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Abstract: Soret and magnetic field effects on non-Newtonian fluid flow with ramped boundary conditions are studied. The 

governing equations are transformed using appropriate change of variables to obtain the system of Linear ordinary differential 

equations. Laplace transform is employed to solve this problem. Analytic solutions for MHD flow of Non-Newtonian fluid 

through porous medium with ramped fluid velocity and constant velocity are derived. Effects of various parameters on flow are 

observed through various graphs. 
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NOMENCLATURE: 

u′ Fluid velocity u Dimensionless fluid velocity 

t′ Time t Dimensionless time 

T′ Fluid temperature θ Dimensionless fluid temperature 

B0  Uniform magnetic field M Magnetic field parameter 

k′ Permeability of porous medium k Permeability of porous medium parameter 

C′ Concentration C Dimensionless concentration 

𝑘1  thermal conductivity of the fluid Cp Specific heat at constant pressure 

Gr Thermal Grashof number Gm Mass Grashof number 

𝐷𝑇  Thermal diffusion coefficient DM Mass diffusion coefficient 

𝑘2
′   Chemical reaction coefficient Kr Chemical reaction parameter 

Pr Prandtl number Sc  Schmidt number 

𝜈 Kinematic viscosity coefficient ρ Fluid density 

β′
T

 Volumetric coefficient of thermal expansion g Acceleration due to gravity 

β′
c
 Volumetric coefficient of concentration expansion σ Electrical conductivity 

∅  Porosity of the porous medium  

 

 

I. INTRODUCTION: 

Study of MHD flow of Non-Newtonian fluid is instrumental, as there are many engineering applications. The flow pattern of such 

fluids have been studied for industrial oils, slurry flows, dilute polymer solutions etc. Kataria and Patel [1 – 4] have examined 

effects of heat and mass transfer on various fluids. Kataria and Mittal [5 – 6] have discussed MHD Nanofluid flow. Sheikholeslami 

at el. [7 – 8] also have studied free convective Nanofluid flow. 

The objective of the present paper is to investigate impact of magnetic field on heat and mass transfer. Novelty of the article is the 

analytic study of the MHD non-Newtonian fluid flow with ramped boundary conditions. The derived ordinary differential 

equations are solved using the Laplace transform. The effects of the pertinent parameters governing the problem are discussed. 
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II. MATHEMATICAL FORMULATION OF THE PROBLEM: 

Sketch of the physical problem is drawn in Fig. 1. Axes are chosen as follows. x′ − axis  which is drawn vertically is the wall 

and y’ – axis is drawn horizontally. As shown in that figure, magnetic field of strength 𝐵0 is in the opposite direction to the fluid 

flow. When time t′ ≤ 0 , the plate and the fluid are stationary having surface concentration C′
∞ and constant temperature of fluid 

and the plate is assumed to be T′
∞. When time is 0 < t′ ≤   t0 , fluid 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 , their 

values become 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

𝜌𝑘′
𝑢′ + 𝑔𝛽′

𝑇
(𝑇′ − 𝑇′

∞) + 𝑔𝛽′
𝐶

(𝐶′ − 𝐶′
∞)       (1) 

𝜕𝑇′

𝜕𝑡′ =
𝑘1

𝜌𝑐𝑝

𝜕2𝑇′

𝜕𝑦′2             (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,        (4) 

𝑢′ = {
𝑢′

∞ + (𝑢′
𝑤 − 𝑢′

∞) 𝑡′

𝑡0
⁄ 𝑖𝑓  0 < 𝑡′ < 𝑡0

𝑢′
𝑤                            𝑖𝑓     𝑡′ ≥ 𝑡0

,   𝑎𝑠  𝑡′ > 0 𝑎𝑛𝑑 𝑦′ = 0  ,        (5) 

 𝑇′ = {
𝑇′

∞ + (𝑇′
𝑤 − 𝑇′

∞) 𝑡′

𝑡0
⁄ 𝑖𝑓  0 < 𝑡′ < 𝑡0

𝑇′
𝑤                            𝑖𝑓     𝑡′ ≥ 𝑡0

 , 𝑎𝑠  𝑡′ > 0 𝑎𝑛𝑑 𝑦′ = 0  ,      (6) 

 𝐶′ = {
𝐶′

∞ + (𝐶′
𝑤 − 𝐶′

∞) 𝑡′

𝑡0
⁄ 𝑖𝑓  0 < 𝑡′ < 𝑡0

𝐶′
𝑤                            𝑖𝑓     𝑡′ ≥ 𝑡0

;   𝑎𝑠  𝑡′ > 0 𝑎𝑛𝑑 𝑦′ = 0  ,      (7) 

𝑢′ → 0, 𝑇′ → 𝑇′
∞,   𝐶′ → 𝐶′

∞;  𝑎𝑠  𝑦′ → ∞ 𝑎𝑛𝑑 𝑡′ ≥ 0         

     

Introducing the following dimensionless quantities:  

𝑦 =
𝑦′

𝑈0𝑡0
, 𝑢 =

𝑢′

𝑈0
, 𝑡 =

𝑡′

𝑡0
, 𝜃 =

(𝑇′−𝑇′
∞)

(𝑇′
𝑤−𝑇′

∞)
, 𝐶 =

(𝐶′−𝐶′
∞)

(𝐶′
𝑤−𝐶′

∞)
, 𝐺𝑟 =

𝑣𝑔𝛽′
𝑇(𝑇′

𝑤−𝑇′
∞)

𝑈0
3   

 

𝐺𝑚 =
𝑣𝑔𝛽′

𝐶(𝐶′
𝑤−𝐶′

∞)

𝑈0
3 , 𝑀2 =

𝜎𝐵0
2𝑣

𝜌𝑈0
2 , 𝑃𝑟 =

𝜌𝑣𝐶𝑝

𝑘1
, 𝑆𝑐 =

𝑣

𝐷𝑀
  

 

𝐾𝑟 =
𝑣𝑘2

′

𝑈0
2 ,   𝑆𝑟 =

𝐷𝑇(𝑇′
𝑤−𝑇′

∞)

𝑣(𝐶′
𝑤−𝐶′

∞)
            (8) 

Equations (1), (2) and (3) become, (  dropping out the " ′ " notation (for simplicity)) 

 
𝜕𝑢

𝜕𝑡
=

𝜕2𝑢

𝜕𝑦2 − (𝑀2 +
1

𝑘
) 𝑢 + 𝐺𝑟𝜃 + 𝐺𝑚𝐶          (9) 

𝜕𝜃

𝜕𝑡
=

1

𝑃𝑟

𝜕2𝜃

𝜕𝑦2                     (10) 

𝜕𝐶

𝜕𝑡
=

1

𝑠𝑐

𝜕2𝐶

𝜕𝑦2 + 𝑆𝑟
𝜕2𝜃

𝜕𝑦2 − 𝑘𝑟𝐶           (11) 

 

With initial and boundary condition 

 

𝑢 = 𝜃 =  𝐶 = 0 , 𝑦 ≥ 0, 𝑡 ≤ 0 , 

𝑢 = {
𝑡,     0 < 𝑡 ≤ 1
1              𝑡 > 1

, 𝑎𝑡  𝑦 = 0, 𝑡 > 0 

𝜃 = {
𝑡,     0 < 𝑡 ≤ 1
1              𝑡 > 1

 ,   𝑎𝑡  𝑦 = 0, 𝑡 > 0 

𝐶 = {
𝑡,     0 < 𝑡 ≤ 1
1              𝑡 > 1

 𝑎𝑡  𝑦 = 0, 𝑡 > 0 , 

 𝑢 → 0, 𝜃 → 0, 𝐶 → 0    𝑎𝑡  𝑦 → ∞, 𝑡 > 0          (12) 

 

Solution of the problem: 

 

We find the analytic solutions for fluid velocity; Temperature and Concentration. They are obtained from equations (9) to (11) with 

initial and boundary conditions (12) using the Laplace transform technique. 

Solution of the problem for ramped velocity, ramped wall temperature and ramped surface concentration: 

𝜃(𝑦, 𝑡) = 𝑓7(𝑦, 𝑡) − 𝑓7(𝑦, 𝑡 − 1)𝐻(𝑡 − 1)         (13) 
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𝐶(𝑦, 𝑡) = [𝑔4(𝑦, 𝑡) − 𝑔5(𝑦, 𝑡)] − [𝑔4(𝑦, 𝑡 − 1) − 𝑔5(𝑦, 𝑡 − 1)]𝐻(𝑡 − 1)      (14) 

𝑢(𝑦, 𝑡) = 𝑓2(𝑦, 𝑡) − 𝑓2(𝑦, 𝑡 − 1)𝐻(𝑡 − 1) + ℎ1(𝑦, 𝑡) − ℎ1(𝑦, 𝑡 − 1)𝐻(𝑡 − 1)     (15) 

Solution of the problem for constant velocity, ramped temperature and ramped surface concentration 

In order to understand effects of ramped velocity of the fluid flow, we must compare our results with constant velocity. In this 

case, the initial and boundary conditions are same as Eq. (12) except 𝑢 = 1 for   𝑦 = 0, 𝑡 > 0. The fluid velocity u(𝑦, 𝑡) found for 

this case using Laplace Transform will be 

𝑢(𝑦, 𝑡) = 𝑓1(𝑦, 𝑡) + ℎ1(𝑦, 𝑡) − ℎ1(𝑦, 𝑡 − 1)𝐻(𝑡 − 1)        (16) 

Where, 

ℎ1(𝑦, 𝑡) = 𝑔1(𝑦, 𝑡) + 𝑔2(𝑦, 𝑡) + 𝑔3(𝑦, 𝑡)         (17) 

𝑔1(𝑦, 𝑡) = 𝑎29𝑓1(𝑦, 𝑡) + 𝑎30𝑓2(𝑦, 𝑡) + 𝑎31𝑓3(𝑦, 𝑡) + 𝑎32𝑓4(𝑦, 𝑡) +𝑎33𝑓5(𝑦, 𝑡)    (18) 

𝑔2(𝑦, 𝑡) = 𝑎34𝑓6(𝑦, 𝑡) − 𝑎17𝑓7(𝑦, 𝑡) − 𝑎31𝑓8(𝑦, 𝑡) + 𝑎28𝑓9(𝑦, 𝑡)       (19) 

𝑔3(𝑦, 𝑡) = 𝑎35𝑓10(𝑦, 𝑡) + 𝑎20𝑓11(𝑦, 𝑡) + 𝑎32𝑓12(𝑦, 𝑡) + 𝑎25𝑓13(𝑦, 𝑡)      (20) 

𝑔4(𝑦, 𝑡) = 𝑎37𝑓10(𝑦, 𝑡) − 𝑎36𝑓13(𝑦, 𝑡)          (21) 

𝑔5(𝑦, 𝑡) = 𝑎36𝑓6(𝑦, 𝑡) − 𝑎36𝑓9(𝑦, 𝑡)          (22) 

𝑓1(𝑦, 𝑡) =
1

2
[𝑒−𝑦√𝑎1  𝑒𝑟𝑓𝑐 (

𝑦

2√𝑡
− √𝑎1𝑡) + 𝑒𝑦√𝑎1  𝑒𝑟𝑓𝑐 (

𝑦

2√𝑡
+ √𝑎1𝑡)]       (23) 

𝑓2(𝑦, 𝑡) =
1

2
[(𝑡 −

𝑦

2√𝑎1
) 𝑒−𝑦√𝑎1  𝑒𝑟𝑓𝑐 (

𝑦

2√𝑡
− √𝑎1𝑡) + (𝑡 +

𝑦

2√𝑎1
) 𝑒𝑦√𝑎1  𝑒𝑟𝑓𝑐 (

𝑦

2√𝑡
+ √𝑎1𝑡)]   (24) 

𝑓3(𝑦, 𝑡) =
𝑒𝑎8𝑡

2
[𝑒

−𝑦√
1

𝑎8
(𝑎1+𝑎8)

 𝑒𝑟𝑓𝑐 (
𝑦

2√ 𝑡
− √(𝑎1 + 𝑎8)𝑡) + 𝑒

𝑦√
1

𝑎8
(𝑎8−𝑎1)

 𝑒𝑟𝑓𝑐 (
𝑦

2√ 𝑡
+ √(𝑎1 − 𝑎8)𝑡)]  (25) 

𝑓4(𝑦, 𝑡) =
𝑒𝑎13𝑡

2
[𝑒

−𝑦√
1

𝑎13
(𝑎1+𝑎13)

 𝑒𝑟𝑓𝑐 (
𝑦

2√ 𝑡
− √(𝑎1 − 𝑎13)𝑡) + 𝑒

𝑦√
1

𝑎13
(𝑎1−𝑎13)

 𝑒𝑟𝑓𝑐 (
𝑦

2√ 𝑡
+ √(𝑎1 − 𝑎13)𝑡)] (26) 

𝑓5(𝑦, 𝑡) =
𝑒𝑎5𝑡

2
[𝑒

−𝑦√
1

𝑎5
(𝑎1+𝑎5)

 𝑒𝑟𝑓𝑐 (
𝑦

2√ 𝑡
− √(𝑎1 + 𝑎5)𝑡) + 𝑒

𝑦√
1

𝑎5
(𝑎5−𝑎1)

 𝑒𝑟𝑓𝑐 (
𝑦

2√ 𝑡
+ √(𝑎1 − 𝑎5)𝑡)]  (27) 

𝑓6(𝑦, 𝑡) = 𝑒𝑟𝑓𝑐 (
1

2
 √

1

𝑎2𝑡
 𝑦)          (28) 

𝑓7(𝑦, 𝑡) = (
𝑦2

2𝑎
+ 𝑡) 𝑒𝑟𝑓𝑐 (

𝑦

2√𝑎2𝑡
) −

𝑦

2

√ 𝑡

√𝑎2𝜋
𝑒

− 
𝑦2

4𝑎2𝑡        (29) 

𝑓8(𝑦, 𝑡) =
𝑒𝑏𝑡

2
[𝑒

−𝑦√
𝑎8
𝑎2 𝑒𝑟𝑓𝑐 (

𝑦 √𝑎2

2√𝑡
− √𝑎8𝑡) + 𝑒

𝑦√
𝑎8
𝑎2 𝑒𝑟𝑓𝑐 (

𝑦 √𝑎2

2√𝑡
+ √𝑎8𝑡)]     (30) 

𝑓9(𝑦, 𝑡) =
𝑒𝑏𝑡

2
[𝑒

−𝑦√
𝑎5
𝑎2 𝑒𝑟𝑓𝑐 (

𝑦 √𝑎2

2√𝑡
− √𝑎5𝑡) + 𝑒

𝑦√
𝑎5
𝑎2 𝑒𝑟𝑓𝑐 (

𝑦 √𝑎2

2√𝑡
+ √𝑎5𝑡)]      (31) 

𝑓10(𝑦, 𝑡) =
1

2
[𝑒−𝑦√𝑘𝑟 𝑆𝑐 𝑒𝑟𝑓𝑐 (

𝑦√𝑆𝑐

2√𝑡
− √𝑘𝑟 𝑡) + 𝑒𝑦√𝑘𝑟 𝑆𝑐  𝑒𝑟𝑓𝑐 (

𝑦√𝑆𝑐

2√𝑡
+ √𝑘𝑟 𝑡)]      (32) 

   

𝑓11(𝑦, 𝑡) =
1

2
[(𝑡 −

𝑦 √𝑆𝑐

2√𝑘𝑟
) 𝑒−𝑦√𝑆𝑐 𝑘𝑟 𝑒𝑟𝑓𝑐 (

𝑦 √𝑆𝑐

2√𝑡
− √𝑘𝑟 𝑡) + (𝑡 +

𝑦 √𝑆𝑐

2√𝑘𝑟
) 𝑒𝑦√𝑆𝑐 𝑘𝑟  𝑒𝑟𝑓𝑐 (

𝑦 √𝑆𝑐

2√𝑡
+ √𝑘𝑟 𝑡)]     (33) 

𝑓12(𝑦, 𝑡) =
𝑒−𝑎13𝑡

2
[𝑒−𝑦√𝑆𝑐(𝑘𝑟−3) 𝑒𝑟𝑓𝑐 (

𝑦 √𝑆𝑐

2√𝑡
− √(𝑘𝑟 − 𝑎13)𝑡) + 𝑒𝑦√𝑆𝑐(𝑘𝑟−𝑎13) 𝑒𝑟𝑓𝑐 (

𝑦 √𝑆𝑐

2√𝑡
+ √(𝑘𝑟 − 𝑎13)𝑡)] (34)    

𝑓13(𝑦, 𝑡) =
𝑒𝑎5𝑡

2
[𝑒−𝑦√𝑆𝑐(𝑘𝑟+𝑎5) 𝑒𝑟𝑓𝑐 (

𝑦 √𝑆𝑐

2√𝑡
− √(𝑘𝑟 + 𝑎5)𝑡) + 𝑒𝑦√𝑆𝑐(𝑘𝑟+𝑎5) 𝑒𝑟𝑓𝑐 (

𝑦 √𝑆𝑐

2√𝑡
+ √(𝑘𝑟 + 𝑎5)𝑡)]    (35) 

 

III. RESULT AND DISCUSSION: 

We have inspected the fluid velocity, temperature and concentration for various parameters like Magnetic field parameter M, 

Grashof number (Gr), mass Grashof number (Gm), thermal radiation parameter Nr, chemical reaction parameter Kr, Soret effect Sr 

and Prandtl number Pr. For plotting graphs as shown in figures 2 – 13, change is made in values of one parameter at a time and all 

remaining parameters remain fixed. 

The fig. 2 shows effect of Magnetic field parameter M on velocity profiles for both velocity conditions. It is seen that velocity 

decreases with increment in M values. Lorentz force induced on boundary is the reason for such decrement. Permeability of porous 

medium K has positive impact on both velocity conditions which is reflected in Fig.3. Fig.4 indicates that different values of 

Schmidt number Sc have reciprocal effect on concentration. It is seen from Fig. 5 and Fig. 6 that when we increase Sr, velocity and 

concentration also increased. Effects of Grashof number Gr and mass Grashof number Gm has positive impact on velocity as 

described in fig. 7 and fig. 8. Fig. 9 shows that increment in Pr will reduce the temperature.  

IV. CONCLUSION: 

The concept of this research is to get analytical solution for MHD flow of Non-Newtonian fluid passing through a vertical plate 

with ramped fluid velocity and observe various effects like effects of radiation, chemical reaction and Soret effect. Results are 

derived for constant and variable velocity.  

Key remarks for the conclusions can be summarized as: 

 Magnetic field parameter M has impeding effects with constant or ramped velocity. 

 Permeability of porous medium k, thermal Grashof number Gr and mass Grashof number Gm have affirmative correlation with 

velocity. 
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 Temperature of the fluid also has negative impact on Pr. 

 Soret number Sr has positive correlation with velocity or concentration. 

 Schmidt number Sc has reverse impact on concentration. 

V. APPENDIX: 

𝑎1 = 𝑀2 +
1

𝑘
  𝑎2 =

1+𝑁𝑟

𝑃𝑟
  𝑎3 =

1

𝑆𝑐 𝑎3
−

1

𝑆𝑐
  

𝑎4 =
𝐾𝑟

𝑆𝑐
  𝑎5 =

𝑎4

𝑎3
  𝑎6 =

𝑆𝑐

𝑎3𝑎2
  

𝑎7 =
1 

𝑎2
− 1  𝑎8 =

  𝑎1

𝑎7
  𝑎9 =

𝐺𝑟

𝑎7
  

𝑎10 = 𝑆𝑐 − 1  𝑎11 = 𝑆𝑐 + 1  𝑎12 = 𝑆𝑐 𝐾𝑟 − 𝑎1  

𝑎13 =
  𝑎12

𝑎10
  𝑎14 =

 𝐺𝑚

𝑎10
  𝑎15 =

 𝐺𝑚 𝑎6

𝑎10
  

𝑎16 =
 𝐺𝑚 𝑎6

𝑎10
  𝑎17 =

− 𝑎9

𝑎8
  𝑎18 =

𝑎9

𝑎8
2  

𝑎19 =
𝑎9

1−𝑎8
− 𝑎17 −

𝑎18

1−𝑎8
  𝑎20 =

 𝑎14

𝑎13
  𝑎21 =

 𝑎14

𝑎13
2  

𝑎22 =
𝑎14

1+𝑎13
− 𝑎20 −

𝑎21

1+𝑎13
  𝑎23 =

− 𝑎15

𝑎13𝑎 5
  𝑎24 =

 𝑎15

𝑎13(𝑎13+𝑎 5)
  

𝑎25 =
 𝑎15

𝑎5(𝑎13+𝑎 5)
    𝑎26 =

 𝑎16

𝑎8𝑎 5
  𝑎27 =

 𝑎16

𝑎8(𝑎8−𝑎 5)
  

𝑎28 =
− 𝑎16

𝑎5(𝑎8−𝑎 5)
  𝑎29 = 𝑎19 + 𝑎22 + 𝑎23 − 𝑎26  𝑎30 = 𝑎17 + 𝑎20  

𝑎31 = 𝑎18 − 𝑎27  𝑎32 = 𝑎21 + 𝑎24  𝑎33 = 𝑎25 − 𝑎28  

𝑎34 = −𝑎19 + 𝑎26  𝑎35 = 𝑎22 + 𝑎23  𝑎36 =
𝑎6

𝑎5
   

𝑎37 = 𝑎36 + 1    
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Figure 1: Physical Sketch of the problem 
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Figure 2: Velocity profile u for different values of y and M for k=0.8, Pr=10, Sc=6.2, Gr=3, Gm=2, kr=10, Sr=5 

 
 

Figure 3: Velocity profile u for different values of y and k for M=5, Pr=10, Sc=6.2, Gr=3, Gm=2, kr=10, Sr=5 
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Figure 4: Concentration profile for different values of y and Sc for M=5, k=0.8, Pr=10, Gr=3, Gm=2, kr=10, Sr=5 

 

 
Figure 5: Velocity profile u for different values of y and Sr for M=5, k=0.8, Pr=10, Sc=6.2, Gr=3, Gm=2, kr=10 
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Figure 6: Concentration profile for different values of C and Sr for M=5, k=0.8, Pr=10, Sc=6.2, Gr=3, Gm=2, kr=10 

 

 

 
 

Figure 7: Velocity profile u for different values of y and Gr for M=5, k=0.8, Pr=10, Sc=6.2, Gm=2, kr=10, Sr=5 
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Figure 8: Velocity profile u for different values of y and Gm for M=5, k=0.8, Pr=10, Sc=6.2, Gr=3, kr=10, Sr=5 

 

 

 

 

 

 
 

 
Figure 9: Temperature profile for different values of 𝜃 and Pr for M=5, k=0.8, Sc=6.2, Gr=3, Gm=2,  kr=10, Sr=5 
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