concentration. The velocity distribution is decreased when there is an increase in the 
Forchheimer number and porosity parameters. 
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1. Introduction 
 

The application of nanotechnology allows producing materials that have size less than 100 nm. 
These nanomaterials based on their structure and characteristics can be segmented into four 
categories: metal-based nanomaterials, carbon-based nanomaterials, composite and dendrimers. 
Choi et al., [1] first evaluated the terminology nanofluid. Fluids that occupy particle sizes less than 
100 nm can be termed as nanofluid. The categories of different nanoparticles are defined by particle 
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material, size, base fluid and concentration pertaining to the nanofluid. These nanoparticles could be 
suspended into any conventional fluid such as water, oil, ethylene glycol to form nanofluids. 
Nanoparticles offer better improvement in terms of thermo-physical characteristics over micro 
particles. The application of nanofluids ranges from enhancing efficiency of diesel generator to air 
conditioning cooling, power plant cooling, automotive, etc. Normally as heat transfer base fluids, 
water and ethylene glycol are employed. Nanoparticles are produced by employing various 
substances, which are generally segmented into metal-oxide (i.e. CuO, Al2O3), metallic (i.e. copper, 
aluminium) and different particles (i.e. carbon nanotubes) [2]. 

The investigators worldwide have gained a lot of interest in predicting the heat transfer behaviour 
because of its wide-scale engineering and biomedical applications such as heat conduction in tissues, 
heat pumps, energy creation, drug targeting, among others [3]. The well-known relation of heat 
conduction as advocated by Fourier is commonly used for defining heat transport characteristics. 
Later, Cattaneo generalised this relation through relaxation time. This factor was seen to overpower 
even the ‘paradox of heat conduction’. Christov further generalised the idea of Cattaneo by replacing 
the time derivative with two Oldroyd upper-convected derivatives. Characterisation of this concept 
is done as Cattaneo–Christov or non-Fourier heat flux [4]. 

Investigation of flows saturating porous space has caught the attention of the researchers 
because of their key role in practical utilisations in industries and the field of engineering. In the 
available literature, much focus has been put on reporting the issues pertaining to permeable media 
that had been established by employing Darcy’s relation, [5]. Forchheimer [6] employed the square 
velocity factor for Darcy’s velocity expression in a bid to examine the boundary and inertia 
characteristics. Muskat [7] referred this term as Forchheimer that would always account for problems 
pertaining to high Reynolds number. Physically, quadratic drag for permeable space pertaining to the 
velocity expression can be delivered via higher filtration flow rates.  

Non-Newtonian fluids are those that do not satisfy the classical Newton's law of viscosity in most 
of the industrial and technological applications. A single constitutive expression is not enough to 
describe the distinct features of all non-Newtonian fluids. Hence, to characterise the characteristics 
of non-Newtonian materials, the literature includes different models that have been designed. Some 
flow issues pertaining to Maxwell fluid were also evaluated by considering higher dimensions [8]. 

A mathematical model is presented for Darcy–Forchheimer by considering boundary layer flow 
pertaining to viscoelastic fluids over a linear stretching surface. We have considered flow models 
pertaining to elastic-viscous as well as second grade fluids [9].The Darcy–Forchheimer flow pertaining 
to viscous fluid was also examined over a curved stretching surface. The Darcy–Forchheimer relation 
is employed to define the flow in porous medium as well as the concept of heterogeneous and 
homogeneous reactions [10].  

The water-based carbon nanotubes’ steady two-dimensional (2D) flow can be attributed to a 
linear stretchable curved surface that is coiled around in the form of a circle with radius R. Hayat et 
al., [11] took into account Darcy–Forchheimer porous medium as well as convective boundary 
condition. The Darcy–Forchheimer porous medium was employed for the two-dimensional flow of 
MWCNTs and SWCNTs [12]. The Darcy–Forchheimer 3D flow pertaining to water-based carbon 
nanomaterial (CNTs) was represented in a porous space via Darcy–Forchheimer expression. 
Convective heating was accounted to study the heat transfer mechanism. Alzahrani and Abdullah 
[13] performed a comparison of the results from single-wall (SWCNTs) and multi-wall carbon 
nanotubes (MWCNTs). 

Evaluation of Darcy–Forchheimer flow pertaining to viscoelastic fluids was done subjected to 
Cattaneo–Christov heat flux as well as heterogeneous–homogeneous reactions. The Darcy–
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Forchheimer model was accounted to characterise the flow in porous media.  Hayat et al., [14] used 
a modified version of Fourier's law via Cattaneo-Christov heat flux.  

The current examination accounts for Darcy–Forchheimer flow pertaining to viscous fluid as a 
result of curved stretching sheet. Hayat et al., [15] applied the heat transfer along with the Cattaneo–
Christov theory to characterise the thermal relaxation characteristics. A description regarding the 
Cattaneo–Christov heat flux theory’s role in two-dimensional laminar flow pertaining to the Jeffrey 
liquid has been provided with a vertical sheet. Meraj et al., [16] employed a liquid with different 
thermal conductivity pertaining to the Darcy–Forchheimer porous space.  

The distinct nanofluid models were put forward to describe the rheological characteristics and 
structure pertaining to such nanofluid. Researchers have gained a lot of interest in the rate and 
differential type models. The Maxwell model still widely employs the straightforward rate type 
nanofluid models. This model showed stress relaxation pertaining to various polymeric nanofluids. 
Few studies were referred in which the Maxwell model was employed under distinct flow 
configuration.  

This research study is aimed at analysing the characteristics pertaining to magneto-
hydrodynamics (MHD) and the Darcy–Forchheimer model that consider the flow of Maxwell 
nanofluid. We have considered Brownian motion, magnetic field, porosity with Nusselt number and 
thermophoresis with the impact of Biot number to address the heat transport mechanism. The 
mathematical development employed the boundary layer method. Strong nonlinear ordinary 
differential system can be established with appropriate variables. The numerical approach shooting 
technique along with Runge–Kutta–Fehlberg approach was employed in the development of 
convergent series solutions pertaining to temperature, velocity and concentration fields. The role of 
different pertinent parameters was investigated and described. The numerical data was considered 
for analysis, and computation of local Nusselt number was performed subsequently.  
 
2. Modelling  
 

In this paper, the steady two-dimensional (2D) stretched flow pertaining to Tiwari-Das nanofluid 
has been evaluated. The porous space is saturated via an incompressible nanofluid, which 
characterises the Darcy–Forchheimer model. A linear stretched sheet is responsible for the 
generation of flow. Imposing of a uniform magnetic field with strength 𝐵𝑜 occurs towards the y-
direction. The omission of induced magnetic field is characterised by a small magnetic Reynolds 
number. The implementation of the Cartesian coordinate is done in a manner in which x-axis is 
defined along the stretching sheet while the y-axis appears orthogonal to it. At y = 0, the stretching 
of the sheet is done along the x-direction given a velocity of 𝑢𝑤. A convective heating process is 
followed to manage the surface temperature as defined by heat transfer coefficient represented 
by ℎ𝑓, while 𝑇𝑓  signified the hot nanofluid’s temperature under the sheet. The governing boundary 

layer can be represented as [17]. 
 
𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0                                                                                                                                 (1) 

 

𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
+ 𝜆1 (𝑢2

𝜕2𝑢

𝜕𝑥2
+ 𝑣2

𝜕2𝑢

𝜕𝑦2
+ 2𝑢𝑣

𝜕2𝑢

𝜕𝑥𝜕𝑦
) = 𝜐𝑛𝑓

𝜕2𝑢

𝜕𝑦2
−

𝜎𝑛𝑓𝐵𝑜
2

𝜌𝑛𝑓
(𝑢 + 𝜆1𝑣

𝜕𝑢

𝜕𝑦
) 

 

−
𝜐𝑛𝑓

𝐾
𝑢 − 𝐹𝑢2                                                                                                                                (2) 
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 𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
= 𝛼𝑛𝑓 (

𝜕2𝑇

𝜕𝑦2) +
(𝜌𝑐)𝑝

(𝜌𝑐)𝑛𝑓
((𝐷𝐵)𝑛𝑓

𝜕𝑇

𝜕𝑦

𝜕𝐶

𝜕𝑦
+

(𝐷𝑇)𝑛𝑓

𝑇𝑚
(
𝜕𝑇

𝜕𝑦
)
2

)                                      (3) 

 

𝑢
𝜕𝐶

𝜕𝑥
+ 𝑣

𝜕𝐶

𝜕𝑦
= (𝐷𝐵)𝑛𝑓 (

𝜕2𝐶

𝜕𝑦2) +
(𝐷𝑇)𝑛𝑓

𝑇𝑚
(

𝜕2𝑇

𝜕𝑦2)                                                                           (4) 

 
With the boundary conditions [18], 
 

𝑢 = 𝑢𝑤(𝑥) = 𝑎𝑥, 𝑣 = 0,−𝑘
𝜕𝑇

𝜕𝑦
= ℎ𝑓(𝑇𝑓 − 𝑇), (𝐷𝐵)𝑛𝑓

𝜕𝐶

𝜕𝑦
+

(𝐷𝑇)𝑛𝑓

𝑇𝑚

𝜕𝑇

𝜕𝑦
= 0 𝑎𝑡   𝑦 = 0 , 

 
 𝑢 → 0, 𝑇 → 𝑇∞ , 𝐶 → 𝐶∞ 𝑎𝑠 𝑦 → ∞                                              (5) 
 
where, v and u denote the respective flow velocities in the vertical and horizontal directions, 𝜌𝑛𝑓 

characterises the nanofluid density, 𝜆1 signifies the relaxation time, 𝜐𝑛𝑓 = (𝜇𝑛𝑓 𝜌𝑛𝑓⁄ ) represents the 

kinematic viscosity, 𝜇𝑛𝑓 symbolises the dynamin viscosity, 𝜎𝑛𝑓 signifies the electrical conductivity, K 

defines the permeability of porous medium, 𝐹 = 𝐶𝑏 𝑥√𝐾⁄  represents the non-uniform inertia 
coefficient of porous medium, 𝐶𝑏 denotes the drag coefficient, (𝜌𝑐)𝑝 defines nanoparticles’ effective 

heat capacity,  𝛼𝑛𝑓 = ((𝑘𝑛𝑓)/(𝜌𝑐𝑝)
𝑛𝑓

) corresponds to the thermal diffusivity, 𝑘𝑛𝑓 stands for the 

thermal conductivity, (𝜌𝑐𝑝)
𝑛𝑓

 denotes heat capacity of nanofluid, (𝐷𝐵)𝑛𝑓 symbolises Brownian 

diffusivity, C represents concentration, 𝑇∞ corresponds to the ambient fluid temperature, (𝐷𝑇)𝑛𝑓 

represents thermophoretic diffusion coefficient and 𝐶∞ characterises the ambient fluid 
concentration and 𝑎 positive constant [19-21]. 

 

𝜌𝑛𝑓 = (1 − 𝜉)𝜌𝑓 + 𝜉𝜌𝑠   ;𝜇𝑛𝑓 =
𝜇𝑓

(1−𝜉)2.5;(𝜌𝐶𝑝)𝑛𝑓 = (1 − 𝜉)(𝜌𝐶𝑝)
𝑓

+ 𝜉(𝜌𝐶𝑝)
𝑠
;[22] 

 

𝛼𝑛𝑓 =
𝑘𝑛𝑓

(𝜌𝐶𝑝)
𝑛𝑓

 ,
𝑘𝑛𝑓

𝑘𝑓
= {

(𝑘𝑠+(𝑙−1)𝑘𝑓)−(𝑙−1)𝜉(𝑘𝑓−𝑘𝑠)

(𝑘𝑠+(𝑙−1)𝑘𝑓)+𝜉(𝑘𝑓−𝑘𝑠)
} ;𝜎𝑛𝑓 = (1 +

3.(
𝜎𝑠
𝜎𝑓

−1)𝜉

(
𝜎𝑠
𝜎𝑓

+2)−(
𝜎𝑠
𝜎𝑓

−1)𝜉

); 

 
(𝐷𝐵)𝑛𝑓 = (1 − 𝜉)(𝐷𝐵)𝑓;(𝐷𝑇)𝑛𝑓 = (1 − 𝜉)(𝐷𝑇)𝑓                             (6) 

    
And considering,  
 

𝑢 = 𝑎𝑥𝑓′(𝜂), 𝑣 = −√𝑎𝜐𝑛𝑓𝑓(𝜂), 𝜂 = 𝑦√𝑎 𝜐𝑛𝑓⁄  , 𝜃(𝜂) = (𝑇 − 𝑇∞) (𝑇𝑓 − 𝑇∞)⁄ , 

 𝜙(𝜂) = (𝐶 − 𝐶∞) 𝐶∞⁄                                                                         (7) 
    
By employing similarity transformation, and replacing Eq. (6) in Eq. (2)-(4), we get [23]. 
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𝑓′′′ + ((
𝐴1

1−𝜉+𝜉(
𝜌𝑠
𝜌𝑓

)

)𝑀2𝛽 + 1)𝑓𝑓′′ + 𝛽(2𝑓𝑓′𝑓′′ − 𝑓2𝑓′′′) −

(

 
 

(
𝐴1

1−𝜉+𝜉(
𝜌𝑠
𝜌𝑓

)

)𝑀2 +

(
1

(1−𝜉)2.5(1−𝜉+𝜉(
𝜌𝑠
𝜌𝑓

))

)𝜆

)

 
 

𝑓′ − (1 + 𝐹𝑟)𝑓′2 = 0                 (8)                                                           

𝜃′′ +
𝑘𝑓

𝑘𝑛𝑓
(

1−𝜉+𝜉(
𝐶𝑝𝑠
𝐶𝑝𝑓

)

(1−𝜉)2.5 )Pr𝑓𝜃′ + (1 − 𝜉)
𝑘𝑓

𝑘𝑛𝑓
𝑃𝑟(𝑁𝑏𝜃

′𝜙′ + 𝑁𝑡𝜃
′2) = 0                                    (9) 

 

𝜙′′ +
𝑘𝑛𝑓

𝑘𝑓
(

1

1−𝜉+𝜉(
𝜌𝑠.𝐶𝑝𝑠
𝜌𝑓.𝐶𝑝𝑓

)

)𝐿𝑒𝑃𝑟𝑓𝜙′ + (𝑁𝑡 𝑁𝑏)𝜃
′′ = 0⁄                                                                         (10) 

 
Subject to initial and boundary conditions, 
 

𝑓(0) = 0, 𝑓′(0) = 1, 𝜃′(0) = −
𝑘𝑛𝑓

𝑘𝑓
(𝐴2)𝛾(1 − 𝜃(0)), 𝑁𝑏𝜙

′(0) + 𝑁𝑡𝜃
′(0) = 0 

𝑓′(∞) → 0, 𝜃(∞) → 0, 𝜙(∞) → 0                                                         (11) 
   

Here, M represents magnetic parameter, 𝜆 defines porosity parameter, 𝛽 implies Deborah 
number, 𝑁𝑏 denotes Brownian motion parameter, 𝑁𝑡 signifies thermophoresis parameter, (Pr) 
represents Prandtl number, 𝐹𝑟 defines inertia coefficient (Forchheimer number), 𝛾 denotes the Boit 
number and Le signifies Lewis number. These variables are expressed as stated below. 

 

𝑀2 =
𝜎𝑓𝐵𝑜

2

𝜌𝑓
, 𝛽 = 𝑎𝜆1, 𝜆 =

𝜐𝑓

𝐾𝑎
, 𝐹𝑟 = 𝐶𝑏 √𝐾⁄ , 𝑃𝑟 =

𝜐𝑓

𝛼𝑓
, 𝑁𝑏 =

(𝜌𝑐)𝑝(𝐷𝐵)𝑓(𝐶∞)

(𝜌𝑐)𝑓𝜈𝑓
 

𝑁𝑡 =
(𝜌𝑐)𝑝𝐷𝑇(𝑇𝑓−𝑇∞)

(𝜌𝑐)𝑓𝜈𝑓𝑇∞
, 𝛾 =

ℎ𝑓

𝐾
√

𝜐𝑓

𝑎
, 𝐿𝑒 =

𝛼𝑓

𝐷𝐵
   , 𝐴1 = (1 +

3.(
𝜎𝑠
𝜎𝑓

−1)𝜉

(
𝜎𝑠
𝜎𝑓

+2)−(
𝜎𝑠
𝜎𝑓

−1)𝜉

), 

 𝐴2 =
1

√(1−𝜉)2.5(1−𝜉+𝜉(
𝜌𝑠
𝜌𝑓

))

                                                                                        (12) 

 
For local Nusselt number [24], 
 

 𝑁𝑢𝑥 = −
𝑥

(𝑇𝑤−𝑇𝑜)
(
𝜕𝑇

𝜕𝑦
)
𝑦=0

⇒ 𝑁𝑢𝑥(𝑅𝑒 𝑥)
−1 2⁄ = − 𝐴2𝜃

′(0)                                               (13) 

 
where 𝑅𝑒 𝑥 = 𝑢𝑤𝑥 𝜈⁄  indicates the local Reynolds number [25, 26]. 
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3. Numerical Approach and Validation  
 

Since a series of non-similar Eq. (8)-(10) is characterised as being nonlinear and there is no rational 
solution; thus, a numerical handling is considered to be more appropriate. The 4th–5th order Runge–
Kutta–Fehlberg method via MAPLE [27] is employed to statistically solve such series of ordinary 
differential equations (ODEs), including periphery conditions (11). Eq. (8)-(10) were converted into a 
first order equation system by expressing as 

 
𝜂 = 𝑦1; 𝑓 = 𝑦2; 𝑓

′ = 𝑦3; 𝑓
′′ = 𝑦4; 𝜃 = 𝑦5; 𝜃

′ = 𝑦6; 𝜙 = 𝑦7; ∅
′ = 𝑦8                       (14) 

[
 
 
 
 
 
 
 
 
𝑦1

′

𝑦2
′

𝑦3
′

𝑦4
′

𝑦5
′

𝑦6
′

𝑦7
′

𝑦8
′ ]
 
 
 
 
 
 
 
 

=

[
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1
y3

y4

−(
1

1−βy2
2)

(

 
 
 
 
 2βy2y3y4 + ((

A1

1−ξ+ξ(
ρs
ρf

)
)M2β + 1) y2y4 − (Fr + 1)y3

2

+((
A1

1−ξ+ξ(
ρs
ρf

)
) M2 − λ(

1

(1−ξ)2.5(1−ξ+ξ(
ρs
ρf

))

)y3)

)

 
 
 
 
 

y6

−
kf

knf
(

1−ξ+ξ(
Cps
Cpf

)

(1−ξ)2.5 )Pry2y6 − (1 − ξ)
kf

knf
Pr(Nby8y6 + Nty6

2)

y8

knf

kf
(

1

1−ξ+ξ(
ρs.Cps
ρf.Cpf

)
)LePry2y8 + (

Nt

Nb
)

kf

knf
(

1−ξ+ξ(
Cps
Cpf

)

(1−ξ)2.5 )Pry2y6 + (
Nt

Nb
) (1 − ξ)

kf

knf
Pr(Nby8y6 + Nty6

2)   
]
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

             (15) 

 
with initial conditions given below, 
 

 

[
 
 
 
 
 
 
 
 
𝑦1(0)

𝑦2(0)

𝑦3(0)

𝑦4(0)

𝑦5(0)

𝑦6(0)

𝑦7(0)

𝑦8(0)]
 
 
 
 
 
 
 
 

 =

[
 
 
 
 
 
 
 
 

0
0
1
χ1

χ2

−γ(1 − χ1)
χ3

(
Nt

Nb
) γ(1 − χ1)]

 
 
 
 
 
 
 
 

                                                                                    (16)             

 
Here,[𝜒1, 𝜒2, 𝜒3] = [ 𝑓′′(𝜂), 𝜃(𝜂), 𝜙(𝜂)], 𝛾 represents the Biot number. The 1st order system was 

statistically integrated with the 4th–5th order system by employing the Runge–Kutta–Fehlberg 
approach, where suitable values are assigned to 𝜒1, 𝜒2, 𝜒3 to perform iterative approximation 
pertaining to these quantities. Reiteration of the complete procedure was done for various 𝜂𝑚𝑎𝑥; for 
instance – 𝜂 = 5, 7  until exponentially obtaining steady solutions that are inclined towards free flow 
conditions by making a comparison of these with MAPLE 18.       

To justify the put forward numerical scheme, the current value is compared with that of [17]. As 
seen in Table 1, there was a high resemblance with inertia coefficient, Deborah number and Lewis 
number parameters, which suggests that theoretical solution of  −𝜃′(0) is in good agreement. 
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Table 1 
Comparative −𝜃′(0)  for different values of Deborah number  𝛽, inertia 
coefficient 𝐹𝑟 and Lewis number 𝐿𝑒 parameters with [17]. 

   Muhammad et al.,[17] Present work 

𝛽 𝐹𝑟 𝐿𝑒 −𝜃′(0) −𝜃′(0) 
0.0   0.20321 0.20322 
0.5   0.19945 0.19946 
1.0   0.19587 0.19591 

 0.0  0.20203 0.20203 
 0.5  0.20042 0.20044 
 1.0  0.19895 0.19897 
  0.5 0.20185 0.20183 
  1.0 0.20169 0.20170 
  1.5 0.20160 0.20161 

 
   Table 2 
   Thermos-physical properties of water and nanoparticle [28-30]  

 𝜌(𝑘𝑔/𝑚3) 𝐶𝑝(𝐽𝑘𝑔𝐾) 𝐾 (𝑊/𝑚𝑘) 𝜎 (Ω−1𝑚−1) Prandtl 
number 

Pure water 997.1 4179 0.613 5.5 6.82 
Al2O3 3970 765 40 16.7 - 

 
4. Graphical Discussion  
 

We have accounted for two-dimensional steady and incompressible flow pertaining to water-
based oxide aluminium to establish the nanomaterial transport mechanism. Darcy–Forchheimer 
relation of Maxwell nanofluid is considered for the characterisation of flow in porous space. We 
examined the effect of magnetic field (M =0.0 and M =2.0) on various noteworthy parameters such 
as Biot number, nanoparticle thermophoresis, porosity, inertia coefficient, volume fraction and 
Brownian motion parameters. A linear stretched surface allows creating a nanofluid flow. 

Figure 1(a) and (b) is aimed at presenting the variation in Biot number with temperature as well 
as distribution of nanoparticle concentration with several values of magnetic field. When the heat 
transfer coefficient and kinematic viscosity increased cause increase of thermal boundary thickness 
as well as temperature. In case of nanoparticle concentration which increased with decreased of 
permeability and stretching surface with increase of kinematic viscosity. For increasing value 
pertaining to Biot number, Figure 1(a) shows that there is greater boundary layer thickness. For 
M=2.0, the temperature profile was found to be greater versus M=0.0. Based on Figure 1(a), 
increasing the temperature as well as nanoparticle concentration resulted in increased Biot number. 
Figure 2 shows the impact cast by Forchheimer number on the distribution of velocity. Here, the 
velocity was seen to decrease with rise in Forchheimer number, since the drag coefficient increased 
such that when magnetic field M=2.0 increased, the velocity decreased. Which magnetic cause drag 
for nanofluid flow.   
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(a) (b) 

Fig. 1. the effect of various Biot number on (a) temperature (b) nanoparticle concentration dimensionless 
when M = 0.0 and M = 2.0 

 

 
Fig. 2. The effect of various inertia parameter on (a) velocity 
dimensionless when M = 0.0 and M = 2.0 

 

Figure 3 displays the effectiveness pertaining to the porosity parameter. The effect of magnetic 
field (M=2.0) was found to be lower for velocity, while higher for distribution of concentration and 
temperature. Based on Figure 3(a), the velocity was found to decrease with increase in porosity, and 
thickening of boundary layer follows. Increase of M=2.0 resulted in decrease in velocity distribution. 
As per Figure 3 (b), larger porosity parameter resulted in increased temperature profile as well as 
associated boundary layer with M=2.0, which is applicable to the nanoparticle concentration profile 
presented in Figure 4.  
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(a) (b) 

Fig. 3. The effect of various porosity parameter on (a) velocity temperature dimensionless 

 

 
Fig. 4. The effect of various porosity parameter on 
nanoparticle concentration dimensionless when M = 0.0 
and M = 2.0 

 

Figure 5(a) shows that larger values pertaining to nanoparticle volume fraction result in increased 
temperature as well as decreased nanoparticle concentration profiles as presented in Figure 5(b). 
When M=2.0, there is an enhancement in nanoparticle concentration and rise in temperature. Figure 
6(a) and (b) shows the effect of thermophoresis on concentration distribution and temperature. 
Based on Figure 6(a), rise in thermophoresis was found to cast an improved effect on the temperature 
profile as well as associated thermal layer thickness, and gave lower nanoparticle concentration. As 
per Figure 6(b), with M=2.0, it was clear that the magnetic field improved the nanoparticle 
concentration distribution as well as temperature. 
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(a) (b) 

Fig. 5. The effect of various nanoparticle volume fraction on (a) temperature nanoparticle (b) 
concentration dimensionless when M = 0.0 and M = 2.0 

 

  
(a) (b) 

Fig. 6. the effect of various thermophoresis parameter on (a) temperature nanoparticle (b) 

concentration dimensionless when M = 0.0 and M = 2.0 

Figure 7 provides an explanation regarding the concentration field and considers the impact of 
Brownian motion parameter. Larger Brownian motion parameter signifies that decay has occurred in 
the concentration field. Under magnetic field of M=2.0, improvement in the concentration profile 
was observed. Figure 8 demonstrates the impact of Biot number on Nusselt number along with high 
and low magnetic fields. Figure 9 the effect of porosity parameters on shear stress 𝑓′′(0) with various 
magnetic field. Table 3 lists out the Nusselt number values by considering various parameters. Here, 
lower heat transfer rate is associated with larger values for thermophoresis parameters, while the 
value remains constant when it comes to Brownian motion. 
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Fig. 7. The effect of various Brownian motion 
on nanoparticle concentration dimensionless 
when M = 0.0 and M = 2.0 

 

 
(a) 

 
(b) 

Fig. 8. The effect of different Biot number parameter on Nusselt 

number  (𝑁𝑢𝑥(𝑅𝑒 𝑥)
−1 2⁄ )/ 𝐴2 = −𝜃′(0)  (i e. the rate of heat 

transfer) with various magnetic field (M = 0.0 and M = 2.0) 
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Fig. 9. The effect of porosity parameters on 
shear stress 𝑓′′(0) with various magnetic 
field 

 
Table 3 
Nusselt number with the effect of   𝜆, 𝐹𝑟, Υ, 𝑁𝑏 , 𝑁𝑡     𝛽 = 0.2, 𝐿𝑒 = 1.0, Pr = 6.82 
and using lamina (16.1576) as a nanoparticle shape 

 𝑁𝑢𝑥(𝑅𝑒𝑥
−1 2⁄

) 
𝜆 𝐹𝑟 Υ 𝑁𝑏 𝑁𝑡 M = 0.0 M = 2.0 

0.0 0.1 0.1 0.3 0.1 -0.376161 -0.431225 
0.4     -0.383612 -0.435583 
0.8     -0.390413 -0.439782 
1.2     -0.396714 -0.443835 
0.2 0.0 0.1 0.3 0.1 -0.379147 -0.432999 
 0.3    -0.381598 -0.434265 
 0.6    -0.383921 -0.435506 
 1.0    -0.386848 -0.437122 
0.2 0.1 0.1 0.3 0.1 -0.379979 -0.433424 
  0.15   -0.483655 -0.542044 
  0.2   -0.572103 -0.629562 
  0.3   -0.707707 -0.755011 
0.2 0.1 0.1 0.2 0.1 -0.379979 -0.433424 
   0.5  -0.379979 -0.433424 
   1.0  -0.379979 -0.433424 
   1.5  -0.379979 -0.433424 
0.2 0.1 0.1 0.3 0.0 -0.373031 -0.424213 

    0.3 -0.394907 -0.454074 
    0.7 -0.430086 -0.502070 
    1.0 -0.461832 -0.544233 

 

5. Conclusion 
 

The steady two-dimensional (2D) stretched flow pertaining to Tiwari-Das nanofluid has been 
evaluated. The porous space is saturated via an incompressible nanofluid, which characterises the 
Darcy–Forchheimer model. A convective heating process is followed to manage the surface 
temperature as defined by heat transfer coefficient. A uniform magnetic field was imposed and a 
linear stretching surface was used to generate the flow.  
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i. Magnetic field: If there is an increase in the magnetic field along with M=2.0, then 

 The magnetic field improved the temperature distribution along with the impact of Biot 
number, nanoparticle volume fraction, porosity and thermophoresis parameters. 

 Velocity distribution is decreased with porosity and Forchheimer number parameters. 

 The concentration field is improved along with the impact of Biot number, nanoparticle 
volume fraction, porosity, Brownian motion and thermophoresis parameters.  

i. Velocity profile where (M=0.0): The velocity distribution is decreased when there is an 
increase in the Forchheimer number and porosity parameters. 

ii. Temperature profile where (M=0.0): When there is an increase in Biot number, improvement 
in thermophoresis, temperature distribution and nanoparticle volume fraction parameters 
occur. 

iii. Concentration field where (M=0.0): When there is an increase in Biot number, there is 
enhancement in concentration field. Moreover, there is a decrease with rise in Brownian 
motion and nanoparticle volume fraction. 
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