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Abstract: 
     The natural convection heat transfer in a porous media filled and isothermally heated 

from the bottom wall of triangular enclosure is analyzed using finite element software 

package (FLEXPDE). Darcy's law was used to write equations of porous media . The  

curved bottom wall shape, with  Radii R= 0.8 , 1 and 1.5,  was applied to a triangular 

enclosure. The boundary condition of the vertical wall is isothermal and of the inclined 

wall is adiabatic. The study was performed for different Rayleigh numbers (100 ≤ Ra ≤ 

1000 ) and aspect ratios (0.4 ≤ AR ≤ 1 ) . Numerical results are presented in terms of 

streamlines, isotherms and Nusselt numbers. It was observed that heat transfer 

enhancement was formed with increasing Rayleigh number and  aspect ratio . A 

comparison of the flow field and isotherm field is made with that obtained by [11], which 

revealed a good agreement . 

دراست َظزٌت نؼًهٍت اَخقال انذزارة  بانذًم انذز انطباقً انًسخقز 

 داخم غلاف يثهث  يًهٕء بانًادة انًخسايٍت   
فلاح ػاصً ػبٕد

جايؼت انبصزِ - كهٍت انُٓذست- قسى انُٓذست انًٍكاٍَكٍت

: الخلاصة
حًج فً ْذا انبذث دراست ػذدٌت نؼًهٍت إَخقال انذزارة بانذًم انذز بٍٍ انسطخ انسفهً انًسخٍ ػُذ  

اسخخذيج انذقٍبت  . درجت دزارة ثابخت  نغلاف يثهث انشكم ٔبٍٍ انًادة انًخسايٍت انخً حًلأ انغلاف 

نذم يُظٕيت انًؼادلاث  انذاكًت نؼًهٍت  (FLEXPDE)انبزيجٍت انخً حؼًم بطزٌقت انؼُاصز انًذذدة 

انجذار انسفهً نهغلاف ٌكٌٕ بشكم يُذًُ . اَخقال انذزارة فً انٕسط انًخسايً ٔانخً حخبغ نقإٌَ دارسً  

انشزط انذذي نهجذار انًائم ٌكٌٕ يؼشٔل ايا   . R=0.8 ٔ  R=1 ٔ  R=1.5 ػُذ قٍى يخخهفّ نُصف انقطز 

   ٌخزأح  يٍ  Raانذراست اَجشث نزقى راٌهً  . انجذار انؼًٕدي فٍكٌٕ يثبج ػُذ درجت دزارة انًذٍط 

أظٓزث   .1  إنى 0.4  حخزأح يٍ AR ٔنُسبت ثابخت يٍ ارحفاع انًثهث انى انقاػذة  1000 إنى   100

انُخائج انخً حًثهج  بٕاسطت خطٕط انجزٌاٌ  ٔ خطٕط انخذارر  ٔرقى َسهج  بأٌ رقى  َسهج ٌشداد باسدٌاد 

 [11]قٕرَج انُخائج انًسخذصهت يغ يا يُشٕر فً انًصذر  . R ٔكذنك َصف انقطز AR  ,  Raكم يٍ 

" . جٍذا"  ٔأظٓزث  حقاربا
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1.Introduction

An analysis of a fluid saturated porous 

media is  important in  engineering due 

to its wide application areas in 

geophysics , heat exchangers , groaned 

coupled heat pumps, solar collectors, 

reactors, grain storage, oil extraction , 

fluid flow in geothermal reservoirs, iron 

blast furnaces , solidification of castings 

etc. Natural convection phenomena in 

different shaped enclosures filled with 

fluid saturated porous media is 

important in applications due to the 

knowledge of flow field and temperature 

distribution which help to design high 

efficiency thermal systems. In the past 

years, most of the researches focused on 

the investigation of natural convection in 

porous square or rectangular enclosures 

with constant temperature or heat flux 

boundary conditions as reported in the 

literature by Bejan [1] ,Gross et al.[2] , 

Manole and Lage [3] , Goyeau et al.[4] , 

Baytas and Pop[5,6]. Basak et al. [7] 

studied numerically the free convection 

flows in a square cavity filled with a 

porous matrix for various boundary 

conditions with wide range of 

parameters   (10
3
 ≤ Ra ≤ 10

6
 )  and

(0.71 ≤ Pr ≤ 10 ) . Results of non-

uniform heating for the bottom wall 

produce greater heat transfer rate at the 

center of the bottom wall than the 

uniform heating case for all Rayleigh 

numbers . The shape of enclosure can be 

different than a rectangular geometry 

such trapezoidal [8,9] . A few studies on 

natural convection in triangular 

enclosures filled with porous media . 

Basak et al. [10] , studied numerically 

the natural convection in an isosceles 

triangular enclosure filled with a porous 

matrix for varying boundary conditions 

and a wide range of parameters , Darcy 

number   (10
-5

 ≤ Da ≤ 10
-3

) , (10
3
 ≤ Ra ≤

10
6
 ) and  (0.026 ≤ Pr ≤ 10 ) . Numerical

results are presented in terms of stream 

functions, temperature profiles and 

Nusselt numbers. Yasin et al. [11] , 

studied the natural convection heat 

transfer in a porous medium filled and 

non-isothermally heated from the bottom 

wall of a triangular enclosure , and 

analyzed the results using finite 

difference techniques . The study was 

performed for (100≤  Ra ≤ 1000) . The 

aim of the present  paper is to provide a 

solution procedure for the natural 

convection heat transfer in porous media 

filled right- angle triangular enclosure 

using finite element software package 
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(Flexpde). A detailed study of the  

temperature and flow field with detailed 

analysis on heat transfer evaluation was 

carried out .The geometry of a right- 

angle triangular enclosure filled with a 

fluid saturated porous medium with 

length of bottom wall  L, and height of 

vertical wall  H , as illustrated in Fig.1 . 

2. Governing equations

The dimensional set of the governing

equations of the present problem are the 

continuity , Darcy law  and energy given 

by eqs(1-3) . Properties of the fluid and 

the porous medium are constant ; the 

Boussinesq approximation is valid ; and 

the viscous drag and inertia terms in the 

momentum equation are neglected .  

The governing equations can be written 

as follows :  
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Where  u, v  are the  velocity 

components along x- and y- axes , 

respectively , T is the  fluid temperature , 

k  is the  permeability of the porous 

medium and α is the thermal diffusivity 

of the porous media . The above 

equations can be written in terms of the  

stream function defined as : 
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Non-dimensional parameters can be 

given as follows: 

     (5)          

The Ra  is the Darcy modified  Rayleigh 

number defined as : 
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Fig.1 Schematic diagram of the physical 

domain.    
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Thus  eqs.(1-3)   can  be  written  in 

non-dimensional form a as follows : 
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The appropriate boundary conditions are 

as follows: 

1- Isothermal surfaces i.e. θ=1 on the

bottom walls and θ=0 on the vertical 

wall.   

2-Adiabatic  inclined  wall 0




n



3-No-slip velocity boundary condition,

U=V=0  on all solid walls. 

The physical quantities of interest in this 

problem are the local and mean Nusselt 

numbers which for the bottom wall are 

given by : 
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3. Numerical solution

In the present study, a finite element

software package (Flexpde) [12]  is 

relied on in solving of the nonlinear 

system of the two equations (8) and (9) . 

Hence, the continuity equation (7) is 

used to check the error of the solution 

through out the grids of the domain.  

3.1 Software Validation 

     To check the validation of a 

software, the distribution of  the values 

of  (∂U/∂X + ∂V/∂Y) over the domain for 

Ra=100 , AR=1 and R=1.5  is presented 

in Fig.2. It is clear that the continuity 

equation is exactly validated, where it as 

mentioned in section 3, does not 

contribute in solving the governing 

equations.   

3.2 Code Validation 

     A computational mode is validated 

by comparing the results of natural 

convection in right-angle triangular  

enclosure  with  sinusoidal  temperature  

distribution ( θ=0.5(1-cos(2πx))) of the 

a 
Porous 

media 

Porous 

media a 

Fig. 2. Validation of continuity equation for  

Ra=100 , AR=1 and R=1.5

a Porous 

media 

∂θ ∕ ∂n=0 

θ=1 

θ=0 
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flat bottom wall  performed by [11] . The 

boundary conditions of the vertical wall 

and inclined wall are isothermal , θ=0 . 

        In the present work numerical 

predictions have been obtained for flat 

bottom wall  and  for  the same boundary 

condition of Yasin et al.[11]. Fig.3 

shows the comparison of the flow and 

thermal fields between the present 

investigation and Yasin et al. [11]  . The 

results show a very good agreement . 

From this comparison  it can be decided 

that the current code can be used to 

predict the flow field for the present 

problem. 

 

 

4. Results and discussion

    The results of the flow fields , 

temperature distribution and heat 

transfer for porous isothermally heated 

triangular enclosure are examined in this 

section. Fig.4 shows the streamlines 

(on the left) and isotherms (on the right) 

in a porous triangular enclosure with 

AR=1 and R=1.5 for different values of 

  Present 

Fig. 3.  Comparison  of   streamlines and isotherms for validation at 

 Ra =100  and  AR =1 with the results  of  Yasin  et  al. [11]   

Yasin et al. [11]  
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Rayliegh number, the bottom wall is 

taken as curved wall. For low Rayliegh 

number, the circulation inside the 

enclosure is so weak that the viscous 

forces are dominant over the buoyancy 

force.The intensity of the recirculation in 

side the enclosure increases as Rayliegh 

number increases due to dominant of the 

buoyancy force which causes the density 

change near the heated surface that 

create a growth of the thermal boundary 

layer. It can be seen that, the single 

circulation elliptical cell was formed 

starting in the middle of the  enclosure 

for all Rayleigh numbers considered. 

The figure also shows the maximum and 

minimum streamlines values, as given, 

for each contour the maximum values of 

streamlines occur near the center of 

enclosure and they decrease toward the 

walls. This is because the increasing the 

effect of the secondary flow near the 

center of  the enclosure . As illustrated in 

the figure, the isotherms show that for 

low Rayleigh numbers, the temperature 

is confined to a part of the bottom wall 

in the form of a thermal boundary layer, 

this layer becomes thinner and covers 

most of the bottom wall when the 

Rayleigh number  is increased. For small 

Rayleigh numbers, the temperature 

distribution is almost the same as in the 

pure conduction case.However , for high 

Rayleigh number, the growth of the 

thermal boundary layer is increased and  

the natural convection effect become 

dominant instead of the conduction . 

Because of the presence of the inclined 

wall and the increasing of the curvature 

of the bottom wall , the isotherms show 

wavy variation and no vortices contours 

are observed. Also it can be seen that , as 

Rayleigh number increases,the isotherms  

are observed to have a plum like 

distribution and have a skewness 

towered the right corner of the enclosure 

due to the effect of the free convection . 

Fig.5 shows the streamlines (on the left) 

and isotherms(on the right) for AR=1 

and R=0.8 , the bottom wall becomes of 

a high curvature. As given in this case , 

the trend of the streamlines and 

isotherms curves is the same as that in 

Fig.4.The sizes of the elliptical cell  

shown in Fig.5 are considerably smaller 

than  those  of   the   corresponding  case  

given in Fig.4 which indicate an increase 

of the flow strength. Also the skewness 

of streamlines and isotherms toward the 

right corner is less then that in Fig.4. 

This is because of the dominant of 

conduction near the right corner. 

         The effect of aspect ratio AR, on 

streamlines and isotherms, was tested for 

Ra=1000, and the results are illustrated 

in Fig. 6. The value of aspect ratio with 

in the range of 0.4-1. For all cases of 

aspect ratio, one elliptical cell of the 

streamlines was formed. At high aspect 

ratio a plum like distribution is shown 

from the isotherms and its cover the 

most area of the enclosure due to the 
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increasing the growth of the thermal 

boundary layer and dominant of the 

natural convection. The shift of the plum 

to the corner point decrease with the 

increases of the aspect ratio this is 

because the high effect of the conduction 

at the right part of the bottom heated 

wall. At high aspect ratio the elliptical 

cell of vortices is located near the middle 

of the enclosure, as the aspect ratio gets 

smaller the location of the cell is shifted 

toward the vertical wall and the length of 

the cell becomes smaller due to 

increasing the effect of the secondary 

flow . 

     Variations of local Nusselt number 

along the hot bottom wall for AR=1 , 

R=1.5 and  different Rayliegh numbers 

are presented in Fig.7  . As can be seen 

from this figure, the value of local 

Nusselt number decreases along the 

bottom wall towered the right corner. A 

weak heat transfer from the bottom wall 

near the right corner region of the 

enclosure that forms, through most of the 

heat in the enclosure is transferred from 

the bottom to the vertical wall. This is 

due to the dominant conduction heat 

transfer mechanism prevalent in the right 

corner of the triangular enclosure. The 

intersection between the hot bottom wall 

and the cold vertical wall enhances the 

natural convection heat transfer. The 

figure shows, the increase of heat 

transfer rate from the bottom wall with 

the increases of Rayliegh number due to 

increasing the buoyancy effect and 

dominant the convection heat transfer .  

      Fig.8, shows  the effects of aspect 

ratio on the variation of local  Nusselt  

number  for R=1.5 and Ra=1000. The 

curves show the same trend as that in 

Fig.7. As seen  from  this figure the 

values of Nusselt numbers are increased 

with increasing of the aspect ratio. This 

is because the isotherms are cover most 

of the cavity space leading to enhancing 

the convection heat transfer process. The 

change of the mean Nusselt number with 

Rayliegh number for various values of 

bottom wall curvature is presented in  

Fig.9. For a given  Rayliegh  number, it 

can seen that, while the value of R 

decreases (the curvature of the bottom 

wall is increased ) the  amount of  heat  

transfer increases due to the increasing   

the intensity of the recalculation. It can 

be seen that the curvature of the bottom 

wall has a great influence on the mean 

Nusselt number Num , that represents  the  

heat transfer rate at the base of the 

enclosure. The greater the curvature, 

more growth the thermal boundary layer 

along the heated surface leading to 

enhancing the heat transfer process from 

the bottom wall. Fig.(10) shows the 

increase of the mean Nusselt number 

with the increases of the aspect ratio, due 

to the increasing the buoyancy effect 

then dominant the convection heat 

transfer. 
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Fig.4 Streamlines (left) isotherms (right)  at AR=1 and  R=1.5    a) Ra=100   b) Ra=500  

c) Ra=1000

a 

b 

c 
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a 

c 

Fig.5 Streamlines (left) isotherms (right)  at AR=1 and R=0.8     a) Ra=100   b) Ra=500 

c) Ra=1000

b 
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a 

b 

Fig.6  Streamlines (left) isotherms (right)  at Ra=1000  and  R=1.5  a) AR=1   b) AR=0.7 

c) AR=0.4

c 
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5. Conclusions

In the present work the curvature of

the bottom wall and the aspect ratio  

represent the problem of natural 

convection heat transfer in the 

isothermal triangular enclosure. The  

results were obtained for different 

Rayliegh numbers  . The important 

conclusions drawn from this study as 

follow : 

I) Flow fields and isotherms are strongly

affected by changing Rayleigh number, 

aspect ratio and the curvature of  the 

bottom wall..  

II) Rayliegh number, aspect ratio and

curvature of the bottom wall affect the 

amount of circulation mass inside the 

enclosure. 

III) Heat transfer is an increasing

function of Rayliegh number, aspect 

ratio and  the curvature of  bottom wall  

for all casings .Conduction becomes 

dominant at small Rayliegh numbers . 

IV) The overall heat transfer is

significantly enhanced with an 

increasing Rayleigh number, aspect ratio 

and increasing the curvature of bottom 

wall.
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Nomenclature 

AR      aspect ratio   H/L 

g          gravitational acceleration   (m/s
2
 )

H         height of  triangular enclosure 

K         permeability of the porous medium   (m
2
)

L         length of the bottom wall     ( m ) 

NuL     local Nusselt number 

Num     mean Nusselt number 

R        non-dimensional radius of the curve of 

bottom   wall  ( r/L )

Ra       Darcy- modified Rayleigh number 

Ra=gβkL/(TH-T/υα) 

T        Fluid temperature (K) 

u,v     dimensional velocity component      m/s 

U,V   non-dimensional velocity 

component  , uL/α   , vL/ α  

X,Y   non-dimensional coordinates , 

X=x/L , Y=y/L 

Greek  Symboles 

α     thermal diffusivity of porous media 

β     thermal expansion coefficient  

θ      non-dimensional temperature  , 

θ=(T-TC)/( TH-TC ) 

υ      kinematics viscosity  ( m
2
/s )

Subscripts 

C      cool 

L       Local 

m      mean 
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