
 

 

  

Abstract— This paper presents a finite element analysis of 

water vapor diffusion in a brick with vertical holes. The isotherms, 

isodensity, isopressure and isohumidity surfaces considering the 

longitudinal and transverse direction diffusion of water vapor in a 

brick with vertical holes are determined. The numerical results 

obtained from this study are usually used in the engineering practice 

to optimal design the spatial structure of building walls. The results 

obtained from this analysis are compared with the experimental data 

taken from the literature, and a good agreement is observed. 

 

Keywords— Brick wall, diffusion, finite element method 

(FEM), numerical simulation.  

I. INTRODUCTION 

UILDING physics processes, the structural and material 

properties of wall structures and the geometry of external 

surfaces, play an important role in their future energy 

efficiency and maintenance, [1]–[8].   

The water vapor diffusion through the building walls, is an 

important problem related to comfort and quality living 

conditions inside a building, [9]–[49].  

The vapor quantity in the air at a given temperature 

determines the water vapor pressure.  

The vapor diffusion in building structural components, is 
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due to the pressure difference of water vapor between the  

inside air pi and outside air pe; in winter the pi > pe and in 

summer the pi < pe 

The diffusion process depends on the internal structure of 

building elements, the vapor pressure, the vapor permeability 

and the climate data. 

In assessing the risk of condensation, there are two cases:   

a) to risk assessment of condensation on the interior surface 

of element;  

b) to risk assessment of condensation inside the building 

element. 

In the first case (a) it must be evaluated the relation: θsi 

>τr, where: θsi – the interior surface temperature; τr - dew 

point temperature. 

The dew point temperature depends on the temperature and 

humidity of the interior surface temperature. 

In the second case (b) it must be evaluated:  

- the temperature variation within the building element;  

- the variation of vapor saturation pressure in the structure of 

building element, pvs;  

- the variation of water vapor effective pressure, pv;  

- the variation of the relative air humidity in the structure 

element, ϕ. 

The condition to avoid condensation inside the building 

element is to respect the relationship: pv < pvs. 

Let’s consider the study for a model of a 3D wall made by 

the brick blocks (Fig. 1). 
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Fig. 1 The model of a 3D wall made by the brick blocks 
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The study for this model was adopted in order to analyze 

the longitudinal (Fig. 2) and transverse (Fig. 3) diffusion of 

water vapor in the brick block. 

 

 

The brick blocks shown in isometrical representation (Fig. 

2 and Fig. 3) are standardized building elements according  

STAS 5185/2-86.  

This construction element by type 36.5 x 18 has the  

dimensions shown in Table I. 

II. MATHEMATICAL MODEL 

Within each layer of a wall construction, moisture transfer 

is governed by dimensional conservation of mass equation 

[50]: 
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where: y (m) - distance from inside surface of wall; γ (kg/kg) 

-  

moisture content on dry basis; T (ºC) - temperature; Dγ (m
2/s) 

- diffusivity for moisture gradient; DT (m2/ºC·s) - diffusivity 

for temperature gradient; t (s) – time. 

The selection of moisture content (γ) and temperature (T) 

as potentials has the advantage that the same mathematical 

formulation represents both diffusion transfer and capillary 

transfer. This formulation is equivalent to using water-vapor 

pressure as the moisture transfer potential in the diffusion 

regime and suction pressure in the capillary flow regime with 

a single required diffusivity. 

Heat transfer is governed by the one-dimensional 

conservation of energy equation: 
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where: k (W/m · ºC) - thermal conductivity of porous 

material; ρ (kg/m3) - density of dry material; Cd (J/kg · ºC) - 

specific heat of dry material; Cw (J/kg · ºC) - specific heat of 

water;  

Latent transport of heat is included at the boundaries of the 

layers. The other components of enthalpy transport by 

moisture movement are generally small and are therefore 

neglected in the analysis. In the term ρ(Cd + γCw) the heat 

capacity of dry material is given by ρCd and the heat capacity 

of the accumulate moisture is given by ργCw. 

Strong couplings exist between heat and moisture transfer 

in the preceding two governing equations. Both the diffusivity 

for the moisture gradient (Dγ) and the diffusivity for the 

temperature gradient (DT) are strong functions of moisture 

content and temperature. The thermal conductivity (k) is a 

function of moisture content and temperature. 

When the moisture content of a material is below fiber 

saturation, the diffusivity for the moisture gradient (Dγ) and 

the diffusivity for the temperature gradient (DT) are 

determined with next relations: 
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where: µ (kg/s·m·Pa) - water-vapor permeability; Ф - relative 

humidity; Pvg (Pa) - water-vapor saturation pressure; f (Ф) - 

sorption isotherm function. 

The above equations may be derived by introducing the 

sorption isotherm fimction f (Ф) and applying the chain rule 

to Fick’s steady-state diffusion equation with the gradient of 

the water-vapor pressure as the driving-force potential. 

When the moisture content of a material is above fiber 

saturation, a liquid diffusivity (Dγ) is used in eqn. (1). 

 The diffusivity for the temperature gradient (DT) is 
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Fig. 2 The longitudinal diffusion of water vapor in the brick block 

 

The warm 

interior surface 

 

The cold exterior surface 

 

The difussion direction 
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Fig. 3 The transverse diffusion of water vapor in the brick block 

TABLE  I 

THE  DIMENSIONS FOR CONSTRUCTION ELEMENT BY TYPE 36.5 X 18 

Sizes 

[mm] 

Nominal dimension 

[mm] 

Limit deviation 

[mm] 

Length (L) 365 +5 

-7 

Width (b) 180 +4 

-5
 

Height (h) 138 +4 

-4 
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calculated using the second relation of eqn. (3). 

The model also has a provision for including non-storage 

layers that may be sandwiched between two storage layers. 

III. THE FINITE ELEMENT ANALYSIS 

A. Initial data 

The Finite Elements Analysis was performed using 

SolidWorks 3D Design and CosmosFlow 2010, [51]-[58]. 

The initial data are: pressure, temperature and humidity on 

the warm surface of water vapor (corresponding to the 

interior of room) and of the cold surface (from exterior that is 

in direct contact with external environment), that are shown 

in Table II. 

It is also considered the gravity effect of water vapor. 

Tab. III presents the enviroment conditions such as the  

temperature for inside of the wall and in exterior and the 

convection coefficient. 

 
TAB. III THE ENVIRONMENTAL CONDITIONS USED IN EXPERIMENTAL 

 SOFT SIMULATION - TEMPERATURES AND CONVECTION COEFFICIENTS 

Interior  

Temperatur

e [0C] 

External 

Temperatur

e [0C] 

Interior 

Convection 

Coefficient  

αi [W/m2K] 

Exterior 

Convection 

Coefficient 

αe[W/m2K] 

18 -18 7 17 

18 -18 7 17 

 
The graphical variations of water for: density, dynamic 

viscosity, thermal conductivity with temperature and the 

specific heat, are shown from Fig. 4 to Fig. 7. 

 

 

 

 
 

Fig. 6 The variation of thermal conductivity with temperature for 

water 

 

 

 

 

TABLE  II 

THE  INITIAL DATA 

Surface 
The pressure 

[N/mm
2
] 

The temperature 

[°K] 
ϕ  

[ %] 

The cold surface 100100 255.2 80 

 

The warm surface 101325 291.2 60 

 

 
Fig. 4 The variation of density with temperature for water 

 

 
Fig. 5 The variation of dynamic viscosity with 

temperature for water  
 

 

Fig. 7 The variation of the specific heat with temperature for 

water 
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B. The study of spatial field distribution when the diffusion 

direction is longitudinal 

Analysis of water vapor diffusion in the longitudinal 

direction of the brick block is shown from Fig. 8 to Fig. 11. 
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Fig. 8 The isotherms surfaces into the brick block 
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Fig. 9 The isodensity surfaces into the brick block 

 

 

99999.9654 

100000.3082 

99999.9725 

99999.9982 

100000.1365 

direction of  

diffusion 

The warm   

surface 

The cold 

suface 

 
 

Fig. 10 The isopressure surfaces into the brick block 

 

 
 

Fig. 11 The isohumidity surfaces into the brick block 

 

A. The study of spatial field distribution when the diffusion 

direction is transverse 

Analysis of water vapor diffusion in the transverse 

direction of the brick block is shown from Fig. 12 to Fig. 15 
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Fig. 13 The isodensity surfaces into the brick block 
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Fig. 12 The isotherms surfaces into the brick block 

Mathematical Models for Engineering Science

ISBN: 978-960-474-252-3 60



 

 

 

 

 

99999.9654 

100000.3082 

 

99999.9982 

100000.1365 

The warm   

surface 

The cold 
suface 

 
 

Fig. 14 The isopressure surfaces into the brick block 

 

 

 
 

Fig. 15 The isohumidity surfaces into the brick block 

 

IV. CONCLUSION 

The condensed water, which accumulates inside the 

building walls causes various problems. The phenomenon of 

the internal condensation process in porous material is 

complex, because of non-linearity of moisture transfer 

equation and coefficient dependency greatly on potentials. 

The finite element analysis is very useful in the prediction 

of thermodynamic processes (dynamical interactions between 

heat and mass flows in material’s porous structure) and 

provides a powerful tool for good design practice in building 

engineering. 

The results are presented in terms of spatial field 

distribution of isotherms, isodensity, isopressure and 

isohumidity surfaces considering the longitudinal and 

transverse direction diffusion of water vapor in a brick with 

vertical holes, showing the importance of the approach 

presented model 3D simulations.  

The dew-point, the temperature at which water vapor 

condenses, is located inside the brick layer, which leads to the 

possibility that condensation will collect in the walls, possibly 

freezing and causing damage. 

The dew-point in brick cladding is typically in the interior 

of the cladding, increasing the chance that moisture will 

condense within the wall, possibly freezing and causing 

damage. 

The results will be used to predict the performance and 

stability of such construction systems depending on the 

degree of exposure to changeable parameters of the local 

climate. 
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