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Abstract. The objective of this work is to study the effect of the thickness

of a porous separation on the thermal performance in a cavity with

displacement ventilation. The cold air jet enters and exits through two

openings located in the lower and upper parts of the left wall and the right

wall respectively. The other horizontal walls are also adiabatic. The

hydrodynamic and thermal characteristics of the transfer were studied for

three configurations with the same aspect ratio L/H=2. The height Hp of the

porous separation was varied between 0.2 and 0.8 where is placed in the

center of the cavity. The transfer rates on the active wall for the thicknesses

were studied for different permeability therefore different Darcy numbers

varying over an interval:10-6�Da�10. The dimensionless Rayleigh and

Reynolds numbers were taken from the rows: 10�Ra�106 and 50�Re�500.

The governing equations of momentum and energy were solved by the

Lettice Boltzmann Multiple Relaxation Time Method (LB-MRT) D2Q9 for

the velocity field and D2Q5 for the temperature field. In order to take into

account the introduction of the porous medium, an additional term is added

to the standard LB equations based on the generalized model (Darcy model

extended to Brinkman-Forchheimer).

1 Introduction
The study of displacement ventilation (DV) in rectangular enclosure is of interest in a wide

range of civil and industrial applications [1], such as chemical applications, thermal and

pollution control [2, 3], and building applications [4-7].

The all-important challenge in modern building design for ventilation is to provide thermal

comfort and better indoor air quality, since, many people pass most of their time into

commercial or residential buildings. Ventilation is attested to be the most appropriate way to

ensure a good thermal comfort (heating/cooling). To ventilate a space, two techniques are

involved: one is buoyancy driven flow and others is mechanical driven flow (fresh air). The

combination of these two modes introduces the mixed convection problem inside the
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ventilated space. So, mixed convection is that (mode of heat exchange) the heat transfer mode

in which there is a main interaction between natural convection and forced convection.

Principally, mixing ventilation (MV) and displacement ventilation (DV) are the most two

popular air distribution flow applied to recirculate the indoor environment. In mixing

ventilation, fresh air is introduced at a high velocity from the ceiling level to attain a uniform

distribution of temperature and concentration in the room [8-10], or by mixing air with

internal ventilation [11, 12]. However, on account of the high velocity, mixed ventilation is

still lacking comfort in workplaces and effective in pollutant removal [13]. For all ventilation

systems, the locations of return air outlets have a great effect on his performance [14]. Note

that in displacement ventilation air supply diffusers are located near �oor level and the

outdoor air velocity is very low compared with the first mode (i.e. MV), and exhausted air is

extracted from the ceiling level by buoyancy forces. And the locations of return air outlets

have a great effect on the performance of the ventilation system.

Several publications have appeared in recent years comparing fluid flows between mixed

ventilation and displacement ventilation. Ren et al. [15] studied flow mixing and

displacement flow inside a slot vented enclosure in the presence of heated and airborne

polluted strip. Heat and mass transfers are visualized for both ventilation mode, and their

efficiency are compared. Also, a numerical investigation due to heated and polluted strip

inside an open cavity in the presence of conducting baffle was presented by Ren et al. [16] to

optimize the removal rate of heat and pollutants using heat lines and mass lines. They found

that are mostly affected by the length and of the position baffle. Also, the heat and mass

transfer rate can be increased by the baffle only when its distance from the bottom wall varies

between 0.2 and 0.5 with thermal Rayleigh number higher than a critical value.

As seen, the review of the literature indicates that the displacement ventilation heat transfer

in enclosure has been addressed in many of previous research; however, there are only few

researches which have considered porous obstacles inside the cavity, and no studies do

undertake into account a vertical porous partition. Altogether, this model could represent the

process of heat removal by displacement ventilation in rectangular enclosure such as: large

room, open space office, or general ward of hospital.

2 Mathematical formulation and numerical resolution
The present study concerns with mixed convection in a rectangular cavity with side length

and height L and H as shown in fig. 1. Air in the cavity is renewed through an input and

output ports, located at the lower and upper ends part of the left and right walls, respectively,

with an opening value of H/10. A separation porous wall saturated with the same fluid (e.g.
air), is placed in the middle of the bottom surface whose thickness is Ep=H/5 and height

between H/5 to 4H/5. Cavity walls are impermeable, so the left wall is maintained at a hot

temperature Th, and the others wall are thermally insulated.
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Fig. 1.Physical model

Based on the generalized model Darcy-Brinkman-Forchheimer, the dimensionless governing

equations for convection heat transfer in a homogeneous, isotropic and fluid-saturated porous

medium can be written as [17-18]:
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The control parameters appeared in the generalized equations are the following non-

dimensional numbers:
3
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Respectively Prandtl, Reynolds, Rayleigh and Darcy numbers. The non-dimensional

variables used in the construction of the mathematical model are:
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Hydrodynamic boundary conditions: characterized by the non-slip condition of the fluid

particles, on the solid walls and their impermeability are given:
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The heat transfer rate at the hot wall is obtained after the establishment of physical properties

(steady state) and it is defined as follows:
1
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The Lattice Boltzmann method with multi-relaxation times "LBM-MRT" which will be used

to solve the governing equations of our problem.

2.1 Double LB-MRT model for thermal flow in porous media

The evolution equation of the Multiple Relaxation Time Lattice Boltzmann model for porous

flow is:
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where ( , )r t! is the 9-dimensional vector of the distribution functions ! at the node r
and time t ; T� the time step, S the collision operator given by

� �
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, , , , , , , ,S diag S S S S S S S S S� . ic is the discrete velocity vector specified by the

2 9D Q discrete velocities set, and m M� ! is the moment vector,
eqm the equilibria in

moment space. F denotes the forcing term in the moment space, and M is a non-orthogonal

transformation matrix given by [19].

Using the transformation matrix, the moments can be constructed by mapping the discrete

distribution functions ! in the velocity space onto the moment space, which gives:
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where � is the density, E is the total energy, � is related to the energy, xj and yj are

the components of the momentum, x" and y" are related to the energy flux, and xxp and

yyp are related to the strain tensor, respectively. And similarly, the corresponding equilibria

in moment space are given by:
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The equilibrium distribution function is given by:
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where 3sc RT c� � is the sound speed of the 2 9D Q model, in which R is the gas

constant, T is the temperature, and , 1c x t x t$ $ $ $� � � with x$ the discrete lattice

spacing.

i# is the weight coefficient given by:
0

4
, 1/ 9 for 1, 2, 3, 4 ,

9
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1/ 36 for 5, 6, 7, 8i i� �# .

The forcing term F in the moment space is given by:
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The volume-averaged density � , velocity u and effective viscosity e� are respectively

given by:
8
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and v is a temporal velocity defined by:
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Through the Chapman-Enskog analysis, it can be proved that the hydrodynamic equations

[20] can be recovered by the present MRT LB model for the velocity field.

2.2 LB-MRT model for temperature field

To keep consistent with the MRT LB model for the velocity field, the MRT LB model is

proposed as:
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where � �,r tg is the temperature distribution function. � �,n r t and ( , )eqn x t are the

moments and equilibrium moments corresponding to � �,r tg .

+ ,0,1,...,4ie i � is the discrete velocities set specified by the 2 5D Q model.

0 1 2 3 4( , , , , )diag - - - - -) � is the diagonal relaxation matrix. N is the transformation

matrix given by [11, 12, 21].

The equilibrium moments + ,0,1,..., 4eq
in i � corresponding to the distribution function

+ ,0,1,..., 4eq
ih i � are:

0 1 2 3 4, , , , 0.eq eq eq eq eq
x yn rT n ru T n ru T n r T n�� � � � � (32)

where T is the temperature and � �0,1� . is a parameter. * is a source term given by

� �20, 0, , 0, 0
T

eT� -* � , and H is a correction term designed to eliminate the addition

deviation term in the recovered macroscopic equation, which is given by

� �0, , , 0, 0
T

x yH TF TF� .

The temperature equilibrium distribution function
eq
ig is given by:
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where - 0 1 2/ � and 1 8i/ � for 1 4i � � . 2sTC �� is the lattice sound speed of

the 2 5D Q model.

The temperature T and the effective thermal diffusivity e� can be determined by:
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T
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� &g (34)
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Where

1 2

1 1
T%

- -
� � .

3 Results and discussion
Evolution of heat transfers (Nusselt number) according to the porous medium for various

numbers of Reynolds and Darcy is illustrate in fig. 2. We chose three cases presented for

different Rayleigh numbers giving the three modes of predominant forced convection

(Ra=102), mixed convection (Ra=104) and predominant natural convection (Ra=106). We

note that for the three convection modes and for a high Darcy number

(Da=10-2) the influence of the porous medium is negligible characterized by horizontal steps

following the increase in the porous medium height. Therefore, the reduction of the Darcy

number increases the heat transfers but not in a very significant way, in our case (i.e., a

maximum of approximately 6% for the porous medium height case: H=0.8 compared to the

totally fluid case). Also, when the Rayleigh number increases (Ra=106) fig. 8-c, note the

independence of the transfers of the porous medium and thus of Darcy number and all the

curves join, this is certainly due to the fact that the porous medium is far from the active wall

and has very little influence on it.
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Fig. 2.Variation of Nu as a function of the height of the porous medium Hp for different Da and for the

case (a): Ra=102, cases (b): Ra=104and case (c): Ra=106

Average rate of heat transfer around the hot wall is calculated for different heights of porous

partition is represented Fig. 3 and Fig.4. It is clear that the porous medium height has very

little influence on the heat transfer curves. We also note that the two particular trends

observed in mixed convection studies are found in our work. A constant level lines

synonymous with predominant forced convection and oblique lines synonymous with

predominant natural convection. The junction between the last two trends is considered as
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mixed convection. It should be mentioned that the dominant forced convection ends for

Richardson numbers of Ri<0.5633 while natural convection begins with Richardson

Ri>5.633.

The analysis of the dominant forced convection gives us evidence: The heat transfer rises

with the increase in the Reynolds number. Indeed, the increase in the Reynolds number

projects the fluid towards the heated wall (see the graphs of the stream lines function) thus

increasing the flow passing the heated wall and subsequently causing a growth in the

extracted heat (and therefore the Nusselt number).

The second trend (i.e. mixed convection and natural convection) gives interesting

observations. The natural convection regime is never reached for low Reynolds numbers (i.e.

Re=50 and Re=100). For those Reynolds, the cooperating natural convection improves

transfers, only by around 10%; while, for the other Reynolds the improvement in transfers

due to natural and forced convection cooperation is significant.

It can be seen from analysis of mixed convection that the case Ra=104 and Re=250 give the

best transfer rate compared to a larger Reynolds number. In this case the analysis of the

stream functions reveals that a large part of the fluid entering the cavity is projected towards

the wall increasing the parietal flow.

The augmentation in the porous medium height does not really change the evolution of the

Nusselt number figures Nu=f(Ra, Re). The differences between these figures for different

porous medium heights are reduced and it can be predicted that the porous medium height

has little influence on the heat transfers and the most significant increase is obtained for a

porous medium height H=0.8, a Darcy number of 10-6 where, we obtain an intensification

of around 6% compared to the totally fluid case.
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Fig 3.Evolution of heat transfer (Nusselt number) as a function of Ra for different Re, Da and Hp=0.4
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Fig 4. Evolution of heat transfer (Nusselt number) as a function of Ra for different Re, Da and Hp=0.8

4 Conclusions
The Lattice Boltzmann Multiple Relaxation Time method was undertaken to study

numerically heat transfer in a ventilated cavity with an aspect ratio equal to two (L/H=2) and

a porous partition in the middle. The equation based on a generalized Darcy model extended

to Brinkman-Forchheimer was combined to consider the flow in the porous medium.

The analysis of the heat transfer in the dominant forced convection case gives us evidence:

The heat transfers increase with the increase of the Reynolds number values. The natural
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convection regime is never reached for low Reynolds numbers (i.e. Re = 50 and Re = 100).

For these Re values, the cooperating natural convection only improves transfers by around

10% while, for the others Reynolds numbers the improvement in transfers due to natural and

forced convections cooperation is significant. The elevation of the porous medium height

does not really change the curves evolution in figures of the Nusselt number according to Ra

and Re, Num=f(Ra, Re).
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