List of Figures

(1.1 Typesoffluid . . . ... ... .. ... . L 3
1.2 Application of MHD| . . . . . . ... ..o 00000 5
2.1 Physical sketch| . . . .. ... ... o000 30
2.2 h-curve for f7(0), '(0) . . . . . ... 35
2.3 fm) via M| . . . .. 36
R4 f'(n) via fu| -« . o o 37
25 flm)viaq|. . . . o 37
2.6 f'(n) viaGryl . . .. 38
2.7 O(n)via Brl . . ... 38
2.8 O(n)via M|. . . . . . . 39
2.9 O(n) via Prl . . . . . 39
2.10 O(n) via Rd| . . . . . . . . 40
2.11 Ngwvia Brl. . . . . . . . e 40
12 Bevia Brl . . . . . . .. 41
.13 Ngvia M| . . .. oo 41
RI4 Bevia Ml . . . . . . 42
2.15 Ngviaaq| . . . . . o 0 o 42
[2.16 Be via aq| . . . . . e 43
917 CrRey > via M| . . .. .. ... 44
218 Cr Rer* vian| .. ... 45
219 NugRey P via Brl ... 45
[3.1 Physical sketch| . . . ... ... ..o oo 51
3.2 h-curve for f7(0) . . . . ... 56
3.3 h-curve for 6(0)] . . . . . ... 57
3.4 h-curve for 6'(0)] . . . . . ... 57
B.5  fl(m) via M| . . . . 58
B.6 fl(m) viaq|. . . . o 58
B.7 fl(n) via fu| - - o o 59

XV



B8 O(n)via Rdl . . ... ... . 59
B9 O(n) viaby,|. . . . ..o 60
13.10 O(n) via Br{ . . . . . .. 60
B.11 O(n) via Prl . . . . . o 61
ST2 G VA S . o o o 61
313 dvia ful - . .o 62
BId Ngvia LY . . . . . 62
B.15 Bewvia LY . . . . o o 63
.16 Ng via M| . . . . . oo 63
BI7 Bevia Ml . . . . . . o o 64
B.18 Novia Brl. . . . . . . e 64
B.19 Bevia Brl . . . . .. oo 65
(4.1  Physical problem| . . . . ... ... ... o000 71
1M.2  h-curve for f7(0) . . . . ... 75
KM.3  h-curve for 6(0) . . . . . . .. 75
.4 h-curve for ¢'(0). . . . . . . 76
Mo fl(n)viaWel . .. oo 79
M6 flm)via . . . . o o 79
M7 ff(m) via M| . . . oo 80
M8 fl(m) viaGryl . . . . o 80
M9 fln) viaGrel . . . o oo 81
M.10 O(n) via M|. . . . .. o 81
M11 O(n) via Rd| . . . . . . . 82
HI2 000) VIA Oyl o o o o oo oo e e e 82
M.13 O(n) via Prl . . . . . . 83
M14 O(n) via O] . . . . . 83
M15 O(n) via Du . . . . . oo 84
M16 o(n) via Sd . . . . .. 84
M7 d(n) via STl . . o o 85
[5.1 h-curve for range f" 0" and ¢'.| . . . ... ... L. 98
5.2 VIia Cl . ..o 100
B3 Fvia M. o oo oo 101
B T Vam] o o oo 102
5.5 VIA Dil . . . e e e 102
BB FVia Fal o o oo e 103
BT T VaWed o o oo o 103

Xvi



BO Oviaml . . . .. 104
B0 O via Rd . . . . . . 105
D11 O via b, . . . . 105
D12 O via Dul . . . .. oo 106
5. 13 o via Sd . . . .. 106
.14 @ via Sr| . . . . . 107
[>.15 Friction factor for f, in 2-dimension shrinking casel . . . . . . . . .. 107
[>.16 Friction factor for f,, in 3-dimension shrinking casel . . . . . . . . .. 108
[5.17 Friction factor for f, in 2-dimension stretching case[ . . . . . . . . .. 108
[5.18 Friction factor for f,, in 3-dimension stretching casef . . . . . . . . .. 109
[>.19 Nusselt count for Rdand 6, . . . . . . . . . . . .. .. ... .. ... 109
[5.20 Nusselt count for Rd and 6,,| . . . . . . . . . . . . ... ... . ... 110
[H.21 Sherwood count for Scand Srf. . . . . ... ... ... .. 110
.22 Sherwood count for Scand Srl. . . . . . .. ..o 111
6.1 f7(0) viahy| . . . . .. 123
6.2 R'(0) via hy| . . . . .o 123
6.3 0'(0) via hg| . . . . . . 124
6.4 &'(0) viahg| . . . . ..o 124
6.5 f'(n) via M| . . . . . . 125
6.6 fi(n)via K| . . . . . . 125
6.7 f'(n) via Ed . . . . . . 126
6.8 f'(n) via Al. . . . . 126
6.9 hin) via Al . . ... 127
6.10 h(n) via Ag|. . . . . . .o 127
6.11 h(n) via Gro|. . . . . . o o 128
6.12 h(n) via K[. . . . . . .. 128
6.13 O(n) via M|. . . . . . 129
6.14 O(n) via K| . . . . . . . 129
6.15 O(n) via Rd| . . . . . . .. 130
6.16 O(n) via O,|. . . . . . . 130
6.17 o(n) via Al . . . . . o 131
6.18 o(n) via M| . . . . . . 131
6.19 o(n) via Sq . . . . .. 132
6.20 o(n) via G| . . 0 0 oo 132
621 Cpp via Al . 0 oL oo 133
6.22 My, via Al . . . . .o 133




6.23 Nu, via Pr| . . . . . . . . 134

6.24 Sh, via Al . . . .o 134
7.1 Physical Sketch of the Problem| . . . . . . ... ... ... ... ... 139
KON I 146
(7.3 f'(p)for M| . . . . . . 150
7.4 f'(n) for Wel. . ... .. 150
(7.5 f'(n) for Al. . . . . . 151
[7.6 f'(n)for fo| . . . . . o 151
(7.7 O(n)for M|. . . . . . . 152
7.8 O(n)for Rdl . . . . . . . . . ... 152
79 O(n)for B, . . . ... . 153
[7.10 O(n) for Eq . . . . . . . 153
[7.11 O(n) for Pr| . . . . . . 154
[7.12 O(n) for Al . . . . . . . 154
713 o(n) for Kd . . ... .. 155
[7.14 o(n) for Sd. . . . . . . . 155
[7.15 o(n) for Al . . . . . . o 156
[(16 Befor L¥ . . . . . o 156
[[I7 Ngfor IF . . . . . 157
[(.18 Ngtor M| . . . . . o 157
[7.19 Ngtor Brl . . . . . . 158
(.20 Befor Ml . . . . . . . . 158
(21 Befor Brl . . . . . . . . 159
722 Cp Re)/> for Wel .. ... ... 159
7.23 CpoRey” for Gre| . .. .o 160
7.24 NuTRe;1 % for O . . 160
725 ShyRe; ' for Kd . ... ... ... 162
[8.1 Physical Sketch of the Problem| . . . . . .. ... ... ... ... .. 166
B2 JT0V VIR Fipl . o o o oo 172
B3 f(m) via fu . - - o o o 174
B4 f'(n) when F=0via M. ... ... ... ... ... .. ..... 174
8.5 f'(n) when E=05via M. ... ... ... ... ... ... .. ... 175
B.6 fllp)vian| . . . . 175
B.7 flm) viay) . . oo 176
B8 flm)via B . . . o o 176
BO P VA K] o o o oo oo oo 177




.10 h(n) via K| . . . . . o 177
B.I1 h(n) vian). . . . . .. 178
812 O(n) via M| . . . . . . 178
B.13 O(n) via B, . . . . . . 179
8.14 O(n) via Rd.| . . . . . . . 179
8.15 O(n) via E|. . . . . . o 180
BI6 OI0) VIA M o o oo e e 180
B.17 d(n) via Sc.| . . . . o oo 181
SIS G(N) VIA Mol « o o e e e 181
819 CroRey> via M| . ... .. 182
8.20 M, . Re, via K| . . . . . . . . 182
8.21 NugRey> via O] . oo 183
8.22 NuRey” via 6, . ... ... 183
8.23 ShyRey” via Scf . ... ... 184

Xix



	Declaration
	Certificate-1
	Certificate-2
	Dedication
	Acknowledgement
	Preface
	INTRODUCTION AND FUNDAMENTAL CONCEPTS 
	Fluid
	Newtonian fluid
	Non-Newtonian fluid
	Applications of Non-Newtonian fluid
	Steady and unsteady flow
	Compressible and incompressible flow
	Laminar flow
	Magnetohydrodynamics
	Applications of Magnetohydrodynamics
	Magnetohydrodynamics Flow
	Entropy
	Local rate of entropy generation

	Williamson fluid
	Constitutive equation of Williamson fluid

	Carreau fluid
	Carreau fluid model

	Micropolar fluid
	Constitutive equations of micropolar fluid

	Heat Transfer
	Conduction
	Radiation
	Convection

	Mass Transfer
	Convective flows
	Thermal Conductivity and temperature gradient
	Governing equations
	Conservation of mass (Equation of continuity) 
	Conservation of Momentum (Equation of Motion)
	Conservation of Energy(Equation of Energy)
	Conservation of Mass Flux (Equation of Concentration)

	Joule heating
	Viscous dissipation
	Dufour effect
	Soret effect
	Chemical reaction
	Forces acting on the fluid
	Buoyancy
	Boussinesq approximation

	Dimensionless Parameters
	Reynolds Number
	Eckert number
	Prandtl Number
	Magnetic parameter
	Thermal Grashof Number
	Solutal Grashof Number
	Thermal Biot number
	Solutal Biot number
	Soret Number 
	Schmidt number
	Suction parameter
	Heat generation/absorption coefficient
	Radiation parameter
	Slip parameter
	Brinkman number
	Bejan number
	Temperature Ratio parameter
	Skin friction factor
	Nusselt number
	Sherwood number
	Chemical Reaction parameter
	Unsteadiness parameter
	Material parameter

	Homotopy Analysis Method
	Zero-order deformation equation
	High-order deformation equation
	Convergence analysis

	Review of relevent literature

	Entropy optimized MHD fluid flow over a vertical stretching sheet
	Introduction of the Problem
	Novelty of the chapter
	Mathematical Formulation of the Problem
	Solution by Homotopy Analysis Method 
	Zero-th order deformation
	i-th order deformation 
	Convergence Analysis

	Result and Discussion
	Conclusion

	Effect of nonlinear radiation on MHD fluid flow considering mass transfer
	Introduction of the Problem
	Novelty of the Chapter
	Mathematical Formulation of the Problem
	Solution by Homotopy Analysis Method
	Convergence Analysis

	Result and Discussion
	Conclusion

	Soret and Dufour impact on MHD Williamson fluid flow with varying viscosity
	Introduction of the Problem
	Novelty of the Chapter
	Mathematical Formulation of the Problem
	Solution by Homotopy Analysis Method
	Convergence Analysis

	Result and Discussion
	Conclusion

	MHD Carreau fluid flow over nonlinear stretching sheet
	Introduction of the Problem
	Novelty of the Chapter
	Mathematical Formulation of the Problem
	Solution by Homotopy Analysis Method
	Zero-th order deformation
	i-th order deformation

	Convergence Analysis
	Result and discussion
	Conclusion

	Unsteady MHD flow of a Micropolar fluid over a stretching sheet
	Introduction of the Problem
	Novelty of the Chapter
	Mathematical Formulation of the Problem
	Solution by Homotopy Analysis Method
	Convergence Analysis

	Result and Discussion
	Conclusion

	 Entropy optimized unsteady MHD Williamson fluid flow considering viscous dissipation effects
	Introduction of the Problem
	Novelty of the Chapter
	Mathematical Formulation of the Problem
	Solution by Homotopy Analysis Method
	Zero-th order deformation
	i-th order equation
	Convergence Analysis

	Result and Discussion
	Conclusion

	EMHD fluid flow with slip effects
	Introduction of the Problem
	Novelty of the Problem
	Mathematical Formulation of the Problem
	Solution by Homotopy Analysis Method 
	Zero-th order deformation
	i-th order deformation

	Convergence Analysis
	Result and Discussion
	Conclusion
	Conclusion of the Thesis
	Future Works
	Published/Accepted Research Articles
	Communicated Research work
	Presented Research Work in Conferences

	Bibliography

