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Abstract 

The use of efficient systems in order to reduce the energy consumption presents in nowadays a great challenge. 

Indeed, the use of the renewable energy in the heat ventilation of building application becomes very crucial. In this 

work, we are interested on the study of the turbulent flow in a box prototype. In this prototype, a solar system is 

integrated to supply the whole inlet with a hot air. The numerical model is based on the resolution of the Navier-

Stokes equations in conjunction with the standard k-ω turbulence model. These equations were solved by a finite 

volume discretization method using the commercial CFD code ANSYS Fluent 17.0. To accurate the numerical 

results, the meshing effect on the numerical results was studied to choose the optimal mesh with a minimum 

calculated time. The numerical results were compared using anterior results developed in our laboratory. The good 

agreements confirm the validity of the numerical method. 

Keywords: CFD, box prototype, heat ventilation, turbulent flow, meshing effect.  
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Introduction 

The energy use worldwide is increasing every year. 

In the last 40 years, the consumption has more than 

doubled. In fact, we can affirm today that the CFD 

technique is a useful tool, largely adopted by the 

indoor environment research community (Nilsen, 

2016) for investigations dealing with ventilation 

efficiency (Mao, 2016), indoor air quality (Gilani, 

2015) and thermal comfort (Nada, 2016, Ahmed, 

2016). The housing and service sector is one of the 

largest energy users on the word market. In order to 

reduce the energy consumption, the use of efficient 

systems presents a great role (Wang, 2009, Varughese, 

2016). In this context, Park et al. (2017) investigated 

the effect of the interaction between buoyancy and wind 

on windward SSV in an isolated building. Driss et al. 
(2016) developed a living room with a patio system 

located in the building center. This patio, with 

transparent roofing, can stock great heat energy in 

winter. By connecting this patio to the adjacent rooms, 

these solutions can improve the comfort conditions by 

modifying the microclimate of the building and by 

enhancing the airflow in it. In other work, Driss et al. 
(2015) proposed an outlining environment suitable 

building, to develop the natural ventilation and provide 

the thermal comfort requirements around the building 

and by enhancing the airflow. Rauf et al. (2015) 

investigated the relationship between the service life 

and the life cycle embodied energy of buildings. The 

embodied energy of a detached residential building was 

calculated for a building service life range of 1-150 

years. Premrov et al. (2016) demonstrated possible 

avoidance of the latter energy related problem. The 

research is based on a case study of a one-storey timber-

frame house, taking into account the climate data for 

three different European cities. Chan (2015) 

investigated an appropriate floor level of a residential 

building above which balconies should be incorporated. 

Different building configurations coupled with 

microclimate conditions produced varying flow field 

around building complex have been investigated for 

many research, extensively, through wind tunnel 

measurement. In buildings, the natural ventilation 

occurs when there is a pressure weight contrasts 

generated by wind or buoyancy forces that act on one or 

more openings in the building envelope (Martins, 2016). 

It is agreed that variables influencing inside thermal 

comfort can be assembled into two groups: human 

factors and environmental factors. These factors include 

air temperatures, air velocity, mean radiant 

temperature and relative humidity (Sedik et al., 2013). 

Air temperature is the most regularly utilized 

parameter of thermal comfort (Yang et al., 2016). In 

others applications, Zhou et al. (2014) employed CFD 

simulation to optimize natural ventilation for high-rise 

residential buildings by adjusting the building 

orientation, building spacing, window opening positions. 

Caciolo et al. (2014) demonstrated that the natural 

ventilation can contribute to the reduction of the air 

conditioning demand and to the improvement of 

thermal comfort in buildings. Bu et al. (2013) studied 

the performance of both wind tunnel experiments and 

numerical simulations on a scale model with the focus 

on wind-driven natural ventilation in an areaway-

attached basement with a single sided opening. Awbi 

(1998) presented results for natural convection heat 

transfer coefficients of a heated wall, a heated floor and 

a heated ceiling which have been calculated using CFD. 

Lo et al. (2012) provided measurements of wind 

properties, façade pressures, airflow rates through 

small window openings, and tracer gas concentrations 

for a multi-zone test building. While studies have 

focused on the difficulty of predicting the total flow rate 

and measuring opening characteristics of cross 

ventilation. In a second paper, Lo et al. (3013) 

investigated the impacts on the distribution of indoor 

air. Pasut et al. (2012) investigated the performance of 

the two most commonly used turbulence models for 

simulating the naturally ventilated DSF and results 

validated against available experimental data. Zhang et 
al. (2007) evaluated the overall performance of eight 

prevalent and recently proposed models for simulating 

airflows in enclosed environments. Niu (2004) proposed 

using window vents as an alternative for natural 

ventilation in high-rise buildings. His analysis showed 

that window vents can provide constant air flow by self-

regulating the opening degree in response to pressure 

differences. According to theses anterior studies, it is 

clear that the use of the renewable energy in the 

building application becomes very crucial. Also, there 

are few researches on the design method. The aim of 

this work is to develop CFD simulations to study the 

turbulent flow in a box prototype. In this prototype, a 

solar system is integrated to supply the whole inlet with 

a hot air. To accurate the numerical results, we are 

interested on the study of the meshing effect on the 

numerical results to choose the optimal mesh with a 

minimum calculated time. The numerical results are 

validated using anterior results developed in our 

laboratory. 

Geometrical System 

Fig 1 presents a box prototype with a height h= 

0.22 m, a width w= 0.20 m and a length l= 0.30 m. In 

this system, two square holes, with a distance h3= 

h4=0.02 m, are placed in the same face. The first hole, 

placed at a distance h1= 0.05m from the floor, is used to 

give the airflow from the outside of the box prototype. 



Bakri et al.                                                                                                                 Transylvanian Review: Vol XXVI, No. 30, July 2018 

7991 

The second hole, placed at a distance h2= 0.18 m from 

the base, permits the evacuation of the air flow from the 

box prototype. In practice, the air flow comes from a 

solar air system or from a patio with transparent 

roofing. As presented by Driss et al. (2016), this patio 

can stock the heat energy in winter. By connecting this 

patio to the adjacent rooms, it is possible to create a 

circulation of the heat flow which can be distributed 

according to the building. However, in our experimental 

investigation, we have used an air heater to supply the 

box prototype.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: 3D View of the box prototype 

 

Numerical Parameters 

Mathematical Formulation 
The equations governing the flow of air are the 

continuity equation, the momentum equations and 

the energy equation. Substituting expressions for the 

flow variables into the instantaneous continuity and 

momentum equations and taking a time average 

yields, the ensemble-averaged momentum equations 

can be obtained (Driss et al., 2014, Driss et al., 2015, 

Driss et al., 2016). They can be written in Cartesian 

coordinate form as: 
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These equations are called Reynolds-averaged Navier-

Stokes (RANS) equations. They have the same 

general form as the instantaneous Navier-Stokes 

equations, with the velocities and other solution 

variables representing time-averaged values. 

Additional terms represent the effects of turbulence. 

These Reynolds stresses          ̅̅ ̅̅ ̅̅ ̅ must be modeled in 

order to close equation 2. The Reynolds-averaged 

approach to turbulence modeling requires that the 

Reynolds stresses are appropriately modeled. A 

common method employs the Boussinesq hypothesis 

to relate the Reynolds stresses to the mean velocity 

gradients: 

      ̅̅ ̅̅ ̅̅ ̅    (
   

   
 
   

   
)  

 

 
(     

   

   
)              (3) 

The Boussinesq hypothesis is used in the different 

turbulence models. The advantage of this approach is 

the relatively low computational cost associated with 

the computation of the turbulent viscosity   , defined 

by: 
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The coefficient α damps the turbulent viscosity 

causing a low-Reynolds number correction. It is given 

by: 
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In the high-Reynolds number form of the k-ω model, 

α =α  ∞= 1. The standard k-ω model is based on the 

Wilcox k-ω model, which incorporates modifications 

for low-Reynolds number effects, compressibility, and 

shear flow spreading. With this model, the turbulence 

kinetic energy k and the specific dissipation rate ω 

are obtained from the following transport equations: 
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Constants of the standard k-ω model are presented in 

table 1. 
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Table 1: Constants of the standard k-ω model. 
α0 α∞ α ∞ Rω Rk σk 
1/9 1.9 1.0 2.95 6.0 2.0 

 

The turbulent heat transport is modeled using the 

concept of the Reynolds analogy to turbulent 

momentum transfer. The "modeled" energy equation 

is as follows: 
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Where K is the thermal conductivity, E is the total 

energy, and (   )    is the deviatoric stress tensor, 

defined as: 
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Boundary Conditions 
A summary of the boundary conditions is given in 

Fig 2. In these conditions, we have considered that the 

heat flow supply the box prototype from the outside air 

heater with a velocity inlet equal to V= 3.4 m.s-1 and a 

temperature T= 310 K, measured in the first hole. From 

the second hole, the air flow is evacuated from the box 

prototype to an area with a static atmospheric pressure. 

For thus, we have imposed in the second hole an outlet 

pressure with a value of 101325 Pa. Knowing that the 

box prototype presents our domain, the roof and the 

lateral surface of the building and the wall of the 

computational domain are considered as a wall 

boundary conditions.  

 

 
Fig 2: Boundary conditions 

 

Meshing Choice and Experimental Validation 
In this section, we are interested on the mesh 

resolution’s influence on the velocity profile defined in 

the intersection of the two planes z= -0.005 m and x= 

0.06 m. Particularly, we have superposed the 

experimental results, collected from the experimental 

investigation, with the numerical results for different 

meshing as presented in Fig 3. In fact, the type of the 

mesh has been changed based on the cells number. For 

thus, four meshes have been tested. The first case to be 

set corresponds to a coarse mesh composed by 12883 

cells (Fig 3.a). The second case corresponds to 119061 

cells (Fig 3.b) and the third case corresponds to 167400 

cells (Fig 3.c). However, the fourth case corresponds to a 

refined mesh with 797416 cells (Fig 3.d). The 

corresponding time calculation and number of iterations 

for the different simulations are presented in tab 2. 

From these results, it has been observed that the 

velocity profiles seem to have the same appearance, but 

the velocity values depends on the meshing choice. In 

fact, more the size of the cells increases, the difference 

between the experimental and numerical results is 

great. In these conditions, it has been noted that the 

velocity value obtained with the third and the fourth 

cases are the closest to the experimental measured 

value. In these conditions, the gap between the 

numerical and the experimental results is about 5%. In 

addition, it was found that the time resolution increases 

with decreasing of the mesh size. For thus, our choice 

leads to a better result regarding the precision and 

resolution time. This study tends to show that the third 

meshing are the most efficient to model the air flow in 

the box prototype. (Fig 4) 

 

Pressure outlet 

Velocity inlet 



Bakri et al.                                                                                                                 Transylvanian Review: Vol XXVI, No. 30, July 2018 

7993 

 
(a) 12883cells    (b) 119061cells 

 
(c) 167400cells    (d) 797416 cells 

Fig 3: Meshing of the computational domain 

 

 Table 2: Characteristic of the meshing  
 Number of Nodes Number of cells Time calculation Number of iterations 
First Meshing 5004 12883 6:25:32 5738 
Second 
Meshing 

43825 119061 25:40:28 16668 

Third Meshing 64312 167400 38:32:39 58154 
Fourth 
Meshing 

303189 797416 120:47:22 167208 

 

 
Fig 4: Velocity profiles in the direction defined by z= -0.005 m and x= 0.06 m. 

 

Results and Discussion 

In this section, we are interested in studying of the 

aerodynamic structure of the turbulent flow inside the 

box prototype, characterized by a Reynolds number 

equal to Re= 5100. Particularly, we have considered six 

planes, defined by x= 0.06 m, x= 0.20 m, y= 0.05 m, y= 

0.18 m, z= -0.03 m and z= -0.14 m, to study the air flow 

characteristic such as the distribution of the velocity 

fields, the temperature, the total pressure, the 

turbulent kinetic energy and the turbulent viscosity, as 

presented in figure 5.  
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Fig 5: Visualization planes. 

 

Velocity Fields 
Fig 6 shows the distribution of the velocity fields in 

the different considered planes defined by x= 0.06 m, x= 

0.20 m, y= 0.05 m, y= 0.18 m, z= -0.03 m and z= -0.14 

m. According to these results, it has been noted that the 

average velocity is equal to V= 3.4 m s-1 at the entrance 

hole of the box prototype. From this hole, a discharge 

area has been generated until the opposite wall, where 

the averaged velocity value is about V= 1.3 m s-1. In this 

crosswise, the direction of the velocity is modified in two 

directions. The first ascending flow generates the 

recirculation zone characterized by the center position 

defined by x= 0.06 m, y= 0.12 m and z= -0.13 m and 

appeared in the whole area of the box prototype. The 

second descending flow generates the dead zone 

characterized by the center position defined by x= 0.06 

m, y= 0.02 m and z= -0.16 m and appeared in the down 

area. Through the hole outlet, the exiting movement of 

the air flow appears with a maximum value equal to V= 

4.65 m s-1. In this side, the averaged velocity presents a 

very low value.  

 
(a) x=0.06 m     (b) x=0.20 m 

  
(c) y=0.05 m    (d) y=0.18 m 

  
(e) z=-0.03 m    (f) z=-0.14 m 

Fig 6: Distribution of the velocity field. 
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Temperature 
Fig 7 shows the distribution of the temperature at 

t= 2 s, in the different considered planes defined by x= 

0.06 m, x= 0.20 m, y= 0.05 m, y= 0.18 m, z= -0.03 m and 

z= -0.14 m. According to these results, it has been noted 

that the temperature is equal to T= 310 K at the 

entrance hole of the box prototype. From this hole, a 

slightly decrease of the temperature has been observed 

in the discharge area developed until the opposite wall. 

Above this area, the temperature decreases further. 

This fact can be explained by the recirculation zone 

appeared in the whole area of the box prototype. This 

cooling continues until the hole outlet, where the 

temperature achieves T= 300 K. The cold area 

characteristics of the minimum value equal to T= 295 K 

appears in the dead zone localized between the two 

holes.  

 

 

         
(a) x=0.06 m    (b) x=0.20 m 

 
(c) y=0.05 m    (d) y=0.18 m 

  
(e) z=-0.03 m    (f) z=-0.14 m 

Fig 7: Distribution of the temperature at t=2 s. 

 

Total Pressure 
Fig 8 shows the distribution of the total pressure in 

the different considered planes defined by x= 0.06 m, x= 

0.20 m, y= 0.05 m, y= 0.18 m, z= -0.03 m and z= -0.14 

m. According to these results, it has been observed that 

the total pressure presents a compression zone at the 

entrance hole of the box prototype. From this hole, a 

slightly decrease of the total pressure has been noted in 

the discharge area. Indeed, a second compression zone 

characteristic of the maximum value of the total 

pressure, equal to pt= 101342 Pa, is created in the 

opposite wall. This fact can be explained by the 

recirculation zone appeared in the whole area of the box 

prototype. In the hole outlet, a depression zone, 

characteristic of the minimum value of the total 

pressure equal to pt= 101322 Pa, is shaped.  



Bakri et al.                                                                                                                 Transylvanian Review: Vol XXVI, No. 30, July 2018 

7996 

 

 

 

 

        
(a) x=0.06 m    (b) x=0.20 m 

  
(c) y=0.05 m    (d) y=0.18 m 

   
(e) z=-0.03 m    (f) z=-0.14 m 

Fig 8: Distribution of the total pressure. 

 

Turbulent Kinetic Energy 
Fig 9 shows the distribution of turbulent kinetic 

energy in the different considered planes defined by x= 

0.06 m, x= 0.20 m, y= 0.05 m, y= 0.18 m, z= -0.03 m and 

z= -0.14 m. According to these results, it has been noted 

that the turbulent kinetic energy presents low values at 

the whole inlet of the box prototype. From this hole, a 

slightly increase of the turbulent kinetic energy has 

been observed in the discharge area, created in the 

bottom of the box prototype and near the opposite wall. 

In this area, a wake zone characteristic of the 

maximum values of the turbulent kinetic energy 

appears. This fact can be explained by the recirculation 

zone created in the whole area of the box prototype. Far 

from of this domain, the turbulent kinetic energy 

decreases and reaches a very weak value in the top of 

the box prototype. However, in the hole outlet, a second 

wake zone appears, with a maximum value of the 

turbulent kinetic energy equal to k= 0.398 m2.s-2.  
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(a) x=0.06 m     (b) x=0.20 m 

  
(c) y=0.05 m    (d) y=0.18 m 

  
(e) z=-0.03 m    (f) z=-0.14 m 

Fig 9: Distribution of the turbulent kinetic energy 

 

Turbulent Viscosity 
Fig 10 shows the distribution of the turbulent 

viscosity in the different considered planes defined by 

x= 0.06 m, x= 0.20 m, y= 0.05 m, y= 0.18 m, z= -0.03 m 

and z= -0.14 m. According to these results, it has been 

noted that the turbulent viscosity presents low values 

at the whole inlet of the box prototype. From this hole, a 

slightly increase of the turbulent viscosity has been 

observed in the discharge area, created in the bottom of 

the box prototype and near the opposite wall. In this 

area, a wake zone characteristic of the maximum values 

of the turbulent viscosity appears. This fact can be 

explained by the recirculation zone created in the whole 

area of the box prototype. Far from of this domain, the 

turbulent viscosity decreases and reaches a very weak 

value in the top of the box prototype. However, in the 

hole outlet, a second wake zone appears, with a 

maximum value of the turbulent viscosity equal to t= 

0.00196 kg.m-1.s-1. 
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(a) x=0.06 m    (b) x=0.20 m 

     
(c) y=0.05 m    (d) y=0.18 m 

  
(e) z=-0.03 m    (f) z=-0.14 m 

Fig 10: Distribution of the turbulent viscosity 

 

Conclusion 

In this work, we are interested in the study of the 

heat ventilation of a box prototype with a k-ω 

turbulence model. In this prototype, a solar system is 

integrated to supply the whole inlet with a hot air. 

From this hole, a discharge area has been generated 

until the opposite wall where the direction of the 

velocity is modified in two directions. The first 

ascending flow generates the recirculation zone 

appeared in the whole area of the box prototype. The 

second descending flow generates the dead zone 

appeared in the down area. Through the whole outlet, 

the exiting movement of the air flow appears with a 

maximum value. To accurate the numerical results, the 

meshing effect on the numerical results was studied to 

choose the optimal mesh with a minimum calculated 

time. The numerical results were compared using 

anterior results developed in our laboratory. The good 

agreements confirm the validity of the numerical 

method. In the future, we propose to study the size of 

the air distribution system on the aerodynamic 

characteristics in the considered box prototype. The use 

of the adequate system is the key to reduce the energy 

consumption and to guess a continuous heating with 

zero energy. 
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Nomenclature 

E: Total energy (J) 

Fi: Force components on the i direction (N) 

Gk: Generation of the turbulent kinetic energy 

(kg.m-1.s-3) 
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Gb: Generation of turbulence kinetic energy  

(kg.m-1.s-3) 

Gv: Production of turbulent viscosity (kg.m.s-2) 

G: Generation of the dissipation rate of the turbulent 

kinetic energy (kg.m-1.s-3) 

H: Height (m) 

h: Thermal enthalpy (J.kg-1) 

k: Turbulent kinetic energy (m2.s-2) 

l: Length (m) 

p: Pressure (Pa) 

Pr: Prandt number 

QH: Heat source or sink per unit volume (kg.m-1.s-3) 

qi: Diffusive heat flux (J) 

Re: Reynolds number (dimensionless) 

Rk: Constant of the k- turbulence model 

(dimensionless) 

Rω: Constant of the k- turbulence model 

(dimensionless) 

S: Scalar measure of the deformation tensor 

Si: Mass-distributed (kg.m-2.s-2) 

Sij: Mean rate-of-strain tensor (s–1) 

S: Source terms of the specific dissipation rate of the 

turbulent kinetic energy (kg.m-1.s–3) 

Sk: Source terms of the turbulent kinetic energy 

(kg.m-1.s–3) 

T: Temperature (K) 

t: Time (s) 
u: Velocity components (m.s

-1
) 

ui’: Fluctuating velocity (m.s
-1

) 

xi: Cartesian coordinate (m) 

x: Cartesian coordinate (m) 

y: Cartesian coordinate (m) 

YM : Fluctuating dilatation in compressible turbulence 

(kg.m
-1

.s
-3

) 

Yk : Turbulence dissipation of k (kg.m
-1

.s
–3

) 

Y : Turbulence dissipation of  (kg.m
-1

.s
–3

) 

z: Cartesian coordinate (m) 

U: Free-stream velocity (m. s
–1

) 

α0 : Constant of the k- turbulence model (dimensionless) 

α∞ : Constant of the k- turbulence model (dimensionless) 

α ∞: Constant of the k- turbulence model (dimensionless) 

ij: Kronecker delta function (dimensionless) 

μ: Dynamic viscosity (Pa.s) 
μt: Turbulent viscosity (Pa.s) 

μeff: Effective viscosity (Pa.s) 

:: Specific dissipation rate (s
–1

) 
ρ: Density (kg.m

-3
)    

I : Constant of the k- turbulence model (dimensionless) 

k : Turbulent Prandtl number for k (dimensionless) 

 : Turbulent Prandtl number for  (dimensionless) 

τij : Viscous shear stress tensor (Pa) 

(τij)eff : Deviatoric stress tensor (Pa) 

: Equivalence ratio (dimensionless) 

k: Effective diffusivity of k (Pa.s) 

: Effective diffusivity of  (Pa.s) 

 : Swirl number (dimensionless) 

ij : Rate of rotation tensor (s
–1

) 
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