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ABSTRACT 

This paper is devoted to the study of the effect of inclination into heat transfer by 

natural convection of fluid flowing through a channel with porous walls; the model has 

been created by using two-dimensional Cartesian co-ordinate and the resulting 

differential equations governing the model solved numerically  in two phases (steady-

state and unsteady-state) based on finite difference method. 
Keywords: inclination, heat convection, dissipative fluid, porous walls. 
 

 جدران مسامية بفي قناة مائع القابل للتبدد لحراري للالحمل افي  نتأثير الميلا
 تغريد حمدون شكر

 جامعة الموصل ، التربية كليةقسم الرياضيات، 
 03/04/2013 تاريخ قبول البحث:                                      27/02/2013تاريخ استلام البحث: 

 الملخص
تأثير الميلان بزاوية معينة على انتقال الحرارة بالحمل الحراري الطبيعي دراسة لهذا البحث لقد تم توظيف 

نظام ثنائي لمائع قابل للتبدد يجري من خلال قناة تتألف جدرانها من مادة مسامية ، وقد تمت دراسة النموذج في 
وفي الحالتين   وقات المنتهيةالأبعاد وتمت معالجة المعادلات التفاضلية الناتجة بطرق عددية باستخدام طريقة الفر 

   (.steady-state( والحالة اللازمنية )unsteady-stateالتي تعتمد على الزمن )
 ة، طريقة الفروقات المنتهية. ميلان، حمل حراري، مائع قابل للتبدد، جدران مساميالكلمات المفتاحية: 

1. Introduction 

Heat transfer is one of a very important subject for  which has taken a wide 

intension of researchers and scientists and this is because of  its applications specially 

after the Second world war, heat transfer by convection in a porous medium has many 

implementations in our life and this is due to the fact that the study of fluid flow in 

channels of porous walls has a relationship with blood flows inside the animals and 

human beings, solar porous collectors, geothermal energy systems, glass blowing etc … 

Many papers related to this matter have been written, Dlia S. C. [4], has studied 

the entropy generation production for a problem of a mixed convection flow of a fluid 

saturated porous medium through an inclined channel with uniform heated walls.  

He used the analytical results obtained for the velocity and temperature profiles to 

obtain the entropy production, Jer-Huan Jang, Han-chich Chiu and Wei-Man Yan [6] 

gave a series of solutions for the laminar two-dimensional flow between two parallel 

porous plan walls driven by uniform injection and suction, they concluded that both fRe 

and Nu are increased with increasing mixed convection parameter through out the 

channel in the UHF (uniform walls temperature) case. But in the UWT( uniform walls 

temperature) case, the augmentation FRe and Nu are significant in the entrance region, 

C.I. Cooky, V.B. Omubo-Pepple [3] investigated the combined effects of radiative heat 

transfer and a transverse magnetic field on steady flow of an electrically conducting 
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optically thin fluid through a horizontal channel filled with porous medium and non-

uniform temperature at walls, they concluded that increasing magnetic field , radiation 

and porosity parameters reduced the velocity and temperature profiles as well as the 

share stress at the wall white increasing radiation parameters causes an increase in the 

magnitude of the rate of heat transfer , Gitima p. , Dusmanta K.S. [5] studied the effect 

of radiation on unsteady boundary layer flow with variable viscosity and thermal 

conductivity due to stretching sheet through porous channel in presence of magnetic 

field, numerical results using the shooting method are presented in terms of Darcy 

number parameter, they noticed that the values of Nasselt number increase with the 

increasing of radiation parameter and thermal conductivity parameter, while the skin 

friction has the opposite behavior, J.C. Umavathi [9] studied the flow and heat transfer 

in a vertical wavy channel, containing porous layer saturated with a fluid and clear 

viscous fluid layer, the Darcy-Brinkman model was adopted to describe the fluid flow, 

O.Anwar Beg [1] investigated the unsteady buoyancy-induced , hydromagnetic thermal 

convection flow in a semi-infinite porous region adjacent to an infinite hot vertical plate 

moving with constant velocity , the momentum and energy conservation equation are 

normalized and then solved by using both the Laplace transform technique and Network 

numerical simulation, G. Sudershan [8] has discussed the effect of radiation and 

chemical reaction on free convection MHD flow through a porous medium bounded by 

vertical surface. The governing equations of motion are solved analytically by using 

perturbation technique ,Selamat M.S.[7] studied the natural convection in a porous 

cavity with a non-uniform hot wall temperature and a uniform cold wall temperature. 

This work is devoted to the study of the inclined effect in the heat transfer by 

natural convection in a channel bounded by a permeable walls, the governing equations 

are solved by using a finite difference method under two cases, the steady and unsteady 

states. 

2. The Model and Governing Equations: 

Consider the unsteady flow of a dissipative fluid passing through a long channel with 

porous walls, inclined by the angle  . The Cartesian coordinate system ( zyx ,, ) has 

been taken as the x -axis lay in the center of the channel, y -axis represents the width of 

the channel while the z -axis is the normal of xy  plane. Let  vu,  and w  be the velocity 

components in the directions yx,  and z  respectively; we assumed that all the 

components in z  direction are vanished as it,s illustrated by the Figure (1).  
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The governing equations in dimensional form are given by: 
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Where vu, are the velocity components, t  is the time and  

DckgT p ,,,,,,,,,, *  ,C are the temperature, gravitational acceleration, thermal  

expansion   coefficient, concentration expansion coefficient, Kinematics viscosity, 

permeability of the medium, thermal diffusivity, dynamical viscosity, density, specific 

heat at constant pressure, mass diffusion coefficient , concentration  respectively. 

With the following boundary conditions,   
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h is the width of the channel. 

3. Non-Dimensional Form: 

To solve the governing equations (2.1)-( 2.4) with the boundary conditions (2.5); 

we need to introduce the following non-dimensional quantities [4 and 3], 
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Substituting these quantities into equations (2.1)-( 2.4), the governing equations  

become. 

0
22

=











+













Y

V

h

Gr

X

U

h

Gr 
                                                                  …(3.1a) 

    

…(3.1b) 





















−−+−+

+

















+


















=


















+


















+



















U
Kh

Gr
CCgTTg

Y

U

h

Gr

X

U

h

Gr

Y

U
V

h

Gr

X

U
U

h

GrU

h

Gr

2
)

10
(*cos)

10
(cos

2

2

3

2

2

2

3

2

3

2

3

2

3

2












Tagread H. Shuker  

 

 124 

2

4

2

2

2

2

10

2

2

2

10

2

10

2

10

2

10

)()(
)()(

)()()(

Y

U

h

GrGr

cYh

GrTT

Xh

TT

Y
V

h

GrTT

X
U

h

GrTT

h

GrTT

p 














+















 −
+











 −
=

=














 −
+















 −
+















 −













  …(3.1c) 

 






























 −
+











 −
=

=














 −















 −
+















 −

2

2

2

10

2

2

2

10

2

10

2

10

2

10

)()(

)()()(

Yh

GrCC

Xh

CC
D

Y
V

h

GrCC

X
U

h

GrCC

h

GrCC









         …(3.1d) 

 

Simplifying the above equations, the governing equations under these non-dimensional 

quantities become, 
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where   

 

Gr           = Grashof number for heat transfer 
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pr           = Prandtl number 
*Gr          =  Grashof number for Mass transfer 
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and the boundary conditions (2.5) in the non-dimensional form become, 
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Where,   and   are taken above for the simplicity of calculation. 

4- Method of Solution: 

        In order to solve the system of equations (3.2)-(3.5) with the boundary conditions 

(3.6); we resort to ADI finite difference method  [4], and to achieve this, we have to 

start with the last equation (3.5), equation of diffusion and then equation (3.4), heat 

equation, and finally equation (3.3), equation of motion as following: 

4-1 Solution of Diffusion Equation: 
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4-2 Solution of Heat Equation: 
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with boundary conditions, 
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Equations (4.2.1) and (4.2.2) can be reduced to give, 
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followed by, 
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4-3 Solution Equation of Motion: 
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with boundary conditions, 
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       Equations (4.3.1) and (4.3.2) can be reduced to give, (see [2] ). 

 

NIIDUICUIBUIA jijiji ,...2,1,0),()()()( 5,14,4,14 ==++ 

+



−                     ...(4.3.4) 

Where, 
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followed by, 

 

NJJDUJCUJBUJA n

ji

n

ji

n

ji ,...2,1,0),()()()( 6

1

1,5

1

,5

1

1,5 ==++ +

+

++

−                   ...(4.3.6) 

 

where  

( )

( )

( ) ( )

( ) 























−


++


















−




+

+
















−+

















+




=




−




=


















+=













+




−=

++

+



−

U
DaGrGr

Gr
U

X

U

XGr

U
XGr

U
XGrX

U
JD

YY

V
JC

Y
JB

Y
V

Y
JA

n

ji

n

jiji

jiji

















1

,

*
1

,,12

,2,126

25

25

25

coscos
2

12
2

)(

2
)(

12)(

2)(
)(

   …(4.3.7)       

 

 The coefficients VU , are treated as constants during any one time-step of the 

computation [5], each of the equations (diffusion, heat, motion) creating a tridiagonal 

system which are solved by using Gauss elimination method, all details are given in.  

[4]. 

5- Conclusions: 

We present in this section some of  the results obtained from the computation done 

on equation of motion (3.3) for different point in the region of solution and this is 

because of the appearance of inclination effect on this equation, these results have been 

expressed by figures to illustrate how the inclination angle play an important role in the 

behavior of the velocity function u at the different places of the solution region. Figure 

(2) represents the curve of the velocity function at the lower part of the region for 

different values of some parameters and different value of angles as it is shown in the 

figures. The behavior of the velocity function u at the middle of the region is given in 

Figure (3), finally, Figure (4) represents the the velocity function at the upper part. 

It has been noticed also that some parameters like ( Grashof number Gr, and 

Schmidt number Sc) played a significant role in the solution of the problem ,    
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Figure (2) The non-dimensional velocity function u  for different value of the angle 

at the lower part of the region with the parameters: 22.0,1.0 == ScGr  

 

Figure (3) The non-dimensional velocity function u  for different value of the angle 

at the middle part of the region with the parameters: 22.0,1.0 == ScGr  
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Figure (4) The non-dimensional velocity function u  for different value of the angle 

at the upper part of the region with the parameters: 22.0,1.0 == ScGr   . 
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