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Abstract—In this paper a three dimensional (3D), 

Computational Fluid Dynamics (CFD) simulation for indoor 

air flow and heat transfer in a single room was developed. The 

multi-layer structure building envelop, with expanded 

polystyrene (EPS) as thermal insulation inside, has been 

included into simulation and its influence on thermal 

performances were analysed.  The indoor air flow and 

temperature distribution were analysed for different 

thicknesses of  EPS  insulations and were compared to the case 

without insulation. The commercial software FLUENT has 

been used in the simulation. The air flow due to natural 

convection is included into the model through a buoyancy-

driven flow. The realizable k- model, based on Reynolds-

Averaged Navier-Stokes (RANS) equations, is used for 

modelling of the turbulence in air flow. The radiator model 

with thermal flux as input parameter is used for simulation of 

heating of the room. In order to resolve flow in boundary layer 

high resolution grid near walls and low-Reynolds number has 

been used. According to the presented results the thickness of 

thermal insulation has significant influence on the indoor air 

flow and the temperature distribution inside the building. 

 

Index terms — CFD simulation; building structure; 

temperature distribution, indoor air  

 

I. INTRODUCTION 

The significant part of global energy consumption goes to 

the energy use in buildings, mainly related to heating and 

cooling [1, 2]. Therefore, an improvement of the thermal 

performance and energy efficiency of the building structure 

would have a significant influence on the reduction in the 

energy consumption. The thickness of the insulation could 

be optimized by taking into account the requirements for the 

thermal performance of the building, energy costs and the 

initial cost of the insulation system [1-3]. The physical 

properties, geometry (thickness) of the insulation materials 

and geometry of building structure have significant 

influence on the thermal performance and energy efficiency 

of buildings. The most important parameters which 

influence the thermal performance of insulation materials 

are the thermal conductivity and the thickness of the 
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insulation material. The two main strategies for 

improvement of the thermal performance are use of new 

insulation materials with lower thermal conductivity or use 

of higher thickness of existing insulation materials [2]. The 

different numerical techniques and CFD simulations have 

been used for analysis of different aspects of heat transfer 

and air flow in different engineering applications including 

indoor and outdoor environments [4-10].  

The interaction between indoor air and walls has 

important influence on air flow in the boundary layer and 

convective heat transfer coefficient (CHTC) [6]. The high 

resolution CFD simulations and low-Reynolds number 

modelling have been used for accurate estimation of CHTC 

for indoor CFD simulations [6]. A similar approach has 

been used to improve accuracy of CHTC on building facade 

for outdoor CFD simulations [7]. Another approach for 

assessment of the thermal performance of buildings is to use 

the coupled Building Energy and CFD [11, 12]. The 

approach uses the CHTC, which is obtained as output from 

the CFD calculation, as input parameter in the Building 

energy simulation [11]. To include the effect of the 

turbulence into the CFD simulations the various k- models 

have been used for indoor and outdoor airflow [6,7,13]. The 

main objective of the present study is to analyse the 

influence of EPS insulation thickness on thermal 

performance of a building structure by using a three 

dimensional CFD simulation for indoor air flow and heat 

transfer. The developed CFD simulation includes indoor air 

flow, indoor heat transfer in air and heat transfer through 

building envelope. The heating of the room has been 

simulated by the radiator model with thermal flux as input 

parameter. The CFD simulation is based on RANS [17-24] 

equations and the turbulence in air flow is taken into 

account by using k- model. The outdoor temperature has 

been considered as constant. The dimensions and the 

geometry of the building envelope have been included into 

the model. The building envelope is considered as a multi-

layer structure. The natural convection due to heating has 

been modelled as buoyancy-driven flow. To improve the 

accuracy in CHTC modelling high resolution grid and low-

Reynolds number has been used. To develop and perform 

CFD simulations the commercial software FLUENT has 

been used. 

II. PHYSICAL MODEL OF TEMPERATURE FIELD 

AND AIR FLOW  

The air flow has been modelled with Navier-Stokes (NS) 

equation. The standard form of the equation is given in the  

following form [14-16]: 
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where ρ [kg/m
2
]  is air density, v


[m/s] is air velocity, p [Pa] 

is pressure,   [m
2
/s] is kinematic viscosity,  [Pa·s] is air 

dynamic viscosity and g[m/s
2
] is the gravitational 

acceleration. The first two terms on the left side of the 

equation (1) represent the total change of impulse of air per 

unit of volume, and the first term on the right side represents 

the change of impulse per unit of volume due to the pressure 

gradient, the second one is the contribution of the change of 

the impulse due to viscous friction between layers of fluid 

and the third one is due to the influence of gravitational 

acceleration. The principle of conservation of mass could be 

expressed by the equation of continuity: 
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Fourier equation of heat conduction which includes 

convective heat transfer is given by the equation: 
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where T [K] is temperature, cp [J/kg K] is specific heat and 

  [W/m·K] is coefficient of thermal conductivity. 

Convective heat transfer in the equation (3) is on the second 

member of the left. To close the system of equations (1-3), 

equation of state which connects the basic thermodynamic 

conditions, temperature, density and pressure should be 

given: 

    .0,, Tpf    (4) 

In our case, we will assume that the air is ideal gas. 

Pressure, temperature and density could be expressed as sum 

of mean values and perturbation terms in the following 

form: 
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where p, T and  are the perturbations in pressure, 

temperature and density respectively, while p0 , T0 and 0 

are pressure, temperature and density in thermal 

equilibrium, β [1/K] is the thermal expansion coefficient. By 

using the expressions for small perturbations in relations (1- 

4), the following expressions for buoyancy-driven flow 

could be obtained: 
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The effect of turbulence is included using the Reynolds 

averaging formulation (RANS). According to this approach 

the velocity and pressure are split into main value and the 

fluctuation part, where the mean value is obtained by 

averaging over ensemble.  

 As a result of averaging there are two additional dynamic 

size: k [m
2
/s

2
]  is averaged turbulent kinetic energy and  

[m
2
/s

3
] is velocity of dissipation. The propagation of 

turbulent kinetic energy and its dissipation within the fluid 

with two additional transport equations for k and  have 

been provided. In this way, the system of equations has been 

closed because the number of unknowns (dynamic size:

,,,,,, kTvvvp
zyx

) is equal to the number of equations. This 

model of turbulence is called RANS formulation. 

 

III. CFD SIMULATION 

Three dimensional (3D) indoor airflow and heat transfer 

in a single room during heating have been analysed using 

CFD simulation. The room with one door and two windows, 

which has two interior and two outside walls, ceiling and 

floor, is considered. The heating of the room has been 

considered by radiator model with heat flux as an input 

parameter. The geometry of the room with dimensions and 

positions of windows, door and radiator are presented in Fig. 

1. Temperatures Tout and Tin indicate in Fig. 1 the outdoor 

and indoor temperature, respectively, which have been used 

as boundary conditions on the walls, windows and door. The 

dimensions of the room  are LBH = 542,53 m
3
, and 

other dimensions from figure 1a are a = 0,4 m, c = 1,63 m. 

Internal wall surfaces which belong to the building envelope 

are labelled wall 3 and wall 4 while surfaces on the internal 

walls are labelled wall 1 and wall 2, as indicate in Fig.1. The 

dimensions of the door are 0,95 (width)  2,06 (height) m
2
 

and the dimensions of the windows (Fig. 1 and 2) are BW 

(width)  HW (height) = 1,4  1,53 m
2
. The radiator is 

placed below the windows and its position and other 

dimensions in vertical x-z plane are shown in Fig. 2, where 

drad = 0,1 m and H1 = 0,32 m. The dimensions of the radiator 

are 3,2 (length)  0,53 (height) m
2
. It has been assumed that 

the thermal flux from the radiator is constant and equal to 

500 W/m
2
 in all simulations. The coordinate origin is placed 

on the floor of the room and its position in x-y plane is 

indicated in Fig. 1.  The building envelope consists of four 

layers: inside layer of mortar, concrete, insulation and brick. 

Detailed dimensions, structure and material properties of 

building envelope are presented in Table 1 [28]. Air indoor 

flow and heat transfer for three thicknesses (2,5; 5 and 10 

cm) of EPS insulation inside the building envelope are 

analysed. The case without thermal insulation is analysed as 

well and compared to the case with insulation. The structure, 

thermal parameters and thicknesses of the internal walls, 

door and windows are presented in Tables 2 and 3. The 

windows are considered to have double glazing. Equivalent 

values for density eq, specific heat cpeq and thermal 

conductivity λeq are calculated using following relations:
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where N is the number of layers and di is the thickness of i
th

 

layer. The floor, ceiling, internal walls and windows are 

modelled as thermal resistances RT =d/λek, where d [m] is 

the thickness of the considered structure and λ [W/(mK)] is 

the equivalent thermal conductivity. A structured hexahedral 

grid with 338,800 cells inside the indoor space has been 

used. The spatial resolution in the central part of the domain 

is 10 cm, while the resolution in the boundary layer next to 

the walls is 1mm. The same type of grid has been used in 



 

the building envelop. The size of the grid for the building 

envelope was 33,848 and 25,221 cells for cases with and 

without insulation respectively. To improve the accuracy in 

CHTC modelling a high resolution grid and a low-Reynolds 

number modelling have been used [7]. The grid and 

computational domain with the coordinate system are shown 

in Fig. 3.  

The insulation thickness for the case shown in this figure 

is equal to 8 cm. No-slip boundary conditions have been 

used for air flow on walls. For the sake of simplicity the 

outside temperature Tout (Fig 1.) and the heat transfer 

coefficient on the outside surface of the building envelop, 

hout, are assumed to be constant and equal to -18C and 18 

[W/(m
2
K)] respectively [25,7]. The indoor air temperature 

in rooms next, above and below the considered room, Tin, 

(Fig 1.) and convective heat transfer coefficients on wall 

surfaces in these rooms, hin, are assumed to be constant and 

equal to 20C and 8 [W/(m
2
K)], respectively [25]. The 

following convective boundary conditions for equation (3) 

on the outer surface of building envelope (subscript “out”), 

interior walls, door, ceiling and floor (subscript “in”) are 

used: 
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where Tw is corresponding surface temperature. It has been 

assumed that construction layers inside the building 

envelope are in ideal thermal contact. Adiabatic wall 

boundary condition has been used for the top and bottom 

surfaces of the building envelope (Fig. 2.). The simulation 

has been carried out by performing a large number of time 

iterations (more than 30000 time iterations) until no 

considerable change in temperature distribution has been 

observed (less than 1% for relative temperature variations 

has been adopted as threshold value). The radiator has been 

considered as infinitely thin surface and it is modelled using 

the following relations [27]: 
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where qrad [W/m
2
] and Trad [K] are the thermal flux and 

temperature on the radiator surface, respectively, Tup/down [K] 

are the upstream and downstream air temperatures 

respectively, hrad [W/(m
2
 K)] is the heat transfer coefficient 

for the radiator and qup/down [W/m
2
] are the upstream and 

downstream thermal fluxes in the normal direction to the 

radiator surface.  The pressure loss Δp [Pa] through the 

radiator is modelled by using the following relation: 
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where kloss is non-dimensional loss-coefficient which could 

be specified as an empirical constant or function of normal 

air velocity through the radiator. In this study the following 

constant values related to the radiator model are assumed: 

qrad = 500 W/m
2
;  kloss = 350 ; hrad =6,523 W/(m

2
K). A 

pressure based solver is used and a pressure-velocity 

coupling is obtained by the SIMPLE algorithm. The body 

force weighted spatial discretization for pressure is utilized. 

A second order upwind spatial discretization is used for the 

energy, convection and viscous terms in the governing 

equation. A second order implicit time discretization with 

fixed time step equal to 0,1 – 0,5 sec was used.   

 

 

 

 

 Material 
 

[kg/m2] 

cp 

[J/(kgK)] 

 

[W/mK] 

d 
[cm] 

wall 
d 

[cm] 

1 mortar 1800 1050 0.87 2.0 

36.5; 

39.0; 

44.0 

2 concrete 2500 960 2.33 20.0 

3 
insulatio

n EPS 
20 1.26 0.041 

2.5 ; 5;  

10 

4 brick 1600 920 0.64 12 

 

 

 

 

 
Building 

structure 
Material 

 
[kg/m2] 

cp 

[J/(kgK)] 

λ 

[W/mK] 
d [cm] 

floor and 

ceiling 

wood 

(parquet) 
700 1670 0.21 2.5 

screed 2200 1050 1.4 4.0 

extruded 

polystyre

ne 

33 1500 0.035 2.0 

concrete 2500 960 2.33 20.0 

mortar 1800 1050 0.87 2.0 

Eqv. 

value 
2105.4 997.28 0.37 30.5 
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Fig. 2. Schematic view of the room in the x-z plane 

Fig. 1. Schematic view of the room in the x-y plane 
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Table 1. Dimensions and physical parameters of 

materials used in the building envelope. 

 

Table 2. Structure, dimensions, thermal parameters and 

equivalent values for the floor and ceiling 

 



 

 

 

 

 

 

 

 

 
Building 
structure 

Material 
 

[kg/m2] 

cp 

[J/(kgK)] 

λ 

[W/mK] 

d 
[cm] 

internal 

walls 
gypsum 1400 840 0.7 7.0 

door wood 546 2720 0.15 5.0 

windows 
double 

glassing 

glass  2 

layers 
2800 700 0.8145 0.25 

air 1.205 1005 0.0257 0.5 

Eqv. 
value 

1400.6 770.101 0.0498 1.0 

 

IV. RESULTS AND DISCUSSION 

 

To analyse the thermal performances of EPS, a CFD 

simulation has been carried out. Four different thicknesses 

of EPS insulation layer inside the building envelope are 

considered: 0, 2,5, 5 and 10 cm. In these simulations only 

the thickness of the insulation material has been changed 

while the other model parameters have been kept constant. 

The positions of the internal surfaces which are labelled as 

wall 1-4 are shown in Fig.1. All distances are measured 

from the coordinate origin O which position is indicated in 

Fig. 1. The temperatures and velocities in all figures are 

expressed in [C] and [m/s], respectively. 

Comparisons between temperature distributions in the 

indoor air for different thicknesses of the insulation material 

are presented in Fig. 4. 

The temperature distributions are obtained in the x- 

direction, 1.1 m above the floor, along three different lines 

which are at a distance of 2 m from wall 2 (middle of the 

room) from wall 4. From the results presented in Fig. 4, one 

can see that the air temperature rises near the wall 3 surface 

(x=5m) for all EPS thicknesses due to heat realised from 

radiator and consequent hot air flow. Flow field near the 

wall 3 consists of two streams, hotter air flowing upward 

and colder flowing downward which is in contact to the wall 

surface. Also, as the EPS thickness grows the hotter air 

stream shrinks and get closer to the wall. Along with this  

there are decrease in width of convective heat transfer 

region. It  could be concluded that the thickness of the 

insulation material has great influence on the indoor air flow 

and thermal performance of the building envelope.  

The comparison between the temperature distributions 

inside the building envelope along same directions as in the 

previous case is presented in Fig. 5.  

 

Temperature difference in the middle of the room (x=2,5 

m ; y=2m) at the height of 1.1 m from the floor between the 

case with the thickness thermal insulation (10 cm) and the 

case without thermal insulation is more than 9C. 

From Fig. 5 could be seen that the temperature inside the 

building envelope for the case without insulation is below 

zero. This could have a significant influence on the 

hygrothermal performance of the building envelope [6, 26].  

The temperature in the concrete of the wall is considerably 

higher and above 0 C for all the cases with thermal 

insulation.  

Fig. 3. Grid and computational domain with the 

coordinate system. 

 

Table 3. Structure, dimensions, thermal parameters and 

equivalent values for the internal walls, door and 

windows. 

 

Fig. 4. Comparison between the temperature distributions 

in the indoor air for four thicknesses of the insulation 

material (EPS): 0; 2.5; 5 and 10 cm, in the x- direction, 

along line which is 1.1 m above floor and 2 m from wall 2 
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Fig. 6. Comparison between the four temperature 

distributions of indoor air for different insulation materials 

thicknesses of EPS in the vertical direction, along a vertical 

line placed 2m from wall 2 and 2,5m from the wall 1. 
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Fig. 5. Comparison between temperature distributions 

inside the building envelope for different thicknesses of 

the insulation material (EPS) in the x- direction, along a 

line which is 1.1 m above floor and 0.2 m from wall 2 
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From Fig. 6 could be seen that the air temperature near 

the floor for the case without thermal insulation is more than 

7C lower than for the case with 10cm of insulation. The 

behaviour of the temperature profile near the walls depends 

on the insulation thickness as well. For the cases with 2,5cm 

and without insulation the surface temperature of the floor is 

higher than the air temperature near the floor. It could be 

noticed that a very thick layer of cold air, which is on 

temperature lower than the surface temperature of the floor, 

is trapped near the floor for the case without insulation. The 

thickness of this layer reaches 1m at the middle of the room 

(Fig. 6). The temperature distribution in the y-direction, 10 

cm from wall 3 (wall with windows and radiator) at a 

distance of: 0,1m from the floor, and 0,1m from the ceiling 

are presented in Fig. 7, respectively.  

 

In Fig. 8 the velocity field in the vertical plane parallel to 

the x-direction which is at a distance of 2m from wall 2 are 

presented. The thicknesses of the insulation material 

corresponding to results presented in Fig. 8 are equal to 

2,5cm. 

 
 

 

 

 

 

 

From these results it can be seen that the insulation 

thickness has a significant influence on the air flow in the 

vertical plane parallel to the x-direction in the middle of the 

room, not only in the space near radiator but also in the air 

layer near the ceiling. For thicker insulation (10 cm) the 

maximal air velocities in the vertical direction near the 

radiator and in the horizontal direction near the ceiling are 

around 0.48 m/s and 0.35 m/s, respectively. For the case 

when the insulation thickness is 2,5 cm the maximal air 

velocities in the vertical and horizontal directions are 0,337 

m/s and 0,2 m/s, respectively. From these results it follows 

that the maximal air velocity in the vertical and horizontal 

directions in this plane will increase approximately for 42% 

and 75%, respectively, when EPS insulation thickness is 

increased from 2,5 cm to 10 cm. From this analysis it could 

be concluded that the temperature distribution in the whole 

volume of the room will be more homogeneous for the cases 

with thicker thermal insulation.  

V. CONCLUSIONS 

 

The 3D CFD simulation for the indoor air flow and 

heat transfer was developed. The k- RANS model has 

been used to take into account the effect of turbulence 

in air flow. The heating of the room has been 

simulated using the radiator model. The thermal 

performance of the building envelope with different 

thicknesses of the EPS insulation layer was analysed. 

It is assumed that the outside temperature was constant 

and equal to -18 C. Three cases with different 

insulation thicknesses: 2,5; 5 and 10 cm, as well as 

without insulation, were considered. The temperature 

distribution inside air and building walls for different 

thicknesses of the EPS insulation were analysed. It has 

been obtained that insulation thickness has a 

significant influence on the temperature distribution 

and the air flow. It is obtained that the temperature in 

the middle of the room at the height of 1,1 m from the 

floor for the case with insulation thickness of 10 cm is 

9 C higher than for the case without insulation. The 

temperature distribution inside the building envelope 

was analysed as well. It was obtained that the 

temperature inside the building walls for the case 

without insulation is below zero, which could have 

detrimental influence on the hygrothermal behaviour 

of the building envelope. The numerical results for the 

air velocity in the vertical planes parallel to the x and y 

directions were analysed. It has been obtained that the 

maximal air velocity in the vertical and horizontal 

directions, in the vertical plane which is in the middle 

of the room and parallel to the x direction, will 

increase approximately for 42% and 75%, 

respectively, when EPS insulation thickness is 

increased from 2,5 cm to 10 cm. 
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