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1. INTRODUCTION 

Transport processes through porous media play important 

roles in diverse applications, such as in geothermal 

operations, petroleum industries, thermal insulation, design 

of solid-matrix heat exchangers, chemical catalytic reactors, 

and many others. The study of convection heat transfer and 

fluid flow in porous media has received great attention in 

recent years. Due to the wide range of applications on 

convection heat transfer in porous media, many studies had 

been carried out on this topic. Most of these studies 

concentrated on no temperature jump between the surface 

and the fluid. 

Bejan and Poulikakos [1], used Forchheimer’s model to 

study vertical boundary layer natural convection in a porous 

medium. They reported similarity solutions for vertical 

boundary layer natural convection near a solid wall adjacent 

to a fluid-saturated porous medium. It was shown that at 

high pore Reynolds number Darcy flow model is no longer 

valid. It was shown that the heat transfer results totally differ 

from those obtained from traditional Darcy flow researchers. 

Chien et al. [2] performed an analysis for mixed convective 

flow through a saturated porous medium adjacent to a 

vertical surface with the heating condition of power-law 

variation in the wall temperature. In modeling the flow 

through porous media, no-jump temperature boundary 

condition, high-flow-rate inertia forces, thermal dispersion 

and near- wall porosity variation were investigated.  

Transformed system of equations was solved by finite- 

difference method. Numerical results showed that non- 

Darcian and thermal dispersion effects have important 

effects on temperature and velocity profiles and rates of heat 

transfer from the vertical plate. Thus, recent studies 

investigated this condition in determination of heat transfer 

rate. Al-Badawi and duwairi [3] and Shehadah and Duwairi 

[4] studied convection heat transfer in internal flows. in 

James and Davi [5] studied the flow in the interfacial region 

of an open porous medium by solving Stokes model for flow 

in a channel partially filled with an array of circular 

cylinders beside one wall. The cylinders were oriented across 

the flow and widely spaced, therefore the solid volume 

fraction was 0.1 or less. Cao and Baker [6] developed 

Laminar mixed convection model over an isothermal vertical 

plate with first-order momentum and thermal discontinuities 

at the wall. Numerical solutions were obtained for various 

conditions. Velocity and temperature profiles within the 

boundary layer were introduced. The effect of non-

continuum upon temperature jump, slip velocity, wall shear 

stress and boundary layer thickness in both liquid and 

gaseous flow was illustrated. Yazdi et al [7] studied 

convective heat transfer of the slip liquid flow over 

horizontal plate within the porous media at constant heat 

flux boundary conditions. Their model assumed the fluid has 

a slip boundary condition on the surface. The governing 

equations of the boundary layer were transformed into 

ordinary differential equations and solved numerically using 

a fourth order Runge-Kutta and shooting method. It was 

shown that the velocity adjacent to the wall is increased by 

both suction and slip coefficient. Bhattacharyya et al [8] 

analyzed the boundary layer forced convective flow and heat 

transfer of an incompressible fluid over a porous plate 
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embedded in a Darcy porous medium. Velocity and thermal 

slips at the boundary were taken into account. They found 

that the increase of velocity slip parameter reduces the 

momentum boundary layer thickness and enhances the heat 

transfer from the plate; on the other hand, heat transfer 

decreases with thermal slip parameter. Bhattacharyya [9] 

considered velocity and mass slips at the boundary in the 

analysis of the steady boundary layer flow and mass transfer 

with nth order chemical reaction past a porous plate 

embedded in a Darcy porous medium. The reduced nonlinear 

equations were solved numerically. It was found that the 

increase of velocity slip reduces the momentum boundary 

layer thickness and enhances the mass transfer. Miguel [10] 

used Boltzmann equation method to study non-Darcy flow in 

porous media. Darcy-Forchheimer equation was investigated 

and correlations for macroscopic transport properties were 

introduced (permeability and the inertial parameter). This 

work covered both no-slip and the slip-flow regimes. Jashim 

Uddin et al [11] studied two dimensional steady laminar 

boundary layer flow of a nano-fluid past vertical plate heated 

with linear momentum slip boundary condition. The 

governing equations with boundary conditions were solved 

numerically by Maple 13. It was found that the skin friction 

coefficient is reduced with the momentum slip and the 

buoyancy ratio parameters. On the other hand, it is enhanced 

with the convective heat transfer parameter, and that mass 

transfer rate is enhanced with the Lewis number and the 

convective heat transfer parameter falls with the 

thermophoresis parameter. Mishra [10] investigated the 

steady mixed convection flow between two vertical plates 

filled with porous materials with slip velocity and 

temperature jump. The analytic solutions for the velocity and 

temperature profiles had been obtained for different values of 

the Rayleigh number, Darcy number. Njael and Makinde [12] 

discussed the effect of magnetic field on boundary layer flow 

of an incompressible electrically conducting water-based 

nanofluid over a heated vertical porous plate with slip 

boundary condition. Graphical results were presented and 

discussed considering the effect of dominant parameters 

(solid volume fraction, buoyancy effect, Eckert number, 

suction/injection parameter, Biot number, and slip parameter) 

on the dimensionless velocity, temperature, magnetic field 

parameter skin friction coefficient, and heat transfer rate. 

In this work the slip velocity and temperature jump effects 

on forced, natural and mixed convection heat transfer 

problem from vertical surfaces embedded in saturated porous 

medium are investigated. The governing equations; 

continuity, momentum and energy with the corresponding 

slip velocity and temperature jump boundary conditions for 

different convection heat transfer problems are going to be 

written in suitable dimensionless from, then solved using 

suitable finite difference technique. Different velocity 

profiles, temperature profiles, coefficient of friction and 

Nusselt numbers are going to be drawn for different 

dimensionless groups. 

2. MATHEMATICAL FORMULATION 

Consider convection heat transfer and fluid flow from an 

impermeable vertical flat plate embedded in saturated porous 

medium as shown in figure (1). The governing equations are 

continuity, Darcy equation for vertical plate and energy 

equation respectively: 
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The flow is considered to be in the direction of the plate (x 

coordinate shown in figure (1)). T∞ is the ambient 

temperature, while the temperature at the surface of the 

embedded plate is 
wT  . 

 
Figure 1. Convection heat transfer over vertical flat plate 

embedded in porous medial. 

 

The Boundary condition for slip and temperature jump 
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The partial differential equations (1-4) are transformed 

into ordinary differential equations using the following 

dimensionless variables: 
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In the equations above, the steam function   satisfies the 

continuity equation (1) with yu  /  and xv  / . 

Finally, we can obtain the following system of dimensionless 

equations: 
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Where, 
)(

*

12/1








TTx

PeD
D

w

x   is temperature jump parameter. 

Some of the physical quantities of practical interest 

include the velocity components u and v  in the x  and 

y directions, respectively. The local Nusselt number 

khxNux /  and the wall shear stress )/( yuw   . They 

are given by: 
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3. NUMERICAL SOLUTION 

The ordinary differential equations (6) and (7) with 

boundary condition (8) are nonlinear coupled ordinary 

differential equations which have no closed form solution. 

Therefore, they must be solved numerically. First the second 

order ordinary differential equation is converted into a first 

order by substitutions v' , then by using by forward finite 

difference method 
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where h  is any dependent variable and i  is the node 

locations along the   directions. A convergence criterion 

based on the relative difference between the current and 

previous iterations is employed. When this difference reaches 

10-5, the solution is assumed to have converged and the 

iterative process is terminated. 

The accuracy of the selected method was tested by 

comparing the results with those of Duwairi and Damseh 

[12]. Table 1 shows a comparison between the Nusselt 

numbers at different convection parameter  .  

 

Table 1. Values of )0,('   compared to those obtained by 

Duwairi and Damseh [12] 

 
  Present study Duwairi and Damseh [13] 

0 -0.44353 -0.4429 

0.1 -0.40341 -0.4062 

0.5 -0.36155 -0.3611 

0.7 -0.41992 -0.4170 

0.9 -0.51408 -0.5089 

1 -0.56952 -0.5439 

4. RESULTS AND DISCUSSION 

The effects of temperature jump parameter on the natural, 

mixed and forced convection heat transfer rates are discussed 

below: 

 

4.1 Natural Convection 

Figures 2-4, show velocity, temperature, and shear stress 

profiles for natural convection 0  with different values of 

temperature jump parameter D*=0, 0.6, 1.5, zero value of 

D* means no temperature jump. It is noticed that the 

increasing of D* causes decrease in velocity and temperature 

at the surface and inside boundary layer, the temperature 

jump effect vanishes gradually far away from the surface, so 

the natural convection heat transfer rates are decreased as 

temperature jump increased parameter is increased, because 

of low momentum transfer rates inside the boundary layer. 

The  increasing of D* implies decreasing in shear stress with 

less effects at distance far from the surface with the boundary 

layer. 

Physically, as the temperature jump parameter D* 

increases, the fluid near the surface of the plate and in the 

boundary layer will not sense the heating effects of the plate 

and less amount of heat will be transferred from the hot plate 

to the fluid and hence the velocity, wall shear stress, the 

temperature and the rates of heat transfer are decreased. 
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Figure 2. Dimensionless velocity profiles for selected values 

of D* 
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Figure 3. Dimensionless temperature profiles for selected 

values of D* 
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Figure 4. Dimensionless skin friction profiles for selected 

values of D* 
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4.2 Mixed Convection 

 

Figures (5-7) show velocity, temperature, and shear stress 

profiles for mixed convection heat transfer rates at selected 

value of 5.0  for different temperature jump parameter 

D*, zero value of D* means no temperature jump. It is 

noticed that the increasing of D* is accompanied with 

decrease in velocity and temperature at the surface of plate, 

going far from the surface, temperature jump effect vanishes 

gradually. The mixed heat transfer rates are consequently 

decreased due to insufficient momentum transfer between 

fluid layers. The shear stress is also decreased with 

increasing of D* values. 

Again as the temperature jump parameter D* increases, 

the fluid near the surface of the plate and in the boundary 

layer will not sense the heating effects of the plate and less 

amount of heat will be transferred from the hot plate to the 

fluid and hence the velocity, wall shear stress, the 

temperature and the rates of heat transfer are decreased. 
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Figure 5. Dimensionless velocity profiles for selected values 

of D* 
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Figure 6. Dimensionless temperature profiles for selected 

values of D* 
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Figure 7. Dimensionless skin friction profiles for selected 

values of D* 

4.3 Forced Convection 

 

Figures (8-10) show, velocity, temperature, and shear 

stress profile, for forced convection heat transfer 1 , note 

that D* is zero means no temperature jump, it is observed 

that the velocity is constant for all D* value, thus, D* is not 

significant because of separating momentum form energy 

transfer inside boundary layer, while it has its effect on 

temperature at the surface and within boundary layer, where 

at lower temperature jump parameter D*, more heat transfer 

from surface to the fluid is noted, hence the temperature and 

the heat transfer rates are decreased in forced convection also.  
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Figure 8. Dimensionless velocity profiles for selected values 

of D* 
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Figure 9. Dimensionless temperature profiles for selected 

values of D* 

0 1 2 3 4 5 6 7 8
-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

 

f 
"
 (


, 
)

 

 

Darcian model

D*=0.6

D*=1.5

 
Figure 10. Dimensionless skin friction profiles for selected 

values of D* 

 

4.4 Nusselt Numbers and Shear Stresses 

 

In figures (11-12), the increasing of  D* decreased values 

of Nusselt numbers and reduced heat transfer rates. Figure 
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(13), shows the shear stress verses D* for different types of 

convection heat transfer, it can be noticed that the values of 

skin friction coefficient are decreased, this is due to small 

velocities inside boundary layer.  
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Figure 11. Local Nusselt number values for selected values 

of D* 
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Figure 12. Local Nusselt number values against D* 
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Figure 13. Dimensionless skin friction against D* 

 

5. CONCLUSIONS 

The effects of temperature jump on convection from 

vertical plate embedded in porous medium were studied 

numerically. The following results have been found: 

(1) The increasing of temperature jump parameter 

decreased the velocities and temperatures near wall 

and inside boundary layers for natural and mixed 

convection heat transfer problems; this is due to 

insufficient momentum and energy transfer between 

the surface and the fluid. The temperature jump does 

not affect the velocity profiles for forced convection 

heat transfer problems. 

(2) The heat transfer rates are decreased with increasing 

temperature jump parameter for natural, mixed and 

forced convection heat transfer problems; this is due 

to the slip effect of temperature near the wall. 

(3) The shear stresses are decreases with increasing 

temperature jump parameter; this is due to small 

velocities inside boundary layers. 
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NOMENCLATURE 

D Temperature jump factor 
D* Temperature jump parameter 

f
 

Dimensionless steam function 
g Gravitational acceleration, m/s2 
K Permeability, m2 
Nu Local Nusselt number, hx/k 
P Pressure, Pa 
Pe Local Peclet number, /xu  
Ra Local Raylrigh number,  /)( xTTgK w   

T
T 

Ambient temperature, K 

wT
 

Wall temperature, K 
u,v Darcian velocity components in x and y directions.  
x Coordinate along the plate 
y Coordinate normal to the plate 
 

Greek Letters 

m
 

Effective thermal diffusivity of the porous media 

T  Coefficient of thermal expansion, 

 
  

Non-similarity parameter,   2/1
/1/1 PeRa  

  Pseudo-similarity variable 

  Dimensionless temperature 

  Dynamic viscosity 

  Kinematic viscosity 

  Fluid density 

w  Local wall shear stress 

  Dimensional stream function 

Subscripts 

w Surface conditions 

  Free stream condition 
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