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Abstract - In this work, a numerical study of a coupled transient heat and moisture 

transfer was realized. The program developed is simple compared with those developed 

by other researchers in the literature. We have exploited it, to compare the evolution of 

temperature and the moisture content for simple and double layers walls of the same type 

and the same thickness in order to resolve the interface problem, then the influence of 

some boundary conditions was explored in order to see their impact on temperature and 

moisture evolution through two layer materials.  

Résumé - Dans ce travail, une étude numérique sur la chaleur transitoire couplée et sur 

le transfert d'humidité a été réalisée. Le programme développé est simple par rapport à 

ceux développés par d’autres chercheurs dans la littérature. Nous l’avons exploité, pour 

comparer l'évolution de la température et la teneur en humidité sur des couches de 

simples et doubles parois, du même type et de même épaisseur afin de résoudre le 

problème d'interface, puis l’influence de certaines conditions aux limites a été étudiée 

afin de voir son impact sur la température et l’évolution de l’humidité à travers les deux 

couches de matériaux. 

Key words: Heat transfer - Moisture content - Unsteady – Coupled - Two layers - 

Numerical. 

1. INTRODUCTION

In building area, comprehension of the heat and moisture transfer is important to 

ensure thermal comfort and economize energy, in addition, moisture causes damage to 

building materials and has an impact on occupants' health.  

Most of research is carried out by using phenomenological macroscopic models, one 

of the accepted macroscopic models for studying heat and moisture transfer through 

porous media is the Philip et al. [1], which uses as driving potentials the temperature 

and moisture content gradients. Crausse et al. [2] presented two models for determining 

the temperature and moisture distribution within a wall, one of this models take into 

account the hysteresis phenomena. 

Mendes et al. [3] have shown the effects of moisture on sensible and latent 

conduction loads by using a simple heat and mass transfer model with variable material 

properties, under varying boundary conditions. Mendes et al. [4] presents a 

mathematical formulation applied to numerically solver, showing that moisture content 
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gradients can be used as driving forces for heat and moisture transport calculation 

through the interface between porous materials with different pore size distribution 

functions. 

Tamene et al. [5] proposed a numerical study of the heat and mass transfer through a 

wall submitted to moisture and heat convective exchange with the ambient. The 

temperature effect on the moisture diffusion and vice versa is presented for two usual 

materials in the presence of solar heat flux.  

Experimentally, Talukdar et al. [6] conducted a comparison between a numerical 

code and a simplified method for the experimental study of mass and heat transfer for 

two types of insulation (cellulose, plywood) used in buildings.  

Olalekan [7] studied in his thesis the Characteristics of Spruce Plywood, under the 

influence of heat and moisture transfer. A dynamic model for evaluating the transient 

thermal and moisture transfer behaviour in porous building materials was presented by 

Qin et al. [8], where heat and moisture transfer are simultaneously considered, and their 

interactions are studied. 

Garbalinska et al. [9] provided a description of moisture transport in building 

materials by application of a non-linear diffusion model, in which the effective 

coefficient of diffusion, being a function of moisture content. They propose a method of 

determination of this coefficient through correlation of the theoretical desorption 

isotherms with the experimental ones. Nguyen et al. [10] developed a physically based 

model describing the coupled ion and moisture transport by combining theories of 

liquid water and water vapour transport with aqueous electrolyte theory.  

They derive the set of governing differential equations describing simultaneous 

movement of water in the vapour and liquid phases and consequent transport of ions in 

unsaturated porous media. The equations are developed in one-dimension, assuming 

isothermal conditions. A computer program has been developed to solve this problem. 

Dos Santos et al. [11] proposes a two-dimensional mathematical model considering 

the coupled heat, air and moisture transport through unsaturated building hollow bricks. 

Simulations for evaluating hydrothermal performance were performed for massive, 

hollow and insulating bricks.  

In the present work, we study a coupled heat and moisture transfer through a double 

layer wall submitted to moisture and heat convective exchange with the ambient. The 

heat and mass balance equations, in the transient regime, was performed by finite 

differences method according to the Cranck-Nicolson scheme, a program in Fortran was 

realized and compared with a single layer in order to resolve the interface problem. 

The results obtained by our program were validated with those obtained 

experimentally. We analyzed the influence of the boundary conditions on the evolution 

of temperature and the moisture through the wall and on the interaction between them. 

2. THE FORMULATION OF THE PROBLEM 

The studied material is a plywood plate of four centimeters thick. The different 

physical properties used in these studies are obtained experimentally by Talukdar et al. 

[6] and Olalekan [7]. 

The governing equations are given by {Eqs. (1) and (2)}; they were derived from 

conservation of mass and energy flow in one dimensional elemental volume since, the 

temperature and the moisture content gradients, are predominantly in the x  direction.  
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Therefore, the energy conservation equation is written as: 



























































 

x
D

x
L

x

T
D

x
L

x

T

xt

T
C

VV VLTVLp   (1) 

and the mass conservation equation is 
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where, 
VL TTT DDD   and 

VL
DDD   . 

By supposing the following hypotheses:  

 Thermal conductivity and diffusivity constants,  

 The different coefficients are constant.  

 The interface contact is perfect.  

We obtained the following form of { Eqs (1) and (2)}: 
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The associated boundary conditions are illustrated on figure 1.    

 

Fig. 1: Physical model 
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From mass transfer- 
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For heat transfer- 
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With,  
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The mass convection coefficients 
1mh , 

2mh  are related respectively, to the heat 

transfer coefficients 1h , 2h  by the Lewis relation.  

Initial conditions- 

C20TT 0  , 2.00   for 0t   and Lx0          (11) 

The mass densities 1 , 1 , 2 , 2  are computed by the following equation: 

TR

p

h 
  , with  






















V

Ssat

S
h

R

R
1

p

p
1

R
R   

K.kg/J06.287RS   universal gas constant of dry air. 

K.kg/J461RV   universal gas constant of water vapour. 

And the saturation vapour pressure satp  is determined by Magnus formula [12] 
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Where,  )15.273T(06.287A  , 617.230B  , 5043.17C   and 2.241D  . 

3. NUMERICAL RESOLUTION 

The resolution of the coupled system of equations (1) and (2) with boundary 

conditions (4), (5), (6) and (7) and initial conditions (8) is performed by finite 

differences method according to the Cranck-Nicolson scheme, [13].  

At each time, the Tri Diagonal Matrix Algorithm of Thomas (TDMA) is used to 

solve the obtained algebraic systems of temperature and humidity. 

4. RESULTS 

In order to analyze the interface conditions, we propose a comparison between a 

simple and a double layer wall. The two walls are in plywood and have the same 

thickness. For the double layer, at the interface, two coefficients are introduced 

numerically 
iTH  and 

i
H , in order to assure the continuity of heat and mass fluxes, 

temperatures and moisture. After discretization of the balance equations, these 

coefficients appear in the following forms: 
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They depend on the grid and physical properties of layers. Several trials were 

realized with different value of 
iTH , 

i
H , 

iTF , 
i

F , Fig. 2 and Fig. 3. 

  

Fig. 2: Evolution of the internal side 

moisture content 

Fig. 3: Moisture content profiles 

after 50 hours 
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The good choice, for having a good agreement with results obtained for a simple 

layer, Is using the values of 
iTF  and 

i
F equal to 10

8
. For the remainder of this study, 

we use this value for both coefficients. 

The temperature profile through a double layer and single layer walls after 50 hours 

was presented in Fig. 4. In both cases, we take the same materials and thickness. We see 

a good agreement. 

  

Fig. 4: Temperature profiles 

after 50 hours 

Fig. 5: Moisture content profiles 

after 50 hours 

For the moisture content, (Fig. 5), we note a slight difference between a double and 

a simple wall of the order of 0.0003. We also note that in the interface we have the same 

values at 22 mm and 22.25 mm for temperature and moisture content. This can be 

explained by the fact that we have supposed equality of temperature and flux at the 

interface. 

In Fig. 6, we note that the temperature evolution is same in the two cases. The 

steady state is attained after 5 hours of exposure, with external, interface, and internal 

temperatures, respectively equal at 38 °C, 32 °C and 27 °C. 

 
Fig. 6: The temperature evolution 

Afterwards, we have analyzed the influence of the boundary conditions (outdoor 

temperature and convective exchange coefficient) on two layers wall behaviour. The 

first is composed of two identical layers of plywood, and the second is composed of two 

different layers (plywood and mortar). 
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4.1 Influence of the convective exchange coefficient- double layer (plywood)  

In this section, we fixed the outdoor and indoor temperature respectively at 35 °C 

and 22°C, and the outdoor and indoor relative humidity respectively at 70 % and 50 %.  

The convective exchange coefficient at the external side is taken equal at 13 

W/m
2
.°C. The simulation time is 50 hours. We present in Fig. 7, the temperature profile 

for four different convective exchange coefficients ( 1h  = 0, 3, 5 and 7 W/m
2
.°C). 

We note that the internal side temperature decreases faster than the external side 

temperature when 1h  increase. 

 

Fig. 7: Temperature through a double 

layer wall for different values of 1h  

 

Fig. 8: Moisture content through a double 

layer wall for different values of 1h  

For the moisture content, Fig. 8, we observe the inverse, when the convective 

exchange coefficient 1h  increase, it decrease. The temperature and moisture content for 

a single layer wall has been presented in the same figure, for 1h  = 3 W/m
2
.°C to ensure 

results. 

The temperatures evolution, Fig. 9 shows a diminution in response time with 

augmentation of the convective exchange coefficient 1h .  

For example, it is 8 hours for 1h  = 0 W/m
2
.°C, and 5 hours for 1h  = 7 W/m

2
.°C. 
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Fig. 9: Temperature of the external side 

for different values of 1h  

Fig. 10: Moisture content of the external 

side for different values of 1h  

In Fig. 10, we note that during the initial 20 hours the moisture content, increase 

linearly in the same way with time, for different h , only for 1h  = 0, but after 20 hours it 

increases more rapidly in function of h . This is mainly due to the fact that the 

temperature diffuses faster than the moisture. 

4.2 Influence of outdoor temperature- double layer (plywood)  

Figure 11 and 12 shows the influence of the outdoor temperature 
2fT  on the 

evolution of moisture content through a double layer wall. The internal side is supposed 

adiabatic. We note that it increase linearly with time except when the outdoor 

temperature is lower than the initial temperature, where the moisture content decreases 

at the beginning of the transient regime, time that the moisture diffuses in the wall. 

  

Fig. 11: Moisture content of 

the internal side 

Fig. 12: Moisture content of 

the external side 

4.3 Influence of the convective exchange coefficient- double layer (plywood-

mortar)  

In this section, we choose a wall composed by two layers with the same thickness (2 

cm); the internal layer is in plywood; the external in mortar. The boundary and analyzed 
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conditions are identical to those of the previous case. In Fig. 13, we note that the time 

required to reach steady state is longer than the previous case (50 hours). When there is 

a convective heat transfer, this time is less, but it decreases as 1h  increases. For 

moisture content, Fig. 14, we observed the same allure as the previous case. It increases 

more rapidly for mortar than for plywood. 

  

Fig. 13: Temperature of the external 

side for different 1h  

Fig. 14: Moisture content of  

the external side for different 1h  

4.4 Influence of the outdoor temperature- double layer (plywood-mortar)  

The temperature and moisture content profile after 50 hours are presented 

respectively, for two different outdoor temperatures, in Fig. 15, we note that when the 

outdoor temperature is inferior to the initial temperature (20 °C). 

The moisture content decrease relative to the initial (0.2), (Fig. 16), while the 

temperature increase in the presence of the moisture.  

The opposite is observed when the outdoor temperature is equal to the initial 

temperature. 

  

Fig. 15: Temperature profile after 50 hours 
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Fig. 16: Moisture content profile after 50 hours 

5. CONCLUSION 

The numerical resolution, of heat and mass balance equations, in the transient 

regime, was firstly performed for the single wall case. The developed program was 

validated with experimentally results. Then it was exploited for study a double layer 

wall.  

The interface problem between the layers was analyzed, by comparing simple and 

double layer walls of the same type and the same thickness. A numerical solution was 

found for the interface problem; it permitted us to improve the accuracies of the 

calculation, by this fact, the program became unconditionally stable.  

The influence of the convective exchange coefficients and the ambient temperature 

variation, on thermal and mass behaviour, was analyzed, in case of the double layer 

wall, with same and different physical properties. 

We have noted that the internal side temperature decreases faster than the external 

side temperature when h1 increases. For the moisture content, we have observed the 

inverse, when the convective exchange coefficient 1h  increases, it decreases. When the 

outdoor temperature is inferior to the initial temperature, the moisture content decreases 

relative to the initial moisture content, while the temperature increases in the presence 

of moisture. 

The opposite is observed when the outdoor temperature is equal to the initial 

temperature. The program developed allows us to study the transfer of coupled heat and 

moisture through building materials, regardless of the values of the boundary 

conditions, which will allow us to characterize some local building materials. 

NOMENCLATURE 

TD : Mass transport coefficient associated to a temperature gradient, (m2/s.K) 

VTD : Vapour phase transport coefficient associated to a temperature gradient, (m2/s.K) 

D : Mass transport coefficient associated to a moisture content gradient, (m2/s) 

V
D : Vapour phase transport coefficient associated to a moisture content gradient, (m2/s) 
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pC : Specific heat, (J/kg.K) L : Wall thickness, (m) 

h : Heat convection transfer coefficient, 

(W/m2.K) 
mh : Mass convection transfer coefficient, 

(m/s) 

VL : Heat of vaporization, (J/kg) N : Node number 

P : Pressure, (Pa) t : Time, (s) 

T : Temperature, (°C) fT : Air Temperature, (°C) 

 : Thermal conductivity, (W/m.K)  : Mass density, (kg/m3) 

 : Total moisture volumetric content, (m3 of water/m3 of porous material) 

L- Liquid ;  V- Vapour ;  0- Initial 1- Internal side ;  2- External side 

 - Far wall  
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