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ABSTRACT 
The aim of this paper is to present an automatic 
generator of zonal models that makes it possible to 
free the user from the choice of the specific flows 
models that have to be implemented in the zonal 
model and from the partitioning stage. The dynamic 
simulation tool called “O-Zone” is based on an 
advanced formulation of zonal models. It uses on a 
new way of sub-dividing the room that allows us to 
obtain a dynamic partitioning based on airflow 
patterns. The partitioning method chosen is the 
Octree method. It is a hierarchical representation of 
the space based on the successive and recursive 
subdivision of a cube in eight smaller cubes. 

NOMENCLATURE 
Ts Inlet air temperature   [°C)] 
qm_s Supply air mass flow  [kg/s] 
dmij Mass flow rate (zone i to zone j) [kg/s] 
Cd Empirical coefficient  [-] 

INTRODUCTION 
In order to design HVAC systems and to predict their 
performances in thermal comfort and indoor air 
quality terms, the estimation of airflow details and 
heat transfers within the building zones represents an 
important stake. Zonal models are dedicated to the 
prevision of the heterogeneity of the thermal and 
aerodynamic characteristics of an air space. They are 
based on dividing the considered room into a small 
number of sub-zones so that they imply moderate 
computing times. These models represent a good 
compromise between simplicity of models and 
quantity of data useful in order to contribute to the 
qualification of environments. If much progress has 
been made to automate the zonal models construction 
knowing the air space partitioning and a choice of the 
models to be used, these two tasks are still spring of 
the user whereas they require an important modelling 
expertise and experimentation in the building 
(experience of buildings’ physics). In order to 
minimize the user’s intervention, we developed an 
automatic generator of zonal models that requires a 
minimum user’s expertise. This dynamic simulation 
tool called “O-Zone” is based on an advanced 
formulation of zonal models. It uses on a new way of 
sub-dividing the room that allows us to obtain a 
dynamic partitioning based on airflow patterns. The 

selected method for partitioning is the Octree 
method. It is a hierarchical representation of the 
space based on the successive and recursive 
subdivision of a cube in eight smaller cubes. The first 
calculation, carried out for statical configurations 
(Guernouti et al., 2004) shows that the partitioning 
method is well appropriated for this kind of airflow 
representation. 

“O-ZONE”: ZONAL MODEL 
GENERATOR 
The designed generator “O-Zone” is constituted of 
five principal modules: an analysis tool, a database, a 
partitioning tool, a simulation tool and finally a 
visualization tool (Guernouti et al., 2003). 
The analysis tool allows interpreting the boundary 
conditions and foreseeing the resulted flows. The 
most adapted analytical model is chosen 
automatically in the database to represent the 
expected airflow. Figure 1 presents the process of 
analysis. 

Reading data files: 
 Source type (mass, heat…) 
 ambient temperature 
 wall temperature 
 room dimension 

Build the names file of models, depending on the 
flow detected in the room. These files refer to the 
models stored in the database. 

For each flow model chosen, Generation of a text 
file (with the same name) containing all these 
features. 

 Analysis of boundary conditions and deduction 
of the physical phenomena arising (detection of 
specific flows). 

Build the geometric scene by combining all the 
models in script file.  

data.txt 
Tambient.txt 
walls_ini.txt 
room.txt 

Lancement.ms 

Choice of models in database 
room.ms 
JI2HP0.ms 

… 

JIHP0.dat 

…

Export the scene in an ACII format with de 3D 

scene.ase  
Figure 1: Analysis tool simplified flowchart 

After the phase of analysis and choice of the models, 
a file containing the geometrical and physical 
characteristics of the models is obtained (Figure 2). 
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This is an “ASE” text file which is composed of 
successive structured lines. It’s consisting mainly of 
nodes (*NODE_NAME in figure 2). A node is a 
structure that represents an object in the “scene”. 
There are several different nodes that correspond to 
what may constitute a scene. A geometric object in 
this file consists of a series of plane surfaces 
associated with three nodes (triangle). The plane 
surfaces are oriented so that their normal is obtained 
by turning it clockwise. The vertex are first listed 
(*MESH_VERTEX_LIST in figure 2) followed by 
the list of the surfaces that constitue the object. This 
file is used to perform the partitioning of the studied 
volume. 

 
Figure 2: Example of file”scene.ase” 

The partitioning tool is based on the octree method 
that allows having a dynamic partitioning, as we will 
see below. The terminal octants (cells of the studied 
volume) at the leaves of the tree represent either 
specific homogeneous zones containing a driving 
flow or ordinary homogeneous zones containing 
ambient air.  
For our research, the scene consists of the room that 
represents the root and of the various geometric 
objects that represent the different specific flows in 
the room. Figure 3 presents the partitioning process. 
After having read the file scene.ase, the room (root) 
is divided into eight cubes (octants). The process of 
partitioning continues until the stopping criterion is 
reached. In our case, we have chosen two criteria. 
The first is the maximum number of plane surfaces 
(which constitute the object representing the flows) 
contained in an octant. The second is the minimum 
size of the octant. So, the partitioning continues until 
the number of plane surfaces in the current octant is 
less than the value "max_faces" or that its size is 
greater than or equal to "min_size" (these two values 
are defined by the user first). We set the value 
"max_faces" to 1. It means that if the number of 
surfaces in an octant is greater than 1, the process of 
partitioning goes on. The choice of the minimum size 
of octants "min_size" is let to the user. The 

numbering of octants is recursive and is done 
according to the following pattern: the octants of the 
first level are numbering from 0 to 7. Then, the 
octants name of the second level is constructed by 
concatenating the name of the divided octant to a 
number between 0 to 7. This concatenation is 
repeated up to the last level of tree partitioning. For 
example, the octant [3_2_0] stems from three 
partionning stages: In first stage, the octant [3] is one 
the six octans that results from the root partitioning 
(level 1). In second stage, octant [2] results from the 
partitioning of the octant [3] (level 2) and in third 
stage the octant [0] is the result of partitioning of the 
octant [2]. 
Once the partitioning done and the octal tree built, 
the next step is the analyze of the tree in order to 
make a list of the octants associated to their 
neighbours which will be necessary to write the 
exchange between cells. To do this, we established 
two kinds of tables: neighbourhood tables and its 
transposed. These tables make easy the search for 
neighbours. In practice, the neighbourhood table is, 
for each octant [i], the list of its same level 
neighbours [j] (Table 1) and also the lower level 
neighbours of each neighbour [j] in all orientations 
(Table 2). The transposed neighbourhood table 
represents the list of the same level neighbours of the 
octant [i] as well as the neighbours son of octant [i] 
in all orientations (Table 3). 

 
Figure 3: partitioning tool flowchart 

By using the file “feuilles.txt” obtained after the 
partitioning and the neighbourhood tables, the octal 
tree is scanned from top to bottom (and vice versa). 
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The list of all neighbours is thus built and saved in 
the file “voisin.txt”. This file contains, for each 
neighbour, its physical model (ambient air, specific 
flow), direction (up, down, etc.) and its coordinates. 

Table 1: Same level neighbourhood table 
Octant 0 1 2 3 4 5 6 7 
Bottom  0  2  4  6 
Top 1  3  5  7  
East 2 3   6 7   
West   0 1   4 5 
North 4 5 6 7     
South     0 1 2 3 

Table 2: Example of neighbourhood table: octant 0 

Orientation Neighbour: 
same level 

Neighbour: 
higher level

1_0 
1_2 
1_4 

Top 1 

1_6 
1_2 
1_3 
1_6 

East 2 

1_7 
1_4 
1_5 
1_6 

O
ct

an
t [

0]
 

North 4 

1_7 
Table 3: Example of transposed neighbourhood 

table: octant 0 

orientation son Neighbour: 
lower level 

0_1 
0_3 
0_5 

Top 

0_7 

1 

0_2 
0_3 
0_6 

East 

0_7 

2 

0_4 
0_6 
0_5 

O
ct

an
t [

0]
 

North 

0_7 

4 

After the partitioning and the tree analysis phases, we 
have a set of volumes (cells) representing either 
ambient air or a specific flow. For each cell, a set of 
equations is written according to the physical 
phenomenon that it contains and the exchanges that 
occur with the other cells. To solve the set of 
equations obtained, we chose to implement our zonal 
model in the object-oriented simulation environment 
SPARK. It is a general simulation environment 
dedicated to the resolution of differential algebraic 
equations (Sowell et al., 2001). We used the existing 

object libraries (Mora et al., 2003; Mendoça et al., 
2005), after having modified them to meet the needs 
of our partitioning. We also have rewritten the 
automatic generator of zonal model. This one allows 
generating the problem specification file (*.pr) used 
by SPARK (Guernouti et al., 2004). The resolution 
process in SPARK is shown in figure 4. The file 
generated at the end of SPARK simulation contains 
results (octree.out). It is used:  
1) to calculat the average ambient temperature in the 
room and to determine the new input data files *. Inp 
(used for the next time-step as long as the dynamic 
simulation is not completed).  
2) by the visualization tool after the end of the 
dynamic simulation. 
 

Parser 

Setup 

Compilation 

Link 

Problem.exe 

Problem.prf 

*.cc, *.cm

Problem.eqs

Problem.cpp

Problème.o

Libsolver.a
*.o

Problem.out 

Problem.run 

Input files

(*.inp)

Problem.pr

Figure 4: SPARK problem generation 
Figure 11 presents the dynamic simulation process. 
So, after the phase of reading the global data file and 
the assumptions (initial ambient air temperature), the 
problem is built at the first iteration (named "i") and 
the first time-step (named "j") (it’s not the same  
time-step than in SPARK simulation but include the 
SPARK simulation steps). The generation of the file 
“lancement_i_j.ms” is completed. This allows O-
Zone to build a 3D scene (the room and the specific 
flows). Then, the partitioning tool uses the file 
«scene_i_j.ase» in order to perform partitioning. The 
resulting file “feuilles_i_j.txt” contains a list of all 
octants, their dimensions and their natures (ambient 
air or particular flows). Then, follows the phase of 
the tree analysis and research of each neighbouring 
cell. The results are stored in the file 
“voisins_i_j.txt”. From these two files, the problem 
“octree_i_j.pr” is generated and then solved in 
SPARK. Results are stored in the “octree_i_j.out” 
file. The new assumptions (hyp_i_j) are then 
calculated (average ambient temperature of the cells) 
and compared to the previous assumptions. If the 
difference between the two temperatures is less than 
“ε”, the time-step is incremented. If not, new 
assumptions are done and a new iteration begins. In 
both cases, the files “lancement.ms”, “scene.ase” and 
“feuilles.txt” are generated. The current file 
“feuilles.txt” is then compared to the previous file. 
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Four scenarios are possible: 1) The tree has changed 
(“feuilles.txt” different) during the time-step. 2) The 
tree has not changed during the time-step. 3) The tree 
has changed to the new time-step. 4) The tree has not 
changed to the new time-step. If files are the same 
(case 2 and 4), the specification file problem is not 
generated. The new results are obtained by using the 
previous files “octree.pr” and “octree.run”. But, it is 
necessary to update the input data (*. inp) assigning 
them new values from previous file “octree.out”.  
The dynamic simulation process described above will 
be discussed in more detail in the following 
applications. 

APPLICATIONS 
To validate the tool developed, we performed 
simulations in a steady-state configuration and in a 
dynamic one. In this paper, we present both of them 
in the case of a room with horizontal wall jet. The 
experimental data used to test the jet model are those 
acquired by CASTANET (Castanet, S., 1998) and 
used under the ARC CNRS / ECOTECH entitled 
"Ventilation and air quality in indoor climate”. The 
dimensions of the studied cell are 3.1 m wide, 3.1 m 
deep and 2.5 m high (Figure 5). The ventilation of 
the room in ensured by an opening at the top of the 
West side and another at the bottom of the opposite 
side. Results from O-Zone are compared with 
experimental data. 

 

 
Figure 5: studied configuration 

For the first simulation (steady case), tables 4 and 5 
give the input values of the problem, which are the 
inlet air temperature, the inlet flow rate and the walls 
surface temperature. 

Table 4: Boundary conditions: Inlet 

Ts (°C) qm s (kg/s) 

34 8.10-3 
Table 5:Boundary conditions: surface temperature 

(°C)  

Sout North East West Ceiling Floor

21.5 21.7 19.6 21.6 22.5 21.2

Taking into account the conditions of air supply, a 
two-dimensional non-isothermal horizontal wall jet is 
chosen for this configuration. 
The jet width bu(x), the longitudinal velocity profile 
U(x) and the velocity amplitude Um(x) are given by: 
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The decay of maximum temperature and the 
logitudinal temperature profile are given respectively 
by:  
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Where, x is the coordinate along the jet axis, y is the 
distance to wall; U0 and h0 are the inlet velocity and 
diffuser height respectively. Kv and KT are empirical 
decay constants. Cu and CT are empirical coefficients. 
NOTTAGE (Zhang et al., 1993) recommends a value 
of 3,5 for Kv. The values for Cu, KT, and CT. are 
respectively 0.074, 2.79 and 0.095 (Musy, M., 1999). 
From these laws, we calculate the airflow rate qm(x) 
and the heat flux φ (x) in the jet vertical interfaces 
(portions of a jet section in which the wall distance 
ranges from y1 to y2) by: 

∫ρ=
2y

1y
m ldy)x(U)x(q  (6.) 

∫ ∆=
2
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y

y

TldyCpUx ρφ  (7.) 

The airflow model between adjacent ordinary cells is 
based on a power-law formulation. The airflow rate 
dmij across the common surface between the cells i 
and j depends on the pressure difference between the 
two zones. We can represent the airflow rate by the 
expression: 

dz)P(P2wCdm j,ij,i

2/1

j,i
j,i

j,idij ∆ε









∆

ρ
ρ=  (8.) 

Where:  
)gzP()gzP(P jjjiiij,i ρ−−ρ−=∆ , (9.) 

εi,j is sign from ∆Pi,j , And Cd is an empirical 
coefficient similar to a discharge coefficient, in 
common practice Cd =0,83. 
The studied room is subdivided into 36 cells like 
presented in Table 6. 
In Figure 6b we present the prediction of airflow 
pattern and the temperature obtained by O-Zone 
(right) and the temperature predicted by the 
experimental data (left). We can see that the 
entrainment of the ambient air into the hot jet is well 
predicted.
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Table 6: Distribution of the cells in the studied room  

Level Ordinary cells Jet cells 

1 4 0 

2 24 8 

Figure 7 shows the temperature profile predicted by 
O-Zone in the central vertical plane at x=1.5 m and 
x= 2.30m. We can see that the value calculated for 

the maximum temperature in the jet is quite similar to 
that obtained experimentaly. However, in the 
occupied zone, the temperature difference between 
the calculated and measured values is about one 
degree.  
 

 

 
Figure 6: 6a(left): Room temperature predicted by experimental data (Castanet, 1998) 

6b (right): Airflow pattern and room temperature predicted by O-Zone 
 

 
Figure 7: Temperature profiles predicted by O-Zone and experimental data in the central vertical plan at: 

7a(left): x= 1.50m  
7b (right):x= 2.30m 

 
To show the evolution of the partitioning over the 
time, we conducted the second simulation (dynamic 
simulation) keeping the same configuration as the 
first time-step and changing the inlet conditions after. 
We chose to perform the simulation over a period of 
three hours with a major time-step of 1 hour (the 
time-step here is the time-step in which the 
simulation in SPARK will run, so that the time-step 
in SPARK are its divisions). It is an interval during 
which we consider that the conditions will not 
change. For example, it may correspond to the 
weather conditions. During this time, and to take into 
account the capacitive terms, the treatment of 
dynamic simulation in SPARK is used, with a 
calculation time-step of 18 seconds to ensure the 

convergence of the dynamic system on the whole 
simulated period. 
Table 7 gives the input values of the problem, which 
are the inlet air temperature and the inlet flow rate at 
each time-step. Table 5 gives the walls surface 
temperature.  
Considering the inlet conditions of the first time-step 
(PDT1), the length of jet penetration is less than 
1,6m. The room is divided into 22 cells as shown in 
Table 8. For both remaining time-step (PDT2 and 
PDT3), the room is divided into 36 cells as shown in 
Table 9. Figure 8 shows the evolution of partitioning 
at each time-step. 
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Table 7: Inlet conditions for dynamic simulation 

Time-step Ts(°C) qm s(kg/s)

PDT1 25 0.458 10-3

PDT2 25 0.017 

PDT3 25 0.017 

Table 8: Distribution of the cells (time-step: PDT 1) 

Level  Ordinary cells Jet cells

1 6 0

2 12 4

Figure 9 shows the evolution over the time of the 
average temperature in room and also the evolution 
of temperature in the jet cell whose center gravity 
coordinates are (1,1625; 1,1625; 2,1875). 
Table 9: Distribution of the cells time-step: PDT 2 
and PDT3) 

Level  Ordinary cells Jet cells

1 4 0

2 24 8

 
Figure 8: Partitioning evolution over the time 

We can see that the mean air temperature in the room 
is evolving in a similar manner to the temperature in 
the jet cell (Cel_1_7). In both cases it increases 
between major time-step loads (each 1 hour). This 
increase is the change in boundary conditions (air 
mass flow supply). Moreover, for each major time 
step "i" we can observe the evolution of temperature 
after the achievment of the SPARK dynamic 
calculation with a 18 second time-step. This 
evolution follows an exponential curve. 

 
Figure 9:Temporal evolution of the average 

temperature in the room and the temperature in the 
jet cell cel_1_7 

The convergence of the global dynamic system was 
obtained after one iteration for each major step loads. 
This number does not include iterations during the 
dynamic simulation in SPARK. It is designated by 
“j” in the flowchart presented in Figure 11. To be 
more clear we will detail the run process of the 
simulation by making the link between the results 
obtained and the flowchart in Figure 11. 
The simulation begins at the time "t0" with a 
temperature equal to 21,5 °C as initial assumption 
(Hyp_0_0). We consider that the loads are constant 
between the major time-step. In the first major  
time-step "i" equal to 1 hour and the first iteration 
"j", an analysis of the boundary conditions is made, 
the models representing specific flows are selected in 
the database (for this application, the model retained 
is the two-dimensional hot wall jet) and the file 
"lancement_1_1" is generated. The scene (geometric 
representation of the room and specific flows in a 3D 
modeling software) is then built and the partitioning 
is achieved. At this stage of the simulation, the file 
containing the tree structure studied "feuille_1_1" is 
generated (Figure 11). Starting from this file, the 
problem "octree_1_1.pr" is built with the various 
files needed for simulation in SPARK 
(octree_1_1.run, *. inp). Taking into account the air 
heat capacity, the dynamic simulation is carried out 
in SPARK with a 18 second time-step and a 
maximum number of iterations of 600 (for each 
SPARK time-step). So, we get the file 
"octree_1_1.out" that stores the results of this 
simulation. The assumption (Hyp_1_1) representing 
the average temperature in the simulated room is then 
calculated and compared to the previous assumption. 
For this study, only one "major" iteration is necessary 
to check the test ((Hyp_1_1)-(Hyp_0_0) <ε, ε = 
0,5°C). Then, the major time-step “i” is incremented, 
the new hypothesis (Hyp_1_1) is taken into account 
for the following calculations. So, the simulation runs 
as the same way as in the previous time-step until 
phase of the tree generation “feuille_2_1”. 
Indeed, for this application, the partitioning is not the 
same between the first “major” time-step and the 
second. The trees “feuille_1_1” and “feuille_2_1” are 
different. In this case, a new problem specification 
"octree_2_1.pr" is generated. The values of the old 
tree are forwarded to the new in order to perform the 
simulation in SPARK (Figure 11). This calculation 
represents the second step of the curves shown in 
Figure 11. As for the last time-step, one iteration is 
necessary for the convergence of the system. For the 
last “major” time-step, the simulation continues in 
the same manner as the previous ones. 
Figure 10 shows the temperature profiles obtained by 
O-Zone in the central vertical plane at x=1,50 m and 
x= 2,50 m from the supply opening. We can see two 
distinct zones at each time-step. We obtain an upper 
zone (altitude higher than 1,5m) warmer than the 
lower zone (occupancy zone). The figure 10 also 
enables us to highlight the evolution of the 
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partitioning over the time. Indeed, we can see that the 
temperature gradient is greater during the second and 
the third steps (where the jet is impacting) than 
during the first. The extinguishment of the hot jet 
occurs at the middle of the room. 

DISCUSSION 
On the whole, the results are promising. For both 
steady and dynamic simulations, the upper part of the 
room seems to be well characterized. The lower part  
is less well represented, as already noticed by other 
authors (Musy, 1999). It would be necessary to find 
other laws to represent the exchanges between the 
ordinary air cells.  
Furthermore, it necessary to note, especially in the 
case of dynamic simulation, that the applications 
presented here are made to study the feasibility of the 
approach. So, we can’t make conclusions about the 
results without numerical and experimental 
validation. The results presented are more a 
demonstration of the effective functioning of the tool 
developed "O-Zone" that a validation of the zonal 
model generated. 

 
Figure 10: Temperature profiles in the central 

vertical plane at x=1.5 m and x=2.5m, predicted by 
O-Zone at each time-step 

We can also note that during the dynamic simulation, 
the generated zonal model is revised only on the 
“major” time-step (out off of SPARK simulation). 
But, during a dynamic simulation, the average 
temperature in the room changes, therefore, it may 
happen that the model generated is no longer valid 
(particularly in the case of simulation over a long 
period of time). Indeed, we can imagine, for 
example, that during the dynamic simulation, the 
difference between the average temperature in the 
room and the supply temperature is cancelled. In this 
case, the present jet is no longer a hot jet but an 
isothermal jet. So, the model chosen at the beginning 
of the simulation is no longer valid. 

Therefore, it’s necessary to revise the generated 
zonal model during a dynamic simulation in SPARK. 
This verification allows to ensure the convergence of 
the dynamic system to the physical solution of a 
problem. To overcome this difficulty, we propose to 
limit the period of dynamic simulation in SPARK 
and perform the calculation by steps. This solution 
will stop the calculation in SPARK every fifteen 
minutes for example, keeping the assumptions and 
the loads of the ongoing major step-time, and 
determine the relevance of the initial assumptions 
and the validity of the generated zonal. 

CONCLUSION 
The classical modeling approach focuses, in most 
cases, on the description of a problem, its 
mathematical representation and its numerical 
resolution. The majority of tools neglects the concept 
of understanding the model by a user. They don't 
include the personnal specification of their potential 
users. In this context, we have developed an 
"intelligent" tool, which can generate "autonomous" 
zonal models. Indeed, our tool supports automatically 
all the steps of the dynamic simulation:  
• the choice of models to represent the specific 

flows in the studied local,  
• the partitioning of this one,  
• the resolution of the set of equations results. 
In this paper, we have presented two applications in 
order to validate the method of partitioning and the 
actual functioning of our tool. These applications 
have enabled us to demonstrate the ability of O-Zone 
to generate dynamic simulation with an adaptive 
partitioning to specific flows in the studied room. We 
have also applied the automatical partitioning change 
during a simulation. Of course, there is a lack of 
validation against experimental results but the results 
are coherent.  
As mentioned above, none of these applications is 
performed to demonstrate the validity of the zonal 
models generated by O-Zone. It is a demonstration of 
the dynamic tool. These applications also highlight 
the advantages of developing this new generation of 
“autonomous” zonal models based on an automatic 
and adaptive partitioning to generate simulations 
which are induced by boundary conditions changing 
over the time (such as solar insolation: sun patch 
problem).Thus, it is possible to validate for further 
work the representation of physical phenomena and 
models chosen by comparing the predictions with 
experimental data and numerical details. 
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Figure 11:General flowchart of O-Zone dynamic simulation  
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