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Abstract 

A method to analyse thermographic data with periodic temperature variation has been recently proposed. A 
periodic heat flux is generated on the surface of a moistened specimen by periodically varying the air speed. As a 
consequence, the evaporation on the surface is enhanced periodically extracting latent heat and producing a 
temperature variation that is monitored by an IR camera. Two opposite phenomena connected with the water content 
determine the amplitude and phase of the temperature oscillation: the heat depletion related to effusivity, that dumps the 
temperature variation and the evaporation rate, that increases the surface cooling. Parameters connected with the water 
content are evaluated in a set of building materials moistened on the purpose, by using a suitable mathematical model. 

1. Introduction 

The application that gives rise to this work is the classification of moisture content in porous materials, mainly 
used in buildings [1], by IR thermography. It is a matter of fact that the moisture excess highly contributes to the decay of 
buildings and even more its variability in time. Actually, most of the buildings are affected by such a problem. It is well 
known that the evaporation process, with the migration of salts within the material, represents the main reason for the 
deterioration of the surfaces [2]. On the other hand the reliable measurement of water content in porous building 
materials and especially in-situ is far to be solved with a satisfying technique [3]. 

The underlying idea for the improved thermographic detection of moisture is that of enhancing the water 
evaporation from the surface of the material, by means of an increased air speed [4]. In such a way, only the moist 
surface is cooled and the temperature locally varies on it. A temperature variation should be noticed on the surface of the 
material with high moisture content, while it should not influence the dry surface, provided that the air that is flowing has 
the same temperature of the dry material. It is also supposed that a material with different moisture content exhibits a 
different time response in term of temperature decreasing, with amplitude and time constant as function of the moisture 
content. In order to better differentiate the experimental forced temperature response, present in any moistened porous 
material, from that naturally due to the environment, it is planned to submit the material to a continuously modulated 
ventilation with varying air velocity, from zero to a fixed value (of the order of a few meters per second). The speed is 
modulated in an approximately sinusoidal way. As a consequence of the ventilation, the surface temperature of the 
moistened material varies periodically at the period of the forcing ventilation and, at the same time, it decreases in the 
mean as a consequence of the fact that the stimulus is generating a heat flux (due to the latent heat extraction) with a 
negative average value [5]. 

A model has been proposed [6] that describes the effect of evaporation enhancement. It is completely focused 
on the thermal effects, neglecting the effect of mass transfer that are considered to work in a different time scale with 
respect to the duration of the experiment. The surface temperature profile is computed by the numerical solution of the 
1D Partial Differential Equation: 
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with x the spatial coordinate and α thermal diffusivity. The solution is given in case of a thick slab with boundary condition 
of prescribed heat flux on one surface (the back of the sample is considered adiabatic) and with varying heat conduction 
exchange coefficient, results of the varying velocity of air on the surface: 
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Here λ is the thermal conductivity of the material, h0 is the heat exchange coefficient due to the natural 
convection and h1 is the heat exchange coefficient of the forced convection that is modulated periodically, L is the 
thickness of the slab [7]. The initial conditions of the sample are of null temperature and the temperature of the 
environment is null as well. By means of the MATLAB® PDE solver [8], the equation (1) is computed with boundary as in 
equation (2). The parameters used in the computation are reported in Table 1. In particular the value of Φ0 is based on 
the value of the Latent Heat of water at 23 °C (LH (T=20°C) ~ 2.4⋅ 10

6
 J kg

-1
) and on the Evaporation Rate 
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experimentally obtained for a saturated Pietra Serena stone (ER ~ 3.5⋅ 10
-5

  kg m
-2 

s
-1

 ) in an environment with RH 45% 
and a maximum air speed of 1.5 m s

-1
. Moreover, the thermal parameters of Pietra Serena are computed by suitable 

weighted mean of those measured for the dry stone and those of water, considering that the saturated stone contains 2 
% of water in weights. The result of the simulation is presented in Fig. 1. 

 
Table 1. Parameters of the simulation 
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Fig.1. Result of the simulation: surface temperature profile of a moistened block of material. Parameters are 

reported in Table 1. 
 

The temperature variation is due to main phenomena: effusivity increasing with the water content that dumps 
the temperature variation and the evaporation rate that is enhanced by the ventilation and increases the temperature 
variation. Purpose of this paper is that of determine the parameters appearing in equation (1) and (2) by non-linear fitting 
the experimental data coming from IR camera, with controlled environmental conditions.  
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