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Abstract. Since the phenomenon of free convection in a closed container, have a lot of engineering applications.The 
heat transfer in solar collectors, Equipment designed for cooling, heat transfer in double-glazed windows and 
applications of this branch of engineering optimization problems.therefore for The analysis easier and more practical 
for such applications in this paper, the cavity is filled up with air and water would have to rely on Lattice Boltzmann 
Method simulation. Results for the basis fluid, air and water are provided. In this paper, the Pacific and the four 
Rayleigh number (Ra =10^3, 10^4,10^ 5, 10 ^ 6) is presented.Single-phase method was used to solve this fluid 
flow.The main objective of the present study is demonstrate the ability of Lattice Boltzmann Method for solving fluid 
flow in the long cavity.Lattice Boltzmann results with previous work has been validated.This results have a good 
agreement with the results of earlier studies.Boundary conditions in the shield to wall upper and lower is 
adiabatic,and wall of the left and right is temperature constant. 

Keywords: Natural Convection Heat Transfer, Lattice Boltzmann Method, Cavity. 
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1. INTRODUCTION  

The phenomenon of free convection in a closed container, have a lot of engineering 
applications. Heat transfer in solar collectors, design cooling equipment, heat transfer in double-
glazed windows and engineering optimization problems such applications branches.In the last 
decade, a new way to network as the Boltzmann methods in comparison with conventional 
methods in computational fluid dynamics, heat transfer, and fluid flow to the attention of many 
researchers is located.For example, studies by Refai and Yovanovich [1] on the effect of 
temperature on the heat transfer phenomenon of free convection in a square cavity filled with air 
that had been performed.Nelson [2] as well as in vitro studies on the free convection heat 
transfer in the cooling water tanks did. Oliveski [3] the flow field and heat transfer in free 
convection, the storage tanks numerically and experimentally investigated.Mohamad et al [4] 
using the Lattice Boltzmann method of heat transfer in an enclosure opening natural convection 
to have action. Applying the boundary condition is discussed in an open container.The average 
Nusselt number, model and the isothermal lines, the number of various Riley and has 
investigated.Pak and Cho [5] to the experimental study of mixed convection heat transfer of 
Nano fluidsoxide aluminum- water and oxide titanium-water paid. Results Nano fluids increases 
with increasing volume ratio of nanoparticles Nusselt number and Reynolds number 
indicated.Khanafer et al [6] were first to numerically simulate the flow of Nano fluids. They 
mix the natural convection of water and copper in a square cavity with a finite volume method 
were studied.Their results show that the heat transfer and fluid flow rate Nano fluids compared 
to pure flow to due increased heat conductivity and random movement of Nano-particles 
increases. Nemati et al [7] Lattice Boltzmann method adopted to forcedconvection flow in a 
square cavity with a fluid containing water-based Nano fluids resolve.Different Riley numbers 
and different volumetric ratio, have different effects on the flow of the research reviewed. They 
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observed that increasing the Rayleigh number decreases the effect of nanoparticles on the base 
fluid. 

1.1. The process of creating the Boltzmann equation 

In 1940 von Neumann with idea cellular machinery, which was leading to the emergence of 
the primer argues, was the primary model for gas network. A cellular system that is made up of 
smaller parts. This system will be established to determine the state of Lha cells. Each cell 
usually by several bits (for gas grid method), or by some probability of a particle (for Lattice 
Boltzmann Method) is determined. In these systems, a simple algorithm, locally recurrent and 
lead to the renewal of cells and Lha system. 

Lattice Boltzmann method (LBM) of an older technique called automatic gas network 
(LGA) is taken. Gas Automatic network method, first by Hardy et al [8] was presented in 1976. 
They showed that this method is a complete discrete model for the fluid in a square grid; it can 
be used to simulate the flow equation. Qian [9] Chen et al [10] were able to use the linearized 
Boltzmann operator and the relaxation time (the first time in 1954 by Bhatnagaret al [11] 
presented) lattice Boltzmann method known today to gain.  

1.2. The equations of Boltzmann method 

Bahatnagar et al [12] using the default parameter is defined as the absence of a system of 
balance and quiet time, Boltzmann collision function is introduced as follows: 

                                                                                                                   (1) 

In relation (1) local equilibrium distribution function and τ is the relaxation time. 
Maxwell-Boltzmann equation where the equilibrium distribution function is known, in general, 
a function of the macroscopic properties of the system, is defined as follows: 

                                                                                                  (2) 

In respect of the  )2 (  , D,  ،٬T  ،٬ m وو   Dimensionless temperature of the unit 
mass, then the system is the Boltzmann constant, temperature, mass and density is. 

Boltzmann equation is approximated BGK (Bhatnagar, Gross and Krook) and in the absence 
of external forces is: 

                                                                                                         (3) 

Is a hyperbolic partial differential equation. The connection between the microscopic and 
macroscopic analysis of this equation is the fact that the flow.And Navier-Stokes equations can 
be gained from it.Analytical solution of this equation with the boundary conditions are applied 
to real problems and are not possible to be solved numerically. 

1.3. Discretization of the Boltzmann equation 

Equation (3) to the Boltzmann equation in the most general case shows without external 
forces. For the numerical solution, the Boltzmann equation must be discrete. The equation for a 
limited set of speeds VI corresponding distribution function fi (x, t), in the absence of external 
forces and the BGK approximation can be written as follows: 
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                                                                           (4) 

B to have a hyperbolic equation. B for possible speeds vi network shows. Two-dimensional 
networks of several discrete Boltzmann equations given that most of them are D2Q 9 and D2Q 7 
(Fig. 1) 

 

Figure 1.  Metod D2Q 7 (right channel) and the left D2Q9metod. ]13[  

After selecting the type of grid to the following equation (4) pay. 

                                                                                                     (5) 

In equation (5) for the later of the following reference values are used. 

                                                                                                                   (6) 

                                                                                                                  (7) 

The final equation (5) as follows after discretization. 

                                                                       (8) 

In relation to (8), the equilibrium distribution function to a simpler expression. A simplified 
form of the equilibrium distribution function can be obtained as follows  ]13.[  

                                                                (9) 

In the above equation u = u (u, v) the macroscopic velocity of the fluid, cc2=1/3 ،٬eiI is the 
particle velocity and path coefficient WI discrete distribution function and balance for the 
values of ( 19- 2 ) we have: 

                                                                                                (10) 

That is to say, the current practice is that each particle after the collision to the nearest 
neighbor to move your character, such as those in Figure 2 is shown. The motion of the 
boundary issue as basic premise is transmitted to all nodes examined and gain for all parts of the 
velocity distribution function.  
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Figure 2.  Shows how the lattice Boltzmann flow distribution [13] 

Finally, in a D2Q9lattice Boltzmann method, network, macroscopic properties such as local 
density ρ and the velocity u can be defined as follows 

                                                                                                                            (11) 

                                                                                                                    (12) 

After solving the velocity distribution function (f) and obtain the macroscopic properties of 
density and speed, you need to obtain the temperature distribution, the probability distribution 
function (g) represents the probability of thermal energy particle at position (x, v) in the phase 
space at time t is. All existing relationships for the velocity distribution function, except for a 
few cases; the temperature distribution function is established. 

Normally, a fluid particle in the infinite heat transfer is permitted. Discrete Boltzmann 
equation for heat transfer equation is as follows: 

                                                                   (13)        

To obtain a function of temperature such that the behavior we go. After the collision, the 
nearest neighbor of each particle to travel to your specifications.And the values obtained for all 
parts.Finally, in a network, D2Q 9 lattice Boltzmann method, the macroscopic properties of the 
temperature T is defined as follows: 

                                                                                                                                (14)  

It can be shown that the selection function is introduced to balance the equation (9). Lattice 
Boltzmann Method for conservative mass and momentum equations (Navier-Stokes) with 
Assuming incompressible fluid viscosity and density of the fluid and the pressure will come in 
the form below. 

                                                                                                                                     (15) 

                                                                                                                                       (16) 

1.4. Solving the natural movement using Lattice Boltzmann Method 

The numerical simulations and assumptions used are as follows.The process is quite static 
and in the uniform temperature of the average temperature of the hot and cold wall is 
located.Then Viscosity and incompressible flows, using the assumption Boussinesq inside a 
closed box next two values of the initial conditions of the problem starts. Four non-slip wall 
socket and is assumed to be rigid.Thus, using assumption to resolve the address mentioned. 
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Geometry is studied in this research, rectangular cavity where the heating occurs through the 
side walls. Handling natural cavity orthorhombic by rotating it recognizable as if the walls of 
the left wall warmer, the rotational motion of the fluid in the direction clockwise will be (Figure 
3) in the diet slowly, three characteristic flow structure inside the cavity the next are the 
following: 

Vertical boundary layer along the wall of the left and right: 

1 ) Horizontal boundary layer along the top and bottom walls 

2) The stable and relatively stationary center cavity 

 

Figure 3. Is a view of the shape and motion of the fluid flow in the event of natural movement 

Lattice Boltzmann method of boundary conditions directly affect the accuracy of the final 
result effect leaves [14]. First look at the network used to throw the unknown parameters to be 
obtained by the boundary conditions, are specified Here is described only D2Q 9 network (other 
networks and three-dimensional case is also similar to this case).The problem for the 
distribution function of the boundary condition on the nodes is used ricochet (bounceback). In 
this boundary condition,after the particle flux at the wall moves to hitting a solid wall, in the 
opposite direction of his early return to the area occupied by the fluid.This boundary condition, 
the precision is of the first order (while you carefully time the Lattice Boltzmann Method) to 
correct this inaccuracy, various methods have been proposed so far.Of all these methods, the 
way in which Bounce over the middle link (Bounce Back on Links) called, simple, yet accurate 
time is two to flat walls.The boundary condition of a simple boundary condition at the same 
time it is widely used in complex problems such as porous surfaces. In this way the nodes is 
sufficient to consider a solid boundary and to calculate the unknown nodes on the boundary 
conditions used.For example, the southern boundary is shown in Figure 4 for the distribution 
function can be written as follows: 

                                                                                           (17) 

 

Figure 4. Boundary conditions for the network D2Q9 

 

 

Adiabatic 

Adiabatic 
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1.5. Temperature distribution function equation and boundary conditions 

For the northern and southern boundaries of the cavity that is adiabatic condition on the 
links, we will ricochet. For example, the northern border is: 

                                                                                                      (18) 

For vertical walls where the temperature is constant from under the conditions used. For 
example, to walls with higher temperature (on the left wall of the cavity) we have:  

                                                                                      (19) 

                                                                                      (20) 

                                                                                      (21) 

In this section the results of the natural movement of the fluid flow in a rectangular cavity 
with lattice Boltzmann method is presented. In this study, the laminar flow of fluid to the aspect 
ratio (length to width ratio) constant A = L / H = 1 is investigated.In this study, we examined the 
weather is fluid. It should be noted that thermo physical properties of these particles is fixed and 
cannot be changed with different variations.In Lattice Boltzmann method to value the viscosity 
guess it depends on the amount of light that certain relationships and the amount networks and 
Mach number is obtained. These relationships can be expressed in the following equation  ]15[ . 

                                                                                                                        (22) 

The relation ( 4- 4 ) Ma represents Mach number, M number of network used, and c represents 
the speed of the particle is equal to the constant c = 1 / √ 3 is. It should be noted that the Mach 
number must be smaller than 0.3, which does satisfy the condition of incompressibility. 

2. NUMERICAL SOLUTION AND VALIDATION 

In this section we compare the results obtained in this study in order to validate the work 
program was written to be explored.For this purpose, the program is able to solve the problem 
with the air flowing through the Markatos et al[16] have been validated. This comparison is 
presented in Table1. 

Table 1.  Compares the results obtained in this research work Markatos 

Average Nusselt present paper Average Nusselt Markatos review Network size Rayleigh number 
1.128 1.118 100*100 10^3 
2.245 2.243 100*100 10^4 
4.470 4.519 100*100 10^5 
8.898 8.799 100*100 10^6 
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Figure 5.  Compares the temperature profile in the intermediate hole section, the results Markatos et al in pr=0.71and 
Ra=3*103 

 

 

 

 

Figure 6.  Compares the results of the horizontal velocity and colleagues Markatos in pr=0.71andRa=3*105 

 

 

 

 

Figure 7.  Shows the vertical velocity profile and colleagues Markatos results in pr=0.71 andRa=106 

Given the above, namely;Cut a hole in the middle of the temperature profile in Figure 5, the 
horizontal velocity profiles in Figure 6 and Figure 7, the vertical velocity profile is specified 
Which is very similar profiles Markatos  et al, which you can verify the code written in the 
article concluded. Now the verification code in this was written, the more we studied the flow of 
water. In Figure 8, the temperature profile in the intermediate hole section of the water flow is 
plotted for different numbers Riley, who initially Ra = 103and along the temperature gradient, 
heat transfer along the hot wall is more.With increasing Rayleigh number, in Figure 8-B, since 
the flow has been rotation, the heat transfer convection is dominant in Figure 8 (c), 8 (d), the 
maximum temperature gradient in the hot and cold walls has moved the show most of the heat 
transfer in this range Temperature changes have little hole in the middle line, which represents 
the effect of heat transfer convection is smaller. Since the temperature profile shown in Figure 8 
(d), is symmetric, it can show the effect of thermal conductivity is dominant. 
 

 

 

 

 

 

 

 

 

Figure 8.  Shows the temperature profile in the middle cut holes for fluid flow for pr = 6 and Rayleigh number (Ra); 
b) Ra = 103, b) Ra = 104, c) Ra = 105, d) Ra =106. 

8-‐a	   8-‐b	  

8-‐c	   8-‐d	 
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Figure 9 . Shows the horizontal velocity profile of the fluid flow for pr =6  and Rayleigh number (Ra) for: a) Ra =103, 
b) Ra = 104, c) Ra =105, d) Ra = 106. 

Figure 9, the horizontal velocity for different numbers indicate Riley, who has been 
Normalizing Contour until Rayleigh106and have been close to the hot wall. But for the more 
this is no longer true. The subject of much articles in this field has also been confirmed, for 
example, an article Mr. Markatos and colleagues  ]16[ . 

 

 

 

 

 

 

 

 

 

 
Figure 10.  Shows the vertical velocity profile of the fluid flow for pr =6and Rayleigh number (Ra); b) Ra =103, b) 
Ra=104, b) Ra = 105, d) Ra =106. 

Contours of vertical velocity for different Rayleigh numbers were presented in Figure 10. As 
for the horizontal contours are normalized to 106 Rayleigh number. But not for larger Riley  ]16[ . 

As is known, the maximum vertical velocity with increasing Rayleigh number is close to the 
hot wall, and finally moves towards the center of hot wall. 

9-‐a	   9-‐b	  

9-‐c	  
9-‐d	  

10-‐a	  
10-‐b	  

10-‐c	   10-‐d	  

10-‐a	  
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3. DISCUSSION AND CONCLUSIONS 

In this article the natural movement of the fluid in the high dimensional holes in the laminar 
flow regime for A = 1 aspect ratios,Fully for air and water base fluid was studied in the range of 
numbers Riley .The equations were used by Lattice Boltzmann Method. After 
the validation Article ID, different contours for temperature, speed, vertical and horizontal 
velocity was presented. In general, the greatest effect on the heat transfer fluid in 
Rayleigh Obtained, That the results of the study can be used to further industrial 
design or at least check out the design, speed and accuracy of this method can be used. 

REFERENCES 

[1]  Refai, A. G., Yovanovich, M. M.; “Influence of Discrete Heat Source Location on Natural 
Convection Heat Transfer in a Vertical Square Enclosure”; Journal of Electronic 
Packaging, Vol. 113, No. 3, 1991, pp. 268-274. 

[2]  Nelson, J.E.B., Balakrishnan, A.R., Murthy, S.S.; “Experiments on stratified chilled water 
tanks”; Int. J. Refrig., Vol. 22 (3), 1999, pp.216-234. 

[3]  Oliveski, R.D.C., Krenzinger, A., Vielmo, H.A.; “Cooling of cylindrical vertical tank 
submitted to natural internal convection”; Int. J. Heat Mass Transfer, Vol.46 (11), 2003, pp. 
2015-2026. 

[4]  Mohamad, A.A., El-Ganaoui, M., Bennacer, R.; “Lattice Boltzmann simulation of natural 
convection in an open ended cavity”; International Journal Thermal Sciences, Vol.48, 
2009, pp.1870-1875. 

[5]  B. C. Pak and Y. I. Cho, Hydrodynamic and heat transfer study of dispersed fluids with 
submicron metallic oxide particles, Experimental Heat Transfer 11 (1998) 151–170 

[6]  K. Khanafer, K. Vafai, M. Lightstone, Buoyancy-driven heat transfer enhancement in a 
two-dimensional enclosure utilizing nanofluids, International Journal of Heat and Mass 
Transfer 46 (2003) 3639–3653. 

[7]  H. Nemati, M. Farhadi, K. Sedighi, E. Fattahi, A.A.R. Darzi, Lattice Boltzmann simulation 
of nanofluid in lid-driven cavity, International Communications in Heat and Mass Transfer 
(2010). 

[8]  Hardy J, de Pazzis O, Pomeau Y. 1976. Molecular dynamics of a classical lattice gas: 
transport properties and time correlation functions. Phys. Rev. A 13:1949–61 

[9]  Qian YH, 1990, Lattice gas and lattice kinetic theory applied to the Navier-Stokes equation 
,Phd thesis, University Pierre et Marie Curie, Paris 

[10]  Chen S, Chen HD, Martinez D, Matthaeus W. 1991. Lattice Boltzmann model for 
simulation of magnetohydrodynamics. Phys Rev. Lett. 67:3776–79 

[11]  Bhatnagar PL, Gross EP, Krook M. 1954, A model for collision processes in gases, I. small 
amplitude processes in charged and neutralone-com ponent system. Phys Rev; 94:511–25. 

[12]  Bhatnagar PL, Gross EP, Krook M. 1954, A model for collision processes in gases, I. small 
amplitude processes in charged and neutralone-com ponent system. Phys Rev; 94:511–25. 

[13]  Hoshmand, B.1386. Numerical lattice Boltzmann method in two-component fluid flow 
analysis. MA thesis. Tabriz University.(in Persian) 

[14]  M.A. Mussa, S. Abdullah, C.S. Nor Azwadi, N. Muhamad, Simulation of natural 
convection heat transfer in an enclosure by the lattice-Boltzmann method, Computers & 
Fluids 44 (2011) 162–168 

[15]  A.A. Mohamad , A. Kuzmin, A critical evaluation of force term in lattice Boltzmann 
method, natural convection problem, International Journal of Heat and Mass Transfer 53 
(2010) 990–996. 

[16]  Markatos, N. C., Perıcleous , K. A.;” Lamınar And Turbulent Natural Convectıon In An 
Enclosed Cavıty”; Phys. Rev. A, Vol. 27. No. 5, Pp. 755-772. 1984 


