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Fluids can be defined as substances that flow under the application of shear stress. Fluids include 

liquids and gases. Basically, in the study of science, fluids are divided into two broad groups, 

Newtonian and Non-Newtonian. Fluids which obey the Newton's law of viscosity are called 

Newtonian fluids like water, benzene, alcohol & hexane etc. Fluids which do not obey the 

Newton's law of viscosity are called Non-Newtonian fluids like pastes, gels, polymer solutions, 

Casson fluids, Nano fluids, second grade fluids, micropolar fluids etc. Due to increasing 

significance, application of Non-Newtonian fluid is required in engineering.  

 

Second grade fluid is a Non-Newtonian fluid where the stress tensor is the sum of all tensors that 

can be formed from the velocity field with up to two derivatives. The second grade fluids can 

model many fluids such as dilute polymer solutions, slurry flows and industrial oils. Tan and 

Masuoka [1] consider the Stokes’ first problem for a second grade fluid and Rashidi et al. [2] deals 

with squeezing flow of a second grade fluid, whereas Hayat et al. [3] deals with unsteady 

stagnation point flow of second grade fluid with variable free stream. Hameed et al. [4] examine 

study of heat transfer on the peristaltic transport of a fractional second grade fluid in a vertical 

tube. 

In nature, some Non-Newtonian fluids behave like elastic solid that is, no flow occurs with small 

shear stress. Casson fluid is one of such fluids. This fluid has distinct features and is quite famous 

recently. Casson [5] fluid model was introduced in 1959 for the prediction of the flow behavior of 

pigment-oil suspensions. 

The word magnetohydrodynamics (MHD) is derived from magneto meaning magnetic field, hydro 

meaning fluid, and dynamics meaning movement. Today MHD has developed into a vast field of 

applied and fundamental research in astrophysics, engineering, communication, confinement of 

plasma for controlled fusion and physical science. Research works in the magnetohydrodynamics 

have been advanced significantly during the last few decades after the pioneer work of Hartmann 

[6] in liquid metal duct flows under external magnetic field. Singh and Singh [7] consider MHD 

flow past a semi-infinite vertical permeable wall. Kataria et al. [8] deals with MHD micropolar 

fluid between two vertical walls, whereas Kataria and Mittal [9-10] deals with MHD nanofluid 

flow in the presence of thermal radiation through porous medium. Many researchers like, Hayat et 

al. [11-12] discuss MHD flow of second grade fluid and Samiulhaq et al. [13] obtain the solution 

of MHD flow of a second grade fluid in a Porous Medium with ramped wall temperature. Hussnan 

et al. [14] deals with natural convection flow past an oscillating plate with Newtonian heating 



 
 

whereas, Rashidi et al. [15] consider heat and mass transfer for MHD fluid flow over a permeable 

vertical stretching sheet in the presence of the radiation. Seth et al. [16-17] consider Hall and heat 

absorbing effects on MHD flow in the presence of thermal radiation and chemical reaction with 

ramped wall temperature. Recently, Kataria and Patel [18-19] consider thermal radiation and 

chemical reaction effects on MHD Casson fluid flow in embedded porous medium with ramped 

wall temperature whereas, Kataria and Patel [20] deals with soret and heat generation effects on 

MHD second grade fluid flow with ramped wall temperature and ramped surface concentration.  

 

In this thesis, effect of magnetic field on one-, two- and three-dimensional unsteady free convective 

non-Newtonian fluid flow with Heat and Mass transfer in porous medium is discussed. This thesis 

consists of seven chapters.  

Chapter 1 is taken to build up a stronger structure in logical manner to provide knowledge of 

fundamentals of MHD flow, basic concepts of non-Newtonian fluid, heat and mass transfer effects, 

radiation effects, heat generation effects and Soret effects. A brief history of the development of 

the subject is also given. Relevant literature has been surveyed. Further, Laplace transform 

technique for solving system of linear partial differential equations and Homotopy analysis method 

for solving system of non-linear equations are discussed. 

Study of MHD flow of Non-Newtonian fluid is instrumental, as there are many engineering 

applications. The flow pattern of such fluids has been studied for industrial oils, slurry flows, dilute 

polymer solutions etc. In chapter 2, effects of magnetic field and Soret effects are studied on 

radiating and chemically reactive non-Newtonian fluid flow with ramped boundary conditions.  

Axes are chosen as follows. x′ − axis  which is drawn vertically is the wall and y’ – axis is drawn 

horizontally. Magnetic field of strength 𝐵0 is in opposite direction to fluid flow. When time t′ ≤

0 , plate and fluid are stationary having surface concentration C′
∞ and constant temperature of 

fluid and the plate is assumed to be T′
∞. During time between 0 < t′ ≤   t0  velocity, temperature 

and concentration are u′
∞ + (u′

w − u′
∞)  t′

 t0
⁄ , T′

∞ + (T′
w − T′

∞)  t′

 t0
⁄ and C′

∞  +  (C′
w −

C′
∞)  t′

 t0
⁄   respectively, whereas for time t′ > t0 , they remain constant 

 u′
w,  T′

w and  C′
w respectively. Effect of viscous dissipation induced by magnetic and electrical 

field are neglected. Here flow is considered as one-dimensional laminar flow, and the fluid is 

incompressible Non-Newtonian fluid. The equations which are governed for all these assumptions, 

are derived using Boussinesq’s approximation. They are as follows. 



 
 
𝜕𝑢′

𝜕𝑡′ =
𝜕2𝑢′

𝜕𝑦′2 −
𝜎𝐵0

2

𝜌
𝑢′ −

𝜇𝜙

𝜌𝑘1
′ 𝑢′ + 𝑔𝛽′

𝑇
(𝑇′ − 𝑇′

∞) + 𝑔𝛽′
𝐶

(𝐶′ − 𝐶′
∞)    (1) 

𝜕𝑇′

𝜕𝑡′
=

𝑘

𝜌𝑐𝑝

𝜕2𝑇′

𝜕𝑦′2 −
1

𝜌𝑐𝑝

𝜕𝑞𝑟
′

𝜕𝑦′
          (2) 

𝜕𝐶′

𝜕𝑡′ = 𝐷𝑀
𝜕2𝐶′

𝜕𝑦′2 + 𝐷𝑇
𝜕2𝑇′

𝜕𝑦′2 − 𝑘2
′  (𝐶′ − 𝐶′

∞)        (3) 

With following initial and boundary conditions: 

𝑢′ = 0, 𝑇′ = 𝑇′
∞,   𝐶′ =  𝐶′

∞;  𝑎𝑠   𝑦′ ≥ 0 𝑎𝑛𝑑   𝑡′ ≤ 0,  

  𝑢′ = {
𝑢′

∞ + (𝑢′
𝑤 − 𝑢′

∞) 𝑡′

𝑡0
⁄ 𝑖𝑓  0 < 𝑡′ < 𝑡0

𝑢′
𝑤                           𝑖𝑓     𝑡′ ≥ 𝑡0

;   𝑎𝑠  𝑡′ > 0 𝑎𝑛𝑑 𝑦′ = 0  ,    

 𝑇′ = {
𝑇′

∞ + (𝑇′
𝑤 − 𝑇′

∞) 𝑡′

𝑡0
⁄ 𝑖𝑓  0 < 𝑡′ < 𝑡0

𝑇′
𝑤                           𝑖𝑓     𝑡′ ≥ 𝑡0

 ;  𝑎𝑠  𝑡′ > 0 𝑎𝑛𝑑 𝑦′ = 0  ,  

 𝐶′ = {
𝐶′

∞ + (𝐶′
𝑤 − 𝐶′

∞) 𝑡′

𝑡0
⁄ 𝑖𝑓  0 < 𝑡′ < 𝑡0

𝐶′
𝑤                           𝑖𝑓     𝑡′ ≥ 𝑡0

;   𝑎𝑠  𝑡′ > 0 𝑎𝑛𝑑 𝑦′ = 0  ,  

𝑢′ → 0, 𝑇′ → 𝑇′
∞,   𝐶′ → 𝐶′

∞;  𝑎𝑠  𝑦′ → ∞ 𝑎𝑛𝑑 𝑡′ ≥ 0      (4)  

The local radiant for the case of an optically thin gray gas is expressed by Rosseland approximation 

[21]   

𝜕𝑞𝑟
′

𝜕𝑦′ = −4𝑎∗𝜎∗(𝑇′
∞
4

− 𝑇′4
)          (5) 

The equations are transformed using transformation variables to obtain the system of linear 

ordinary differential equations. Laplace transform technique is used to solve the governing 

dimensionless system of linear ordinary differential equations. Analytic solutions for governing 

equations of MHD flow of Non-Newtonian fluid through porous medium with constant fluid 

velocity and ramped velocity are obtained. Effects of chemical reaction, thermal radiation and 

thermo-diffusion on velocity, temperature and concentration profiles are perceived through various 

graphs. 

Results of Chapter 2 is published in International Journal of Advanced Science and 

Technology (Scopus) (Ref. [22]) and Journal of Emerging Technologies Engineering and 

Innovative Research {Earlier in UGC list) (Ref. [23]).  

Many flow problems with various geometries and different mechanical and thermal boundary 

conditions have also been studied. Chapter 3 deals with the investigation of exact solution of heat 

generation/absorption effect on unsteady natural convective MHD Second grade fluid flow. Such 

study may find application in fire dynamics in insulations and geothermal energy systems etc. 



 
 

Governing equations of Boussinesq’s approximation under above assumptions are as follows. 

𝜕𝑢′

𝜕𝑡′
= (𝜈 +

𝛼1

𝜌

𝜕

𝜕𝑡′
)

𝜕2𝑢′

𝜕𝑦′2 + 𝑔𝛽′
𝑇

(𝑇′ − 𝑇′
∞) −

𝜎𝐵0
2

𝜌
𝑢′ −

∅

𝑘1
′ (𝜈 +

𝛼1

𝜌

𝜕

𝜕𝑡′
) 𝑢′ + 𝑔𝛽′

𝐶
(𝐶′ − 𝐶′

∞) 

            (6) 

𝜕𝑇′

𝜕𝑡′
=

𝑘

𝜌𝑐𝑝

𝜕2𝑇′

𝜕𝑦′2 −
1

𝜌𝑐𝑝

𝜕𝑞𝑟
′

𝜕𝑦′
+

𝑄0

𝜌𝑐𝑝
(𝑇′ − 𝑇′

∞)        (7)  

𝜕𝐶′

𝜕𝑡′ = 𝐷𝑀
𝜕2𝐶′

𝜕𝑦′2 − 𝑘2
′  (𝐶′ − 𝐶′

∞)         (8) 

With following initial and boundary conditions: 

𝑢′ = 0,     𝑇′ = 𝑇′
∞,   𝐶′ =  𝐶′

∞;  𝑎𝑠   𝑦′ ≥ 0 𝑎𝑛𝑑   𝑡′ ≤ 0  

𝑢′ =
𝑈0 cos 𝜔′𝑡′

𝑈0 sin 𝜔′𝑡′ 𝑎𝑠
 𝑡′ > 0 𝑎𝑛𝑑 𝑦′ = 0  ,   

𝑇′ = {
𝑇′

∞ + (𝑇′
𝑤 − 𝑇′

∞) 𝑡′

𝑡0
⁄ 𝑖𝑓  0 < 𝑡′ < 𝑡0

𝑇′
𝑤                           𝑖𝑓     𝑡′ ≥ 𝑡0

 ,  

𝐶′ = {
𝐶′

∞ + (𝐶′
𝑤 − 𝐶′

∞) 𝑡′

𝑡0
⁄ 𝑖𝑓  0 < 𝑡′ < 𝑡0

𝐶′
𝑤                           𝑖𝑓     𝑡′ ≥ 𝑡0

;  𝑦′ = 0  

𝑢′ → 0, 𝑇′ → 𝑇′
∞,   𝐶′ → 𝐶′

∞;  𝑎𝑠  𝑦′ → ∞ 𝑎𝑛𝑑 𝑡′ ≥ 0      (9) 

Exact solution for fluid velocity; Temperature and Concentration is obtained using the Laplace 

transform technique. For both thermal plates, analytic expressions of Nusselt Number and 

Sherwood Number are derived and presented in tabular form. The effects of Magnetic parameter 

M, second grade fluid 𝛼, Heat generation/absorption parameter H, thermal radiation parameter Nr, 

chemical reaction parameter Kr in time variable t on velocity, temperature and concentration 

profiles are discussed through several graphs. 

This result is published in International Journal of Scientific Research in Mathematical and 

Statistical Sciences. (Earlier in UGC list) (Ref. [24]). 

There is another type of non-Newtonian fluid known as Casson fluid. Casson fluid exhibits yield 

stress. It is well known that Casson fluid is a shear thinning liquid which is assumed to have an 

infinite viscosity at zero rate of shear, a yield stress below which no flow occurs, and a zero 

viscosity at an infinite rate of shear, i.e., if a shear stress less than the yield stress is applied to the 

fluid, it behaves like a solid, whereas if a shear stress greater than yield stress is applied, it starts 

to move. The examples of Casson fluid are of the type are as follows: jelly, tomato sauce, honey, 

soup, concentrated fruit juices, etc. Sandeep et al. [25] discussed modified kinematic viscosity 

model for 3D-Casson fluid flow. The main objective of chapter 4 is to develop mathematical 



 
 

modeling of Soret and Dufour effects on MHD Casson fluid flow in the presence of thermal 

radiation.  

Boundary layer equations in MHD flow under consideration are. 

 

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0           (10) 

(𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
) = (1 +

1

𝛾
)

𝜕2𝑢

𝜕𝑦2
−

𝜎𝐵0
2

𝜌
𝑢 + 𝑔𝛽𝑇(𝑇 − 𝑇∞) + 𝑔𝛽∅(∅ − ∅∞)   (11) 

(𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
) =

𝑘4

𝜌𝑐𝑝

𝜕2𝑇

𝜕𝑦2 −
1

𝜌𝑐𝑝

𝜕𝑞𝑟

𝜕𝑦
+

𝑄0

𝜌𝑐𝑝
(𝑇 − 𝑇∞) +

𝐷𝑒𝑘𝑇

𝐶𝑠𝐶𝑝

𝜕2∅

𝜕𝑦2    (12) 

(𝑢
𝜕∅

𝜕𝑥
+ 𝑣

𝜕∅

𝜕𝑦
) = 𝐷𝑒

𝜕2∅

𝜕𝑦2
− 𝑘1(∅ − ∅∞) +

𝐷𝑒𝑘𝑇

𝑇𝑚

𝜕2𝑇

𝜕𝑦2
      (13) 

Subject to 

𝑢 =  𝑎𝑥;  𝑣 =  0;  𝑇 =  𝑇𝑤; ∅ =  ∅𝑤 𝑎𝑡 𝑦 =  0      (14) 

𝑢 → 0, 𝑇 → 𝑇∞,   ∅ → ∅∞;  𝑎𝑠  𝑦 → ∞ 𝑎𝑛𝑑 𝑡 ≥ 0      (15) 

𝜂 = 𝑦√
𝑎

𝜈
, 𝑢 = 𝑎𝑥𝑓′(𝜂), 𝑣 = −√𝑎𝜈𝑓(𝜂), 𝜃(𝜂) =

𝑇−𝑇∞

𝑇𝑤−𝑇∞
, ∅(𝜂) =

∅−∅∞

∅𝑤−∅∞
                           (16) 

 

The simplified systems of ordinary differential equations are solved using the Homotopy analysis 

method introduced by Liao [25]. The effects of the pertinent parameters are discussed through 

graphs. Skin friction, Nusselt number and Sherwood number are presented in tabular form. This 

result included in Chapter 4, is published in Materials Today: Proceedings (Elsevier) (Ref. [27]). 

Viscoelastic fluid behavior is a type of non-Newtonian fluid formed by a viscous component and 

an elastic one. Examples of viscoelastic fluids are paints, some biological fluids, and DNA 

suspensions, etc. Several features make the viscoelastic fluids very interesting and of industrial 

importance. A proper understanding of viscoelasticity is key for industrial applications. 

Viscoelastic fluids are common in very important applications [28-30]. Recently, many researchers 

done works on MHD flow of viscoelastic fluid [31-32]. Two dimensional MHD flow problems 

are of more importance and realistic compared to one dimensional problems. Due to this reason, 

Chapter 5 is dedicated to the study of the steady two-dimensional MHD flow of viscoelastic fluid 

over stretching/shrinking sheet considering the effects of Brownian motion, thermal radiation, and 

chemical reaction.  

Two-dimensional incompressible steady viscoelastic fluid over a stretching/shrinking surface is 

considered. The origin is taken as stagnation point. Plate is assumed to be along x-axis and is 



 
 

subject to forces of magnitude 𝑏𝑥 applied in opposite directions keeping origin fixed. Flow is along 

positive y direction. Components of velocity along 𝑥 and 𝑦 axis are assumed to be 𝑢 and 𝑣 

respectively.  Here we assign a magnetic field perpendicular to the stretching sheet. The governing 

equations are: 

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0,                                                                                                                           (17) 

𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
= 𝑈∞

𝑑𝑈∞

𝑑𝑥
+ 𝑣

𝜕2𝑢

𝜕𝑦2 −
𝜎𝐵0

2

𝜌
(𝑢 + 𝑘0𝑣

𝜕𝑢

𝜕𝑦
) −  𝑘0 (𝑢2 𝜕2𝑢

𝜕𝑥2 + 𝑣2 𝜕2𝑢

𝜕𝑦2 + 2𝑢𝑣
𝜕2𝑢

𝜕𝑥𝜕𝑦
)     (18) 

𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
= 𝛼 (

𝜕2𝑇

𝜕𝑦2) −
1

𝜌𝑐𝑝

𝜕𝑞𝑟

𝜕𝑦
+𝐷𝐵 (

𝜕𝐶

𝜕𝑦

𝜕𝑇

𝜕𝑦
) + (

𝐷𝑇

𝑇∞
) (

𝜕𝑇

𝜕𝑦
)

2

                                                  (19)        

𝑢
𝜕𝐶

𝜕𝑥
+ 𝑣

𝜕𝐶

𝜕𝑦
= (

𝐷𝑇

𝑇∞
) (

𝜕2𝑇

𝜕𝑦2) − 𝑅(𝐶 − 𝐶∞) + 𝐷𝐵 (
𝜕2𝐶

𝜕𝑦2)                                                              (20)                                                                                                                       

Where 𝑈∞ = 𝑎𝑥,     𝑎 > 0 is the straining velocity of the flow is the straining constant, where 𝑢  

and 𝑣 are the velocity component in the 𝑥 and 𝑦 directions. 𝑇∞ and 𝐶∞ are denoted for the ambient 

values of 𝑇 and 𝐶, when y tends towards infinity. 

The boundary conditions for the above defined model are: 

𝑢 = 𝑈𝑤 = 𝑏𝑥,   𝑣 = 0,   − 𝑘
𝜕𝑇

𝜕𝑦
= ℎ(𝑇𝑤 − 𝑇),   𝐶 = 𝐶𝑤 at 𝑦 = 0. 

𝑢 → 𝑈∞ = 𝑎𝑥, 𝑇 → 𝑇∞,   𝐶 → 𝐶∞, 𝑎𝑠 𝑦 → ∞.                                                                         (21)                                                                                                                 

Where the temperature has linear relationship with temperature gradient,   𝑇𝑤 and 𝐶𝑤 are the 

temperature of the fluid and concentration at the wall. 

The prevailing partial differential equations are transformed into ordinary differential equations. 

Homotopy analysis method is used to solve the nonlinear systems. Obtained solutions are graphed 

to show the effects of different parameters on velocity, temperature, and concentration profiles. 

The effects of different prevailing parameters on velocity, temperature, and concentration profiles 

are shown graphically which is obtained from the Mathematica code.  

In recent time, many researchers have been involved in doing research on 3 dimensional MHD 

flow of various Non-Newtonian fluids due to their fascinating and noteworthy engineering focus 

with respect to utility and applications. It is established on the principle that particles of fluid would 

be structurally continuous. Porous media flow has many practical applications removals of heat 

from nuclear fuel, underground disposal of radioactive waste material, food storage, production of 

papers, oil exploration etc. Purpose of chapter 6 is to investigate semi analytic solution of Dufour 

and Soret effects on unsteady MHD Casson fluid flow past over vertical plate embedded in porous 

medium in a rotating system. This study may find applications in fire dynamics. 



 
 

It is assumed that Casson fluid flows between two horizontal parallel plates placed L units apart 

through a porous medium. A coordinate system (𝑥, 𝑦, 𝑧) is such that origin is at the lower plate. 

The lower plate is stretched by two equal forces in opposite directions. The plates along with the 

fluid rotate about y axis with angular velocity Ω. A uniform magnetic flux with density B is applied 

along y-axis. Under these assumptions, governing equations are: 

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
+

𝜕𝑤

𝜕𝑧
= 0          (22) 

𝜌 (𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
+ 2Ω𝑤) = 𝜇 (1 +  

1

𝛾
) (

𝜕2𝑢

𝜕𝑥2 +
𝜕2𝑢

𝜕𝑦2) − 𝜎𝐵2𝑢 −
𝜇𝜑

𝑘1
′ 𝑢    (23) 

𝜌 (𝑣
𝜕𝑣

𝜕𝑦
) = 𝜇 (1 +  

1

𝛾
) (

𝜕2𝑣

𝜕𝑥2 +
𝜕2𝑣

𝜕𝑦2)         (24) 

𝜌 (𝑢
𝜕𝑤

𝜕𝑥
+ 𝑣

𝜕𝑤

𝜕𝑦
− 2Ω𝑤) = 𝜇 (1 + 

1

𝛾
) (

𝜕2𝑤

𝜕𝑥2
+

𝜕2𝑤

𝜕𝑦2
) − 𝜎𝐵2𝑤 −

𝜇𝜑

𝑘1
′ 𝑤    (25) 

𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
+ 𝑤

𝜕𝑇

𝜕𝑧
=

𝑘

𝜌𝑐𝑝
(

𝜕2𝑇

𝜕𝑥2
+

𝜕2𝑇

𝜕𝑦2
+

𝜕2𝑇

𝜕𝑧2
) +

(𝜌𝑐𝑝)
𝑠

(𝜌𝑐𝑝)
𝑓

(
𝐷𝑇

𝑇𝑤
((

𝜕𝑇

𝜕𝑥
)

2

+ (
𝜕𝑇

𝜕𝑦
)

2

+ (
𝜕𝑇

𝜕𝑧
)

2

) 

                                                 +𝐷𝐵 (
𝜕𝐶

𝜕𝑥

𝜕𝑇

𝜕𝑥
+

𝜕𝐶

𝜕𝑦

𝜕𝑇

𝜕𝑦
+

𝜕𝐶

𝜕𝑧

𝜕𝑇

𝜕𝑧
)) −

𝜕𝑞𝑟
′

𝜕𝑦
+

𝐷𝑇

𝑐𝑠𝑐𝑝

𝜕2𝐶

𝜕𝑦2   (26) 

𝑢
𝜕𝐶

𝜕𝑥
+ 𝑣

𝜕𝐶

𝜕𝑦
+ 𝑤

𝜕𝐶

𝜕𝑧
= 𝐷𝐵 (

𝜕2𝐶

𝜕𝑥2 +
𝜕2𝐶

𝜕𝑦2 +
𝜕2𝐶

𝜕𝑧2) +
𝐷𝑇

𝑇𝑤
(

𝜕2𝑇

𝜕𝑥2 +
𝜕2𝑇

𝜕𝑦2 +
𝜕2𝑇

𝜕𝑧2)    (27) 

Subject to boundary conditions 

𝑢 =  𝑎𝑥;  𝑣 =  0;  𝑤 =  0;  𝑇 =  𝑇𝑤 𝑎𝑡 𝑦 =  0             

𝑢 =  0;  𝑣 =  0;  𝑤 =  0;  𝑇 =  𝑇𝐿 𝑎𝑡 𝑦 =  𝐿       (28) 

Some variables are transformed and converted to dimensionless. The system is then transformed 

to ordinary differential equations with corresponding initial conditions and boundary conditions. 

This system of equations with initial conditions and boundary conditions are solved using method 

of Homotopy Analysis. Expressions for fluid velocity (in all three directions), temperature and 

concentration profiles are obtained. The features of the velocity, temperature and concentration 

are analyzed by plotting graphs and the physical aspects are studied for different parameters. Major 

findings are published in Journal of Applied Sciences and Engineering (Scopus) (Ref. [33]). 

 

Chapter 7 deals with effect of magnetic field on heat and mass transfer features of three-

dimensional water based composite nanofluid flow between two horizontal parallel plates. System 

under consideration is rotating. Aim of the study is to develop the mathematical modeling for 



 
 

Brownian motion effects on MHD flow water based composite nanofluid in porous medium with 

thermal radiation. The governing equations are.  

 

𝜕𝑢′

𝜕𝑥
+

𝜕𝑣′

𝜕𝑦
+

𝜕𝑤′

𝜕𝑧
= 0           (29) 

𝜌ℎ𝑛𝑓 (𝑢′
𝜕𝑢′

𝜕𝑥
+ 𝑣′

𝜕𝑢′

𝜕𝑦
+ 2Ω𝑤′) = 𝜇ℎ𝑛𝑓 (

𝜕2𝑢′

𝜕𝑥2
+

𝜕2𝑢′

𝜕𝑦2
) − 𝜎ℎ𝑛𝑓𝐵0

2𝑢′ −
𝜇ℎ𝑛𝑓𝜙

𝑘1
′ 𝑢′  (30) 

𝜌ℎ𝑛𝑓 (𝑣′
𝜕𝑣′

𝜕𝑦
) = 𝜇ℎ𝑛𝑓 (

𝜕2𝑣′

𝜕𝑥2 +
𝜕2𝑣′

𝜕𝑦2 )         (31) 

𝜌ℎ𝑛𝑓 (𝑢′
𝜕𝑤′

𝜕𝑥
+ 𝑣′

𝜕𝑤′

𝜕𝑦
− 2Ω𝑤′) = 𝜇ℎ𝑛𝑓 (

𝜕2𝑤′

𝜕𝑥2 +
𝜕2𝑤′

𝜕𝑦2 ) − 𝜎ℎ𝑛𝑓𝐵0
2𝑤′ −

𝜇ℎ𝑛𝑓𝜙

𝑘1
′ 𝑤′   (32) 

(𝜌𝑐𝑝)
ℎ𝑛𝑓

(𝑢′
𝜕𝑇′

𝜕𝑥
+ 𝑣′

𝜕𝑇′

𝜕𝑦
+ 𝑤′

𝜕𝑇′

𝜕𝑧
) = 𝑘𝑛𝑓 (

𝜕2𝑇′

𝜕𝑥2
+

𝜕2𝑇′

𝜕𝑦2
+

𝜕2𝑇′

𝜕𝑧2
) + 𝜇ℎ𝑛𝑓 (

𝐷𝑇

𝑇𝑤
((

𝜕𝑇′

𝜕𝑥
)

2

 

                                                                      + (
𝜕𝑇′

𝜕𝑦
)

2

+ (
𝜕𝑇′

𝜕𝑧
)

2
) + 𝐷𝐵 (

𝜕𝐶

𝜕𝑥

𝜕𝑇′

𝜕𝑥
+

𝜕𝐶

𝜕𝑦

𝜕𝑇′

𝜕𝑦
+

𝜕𝐶

𝜕𝑧

𝜕𝑇′

𝜕𝑧
)) −

𝜕𝑞𝑟′

𝜕𝑦
  

            (33) 

𝑢′
𝜕𝐶

𝜕𝑥
+ 𝑣′

𝜕𝐶

𝜕𝑦
+ 𝑤′

𝜕𝐶

𝜕𝑧
= 𝐷𝐵 (

𝜕2𝐶

𝜕𝑥2 +
𝜕2𝐶

𝜕𝑦2 +
𝜕2𝐶

𝜕𝑧2) +
𝐷𝑇

𝑇𝑤
(

𝜕2𝑇′

𝜕𝑥2 +
𝜕2𝑇′

𝜕𝑦2 +
𝜕2𝑇′

𝜕𝑧2 )   (34) 

From Ref. [34], we write. 

𝜌ℎ𝑛𝑓 = {(1 − ∅2)[(1 − ∅1)𝜌𝑏𝑓 + ∅1𝜌𝑠1]} + ∅2𝜌𝑠2      (35)                    

𝜎ℎ𝑛𝑓

𝜎𝑏𝑓
=

𝜎𝑆2+2𝜎𝑏𝑓−2∅2(𝜎𝑏𝑓−𝜎𝑆2)

𝜎𝑆2+2𝜎𝑏𝑓+∅2(𝜎𝑏𝑓−𝜎𝑆2)
,         (36) 

𝜎𝑏𝑓

𝜎𝑓
=

𝜎𝑆1+2𝜎𝑓−2∅1(𝜎𝑓−𝜎𝑆1)

𝜎𝑆1+2𝜎𝑓+∅1(𝜎𝑓−𝜎𝑆1)
         (37) 

(𝜌𝑐𝑝)
ℎ𝑛𝑓

= {(1 − ∅2) [(1 − ∅1)(𝜌𝑐𝑝)
𝑓

+ ∅1(𝜌𝑐𝑝)
𝑠1

]} + ∅2(𝜌𝑐𝑝)
𝑠2

   (38)                

𝑘ℎ𝑛𝑓

𝑘𝑏𝑓
=

𝑘𝑆2+(𝑛−1)𝑘𝑏𝑓−(𝑛−1)∅2(𝑘𝑏𝑓−𝑘𝑆2)

𝑘𝑆2+(𝑛−1)𝑘𝑏𝑓+∅2(𝑘𝑏𝑓−𝑘𝑆2)
,        (39) 

Where 

 
𝑘𝑏𝑓

𝑘𝑓
=

𝑘𝑆1+(𝑛−1)𝑘𝑓−(𝑛−1)∅1(𝑘𝑓−𝑘𝑆1)

𝑘𝑆1+(𝑛−1)𝑘𝑓+∅1(𝑘𝑓−𝑘𝑆1)
,        (40) 

𝜇ℎ𝑛𝑓 =
𝜇𝑏𝑓

(1−∅1)2.5(1−∅2)2.5         (41) 

A semi analytic Homotopy analysis method is implemented to solve the dimensionless system of 

ordinary differential equations. Computations were performed graphically to analyze the behaviors 

of several variables on the flow, heat and mass transfer is scrutinized. Numerical values of skin 

friction coefficient, local Nusselt number and Sherwood number are obtained and presented in 



 
 

graphical form. It is seen that velocity increases with decrease in magnetic parameter. It is also 

seen that thermal radiation, magnetic field and thermophoresis tends to improve heat transfer 

process whereas thermophoresis parameter, Schmidt number and Brownian motion tends to reduce 

mass transfer process. 

Results of this chapter are published in International Journal of Applied and Computational 

Mathematics (Springer) (Ref. [35]).  
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