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ABSTRACT 

In this research, we study the stability of a system  of partial differential 

equations which represents  fluid flow in an inclined channel  and under the influence of 

a magnetic field perpendicular to the plane of the channel and the presence of radiation 

coefficients and  when the channel has an inclination angle 30= . 
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درجة مع وجود المجال المغناطيسي 30تحليل الثبات للقناة المائلة بزاوية   
 علاء حمودات أحمد محمد جمعة 

 جامعة الموصل ، كلية التربية جامعة الموصل ، علوم الحاسوب والرياضيات كلية
  18/09/2012تاريخ قبول البحث:                                       25/06/201تاريخ استلام البحث: 

 الملخص
لقد تم في هذا البحث دراسة استقرارية النظام للمعادلات التفاضلية الجزئية والتي نشأت من التدفق لمائع 

 .وتحت تأثير مجال مغناطيسي عمودي على مستوي القناة وبوجود عامل الإشعاع =30 في قناة مائلة بزاوية
 حقل المغناطيس، الاستقرارية.، قناةال انحناءالكلمات المفتاحية: 

1. Introduction 

The flow and heat transfer of electrically conducting fluid in channels and 

circular pipes under the effect of a transverse magnetic field occurs in 

magnetohydrodynamic (MHD) generators , pumps and flow meters and have 

applications in nuclear reactors , filtration , geothermal systems and others .  

 In 1969, Torrance and Rockett studied the numerical solution of natural 

convection in enclosures with localized heating from below greeping flow to the onset 

of laminar instability and obtained solution of Gratshof number from 104 104104  to  , 

which agreements with the experimentally observed laminar flows. In 1977, Petry and 

Busse studied the convection in a rotating cylindrical annulus in the presence of a 

magnetic field. 

In 1990 , Daniess and Ong used A two-dimensional Galerkin formulation of the 

three dimensional oberbeck – Boussinesq equations to determine the onset of 

convection in an infinite rigid horizontal channel uniformly heated from bellow .In 1996 

, Busse  and Clever  studied the problem of thermal convection in a fluid layer heated 

from below and solved it numerically in the case when a strong vertical magnetic field 

permeates the layer, the stability of two dimensional convection rolls was studied for 

different values of the Hartmann number within the region (200-400)  . In 1997, 

Hartmann and Busse studied the convection in a rotating cylindrical annulus, they 

described many features to a good approximation by a system of three coupled 

amplitude equations. 

 In 2000, Almakrmi had studied Ekman boundary layer flow, he had studied its 

steady state solution and stability analysis. At the same year Aljoubory, studied the 

effect of buoyancy forces on the stability of a fluid flow between two plates one of them 
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is thermally insulated. In 2001, Malashetty, Umavathi and Kumar studied the problem 

of fully developed free convection of two fluid magnetohydrodynamic (MHD) flow in 

an inclined channel. In 2009, Singha studied an analytical solution to the problem of 

magnetohydrodynamic (MHD) free convection flow of an electrically conducting fluid 

between two heated parallel plates in the presence of an induced magnetic field. In 

2011, Akbar ,*a   , Hayat ba,   , Nadeem a  and Hendi b  , studied the effect of slip and heat 

transfer on the peristaltic flow of a third order fluid in an inclined asymmetric channel.  

In this paper , the stability of this system raising from the heat transfer in an 

inclined channel with the presence of magnetic field and radiation has been investigated 

, the inclination angle was considered as 30=  , it's found that the parameters Fs , k 

and w have a significant effect on the stability of the system.  

2. The Model and Governing Equations: 

 Consider a fully- developed, steady laminar flow of fluid in the inclined channel 

at angle )30( = degree, the distance between the walls of the channel is h2  apart. 

Choosing the coordinate system such that the axisx −  in the direction of the flow, 

axisy −  is measured perpendicular to the plane of the channel, whilst the axisz − is in 

the direction mutually orthogonal to the other two axes, the boundaries of the inclined 

channel are taken to be perfectly conducting electrodes infinitely far apart so that any 

dependence upon the coordinatez −  vanishes.  

 In the model under consideration , the electric density has a single component 

zJ , the magnetic field has a component xB  induced along the inclined channel in the 

direction of the flow, zB  is zero and the component parallel to the axisy −  decomposed 

into two components sin0B  in the x  direction  and cos0B  at y  direction . The 

electric field has a single component 0E  which is parallel to the axisz −  , as illustrated 

in the figure below : 
 

 

Figure 1 : The Inclined Channel at Angle 30=  

Where the velocities wandvu ,  are zero at the edges and T is temperature, 1T  

represents the temperature of the lower plate and 2T  represents the temperature of the 

upper plate. 

The governing equations are 
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Where  ,   )(1 11 TT −−=   

with boundary conditions: 

hyat
y

T
TT

hyat
y

T
TT

hyatvu

==



=−

−==



=−

===−

0,3

0,2

01

2

1



 

3.  Non-dimensional Form:[11] 

We define the following non-dimensional variables as follows: 
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After substituting (3.1) in equations (2.1) , (2.2) , (2.3) and (2.4) , we get  
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4.  Stability Analysis: 

We define the functions of velocities, pressure , Maxwell and the temperature as 

the following convenient form :  
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by substituting equation(4.1) into equations (3.2),(3.3),(3.4) and (3.6),we get  
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5 .  Unsteady State Equations: 

        This section is devoted to investigate the stability of the disturbance by using an 

approximated analytical method .From the differential equations (4.7) , (4.8) , (4.9) and 

(4.10) we get 
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With boundary conditions and from (4.1) , we have : 
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6 .  Disturbance in x and y Directions: 

 To solve the linearized system (or to analyze the stability) and because the 

coefficient in the differential equations are independent of  xandt  we attempt to find 

the solution of the form [5] 
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Where k is wave number in the direction x  , and a  is the complex number which has 

the form Raaiaaa += 2121 ,,  is the speed number. When 01 a ,the system is 

unstable while when 01 a  ,the system is stable. Also )(,)(,)(,)(,)( ybyypyvyu x  are 

the amplitude functions.  

 After substitute (6.1) in the equations (5.1) , (5.2) , (5.3) and (5.4) , we get:  
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And after linearization equations  of (6.2) we get   
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From (6.3) , let 30=  , we have  
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Where  TysyyvypyhyuyX )(,)(,)(,)(,)(,)()( = , and  
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or 

0)()()( 2346 =++−++−++−= EJBFEFWBEJAFBCFEWBCAFf       …(6.5) 

Now, we solve equation (6.5) numerically by using (Maple 11) [7] to find the roots of 

this equation . 

7.  Conclusions 

In this paper, we study the stability of the system under the effect of an 

inclination to the horizontal channel with the presence of magnetic field and radiation, 

when the system has inclined by angle 30= , it's noticed that the wave number k has a 

negative effect on the velocity function and depends it towards unstable and this is clear 

from figure (3). From figure (2), the increase of the factor Fs causes the increase to 

unstable probability of the system. Finally it is found that the increasing of Bouger 

number has an effect on the system towards stable, it's noticed from figure (4).  
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Figure (2): Effect of The Factor  Fs =0.4 , 0.04 , 0.004 at Angle 30  
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Figure (3): Effect of The Wave Number k =2, 4 , 8 at Angle 30 
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Figure (4): Effect of The Bouger Number W =0.1, 0.5 , 0.9 at Angle 30  
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النفاذية الكهربائية في استتقرارية الجريتاب بتين لتوحيين  لتأثير( ، "نموذج رياضي 2003الله ) ، رنا عبداحمد [11] 
يشتتتاب(" رستتتالة ماجستتتتير  يتتتر حالتتتة الفوضتتتى )الج إلتتتىمتتتتوانيين فتتتي وستتتض مستتتامي ملتتت رب والانتقاليتتتة 

 ، جامعة الموصل ، كلية علوم الحاسبات و الرياضيات.منشورة

قتتتول ال فتتتو علتتتى استتتتقرارية متتتائع بتتتين لتتتوحين متتتتوانيين  تتتتأثير(، " 2000خيتتتل حستتتن علتتتي )، دالجبتتتوري  [12] 
ة الموصتتتتل ، كليتتتتة علتتتتوم الحاستتتتبات معزولتتتتة حراريتتتتا " رستتتتالة ماجستتتتتير  يتتتتر منشتتتتورة ، جامعتتتت  أحتتتتداهما

 الرياضيات .و 

دكتتورا   يتر  وحتةأطر (، " دراستة الاستتقرارية فتي طبقتة اكمتن " 2000القادر ) ، محمد محمد عبدالمقرمي  [13]
 منشورة، جامعة الموصل، كلية علوم الحاسبات والرياضيات.

 

 


