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In the last few years, there has been a growing interest in Greenhouse climate control and 

management improve the quality and yield of protected crops. Different heat and mass 

transfer modes play a predominant role. The paper discusses the convection heat transfer 

caused by buoyancy forces inside the greenhouse without plant. The greenhouse walls 

are considered adiabatic; the roof is kept at a cold temperature. Adhesion conditions 

applied for all greenhouse walls as well as the floor: u = v = w = 0 m/s. In this paper, we 

explore the Lattice Boltzmann method use to simulate Greenhouses heat and mass 

transfer, it is characterized by adopting a low-level approach by modelling flows and it 

is based on the probability of the presence of particles in a lattice. This study did highlight 

the method potentials and make investigations on its capacity to simulate the oscillatory 

mode of a natural convection developed in closed enclosure. The simulation is performed 

with double population D2Q9, using a numerical code (LBM - FORTRAN), results are 

given in the velocity and temperature form fields for Rayleigh numbers between 104 and 

108. Finally, the Results shown that for these conditions the air circulation is

characterized by two recirculation cells rotating in opposite directions. The increase in

temperature can contribute effectively in the greenhouses microclimate.
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1. INTRODUCTION

Over the last few decades, highly confined greenhouses 

designed for efficient crop production [1-3] and fully closed 

environments such as experimental growth chambers [4-6] 

have been used to study the response of ecosystems to 

environmental changes. Whatever the objectives, the 

environmental conditions used in these closed environments 

have been poorly defined making crucial exploration of their 

microclimate. For closed or semi-closed greenhouses, the aim 

is to recover excess heat to satisfy the heating requirements 

while keeping the environmental conditions as favourable as 

possible for plant growth.  

The different heat exchanges modes do not have the same 

importance and some can be simplified or neglected according 

to the desired precision and the simulation objective [7]. The 

main greenhouse environmental factors, which are different 

from the outside, are: temperature, light and humidity. Each of 

these factors is conditioned by its level outside the greenhouse, 

by the specific characteristics of the latter and by the properties 

of the roofing material [7, 8]. Tunnel-type plastic greenhouses 

are widely used around the world, especially in the Saharan 

countries because of their low investment cost [9]. These are 

efficient in winter and spring, where solar energy is useful and 

sufficient [10]. On the other hand, these greenhouses lose their 

effectiveness in summer, where the climate is very hot, 

causing excessive overheating and strong hygrometries inside 

[11]. These extreme weather conditions affect both the quality 

and quantity of the product and promote the development of 

certain plant diseases. On the physical level, the greenhouse is 

a complex energy system where different modes of thermal 

and mass exchange are involved [12]. Taken individually, 

these modes are relatively simple and well known but their 

combination poses difficulties in modeling the system [12, 13]. 

In this system, natural convection is a particularly important 

mechanism for heat exchange between indoor air and all other 

solid surfaces (floor, walls, roof, culture, air conditioning and 

heating systems) [14].  

The natural convection generated by heat (and mass) 

transfers in the vicinity of heated surfaces has been extensively 

studied both theoretically and experimentally. Their practical 

interest is indeed considerable since the appearance of fog, the 

transpiration, and freezing of crops, drying, are all-natural 

phenomena that cause heat (and mass) transfers by natural 

convection. 

In the field of greenhouses, most studies available in the 

literature deal with the problem of heating greenhouses [15-18] 

as well as ventilation [19-21] and perspiration [22-24]. 

The modeling of a greenhouse is intricate because of the 

arrangement of the different surfaces, especially plant surfaces, 
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among themselves [18], and it calls upon several disciplines 

such as agronomy, thermic, etc.... This enumeration of the 

different points of the problem shows the breadth of the field 

of investigation and the complexity that the resolution may 

present from a theoretical point of view. However, the physical 

(thermal) modeling of greenhouses has so far been based on 

the assumption of perfect temperature homogeneity inside the 

greenhouse. The first detailed studies on static modeling of the 

heat balance of a greenhouse were carried out in the 1960s. 

Numerous dynamic models to simulate the thermal behavior 

of the greenhouse were then developed [23, 25]. From a 

literature review, it can be seen that the energy balance 

equations are written for each greenhouse component. The 

possibilities offered to calculate precisely the intermediate 

flows involved in these energy balances allow overall 

greenhouse climate optimization based on the quantitative 

prediction of the exchanges between inside and outside, but it 

does not give us information on the details of the private 

exchanges of temperature, humidity, and CO2 in the 

greenhouse [23]. The study of these internal fields requires the 

implementation of characterization and an excellent 

simulation of heat and mass transfer inside the greenhouse. 

The equations governing the phenomenon of natural 

convection are differential equations whose exact integration 

is difficult, if not impossible, as soon as they are non-linear. 

Once again, numerical methods must be used to obtain 

approximate solutions to the transitional problems that arise in 

practice. With the development of micro-computing, 

numerical methods have become indispensable complements 

to analytical and experimental methods. Researchers have 

solved many problems that were once very complex and 

required tedious calculation by conventional methods. 

Numerical simulation makes it possible to get around the 

complexities of the problems by solving, albeit in an 

approximate way, the equations of mathematical models in 

conditions inaccessible to conventional techniques. 

Natural convection within a greenhouse has been studied 

numerically and experimentally by Nara [26]. The author used 

a greenhouse model with underfloor heating. Simulations were 

performed for Rayleigh numbers ranging from 103 to 107. The 

numerical results are in good agreement with the experimental 

measurements. In the same framework, Lamrani [27] carried 

out a two-part study. The first part is devoted to the modeling 

of natural convection in a turbulent stationary regime in a 

greenhouse with no plant cover. While the second part is 

devoted to the characterization of the flows using a greenhouse 

model (scale). The results obtained from the modeling of flows 

in turbulent regime (turbulence (k-e) model) are in good 

agreement with the results obtained experimentally. Recently, 

several teams have been interested in ventilation in the case of 

natural convection, including [28], who have dealt with this 

phenomenon in two ways: theoretical and experimental. In the 

theoretical approach, and using CFD2000 software, they 

simulated air flows in a greenhouse with one or two vents 

located on the roof. An experiment was then undertaken in 

order to validate the theoretical models. 

The purpose of this article is to determine the convective 

heat transfer numerically in a single-chapel greenhouse 

without cultivation and heated from below. The influence of 

the Rayleigh number, as well as the aspect ratio on the 

dynamic and thermal fields, are studied. 

 

 

 

2. PHYSICAL PROBLEM AND GOVERNING 

EQUATIONS  
 

The configuration considered here is a 2D single-chapel 

greenhouse, heated from below (imposed temperature). The 

vertical walls are kept adiabatic while the roof is kept cold 

Figure 1. The greenhouse is filled with air assumed to be an 

incompressible Newtonian fluid with Pr = 0.71. The variation 

in density is subject to the Boussinesq approximation. 

 

 
 

Figure 1. Geometry and boundary conditions 

 

 

3. THE LATTICE BOLTZMANN METHOD (LBM) 

 
The LBM method is a relatively recent method for 

reproducing the behavior of complex fluids and has aroused 

the interest of many researchers in digital physics. It is an 

interesting alternative, which makes it possible to simulate 

complex physical phenomena by macroscopic nature. Its 

significant parallelization capacity also makes it attractive in 

order to perform rapid simulations on parallel equipment. The 

Boltzmann method on the network is an alternative method of 

simulating fluid flows. Unlike the traditional approach based 

on NAVIER-STOKES equations, the method consists in 

discretizing the Boltzmann equation, corresponding to a 

statistical modeling of the dynamics of the particles 

constituting the fluid. The Boltzmann method on the network 

has good advantages over conventional methods, in particular 

for the treatment of the domains of simulation complexes. 

 

3.1 Dynamic model 

 

The distribution function of a particle fi(x,t) is the 

probability of finding a particle at the site x at a time t, moving 

in a direction i at a velocity of: 

 

i
i

x
e

t


=


 

 

The distribution function of the lattice Boltzmann equation 

for a particle is given by: 

 

( ) ( ), , ( )i i i if x t e f x t f +  =  (1) 

 

Such as ( )i f  represents the rate of change of a particle 

after a collision. By adopting the simple approximation of 

relaxation time BGK, we obtain the linearized form of the 

collision operator: 
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( ) ( )( )
1

( ) , ,eq

i i if f x t f x t


 = −
 

(2) 

 

where, τ is the relaxation time, and ( ),eq

if x t  the distribution 

function at equilibrium. The introduction of the collision 

operator formula in Eq. (1), leads to the lattice equation BGK 

(model LBGK): 

 

( ) ( ) ( ) ( )( )
1

, , , ,eq

i i i i if x t e f x t f x t f x t


 +  = −  (3) 

 

The integration of this equation with respect to time gives 

rise to the simplified form of the lattice Boltzmann equation: 

 

( ) ( )

( ) ( )( )

, ,

, ,

i i i

eq

i i

f x e t t t f x t

t
f x t f x t



+  +  = +


−

 (4) 

 

The LB method is thus entirely defined by choice of the 

equilibrium distribution function [29], which is relative to the 

chosen model. For the square model FHP denoted by D2Q9: 

 

 
D2Q9 model 

 

The equilibrium distribution function is explained as 

follows: 
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 (5) 

 

The macroscopic hydrodynamic quantities are determined 

through moments in phase space: 

 

( ) ( ), ,i

i

x t f x t =  (6) 

 

( ) ( ), ,i i

i

u x t e f x t =  
(7) 

 

Chapman-Enskog's procedure allows us to retrieve Navier-

Stokes' equations. Viscosity is related to relaxation time by the 

following formula: 

 

21

2
v sc t  

 
= − 
 

 (8) 

 

3.2 Thermic model 

 

For the calculation of the temperature field, a second 

equation LBGK is taken into account: 

( ) ( ) ( ) ( )( )
1

, , , ,eq

i i i i i

h

g x e t t g x t g x t g x t


+ +  = + −  (9) 

 

As gi
 
represents the function of energy distribution and τT 

the dimensionless time of relaxation, relating to the 

temperature field. The macroscopic temperature is thus 

calculated by: 

 

i

i

T g=  
(10) 

 

Thermal diffusivity is related to the relaxation time through 

 

21 1

3 2
T c t  

 
= − 

 
 (11) 

 

 

4. CALCULATION CODE VALIDATION  

 

The calculation code has been validated on a problem of 

natural convection of air confined in a square cavity with 

vertical walls that are differentially heated and with adiabatic 

horizontal walls. Our results were compared with those 

obtained by De Vahl Davis (1983). The latter addressed the 

same problem by adopting the finite difference method with 

the vortices-streamline function formulation (see Table 1).  

However, experimental validation remains the essential 

element for testing our used digital models and the reliability 

of the boundary conditions chosen. The numerically 

determined air motions are consistent with [30, 31], and a good 

agreement between numerical and experimental results is 

found. 

 

Table 1. The values of Raleigh and Nusselt number 

 
 Nu avg Hot Wall 

 Present Work De Vahl Davis 

Ra =103 1.11 1.12 

Ra =104 2.248 2.243 

Ra =106 4.55 4.52 

 

 

5. RESULTS AND DISCUSSION 

 

In this study, the streamlines, the isotherms, as well as the 

different profiles, will be presented for a single-capacity 

greenhouse heated by the ground (imposed temperature).  

Streamlines and isotherms for form ratios, with A=L/H=2 

(L=8m and L=4m).  

 

5.1 Velocity fields and contours 

 

Two configurations shown in Figures 2 and 3, the velocity 

vectors clearly show the air movement inside the greenhouse, 

with two counter-rotating loops occupying the entire volume. 

Critical speed gradients are clearly observed at the level of the 

side walls, the ground, the roof, and in the center of the 

greenhouse (coincidence zone of the two rollers). The same 

observations are reported [32], who has studied natural 

turbulent convection by PIV, from which they have shown that 

in horizontal boundary layers (except in the inter-roll zones) 

and at roll intersections, velocities are the highest. On the other 

hand, low velocities are recorded in the center and corners of 

the cells; the same observations are reported [30, 31]. Figure 5 
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shows the vertical profile of the velocities, we notice that they 

cancel each other out at ground and roof level, on the other 

hand in the center, where they take maximum values, the 

difference that we can observe that the highest velocity is that 

of the high Ra number. Figure 6 shows the distribution of 

velocity curves at the horizontal level of the greenhouse at 2/3 

H height. There is a symmetry by contribution to the center of 

the greenhouse. In addition, the high speeds are close to the 

vertical walls and in the center of the greenhouse. 

 

 
 

Figure 2. Streamlines for different Raleigh numbers 

 

 

 

 

 

 
 

Figures 3. Velocity vectors for different Raleigh numbers 

 

5.2 Isotherms 

 

Figure 4 gives an example of the air movement inside the 

greenhouse, in this work and in related references it was 

observed that the temperature distribution inside the 

greenhouse follows circular current lines; they reached the 

maximal value towards the center. Which is identical to that 

reported by Awbi, Hatton [30, 33] who studied natural 

convection in a horizontal panel, and room respectively heated 

from the bottom, they came to the same conclusions.  

The temperature distribution shape is different from figure 

to another due to the Rayleigh numbers as well as the air 

movement inside the greenhouse.  

When calculations are carried out starting with low 

Rayleigh numbers the flow regime is as we can expect almost 

conductive which implies that the fluids circulation is not 

intense enough, as well as the Rayleigh number's increase the 

natural convection effect manifest. More and more when the 

Ra numbers is greater than 106 Figures 4 (o, p) it was observed 

the appearance of two small cells in the greenhouse lower 

corners. 
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Figure 4. Isotherms for different Raleigh numbers 

 

5.3 Temperature profile 

 

5.3.1 Vertical 

The vertical temperature profile shown in Figure 7 follows 

the air distribution. It is characterized by strong thermal 

gradients near the ground and the roof, but the air temperature 

remains almost constant throughout the entire volume of the 

greenhouse, reaching the same conclusion [34]. On a reduced 

scale, they observed strong temperature gradients in the thin 

layers next to the ground and the roof, whereas inside the 

greenhouse, the temperature is stable [29], who investigated 

natural convection, observed the same phenomenon. 
 

5.3.2 Horizontal 

Figure 8 shows the h temperature profile. We can see that 

this profile is symmetrical in relation to the center of the 

greenhouse, the high temperatures are in the vicinity of the 

vertical walls and in the center of the greenhouse because of 

the air movement in these areas. 

 

 
 

Figure 5. Air velocity, vertical distribution in the center of 

the greenhouse 

 

Figure 6. Air velocity, horizontal distribution ( 3
2

H) above 

the ground 
 

 
 

Figure 7. Air temperature, vertical distribution in the center 

of the greenhouse 
 

 
 

Figure 8. Air temperature, horizontal distribution ( 3
2

H) 

above the ground 

 

 

6. CONCLUSION 

 

This paper is a modest contribution to the ongoing 

discussions about the behavior of the air inside the greenhouse. 

The author ś attention was focused a development of 

mathematical model as well as Particular attention is paid to 

using the lattice Boltzmann method. that allowed us to 

determine the spatial and temporal distributions of temperature 
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velocity and isotherms across the study field.  

We have also considered the consequences of buoyancy 

forces inside greenhouses air circulation and temperature 

distribution. The air circulation is characterized by two 

counter-rotating cells with high speeds along the sidewalls, 

roof, floor, and in the center of the greenhouse (coincidence 

zone of the two rollers). Low speeds, on the other hand, are 

recorded in the center and corners of the cells.  

The overall results are summarized as following: 

The evolution of the temperature in the greenhouse keeps 

the same pace for the different numbers of Raleigh also a peak 

in the plane which separates the two counter-rotating cells, 

strong thermal gradients develop in the boundary layers near 

the ground and the roof. 

The temperature difference between the ground and the 

center of the greenhouse is greater than that between the roof 

and the center, this can be explained by the large difference in 

inertia between the ground and the wall. 

The method is an effective way to improve eventually 

improve the thermal design of the greenhouses as well as the 

positioning of the air conditioning systems. 

The analysis and simulation eventually indicate that 

improve the thermal greenhouses design as well as the 

positioning of the air conditioning systems. 

The simulation results match the calculations are in good 

agreement with earlier mentioned documents. 
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NOMENCLATURE 

 

fi Single particle distribution function for density 

gi Single particle distribution function for temperature 

fi
eq equilibrium distribution functions for dynamic  

gi
eq equilibrium distribution functions for thermal field 

ei Discrete Lattice speed 

wi Weights for the particle equilibrium distribution 

function 

 Density of flow (Kg/m3) 

T Temperature (K) 

 Single particle relaxation times for density 

T Single particle relaxation times for temperature 

α Thermal diffusivity (m2/S) 

 Kinematic viscosity (m2/S) 
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