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Abstract 

The unsteady magnetohydrodynamic (MHD) free convection of water at 4°C 

and heat transfer through porous medium bounded by an isothermal porous 

vertical plate in presence of variable suction and heat generation absorption is 

theoretically investigated. The governing partial differential equations are 

transformed into ordinary differential equations by means of similarity 

transformations. Numerical solution of the resulting coupled ordinary 

differential equations using Runge-Kutta-Fehlberg forth-fifth order method is 

obtained. The effect of magnetic parameter are presented and discussed.  

Keywords: MHD free convection, permeability, variable suction, heat 

generation, absorption, numerical study. 

 

NOMENCLATURE: 

B0 Constant applied magnetic field, [Wb m−2] 

 Cp Specific heat at constant pressure, [J kg−1K−1] 

g         Dimensionless velocity, [u/U] 

g         Gravity acceleration, [m  s−2] 

Gr       Grash of number (= gβh2(Tw − T∞) νU⁄ ), [−] 
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K         Permeability parameter (= K̅ h2⁄ ), [−] 

M        Magnetic parameter (= σeB0
2υh2 ρ⁄ ), [−] 

Pr     Prandtl number (= μCp ⁄ ), [−] 

Q       Volumetric rate of heat generation, [K]   

S        Volumetric rate of heat generation absorption [= h2μCpQ κ(Tw − T∞)]⁄    

T Temperature of the fluid, [K]  

u, v     Velocity component of the fluid along the x and y directions,  

          respectively, [m s−1] 

U      Characteristic velocity, [m s−1] 

x, y      Cartesian coordinates along the surface and normal to it, respectively, [m]  

 

Greek symbols  

β         Thermal expansion coefficient, [K−1] 

η         Similarity variable, [= y h⁄ ]   

λ         Suction parameter, [= − h(t)v(t) v]⁄  

ρ  Density of the fluid, [Kg m−3] 

μ        Viscosity of the fluid, [Kg m s−1] 

 σe   Electrical conductivity, [m2 s−1] 

κ         Thermal conductivity, [W m−2K−4] 

υ Kinematic viscosity, [m2s−1]   

θ Dimensionless temperature, [= (T − T∞) (Tw − T∞)]⁄   

 

Superscript  

′ Derivative with respect to η  

−         Dimensional quantities 

 

Subscripts 

w  Properties at the plate 

∞  Free stream condition 
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INTRODUCTION:  

The study of flows through porous media has been motivated by its immense 

importance and continuing interest in many engineering and technological field, for 

example, soil mechanics, petroleum engineering, transpiration cooling, food 

preservation, cosmetic industry blood flow and artificial dialysis etc. Free convective 

phenomenon has been the object of extensive research, because it is often encountered 

in cooling of nuclear reactor or in the study of the structure of stars and planets etc, 

from the technological point of view, MHD free convection flows have also great 

significance for the application in the fields of stellar and planetary magnetospheres, 

aeronautics, chemical engineering and electronics,(Cramer and Pai [1]).  

The theory of laminar flows through, homogeneous media is based on an experiment 

originally conducted by Darcy [2]. Most of the past studies on porous media are 

concerned with the case of fluid having a linear relationship between density and 

temperature Mckibbin and Tyvand [3], Nilsen and Storesletten [4], Ni and 

Beckermann [5], Nield and Bejan [6], Trew and Mckibbin [7], Ingham and Pop [8]. 

Goren [9] has shown that usual Navier-Stokes equations are not applicable for 

studying the flow of water at 4ºC where the density variation is given by ∆ρ =

−ργ(∆T)2 , with γ = 8 × 10−6(°C)−2  

Thus convection in porous medium saturated with water near 4ºC, point at which the 

density of water reaches a maximum value, behaves in a complicated manner. 

Convection in porous media saturated with cold water and confined in rectangular 

cavities have been investigated by Soundalgeker and Wavre [10], Pop and 

Soundalgeker [11], Altimir [12], Lin and Nansteel [13], Robillard and Vasseur [14], 

Tong and Koster [15]. Transient natural convection of water near its density 

extremism in a rectangular cavity filled with an isotropic porous medium was 

investigated numerically by Chang and Yang [16], Zheng et al. [17]. Govindarajulu 

[18] has studied the steady free convection flow of water near 4°C on vertical and 

horizontal plates when the temperature of the plate is varying as a power of the 

distance along the plate from the leading edge. The free convection effects on 

oscillatory flow of water near 4°C past an infinite vertical and porous plate with 

constant suction was made by Soundalgekar [19]. Pop and Raptis [20] investigated 

the transient free convection of water near 4°C over a doubly infinite vertical porous 

plate. The combined convection flow of water near 4°C through a porous medium 

bounded by a vertical plate was studied by Raptis and Pop [21]. Raptis and Perdikis 

[22] also studied the free convection flow of water near 4°C past an infinite porous 

plate with constant suction and free stream-velocity. Singh and Raptis [23], studied 

the free convection flow of water near 4°C past an infinite vertical porous plate with 

constant heat flux. Ling et al. [24, 25] studied the steady mixed convective water flow 

over a vertical plate in a porous medium near 4°C when the wall temperature and 

surface heat flux varies. The natural convection in a triangular enclosure filled with 
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porous media saturated with water near 4°C was made by Oztop et al. [26]. Merkin 

and Kumaran [27] studied the free convection stagnation point boundary layer flow in 

a porous medium with maximum density. Khan and Gorla [28, 29] studied the mixed 

convection of water near 4°C along a wedge with variable surface temperature in 

porous medium and the non similar solution for mixed convection of water near 4°C 

in a porous medium. Furthermore, some important contributions in the MHD free 

convective flow of water near 4°C through porous medium under various physical 

situations were made by Georgantopoulos et al. [30], Perdikis and Takhar [31], Jat 

and Jhankal [32], and Guedde et al. [33]. In the present study, we consider the 

problem of unsteady MHD free convection of water at 4°C and heat transfer through 

porous medium bounded by an isothermal porous vertical plate in presence of variable 

suction and heat generation absorption is theoretically investigated. The governing 

partial differential equations are transformed into ordinary differential equations using 

using Runge-Kutta-Fehlberg forth-fifth order method is obtained. The effect of 

magnetic  parameters are presented and discussed.  

 

MATHEMATICAL FORMULATION: 

The unsteady two-dimensional flow of water at 4°C bounded by a vertical plate kept 

at constant temperature Tw in presence of variable suction and heat 

generation/absorption is considered. The axis of x be taken along the plate and y axis 

perpendicular to it, the applied magnetic field is of uniform strength B0  and is applied 

transversely to the x direction of the flow. The magnetic Reynolds number of the flow 

is taken to be small enough so that the induced magnetic field can be neglected. Under 

the usual boundary layer approximations, the governing equation of continuity, 

momentum and energy (Pai [34], Schlichting [35], Bansal [36]) under the influence of 

externally imposed transverse magnetic field (Jeffery [37], Bansal [38]) are: 

∂v

∂y
= 0, v = v(t)        ...(1) 

∂u

∂t
+ v

∂u

∂y
= ν

∂2u

∂y2 + gβ(T − T∞)2 −
ν

K̅
u −

σeB0
2

ρ
u        ...(2) 

ρCp (
∂T

∂t
+ v

∂u

∂y
) = κ

∂2T

∂y2 + Q(T − T∞)             ....(3) 

The symbols have their usual meanings. The last two terms on the right hand side of 

equation (2) signify the additional resistance due to the porous medium, with 

permeability K̅, and the electromagnetic body force which acts on the fluid elements, 

respectively. Also, the Joule heating term in the energy equation (3) is assumed to be 

negligible.  
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The boundary conditions are: 

y = 0: u = 0, v = v(t), T = T∞;  

y → ∞: u → ∞, T → T∞                    …(4) 

We introduce the following similarity variables and  nom-dimensional quantities: 

h = h(t), v = v(t) = −λ
v

h(t)
, η =

y

h
, u = Uf(η), θ =

T−T∞

Tw−T∞
, S =

h2μCpQ

κ(Tw−T∞)
(Suction parameter), Gr =

gβh2(Tw−T∞)

νU
 (Grashof number), 

 K =
K̅

h2
(Permeability parameter), Pr =

μCp

κ
(Prandtl number),  

M =
σeB0

2νh2

ρ
(Magnetic parameter)       …(5) 

On substituting, equations (2) and (3) are reduced to 

f ′′ + (η + λ)f ′ + Grθ2 − (
1

K
+ M) f = 0        …(6) 

θ′′ + Pr(η + λ) θ′ + Sθ = 0         …(7) 

Along with boundary conditions: 

f(0) = 0, f(∞) = 0, θ(0) = 1, θ(∞) = 0.       …(8) 

 

RESULTS AND DISCUSSION: 

The system of coupled ordinary nonlinear differential equations (6) and (7) along with 

boundary conditions (8) has been solved numerically using Runge-Kutta-Fehlberg 

forth-fifth order method. To solve these equations we adopted symbolic algebra 

software Maple. Maple uses the well known Runge-Kutta-Fehlberg forth-fifth order 

(RKF45) method to generate the numerical solution of a boundary value problem. The 

boundary conditions η → ∞ were replaced by those at η = 5 in accordance with 

standard practice in the boundary layer analysis. The effect of magnetic parameter M 

on velocity distribution and temperature distribution are shown in figure 1 and 2 

respectively for Pr=11.4, Gr=4, K=1, S=1, and λ=1. The impact of magnetic 

parameter M on the velocity profile is very significant in practical point of view. In 

Figure 1, the variation in velocity field for several values of M is presented. It is 

observed that the dimensionless velocity decreases with increasing values of M, this 

happens due to Lorentz force arising from the interaction of magnetic and electric 
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fields during the motion of the electrically conducting fluid (water). This force acts on 

the fluid (water) creating a drag-like effect that slows down the motion of the fluid in 

the boundary layer. Figure 2 which illustrate the effect of magnetic parameter M on 

the temperature profiles. We infer from this figure that temperature decreases with an 

increase in the magnetic parameter M. From this figure it is observed that large values 

of M result in thinning of the thermal boundary layer.  

 

Figure 1: Effect of M on the velocity profiles for Pr=11.4,  

Gr=4, K=1, S=1, and λ=1. 

 

 

Figure 2: Effect of M on the temperature profiles for Pr=11.4,  

Gr=4, K=1, S=1, and λ=1. 

 

CONCLUSION:  

A mathematical model has been presented for the unsteady MHD free convection of 

water at 4°C and heat transfer through porous medium bounded by an isothermal 

porous vertical plate in presence of variable suction and heat generation absorption. 

The governing partial differential equations are converted into ordinary differential 
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equations by using similarity transformations. The effect of magnetic parameter M 

controlling the velocity and temperature profiles for Pr=11.4, Gr=4, K=1, S=1, and 

λ=1 are shown graphically and discussed briefly. We notice from figures that velocity 

and temperature decrease with the increasing M. This happens due to the Lorentz 

force arising from the interaction of magnetic and electric fields during the motion of 

the electrically conducting fluid. Thus we conclude that we can control the velocity 

field and temperature by introducing magnetic field.   
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