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ABSTRACT 
 

The objective of the current research is to 
determine how a second order chemical reaction 
will affect the magnetohydrodynamic flow of a 
water-based Jeffrey nanofluid containing Copper 
(Cu), Silver (Ag), and Ferrous Ferric Oxide (Fe3O4) 
nanoparticles over a flowing stream embedded in 
a porous medium in the presence of a heat 
source/sink. The governing system of PDEs is 
converted into nonlinear ODEs using the similarity 
transformation approach, and these nonlinear ODEs are then resolved using MATLAB's built-in solver, bvp4c. In a single plot of three nanoparticles 
and tables, the output of the nanofluid velocity, temperature, and concentration are displayed for the included material properties as well as the 
related engineering physical parameters like coefficient of skin friction and rate of heat and mass transfer. This model has been rather successfully 
validated. The results indicate that the nanofluid 𝜃𝜃(𝜂𝜂) and �(𝜂𝜂) profiles decline as λ1 increases, while this behavior is opposite for the 
distributions of 𝑓𝑓′(𝜂𝜂). The kinetic energy of fluid particles decelerates because of the high viscosity. The study demonstrates the significance of 
three nanoparticles in the disciplines of biocompatibility engineering and medicines. Additionally, these nanoparticles are utilized in engineering, 
physics, space technology, operations involving high temperatures and cooling, pharmaceuticals, biosensors, paints, cosmetics, conductive 
coatings, and medical devices.  
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INTRODUCTION 
    Nanofluids have recently been shown to have a significant 

impact on a variety of industries, and fundamental studies in field 
of engineering, science, and technology. It is due to their numerous 
uses and applications, including oil recovery, enhanced heat 
transfer, nanofabrication and drug delivery, as well as 
contemporary cooling techniques.1 As a consequence, a thorough 
examination of the characteristics of heat and flow transmission has 

been conducted. Researchers have developed a number of 
techniques to increase the ability of convective heat transmission in 
fluids, including the suspension of nanoparticles in basic fluids 
including water, kerosene, ethylene glycol, human blood, and 
carbon nanotubes (CNTs). Aaiza et al.2 examined the movement of 
a nanofluid including different nanoparticle morphologies. 
Researchers have developed hypotheses about a wide range of 
extraordinary properties that affect how nanofluids behave in an 
effort to completely understand their properties.3 It is well known 
that the presence of a nanofluid with the MHD effect can enhance 
the heat transfer capabilities of an electrically conductive fluid. In 
line with the idea of MHD and porous medium of nanofluid, some 
significant new research about heat transfer through convective 
boundary conditions, heat source/sink, and chemical interaction of 
nanofluid have been reported in literature.4,5 The limited research 
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indicates that the problem significantly affects the cooling process 
physically. 

The ambiguity of the boundary layer structure at two-channel 
walls that are inclined at a fixed angle to the flow of an 
incompressible, viscous fluid via a divergent/convergent channel is 
one of the major problems in fluid dynamics. Earlier studies on 
these difficulties were conducted by Jeffery6 and Hamel.7 The 
existence of fluid volume sources and sinks at the intersection of 
two channel walls causes flow in certain situations, which can result 
in either a divergent or a convergent flow. For the velocity field, 
Pohlhausen8 discovered an analytical convergent flow solution, 
while Millsaps and Pohlhausen9 looked at the temperature 
distribution. Distinguished researchers Harison10, Tollmien11, 
Noether12, and Dean13 examined a few of this flow's interesting 
properties. Bhattacharyya and Layek14 conducted more research on 
the MHD boundary layer of a power-law non-Newtonian fluid in a 
diverging permeable channel with suction/injection. The MHD 
flow of a water-based Nanofluid in a stretchable/shrinkable 
convergent/divergent channel with thermal radiation effects was 
studied by Dogonchi and Ganji15. 

Due to their many applications, particularly in granule storage, 
metal processing, insulation devices, geothermal systems, heat-
switch devices, straining processes, catalytic reactors, etc., fluid 
flow and heat transfer in porous media merit special attention 
(Mukhopadhyay and Layek16, Mukhopadhyay et al.17). “The flow 
of a water-based nanofluid containing gyrotactic bacteria via a 
horizontal flat plate in a porous media was studied by Aziz et al.18. 
The rotating flow of nanofluid over a plate in a porous media in the 
presence of a magnetic field, a chemical reaction, and heat radiation 
was further studied by Ramana Reddy et al.19. Chakraborty et al.20 
recently discussed the effects of heat radiation on an Ag-water 
nanofluid flow across a plate in a non-Darcy porous media. In the 
open literature, there aren't many studies on nanofluid flows in 
porous media. 

It is well known that the magnetic field and the effects of 
chemical reactions have an impact on flow and heat transfer rates. 
They are used in a wide range of industrial, medical, and 
environmental applications. It is also acknowledged that they alter 
the way boundary layer flow behaves. Because of the addition of 
these features, studying fluid movement becomes more interesting 
and realistic. Zangooee et al.21 looked at the MHD nanofluid flow 
between two revolving, stretchable discs. Titanium dioxide and 
Gallic oxide nanoparticles were widely distributed in the base fluid 
(water). In order to take advantage of the characteristics of heat 
transmission, they employed radiative heating and Joule to assess 
the flow. Aleem et al.22 have investigated the MHD nanofluid flow 
via an accelerating vertical plate whose height is infinite. 
Additionally, they made advantage of Newtonian heating and 
chemical reaction effects. They investigated the five various types 
of nanoparticles while using water as the basic fluid. Krishna and 
Chamkha also addressed the MHD nanofluid flow problem23. 
Along with employing the perturbation technique, they looked into 
the Nusselt and Sherwood numbers to resolve the problem. 
Additionally, recent studies have covered the magnetic effects in 
nanofluid flow, according to certain useful publications.24-40 

The current study is focused on the second order chemical 
reaction on the magnetohydrodynamic flow of a water-based 
Jeffrey nanofluid containing Copper, Silver, and Ferrous Ferric 
Oxide nanoparticles over a moving stream embedded in a porous 
medium in the presence of a heat source/sink, and is motivated by 
the literature review mentioned above. MATLAB's built-in solver, 
bvp4c, is used to numerically solve the boundary layer equations, 
and the results are displayed graphically. The novel findings from 
this study will be useful in a variety of nanotechnology and 
nanostructure sectors.” 

DESCRIPTION OF MATHEMATICAL PROBLEM 
“Let us have a look at a two-dimensional, constant-velocity wU , 

laminar forced convective flow of nanofluid across a flat surface 
that is flowing either in the same direction as or in opposition to the 
free stream U∞ . The x-axis runs perpendicular to the surface, while 
the y-axis runs vertically, perpendicular to the surface. The 
magnetic field B  is applied in the transverse direction of the flow 
(see Figure. 1). The water-based nanofluid in this example, which 
contains nanoparticles of Copper, Silver, and Ferrous Ferric Oxide, 
is in thermal equilibrium and does not slide between the particles. 

 

 
Figure 1. Geometry of the problem. 
 

Given below are the boundary layer equations that control flow41 
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 0.                                                                  (1) 
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𝑢𝑢 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝑣𝑣 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 𝜈𝜈𝑛𝑛𝑛𝑛
1+𝜆𝜆1

𝜕𝜕2𝑢𝑢
𝜕𝜕𝑦𝑦2

− 𝜎𝜎𝐵𝐵2𝑢𝑢
𝜌𝜌𝑛𝑛𝑛𝑛

− 𝜈𝜈𝑛𝑛𝑛𝑛
𝑘𝑘1

(𝑢𝑢 − 𝑢𝑢∞) .           (2) 

𝑢𝑢 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝑣𝑣 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 𝐾𝐾𝑛𝑛𝑛𝑛
(𝜌𝜌𝜌𝜌𝑝𝑝)𝑛𝑛𝑛𝑛

𝜕𝜕2𝑇𝑇
𝜕𝜕𝑦𝑦2

− 1
�𝜌𝜌𝜌𝜌𝑝𝑝�𝑛𝑛𝑛𝑛

𝜕𝜕𝜕𝜕𝑟𝑟
𝜕𝜕𝜕𝜕

+ 𝑄𝑄
(𝜌𝜌𝜌𝜌𝑝𝑝)𝑛𝑛𝑛𝑛

(𝑇𝑇 − 𝑇𝑇∞).     

                                                                                      (3) 
𝑢𝑢 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝑣𝑣 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 𝐷𝐷 𝜕𝜕2𝐶𝐶
𝜕𝜕𝑦𝑦2

+ 𝐷𝐷1
𝜕𝜕2𝑇𝑇
𝜕𝜕𝜕𝜕2

− 𝐶𝐶𝑟𝑟(𝐶𝐶 − 𝐶𝐶∞)2  .           (4) 

“The velocity components in the x and y directions are denoted by 
u and v, respectively;      𝜈𝜈𝑛𝑛𝑛𝑛 = 𝜇𝜇𝑛𝑛𝑛𝑛

𝜌𝜌𝑛𝑛𝑛𝑛
  is the kinematic viscosity of the 

nanofluid 𝑘𝑘1 = 𝑘𝑘0𝑥𝑥 is the Darcy permeability of the porous 
medium;  𝑘𝑘0 is the initial permeability,𝜆𝜆1 is the Jeffrey parameter  
and 𝜇𝜇𝑛𝑛𝑛𝑛 is the viscosity of the nanofluid.  Now, for nanofluids 𝜌𝜌𝑛𝑛𝑛𝑛 
denotes the density of the nanofluid; T denotes the temperature; 𝑘𝑘𝑛𝑛𝑓𝑓 
represents the thermal conductivity of the nanofluid; and the 
specific heat capacitance of the nanofluid is denoted by �𝜌𝜌𝜌𝜌𝑝𝑝�𝑛𝑛𝑛𝑛; 

𝑄𝑄 = 𝑄𝑄0
𝑥𝑥

 is the heat generation or absorption coefficient, 𝑄𝑄 > 0 
implies heat generation, 𝑄𝑄 < 0 represents heat absorption. 𝐷𝐷  is the 
specifies diffusivity, and 𝐷𝐷1 is the coefficient that signifies the 
contribution to mass flux through temperature gradient, 𝐶𝐶𝑟𝑟  
chemical reaction parameter and 𝜎𝜎  is electrical conductivity of the 
fluid.” 

“The effective fluid properties are given by  

𝜌𝜌𝑛𝑛𝑛𝑛 = (1 − 𝜙𝜙)𝜌𝜌𝑓𝑓 + 𝜙𝜙𝜌𝜌𝑠𝑠;     

 
𝑘𝑘𝑛𝑛𝑛𝑛
𝑘𝑘𝑓𝑓

=
2𝑘𝑘𝑘𝑘+ 𝑘𝑘𝑠𝑠−2𝜙𝜙(𝑘𝑘𝑓𝑓−𝑘𝑘𝑠𝑠)

2𝑘𝑘𝑘𝑘+𝑘𝑘𝑠𝑠+𝜙𝜙(𝑘𝑘𝑓𝑓−𝑘𝑘𝑠𝑠)
;     𝜇𝜇𝑛𝑛𝑛𝑛 = 𝜇𝜇𝑓𝑓

(1−𝜙𝜙)2.5;  

�𝜌𝜌𝜌𝜌𝑝𝑝�𝑛𝑛𝑛𝑛 = (1 − 𝜙𝜙)�𝜌𝜌𝜌𝜌𝑓𝑓�𝑓𝑓 + 𝜙𝜙�𝜌𝜌𝜌𝜌𝑝𝑝�𝑠𝑠 

Furthermore, 𝜙𝜙 is the solid volume fraction; 𝜇𝜇𝑓𝑓 denotes the 
dynamic viscosity of the basic fluid, 𝜌𝜌𝑓𝑓, and𝜌𝜌𝑠𝑠 are the densities of 
the base fluid and nanoparticles, respectively; 𝑘𝑘𝑓𝑓and𝑘𝑘𝑠𝑠 are the 
thermal conductivities of the base fluid and nanoparticles, 
respectively.” 

The following form can be used to express the proper boundary 
conditions: 

( ) ( ) ( ) ( ), , ,w w w wu U x v v x T T x C C x= = − = =  

at 0y = ; 𝑢𝑢 ⟶ 𝑈𝑈∞,   𝑇𝑇 → 𝑇𝑇∞,   𝐶𝐶 → 𝐶𝐶∞   𝑎𝑎𝑎𝑎   𝑦𝑦 → ∞.  (5)                                                                                

where 

𝑞𝑞𝑟𝑟 = − 4𝜎𝜎
3𝑘𝑘∗

𝜕𝜕𝑇𝑇4

𝜕𝜕𝜕𝜕
 .                                (6) 

𝑇𝑇4 ≈ 4𝑇𝑇4∞ − 3𝑇𝑇4∞.          (7) 
𝜕𝜕𝑞𝑞𝑟𝑟
𝜕𝜕𝜕𝜕

= 16𝜎𝜎∗3𝑇𝑇3∞
3𝑘𝑘∗

𝜕𝜕2𝑇𝑇
𝜕𝜕𝑦𝑦2

.                     (8) 

𝑇𝑇𝑤𝑤 = 𝑇𝑇∞ + 𝑎𝑎𝑥𝑥𝑛𝑛 ,   𝐶𝐶𝑤𝑤 = 𝐶𝐶∞ + 𝑏𝑏𝑥𝑥𝑛𝑛 ,  where a and b are 
constants. 

𝑣𝑣𝑤𝑤 = −1
2
𝑉𝑉0�

𝜈𝜈𝑓𝑓𝑈𝑈

𝑥𝑥
  is the suction / injection velocity. 

METHOD OF SOLUTION  
Let us now introduce the stream function  𝜓𝜓  𝑎𝑎𝑎𝑎  

𝑢𝑢 = 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

,𝑣𝑣 = −𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

  and consider the following similarity 

transformations: 

𝜃𝜃 =
𝑇𝑇 − 𝑇𝑇∞
𝑇𝑇𝑤𝑤 − 𝑇𝑇∞

,ℎ =
𝐶𝐶 − 𝐶𝐶∞
𝐶𝐶𝑤𝑤 − 𝐶𝐶∞

, 𝜂𝜂 = 𝑦𝑦�
𝑈𝑈

2𝜈𝜈𝑓𝑓𝑥𝑥
 , 

  
 
𝑅𝑅𝑒𝑒𝑥𝑥 =

𝑈𝑈𝑈𝑈
𝜈𝜈𝑓𝑓

,   𝐵𝐵 = 𝐵𝐵0𝑥𝑥−
1
2� ,   𝑢𝑢 = 𝑈𝑈𝑓𝑓 ′(𝜂𝜂),   

𝑣𝑣 = 𝑈𝑈 �𝜂𝜂𝑓𝑓
′(𝜂𝜂)−𝑓𝑓(𝜂𝜂)

�2𝑅𝑅𝑒𝑒𝑥𝑥
�. 

 
 Where ψ  is stream function and η is  
similarity variable. 
 

Using the above similarity transformations, the equations (2)-(4) 
are reduced to 

1

(1−𝜙𝜙)2.5�1−𝜙𝜙+𝜙𝜙�𝜌𝜌𝑠𝑠𝜌𝜌𝑓𝑓
��
𝑓𝑓 ′′′ + 𝑓𝑓𝑓𝑓 ′′(1 + 𝜆𝜆1) − 2 𝑀𝑀(1+𝜆𝜆1)

�1−𝜙𝜙+𝜙𝜙�𝜌𝜌𝑠𝑠𝜌𝜌𝑓𝑓
��
𝑓𝑓 ′ −

  2 𝐾𝐾(1+𝜆𝜆1)

(1−𝜙𝜙)2.5�1−𝜙𝜙+𝜙𝜙�𝜌𝜌𝑠𝑠𝜌𝜌𝑓𝑓
��

(𝑓𝑓 ′ − 𝛽𝛽) = 0.                 

                                                                                      (9) 
𝑘𝑘𝑛𝑛𝑛𝑛
𝑘𝑘𝑓𝑓

�1−𝜙𝜙+𝜙𝜙�
�𝜌𝜌𝜌𝜌𝑝𝑝�𝑠𝑠
�𝜌𝜌𝜌𝜌𝑝𝑝�𝑓𝑓

��

𝜃𝜃′′ �1 + 4𝑅𝑅
3
� + Pr [𝑓𝑓𝜃𝜃′ − 2𝑛𝑛𝑓𝑓 ′𝜃𝜃 +

2 𝜆𝜆

�1−𝜙𝜙+𝜙𝜙�
�𝜌𝜌𝜌𝜌𝑝𝑝�𝑠𝑠
�𝜌𝜌𝜌𝜌𝑝𝑝�𝑓𝑓

��

𝜃𝜃(𝜂𝜂)] = 0 .                                    (10) 

ℎ′′ − 𝑆𝑆𝑆𝑆[2𝑛𝑛𝑓𝑓 ′ℎ − 𝑓𝑓ℎ′ + 𝐾𝐾𝐾𝐾ℎ2] + 𝑆𝑆𝑆𝑆𝜃𝜃′′ = 0.               (11) 
The following are the flow’s relevant boundary conditions: 

𝑓𝑓(𝜂𝜂) = 𝑆𝑆, 𝑓𝑓 ′(𝜂𝜂) = 1 − 𝛽𝛽, 𝜃𝜃(𝜂𝜂) = 1,  
 ℎ(𝜂𝜂) = 1  𝑎𝑎𝑎𝑎  𝜂𝜂 = 0.     

𝑓𝑓 ′(𝜂𝜂) =  𝛽𝛽,   𝜃𝜃(𝜂𝜂) = 0,   ℎ(𝜂𝜂) = 0  𝑎𝑎𝑎𝑎   𝜂𝜂 → ∞.         (12) 

Where 𝑆𝑆 = − 𝑣𝑣0
√2

 is the suction (𝑣𝑣0 > 0) 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 (𝑣𝑣0 < 0) 

parameter; 𝛽𝛽 = 𝑈𝑈∞
𝑈𝑈

 is the velocity ratio parameter. For 0 < 𝛽𝛽 < 1,   
the plate and the fluid move in the same direction and when 𝛽𝛽 <

0 𝑜𝑜𝑜𝑜𝑜𝑜 > 1, they move in the opposite directions, 𝑀𝑀 = 𝜎𝜎𝐵𝐵02

𝑈𝑈𝜌𝜌𝑓𝑓
 is the 

magnetic parameter, 𝜆𝜆 = 𝑄𝑄0
�𝜌𝜌𝜌𝜌𝑝𝑝�𝑓𝑓𝑈𝑈

 is heat source (𝜆𝜆 > 0) / sink (𝜆𝜆 <

0) parameter, 𝐾𝐾 = 1
𝐷𝐷𝑎𝑎𝑥𝑥𝑅𝑅𝑒𝑒𝑥𝑥

= 𝜈𝜈𝑓𝑓
𝑘𝑘0𝑈𝑈

 is the parameter of the porous 

medium, 𝑃𝑃𝑃𝑃 =
𝜈𝜈𝑓𝑓(�𝜌𝜌𝜌𝜌𝑝𝑝�𝑓𝑓

𝑘𝑘𝑓𝑓
  is the Prandtl number, 𝜆𝜆 = 𝑄𝑄0

�𝜌𝜌𝜌𝜌𝑝𝑝�𝑓𝑓𝑈𝑈
 is heat 

source(𝜆𝜆 > 0) /  sink (𝜆𝜆 < 0) parameter,𝑆𝑆𝑆𝑆 = 𝜈𝜈𝑓𝑓
𝐷𝐷

is the Schmidt 

number,                 𝑆𝑆𝑆𝑆 = 𝐷𝐷1(𝑇𝑇𝑤𝑤−𝑇𝑇∞)
𝐷𝐷(𝐶𝐶𝑤𝑤−𝐶𝐶∞)

   is the Soret number,  

𝑅𝑅 =  4𝜎𝜎∗𝑇𝑇
3
∞

𝑘𝑘∗𝑘𝑘𝑛𝑛𝑛𝑛
  is the radiation parameter, and 

𝐾𝐾𝐾𝐾 = 𝐶𝐶𝑟𝑟𝑥𝑥(𝐶𝐶𝑤𝑤−𝐶𝐶∞)
𝑈𝑈

 is the rate of reaction parameter. 
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RESULTS AND DISCUSSION    
“In this investigation, we have taken into account three different 

types of nanoparticles: Copper (Cu), Silver (Ag), and Ferrous Ferric 
Oxide ( 3 4Fe O ) in water ( 2H O ) based nanofluid (using Table1) for 
two-dimensional steady laminar flow of an electrically conducting 
nanofluid over a Porous Medium in the Presence of Heat 
Source/Sink. The impact of heat generation or absorption 
coefficient, porosity, magnetic field, radiation, chemical reaction, 
and Soret nanoparticles of Cu, Ag, and in water ( 2H O ) based 
nanofluid have all been taken into account through the graphs for 
velocity, temperature, and concentration. The modified non-linear 
equations (9) through (11) have been solved under the boundary 
conditions (12) using the MATLAB-built tool "bvp4c." During 
numerical calculations, the values of default physical parameters 
are 1.0;  0.7;  0.4;  1.3;  1.0;M Pr K Scβ= = = = =

10.2; 0.3; 0.1;  0.1; 0.4; 0.1;Kr n R Sλ λ= = = = = =  0.03φ = and 
otherwise stated. 

Figures. 2(a-c) exhibit the exact effects of 1λ for Cu, Ag and 
3 4Fe O  in water based nanofluid on velocity ( )( )f η′ , temperature
( )( )θ η , and concentration profiles ( )( )h η . It is pretty clear that 
( )θ η and ( )h η declines as 1λ increases, while this behavior is 

opposite for the distributions of ( )f η′ . The kinetic energy of fluid 
particles decelerating because of the high viscosity. 

 
Figure 2(a). Variation of 1λ  on velocity. 

 
Figure 2(b). Variation of 1λ  on temperature. 

 
Figure 2(c). Variation of 1λ  on concentration 

Figures. 3(a-c) highlight the impact of magnetic field ( )M for 
Cu, Ag and 3 4Fe O  in water based nanofluid on velocity ( )( )f η′ , 
temperature ( )( )θ η , and concentration profiles ( )( )h η . Increasing
M , leads to accelerate the nanofluid ( )θ η and ( )h η , while this 
behavior is opposite for the distributions of ( )f η′ . It is discovered 
that the velocity profile is significantly reduced by the magnetic 
field. This is due to the retarding-type force, or Lorentz force, which 
is created when a transverse magnetic field is applied perpendicular 
to the x-axis, along which fluid flow is expected to occur. Lorentz 
force tends to decelerate fluid particles, which results in a drop in 
velocity profile. Moreover, Ag nanoparticle gives rise to ( )θ η and 
( )h η , followed by Cu and 3 4Fe O in the boundary layer and 

therefore, they are accelerated due to the effect of M . 

 
Figure 3(a). Variation of M  on velocity 

 
Figure 3(b). Variation of M  on temperature 
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Figure 3(c). Variation of M  on concentration 
 

The effect of the nanoparticle volume fraction φ  on velocity, 
temperature and concentration profiles are shown in Figures. 4(a-
c). Due to the increase in the nanoparticle volume fraction, velocity 
increases. Ag–water nanofluid shows a higher velocity compared to 
Cu–water and 3 4Fe O –water nanofluid. Due to increase in φ , 
temperature and concentration profiles decreases. 3 4Fe O – water 
nanofluid exhibits a higher temperature compared to Cu–water and 
Ag–water nanofluid. 

 
Figure 4(a). Variation of φ  on velocity 

 
Figure 4(b). Variation of φ  on temperature 

 
Figure 4(c). Variation of φ  on concentration. 

 

Figures.5(a-c) demonstrate the effect of porosity parameter ( K
) on ( )f η′ , ( )θ η and ( )h η distributions of the Cu, Ag and 3 4Fe O in 
water based nanofluid. The ( )f η′ distributions are rises with 
increasing K . This is due to the presence of a porous medium that 
diminishes the resistance to the flow causing an increase in the 

( )f η′ profile. Fluid temperature and concentration profiles are 
decreases with the augmentation of the parameter K  of porous 
medium. The thermal boundary layer and concentration boundary 
layer thickness are decreases.  

 
Figure 5(a). Variation of K  on velocity 

 
Figure 5(b). Variation of K  on temperature 



B. Reddappa & R. Geetha 

Journal of Integrated Science and Technology J. Integr. Sci. Technol., 2024, 12(3), 762             Pg  6 

 
Figure 5(c). Variation of K  on concentration. 
 

Figures 6(a-c) illustrate the ( )f η′ , ( )θ η  and ( )h η  profiles on 
suction/ blowing parameter ( S ), for the water based  nanoparticles

3 4 ,Fe O Cu, Ag. It is found that the ( )θ η and ( )h η for nanoparticles 
decreases due to increase of ( 0S > ), while this effect is opposite 
for the profiles of ( )f η′ .  
 

 
Figure 6(a). Variation of S  on velocity 

 
Figure 6(b). Variation of S  on temperature 

 
Figure 6(c). Variation of S  on concentration 
 

Figures. 7(a-b) describes the impact of R  on temperature and 
concentration fields for the water based nanoparticles 3 4Fe O , Cu 
and Ag. Which depicts the flow temperature declines because the 
transfer of thermal energy from fluid region to the upper wall 
elevates with higher values of R , while this effect is opposite for 
the profiles of ( )h η .  
 

 
Figure 7(a). Variation of R  on temperature 

 
Figure 7(b). Variation of R  on concentration 

Figures. 8(a-b) describes the impact of heat source        (𝜆𝜆 > 0) 
/ sink (𝜆𝜆 < 0) parameter on temperature and concentration fields 
for the water based nanoparticles 3 4Fe O , Cu, Ag. Which depicts the 
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flow temperature increases for (𝜆𝜆 > 0)However, when temperature 
changes directly with the power-law exponent n  (> 0), no 
temperature overshoot is detected for the upper branch solution, but 
temperature overshoot is noted for the lower branch solution. The 
profiles of ( )h η , however, experience the inverse of this impact. 

 
Figure 8(a). Variation of λ  on temperature 

 
Figure 8(b). Variation of λ  on concentration 
 

Figures.“9 and 10 describe the effects of the power-law exponent 
( n ) and Prandtl number ( Pr )on temperature profiles for the water 
based nanoparticles 3 4Fe O , Cu, Ag. It is observed that temperature 
decreases with increasing values of n , that is no temperature 
overshoot is noted and whereas an increasing function of Prandtl 
number. 

 
Figure 9. Variation of n  on temperature. 

 
Figure 10. Variation of Pr  on temperature 
 

Figures. 11-13 explore the impacts of the parameters , ,Sc Kr Sr  
on nanofluid concentration profiles for the water based 
nanoparticles 3 4Fe O , Cu and Ag. It is observed that concentration 
profiles decreases with increasing values of , ,Sc Kr Sr . 

 
Figure 11. Variation of Sc  on concentration 

 
Figure 12. Variation of Kr  on concentration. 

 
Table 2 compares the present results which are in a good 

agreement with the earlier findings by Cortell [42].”Table 3 
provides the values for the skin friction coefficient, heat and mass 
transfer rate for various physical parameters for the Cu- water based 
nanoparticles. 
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Figure 13. Variation of Sr on concentration 
 
Table 1: Thermo physical properties of water, Copper, Silver and 
Ferrous Ferric Oxide 

Physical 
quantity 

Properties 

( )3/ mkgρ  ( )/pC J kg K  ( )/k W m K
 

Water (H2O) 997.1 4179 0.613 
Copper (Cu) 8933 385 401 
Silver (Ag) 10500 235 429 
Ferrous Ferric 
Oxide  (Fe3O4) 

5180 670 9.7 

Table 2: Comparison of velocity gradient ( )0f ′′ for a nonporous flat 
surface in the absence of porous medium with the results of [42] for

1 0Mφ λ= = =  

β  
( )0f ′′  

Cortell [42] Present results 
0.0 −0.627547 −0.627553 
0.1 −0.493711 −0.493781 
0.2 −0.363308 −0.363351 
0.3 −0.237132 −0.237142 
0.4 −0.115777 −0.115803 

 

CONCLUSIONS 
The nanoparticles of Copper, Silver and Ferrous Ferric Oxide 

used in this study have many applications and uses across a wide 
range of fields. Ag- nanoparticles are increasingly employed in 
antimicrobial agents, consumer and industrial electronics, 
healthcare and personal care items, consumer goods, coatings for 
medical devices, the pharmaceutical sector, optical sensors, 
cosmetics, food, and orthopedics, among other things. Ag- 
nanoparticles have also made progress in the treatment of 
angiogenesis-related disorders including cancer. A potential 
nanoparticle for contemporary study, Fe3O4 is inexpensive and 
biocompatible. It is employed in the creation of vaccines and 
antibodies as well as in gene therapy, medication delivery, and cell 

labeling. “Due to their 
excellent electrical and 
thermal conductivity 
and inexpensive price, 
Cu- nanoparticles are 
frequently utilized in 
optical, magnetic, and 
sensory devices. The 
MATLAB Build 
Solver bvp4c is used to 
numerically solve the 
converted nonlinear 
ODE. Important 
conclusions of the 
study include:” 

(i). The nanofluid 
( )θ η “and ( )h η  

profiles decline as 1λ
increases, while this 
behavior is opposite 
for the distributions of

( )f η′ . The kinetic 
energy of fluid 
particles decelerate 
because of the high 
viscosity. 

(ii). Increasing M , 
leads to acceleration of 
the nanofluid ( )θ η
and ( )h η , while this 

Table 3: Skin friction coefficient, rate of heat and mass transfer for Cu - water base fluid 

1λ
 

M
 

K
 

β
 

 
φ  

 
S  R

 
Pr
 

n  λ  Sc
 

Kr
 

 
Sr

 
( )0f ′′  ( )0θ′−  ( )0φ′−  

0.1             -2.055368  0.906608 1.156753 
0.2             -2.094128  0.907422 1.157963 
 0.1            -2.162639 0.912375 1.164956 
 0.2            -2.133568  0.910845 1.162753 
  0.5           -2.157903  0.909211 1.160482 
  0.6           -2.257982  0.911720 1.164178 
   1.4          -2.326033  0.897589 1.142039 
   1.5          -2.593370  0.888450 1.127253 
    0.01         -2.038246  0.900322 1.156195 
    0.03         -2.055368  0.906608 1.156753  
     0.1        -2.055368 0.906608 1.156753 
     0.2        -2.154216 0.938547 1.210204 
      0.1       -2.055368 0.906608 1.156753 
      0.2       -2.055368 0.916531 1.155774 
       0.6      -2.055368 0.920070 1.155424 
       0.7      -2.055368 0.906608 1.156753 
        0.2     -2.055368  0.900735 1.149195 
        0.3     -2.055368  0.906608 1.156753 
         0.3    -2.055368  0.945194 1.153000 
         0.5    -2.055368  0.867422 1.160565 
          0.5   -2.055368  0.906608 1.084520 
          1.0   -2.055368  0.906608 1.156753 
           0.1  -2.055368  0.906608 1.133778 
           0.3  -2.055368  0.906609 1.179307 
            0.1 -2.055368 0.906608 1.156753 
            0.2 -2.055368  0.906608 1.165971 
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behavior is opposite for the distributions of ( )f η′ . It is found that 
magnetic field has a prominent reducing effect on the velocity 
profile.  

(iii). Increase in the nanoparticle volume fraction (φ ), the fluid 
velocity increases. Ag – water nanofluid shows a higher velocity 
compared to Cu – water and 3 4Fe O – water nanofluid. Due to 
increase in φ , temperature and concentration profiles decreases.  
(iv). The velocity profile is mounting with a raise of .K Fluid 
temperature and concentration profiles decreases with the 
augmentation of the parameter K  of porous medium.  

(v). With an increase in ,Sc Kr  and Sr , the nanofluid 
concentration profiles declines. 

 
NOMENCLATURE 

a, b  are constants 
u Velocity component in the x direction 
v Velocity component in the y direction 
T Dimensional temperature of the Nanofluid 
C Nanoparticle concentration 
C∞  Nanoparticle Concentration o f the free stream 

wC  
Concentration at the surface 

pc  Specific heat capacity at constant pressure 

D Specifies diffusivity 
1D  Coefficient that signifies the contribution to  

mass flux through temperature gradient 
T Dimensional temperature of the Nanofluid 

wT  Temperature at the surface 

T∞  Temperature of the free stream 

0B  Magnetic field strength 

( )f η′  Non dimensional velocity 

S Suction/blowing 
Q Heat generation or absorption coefficient 
( )h η  Non-dimensional concentration 

rC  
Dimensional chemical reaction parameter 

Kr  
Non-dimensional chemical reaction parameter 

M Non-dimensional Magnetic parameter 
Pr Prandtl number 
Sc Schmidt number 
Sr Soret number 
R Radiation parameter 

1k  
Darcy permeability of the porous medium 

K Porosity parameter 
rq  

Radiative heat flux 
Greek Symbols 

1λ  
Jeffrey parameter 

( )θ η  
Non-dimensional temperature 

η  Similarity variable 
𝜆𝜆 Heat source / sink parameter 
σ  Electrical conductivity 
φ  Solid volume fraction of nanoparticles 

nfα  Thermal diffusivity 

nfµ  Viscosity of the nanofluid 

nfρ  Density of the nanofluid 

fµ  Viscosity of the base fluid 

𝛽𝛽 velocity ratio parameter 

( )p f
cρ  Heat capacity of the base fluid 

( )p s
cρ  Effective heat capacity of a nanofluid 

ψ  Stream function 
fρ  Density of the base fluid 

sρ  Density of nanoparticles 

fk  Thermal conductivity of base fluid 

nfk  Thermal conductivity of nanofluid 

sk  Thermal conductivity of nanoparticles 
Subscripts 
∞  Condition at the free stream 
w  Condition at the surface 
f Base fluid 
s Nanoparticle 

fn  Nanofluid” 
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