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Abstract: 
The natural convection heat transfer from horizontal circular cylinder placed in a square enclosure is 

investigated numerically. The study deals with the effect of magnetic field on the flow and heat transfer 
characteristics. The investigation employs different Hartman numbers (0, 50, 100, 200), different Rayleigh 
numbers (103, 104, and 105) with constant enclosure width to cylinder diameter ratios W/D = 2.5. The 
study included the solving of the governing equations in the form of the vorticity-stream function to be 
fitted with coordinate system. The algebraic grid generation is used to generate initial transformation. The 
elliptic grid generation is used to fit with physical domain between the heated horizontal cylinder and the 
enclosure into a computational domain. The resulting equations are solved using finite difference method 
that based on the finite volume. 

The research studied the influence of the variation the Hartman number on the local and average 
Nusselt numbers, flow patterns and temperature distributions with different Rayleigh numbers. The effect 
of Hartman numbers on the flow patterns and temperature distributions will be displayed using 
streamlines and isotherms. 

The results show that the conduction heat transfer is the dominant mode for low Rayleigh numbers. 
The convection heat transfer is the dominant mode of the heat transfer for high Rayleigh number in 
absence of the magnetic effect. The convection heat transfer convert to conduction mode at high Rayleigh 
numbers due to the effect of the magnetic field in the fluid. Also, the results show that the behavior of the 
local Nusselt numbers for Ha = 0 are unique and differ from those of other higher Hartman numbers for 
all Rayleigh numbers.  
Keywords: Heat Transfer, Circular Cylinder, Square Enclosure, Numerical.  
NOMENCLATURE 

Symbol Definition Unit 

Nu Average Nusselt number, (h.D/k).  
D Cylinder diameter. m 
di,j Source term in the general equation, eqn. (12).  
h Convective heat transfer coefficient. W/m2.C 
J Jacobian.  
K Thermal conductivity of the air. W/m.C 
p Pressure. N/m2 
P Coordinate control function.  
Pr Prandtl number, (/).  
Q Coordinate control function.  
R maximum absolute residual value.  
Ra Rayleigh number, (gTD3/).  
t Time. seconds 
T Temperature. C 
u Velocity in x-direction. m/s 
v Velocity in y-direction. m/s 
W Enclosure Width. cm 

W Relaxation factor.  

x Horizontal direction in physical domain. m 

X Dimensionless horizontal direction in physical domain.  

y Vertical direction in physical domain. m 

Y Dimensionless vertical direction in physical domain. 
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Greek Symbols 

T 
Difference between cylinder surface temperature and 

environmental temperature. 
C 

 Viscosity of the air. kg/m.s 

 Coefficient of thermal expansion. 1/C 

 Vertical direction in computational domain.  

 Horizontal direction in computational domain.  

 Dimensionless stream function.  

 Vorticity. 1/s 
 Dimensionless vorticity.  
 Kinematic viscosity. m2/s 

 Dimensionless temperature.  

 Dependent variable.  
 Stream Function. 1/sec. 

Subscript 
S Cylinder surface.  
 Environment.  

X Derivative in x-direction.  

Y Derivative in y-direction.  

 Derivative in -direction.  

D Circular cylinder diameter.  

 Stream function.  

T Temperature.  

 Vorticity  

Introduction 
The natural convection heat transfer from 

cylinder in the enclosed space is very important 
because of its wide applications in the industrial 
such as in thermal storage system, and cooling 
systems in nuclear reactors, cooling of electronic 
equipment, etc. The effect of hydromagnetic on 
the natural convection heat transfer is of great 
importance in many industrial applications such 
as crystal growth in liquid, cooling of nuclear 
reactor, electronic package, microelectronic 
devices, and solar technology. There are two 
body forces in the natural convection under the 
influence of the magnetic field: buoyancy force 
and Lorentz force. The two forces interact with 
each other and has an effect on the heat and mass 
transfer, Sheikholeslami et. al., 2013. 

There are large numbers of literatures 
published in the past decades. Mudhaf et. al., 
2004 studied numerically steady, laminar, 
natural convective flow of electrically 
conducting liquid metals such as gallium and 
germanium in an inclined rectangular enclosure 
in the presence of a uniform magnetic field. 
Transverse gradient of heat is applied on two 
opposing walls of the inclined enclosure while 
the other two walls are adiabatic. A magnetic 

field is applied normally to the non-insulated 
walls. A numerical solution based on the finite-
difference method is obtained with the vorticity 
– stream function formulation. The results 
display the effects of the enclosure inclination 
angle and the Hartmann number for two 
different Rayleigh numbers on the contour maps 
of the streamlines and temperature. The results 
for the average Nusselt number are presented 
and discussed for various parametric conditions.  
Sivasankaran S., 2011 investigated  numerically 
the convective flow and heat transfer 
characteristics of nanofluid in a two dimensional 
square cavity in the presence of uniform 
horizontal magnetic field. The vertical walls of 
the cavity are isothermal whereas the horizontal 
walls are adiabatic. The finite volume method is 
used to discretize the governing equations and 
solved by iterative technique. Two different 
models are considered for calculating the 
effective viscosity of the nanofluid. It is found 
that convection heat transfer is affected 
significantly in presence of horizontal magnetic 
field. A small change is observed in temperature 
field between two models when increasing the 
volume fraction and Hartmann number. When 
increasing the volume fraction of the nanofluid, 
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the heat transfer rate is increased monotonically 
for model I and decreased for model II for weak 
magnetic field, whereas heat transfer rate of both 
models increased for moderate and strong 
magnetic field. 

Sheikholeslami et. al., 2013 investigated 
numerically the magnetic field effect on natural 
convection heat transfer in a curved-shape 
enclosure. The numerical investigation is carried 
out using the control volume-based-finite 
element method (CVFEM). The investigations 
are performed for various values of Hartmann 
number and Rayleigh number. The obtained 
results are depicted in terms of streamlines and 
isotherms which show the significant effects of 
Hartmann number on the fluid flow and 
temperature distribution inside the enclosure. 
Also, it was found that the Nusselt number 
decreases with an increase in the Hartmann 
number. 

Parvin S. and Nasrin R., 2011  are used a 
finite element method based on Galerkin 
weighted Residual approach to solve two-
dimensional governing mass, momentum and 
energy equations for steady state, natural 
convection flow in presence of magnetic field 
inside a square enclosure. The cavity consists of 
three adiabatic walls and one constantly heated 
wall. A uniformly heated circular solid body is 
located at the centre of the enclosure. The aim of 

this study is to describe the effects of MHD on 
the flow and thermal fields in presence of such 
heated obstacle. The investigations are 
conducted for different values of Rayleigh 
number (Ra) and Hartmann number (Ha). 
Various characteristics of streamlines, isotherms 
and heat transfer rate in terms of the average 
Nusselt number (Nu) are presented for different 
parameters. The results indicate that the flow 
pattern and temperature field are significantly 
dependent on the above mentioned parameters.  

The study includes the numerical 
investigation of natural convection heat transfer 
from circular horizontal cylinder placed in a 
square enclosure. The investigation deals with 
the effect of magnetic field on the behavior of 
the flow and temperature distributions and 
Nusselt number using different Rayleigh 
numbers Ra, and various Hartman numbers.  

Mathematical Formlation 
The natural convection heat transfer between 

the horizontal cylinder and the enclosure are 
presented using governing equations, as shown 
in figure (1), Ali O. M., 2014. The flow are 
based on the following assumptions: the flow is 
incompressible, Boussinesq, no internal heat 
sources, laminar flow, and two-dimensional with 
take into account the effect of the magnetic field. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Configuration of cylinder-enclosure combination 
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The governing equations are presented as 
follows, Parvin S., and Nasrin R., 2011: 
Continuity equation: 

0
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The momentum equation in x-direction is: 



















































y

u

y

x

u

xx

p1

y

u
v

x

u
u

t

u

 

   (2) 

The momentum equation in y-direction is: 
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The energy equation is: 
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 is laminar viscosity.  

According to the Boussinesq approximations, 
the density is a linear function of the 
temperature. The buoyancy force term in the y-
momentum equation. 

 To   1    (5) 

Where  is the  thermal expansion 
coefficient. 

The stream function () and vorticity () in 
the formulated governing equations may be 
defined in the following manner, Anderson, 
1995 and Petrovic, 1996: 
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The governing equations are formulated as 
follows: 

Energy Equation: 
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Momentum Equation: 
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Continuity Equation: 
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Where =  is Prandtl number, =∆
 is Rayleigh number and Ha is the 

Hartman number which is defined as =
 . 

The variables are defined in the 
nondimensional forms in the governing 
equations:  
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The characteristic length in the governing 
equations is the cylinder diameter D. By using 
dimensionless parameters, the equations (8)-(10) 
transformed into general form for the 
computational space:  

(12)

 

Where  the dependent variable. 

The three governing equations may be 
defined by changing the dependent variable  as 
follow 
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 is the convective term. 

  b   is the diffusion term. 

And the d  is the source term. 

Grid Generation 

The initial computational grid generation is 
obtained using algebraic grid generation method. 
The second step, include using elliptic partial 
differential equations (Poisson equations) to 
generate grid points, Ali O. M., 2014: 

  ,Pyyxx             (13a) 

  ,Qyyxx     (13b) 

By interchanging dependent and independent 
variables for equations (13a, and b), gives: 
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Where  22
 yx     ;    yyxx   ; 

22
 yx   

The choice of the coordinate control 
functions P and Q are important due to its effect 
on the structure of the grid, Thomas et. al., 1980. 
The successive over Relaxation (SOR) method 
with relaxation factor value equal to 1.4 is used 
to solve the elliptic partial differential equations, 
Hoffman, 1989 and Thompson, 1985. 

The computational domain using elliptic grid 
generation is shown in figure (2). 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): Transformations of the physical domains into computational domains using elliptic grid 
generation. 
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Method of Solution 
The numerical investigation include 

conversion of the governing equations into 
algebraic equations, by the use of a Finite 
Volume based Finite Difference method using 
Fortran language, Ferziger, 2002. 

The hybrid scheme of the central differencing 
scheme and the upwind differencing scheme is 
employed. This method is used to avoid the 
instability of the central differencing scheme at 
high Peclet number (Cell Reynolds Number) and 
an inaccuracy of the upwind differencing 
scheme. 

  jijijijijiM
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The alternating direction method ADI is used 
to solve the resulting algebraic equation. The 
ADI method includes two sweeps; in the first 
sweep, the equations are solved implicitly in -
direction using Cyclic TriDiagonal Matrix 
Algorithm (CTDMA) because of its cyclic 
boundary conditions and explicitly in -
direction. In the second sweep, the equations are 
solved implicitly in -direction by using 
TriDiagonal Matrix Algorithm (TDMA) and 
explicit in -direction.  

Successive Over-Relaxation method (SOR) is 
used to solve the stream function equation. 

The flow between heated cylinder and 
enclosure have the following initial conditions: 
=0,  = 0,  = 0       For t = 0              (17) 

The boundary condition of the temperature 
for cylinder surface is:  

0         (18) 
The boundary conditions of the vorticity, 

Roache, 1982, are 

 1,,2

2
 mimi

J
    at enclosure wall     (19a) 

 2,1,2

2
ii

J
    at cylinder surface     (19b) 

The cylinder stream function is constant and 
equal to zero. The stream function of the 
enclosure is constant. 

The Nusselt number Nu is a measure to 
determine the enhancement of the heat transfer 
that calculated using the following formula: 
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The following formula is used to calculate the 
derivative of the nondimensional temperature, 
Fletcher, 1988 : 

 









 






 JJn const
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 = 0 at cylinder surface 
The execution of the numerical algorithm is 

based on the Fortran language. The computer 
program is general for a natural convection from 
heated cylinder placed in a squnre enclosure. 

Results and Discussion 
The numerical study deals with natural 

convection heat transfer from circular horizontal 
cylinder when housed in an enclosed square 
enclosure in the presence of the magnetic field. 
The investigation uses constant aspect ratios 
W/D = 2.5, different Rayleigh numbers of 103, 
104, and 105 and different Hartman numbers of 0, 
50, 100, and 200.  

The numerical results that solved by ADI 
method become convergent when temperature T, 
stream function  and vorticity  reach to the 
convergence criteria as RT<10-6, R<10-6 and 
R<10-6 and the results will be obtained.  

Stability and Grid Independency Study 
Three time steps will be chosen for the case 

Ra=105, W/D=2.5, Pr = 0.7. The time steps 
values are 1×10-4, 5×10-4, 5×10-6. The maximum 
difference between the values of the Nusselt 
numbers is reasonable about 2%.  

The numerical results are compared for three 
mesh sizes of 96×25, 128×45, and 192×50 to test 
the grid-independence. The numerical results 
showed that the optimum mesh size is 12845 
that used in the study for all cases. 

Validation Test 
The present numerical results are compared 

with the previous numerical results of the 
Moukalled and Acharya, 1996. The comparisons 
was made for average Nusselt numbers and 
maximum stream function max for the case of 
enclosure width to cylinder diameter ratios 
(W/D=1.667, 2.5, and 5), Rayleigh numbers 
Ra=104 and 105 as given in table (1). The results, 
that shown in table (1), indicated a good 
agreement between two results. 
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Table (1): Comparisons of Nusselt numbers and maximum stream function with previous data. 

L/D Ra 
max  

Present 
Moukalled and 
Acharya, 1996 

Present 
Moukalled and 
Acharya, 1996 

5.0 

104 

2.45 2.08 1.7427 1.71 

2.5 3.182 3.24 0.9584 0.97 

1.67 5.22 5.4 0.4274 0.49 

5.0 
105 

10.10 10.15 3.889 3.825 
2.5 8.176 8.38 4.93 5.08 

1.67 4.8644 5.10 6.23 6.212 

Flow and Temperature Patterns  
The natural convection heat transfer from 

circular cylinder in an enclosure in the presence 
of the magnetic fluid is investigated numerically 
using finite difference method. The study 
include various values of Rayleigh numbers, 
Ra= 103, 104, and 105, Hartman number values 
Ha = 0, 50, 100, and 200 with Prandtl number, 
Pr = 0.7. 

The flow and temperature patterns are 
displayed in figures (3-5). Figure (3) show the 
streamlines and isotherms for Ra = 103. The 
isotherms display as rings around the circular 
cylinder for all Hartman numbers. The above 
trends ensure that the conduction heat transfer is 
the dominant mode. The flow distributions for 
Ha = 0 and Ha = 50 are similar and the eddies 
appear as a curved kidney-shaped contain two 
kernel eddies for each side. The maximum 

stream function, as a measure of the intensity of 
the natural convection in the enclosure, for Ha 
=0 is max= 0.0882 and its value reduces to max 
= 0.00312 for Ha = 50. The flow of the two 
cases is symmetrical about its vertical line 
through the center of the circular cylinder. The 
main eddies  

distort at Ha = 100 and the flow become more 
condense. Four tiny nearly circular shaped 
appear at the corners of the enclosure. Also the 
flow is nearly symmetrical about the vertical line 
through the center of the circular cylinder. The 
maximum stream function decreases to max = 
0.0008426. As Hartman number increases to Ha 
= 200, the flow becomes weak and the maximum 
stream function drop to max = 0.0002192. The 
flow is nearly symmetrical and the eddies 
become less dense. The four tiny sub eddies 
becomes large and display as kernel-shaped. 
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Figure (3): Effect of Hartman number on streamlines at W/D = 2.5 and Ra = 103 for (a) Ha = 0, (b) Ha 
= 50,  (c) Ha = 100, (d) Ha = 200. 
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The characteristics of the flow and 
temperature distributions for Ra = 104 appear in 
figure (4). The isotherms for all Hartman 
numbers display as those for Ra = 103 and 
appear as rings around the circular cylinder that 
ensure the domination of the conduction heat 
transfer. The flow for Ha = 0 is symmetrical 
about the vertical line through the center of the 
circular cylinder. The eddies appear as curved 
kidney-shaped around the cylinder. The 
maximum stream function increases, as 
compared with Ra = 103, and becomes max = 
0.469. A tiny kernel-shaped eddy display in each 
main eddy. The flow for Ha = 50 display nearly 
symmetrical about the vertical line. The flow 
becomes weak and the maximum stream 

function reduces to max = 0.03045. The main 
eddies become more dense and three tiny eddies 
appear at the corners of the enclosure. For Ha = 
100, the eddies become more dense and cover 
most of the space between the cylinder and the 
enclosure. The number of tiny eddies at the 
corners of the enclosure is four. The flow is 
weaker  and the maximum stream function 
reduces to max = 0.00831. As influence of the 
magnetic field becomes more and the Hartman 
number increases to Ha = 200, the flow becomes 
more dense and cover all the space between the 
cylinder and the enclosure and the eddies distort 
and asymmetrical about the vertical line. The 
maximum stream function drops to max 
=0.002174.  

                     
Figure (4): Effect of Hartman number on streamlines at W/D = 2.5 and Ra = 104 for (a) Ha = 

0, (b) Ha = 50,  (c) Ha = 100, (d) Ha = 200. 

(a) 

(c) 

(d) 

(b) 
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The aspects of the flow and temperature 
distributions for Ra = 105 are displayed in figure 
(5). The isotherms for Ha = 0, in absence of the 
magnetic field, verify the natural convection heat 
transfer is the dominant mode. A main thermal 
plume appears above the circular cylinder with 
two thermal plumes at the sides of the main 
thermal plume. The mode of the heat transfer 
becomes conduction for other Hartman numbers 
due to the effect of the magnetic field as 
displayed from temperature distributions that 
appear as rings around the cylinder.  

For streamlines at Ha = 0, the maximum stream 
function increases with the increase of the 
Rayleigh number  and its value becomes max = 
8.175 due to the effect of the natural convection. 
The eddies display as curved kidney-shaped 
contain one tiny circular-shaped eddy for each 

main eddy. As Hartman number increases to Ha 
=50, the eddies distort and the flow become 
asymmetrical about the vertical line. The 
maximum stream function decreases to max = 
0.2963. Four unequal large sub eddies appear at 
the corners of the enclosure. At Ha = 100, the 
flow becomes more orderly and become nearly 
symmetrical about the vertical line through the 
center of the circular cylinder. The flow becomes 
more dense and cover all the space between the 
cylinder and the enclosure. The maximum 
stream function decreases to max = 0.084087. 
for Ha = 200, the flow become less dense and 
symmetrical about the vertical line through the 
center of the cylinder. With appearance of four 
equal sub eddies at the corners of the enclosure.  
The maximum stream function becomes max = 
0.02193.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5): Effect of Hartman number on streamlines at W/D = 2.5 and Ra = 105 for (a) Ha = 
0, (b) Ha = 50,  (c) Ha = 100, (d) Ha = 200. 
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Local and Overall Heat Transfer Coefficients  

The investigation of heat transfer from 
circular cylinder is presented by the Nusselt 
number. The effect of magnetic field  on the 
local and overall Nusselt numbers with Ra=103, 
104, 105 for  enclosure width to the cylinder ratio 
W/D= 2.5 are presented in figures (6-9). The 
Hartman numbers in the investigation are: 0,  50, 
100, 200. The local Nusselt number is measured 
from the center of the right side of the cylinder 
(  = 0) and return to the same point ( = 360). 
The local Nusselt numbers for Ra = 103 are 
displayed in figure (6). The local Nusselt 
numbers are identical for Ha  0. The aspects of 
the local Nusselt number in absence of the 
magnetic field is different from those in presence 
of the magnetic field. For   180, the local 
minimum and maximum values of the local 
Nusselt numbers for Ha = 0 are less than those 
for other Hartman numbers. For   180, the 
local minimum and maximum values of the local 
Nusselt numbers for Ha = 0 are more than those 
for other Hartman numbers. At Ra = 104, as 
shown in figure (7), the local Nusselt number for 
Ha = 0 decreases 

with increasing the inclination angle and 
reach a minimum value at   90, then the local 
Nusselt number increases reaching maximum 
value at   280 and decreases to the initial 
value of the local Nu. For other values of the 
Hartman numbers, the aspects of the local 
Nusselt number are different. There are three 
similar sections for local Nu behavior. For each 
section, the local Nu begin with high value and 
decreases to low value then return to the same 
high value. For Ra = 105, as shown in figure (8), 
the local Nusselt number begin from high value 
at right side  = 0. It decreases to minimum 
value above the cylinder  = 90, then increases 
to maximum value below the cylinder  = 270. 
The local Nusselt number returns to initial value 
at  = 0. The behavior of local Nusselt number 
for Ha = 50 is similar but with low values. The 
minimum and maximum local Nusselt number 
positions are same with low values. The values 
of the local Nusselt numbers are approximately 
constant due to the effect of the Lorentz force 
(magnetic field).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (6): Effect of Hartman number on the local Nusselt number for Ra = 103. 

Figure (7): Effect of Hartman number on the  local Nusselt number for Ra = 104. 
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The effect of the Hartman number variation on the average Nusselt number is displayed in figure 
(9). At Ra=103, the Nusselt number remain constant for all Hartman numbers that the mode of heat 
transfer is conduction. At Ra=104, the Nusselt number decreases slightly for Ha =50 and remain 
constant for other Hartman numbers because the mode of the heat transfer convert to the conduction. 
At Ra=105, the natural convection heat transfer is the dominant mode for Ha= 0. The conduction mode 
become the domination mode for other Hartman numbers due to the effect of the magnetic field in the 
fluid.  

 

 

 

 

Conclusions 
Effect of Hartman number on the natural 

convection heat transfer from circular horizontal 
cylinder in a square enclosure was investigated 
numerically over a fairly wide range of Ra. The 
main conclusions of the present work can be 
summarized as follows: 
1. The numerical results show that the Nusselt 
number increases with increasing the Raylieh 
number for all cases. 
2. The flow patterns and isotherms display the 
effect of Ra and Hartman number on the thermal 
and hydrodynamic characteristics.  

3. The results show that the conduction heat 
transfer is the dominant mode for low Rayleigh 
numbers. 
4. The convection heat transfer is the dominant 
mode of the heat transfer for high Rayleigh 
number in absence of the magnetic effect.  
5. The magnetic field in the fluid, that represents 
by the Hartman number, convert the  convection 
heat transfer to conduction mode for high 
Rayleigh numbers. 
6. The results show that the behavior of the local 
Nusselt numbers for Ha = 0  are unique and 
differ from those of other higher Hartman 
numbers for all Rayleigh numbers.    
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Figure (8): Effect of Hartman number on the  local Nusselt number for Ra = 
5

Figure (9): Effect of Hartman number on the average Nusselt number for W/D=1.67. 
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 ائرية في حيز مغلقدراسة عددية لتأثير المجال المغناطيسي على انتقال الحرارة بالحمل الطبيعي من اسطوانة د

  :الملخص
لانتقــال الحــرارة بالحمــل الطبيعــي مــن اســطوانة دائريــة افقيــة موضــوعة فــي تجويــف مغلــق.  دديعــ فحــصالحــالي  عمــلال يبحــث
 ،0مختلفــة ( هارتمــانيســتخدم الدراســة اعـداد . علــى خصـائص الجريــان وانتقــال الحـرارةتــأثير المجـال المغناطيســي  البحــث ويتنـاول

مسـاويا  W/Dلعـرض التجويـف الـى قطـر الاسـطوانة  ة ثابتة) ونسب105، و104، 103اعداد رايلي مختلفة ( )،200، 100، 50
 إحـــداثيات نظـــام إلـــى والمتحولـــة الجريـــان دالـــة-الدواميـــة صـــيغة فـــي التفاضـــلية للمعـــادلات حـــلا . الحـــل العـــددي يتضـــمن2.5الـــى 

 الأفقيـة الاسـطوانة بـين الواقعـة الفيزيائيـة المنطقـة لتمثيل مبدئي بشكل الشبكي للتوليد الجبرية الطريقة استخدمت. للجسم المطابقة
استخدم طريقة الفروق المحـددة لحـل نظـام  .الجزئية التفاضلية الطريقة باستخدام الشبكي التوليد إعادة وتم المغلق والحيز الساخنة

 .المعادلات التفاضلية
ت الموقعي والمتوسط، مقـاطع الجريـان وتوزيـع درجـات الحـرارة عنـد اعـداد تم دراسة تأثير تغيير اعداد هارتمان على اعداد نسل

رايلي مختلفة. ويظهر تأثير اعداد هارتمان عل مقاطع الجريان وتوزيع درجات الحـرارة عـن طريـق اسـتخدام خطـوط الجريـان وخطـوط 
  درجات الحرارة. 

رايلـي المنخفضـة. انتقـال الحـرارة بالحمـل هـو المـتحكم  تحكم عنـد اعـدادمـاظهرت النتائج بـأن انتقـال الحـرارة بالتوصـيل هـو ال
عنــد الحــرارة بالحمــل الــى انتقــال الحــرارة بالتوصــيل  يتحــول انتقــال. عنــد اعــداد رايلــي المرتفعــة عنــد عــدم وجــود التــأثير المغناطيســي

لموقعي عندما يكون عـدد هارتمـان اعداد رايلي عالية بوجود تأثير المجال المغناطيسي في المائع. اظهرت النتائج ان اعداد نسلت ا
  مساوي لصفر له تصرف منفرد ومختلف عن اعداد نسلت الموقعي عندما يكون اعداد هارتمان عالية لكل اعداد رايلي.


