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Summary 

One of the key issues in today’s construction industry is energy saving. Current 
technologies for estimating heat transfer functions of building envelopes are based on point 
thermal measurements. Hence, they are inadequate for the analysis of thermal loss 
dynamics that are inherently two or three-dimensional. On the other hand, spatially wide 
thermal measurements are possible through thermography, but this technique is used 
mainly in a qualitative perspective. This paper reports on the development of a new 
methodology for estimating heat loss of building envelopes, through quantitative 
thermographic technique.  
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1 Introduction 

The current construction trend of minimizing buildings’ heat losses by means of large heat 
coats raises the problem tied to the limiting the increase of cooling energy consumption. 
Observed heat exchange dynamics among room walls shows that different parts of a same 
wall may have different roles in overall heat exchange behaviour depending on its 
morphology, on the external climate conditions, on the ventilation regime and, of course, 
on its recent thermal history. A rather precise knowledge of the heat exchange dynamics 
among the walls of rooms is therefore necessary to guide any design procedures aimed at 
minimizing the effects of large heat coats on summer cooling energy consumption. 

This paper concerns the development of a new methodology of dynamic 
thermography. The proposed procedure combines dynamic thermography with traditional, 
one side, indoor temperature and flux measurements. It applies the estimated heat transfer 
coefficients to approximate heat flux at every point of the thermo-image having the same 
outermost layer and air flow conditions. This procedure thus allows a good estimation of 
the actual heat exchange dynamics occurring among the different parts of the walls, 
providing the knowledge level necessary to control internal gains and direct radiant energy. 

2 The estimation of convective and radiative coefficients 

Ignoring heat transfer by enthalpy, indoor thermal exchange between room walls is 
regulated by convective and radiative dynamics, which involve only walls outermost 
layers. In this section, we will point out the equations governing these mechanisms. 
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Following Underwood &Yik [1], a general linear equation for convective and radiative 
heat exchange can be formulated as follows: 

     nrnrambc TThTThTThq supsup1supsup1sup
*  -... - - 

 (1) 

where q*= exchanged total flux [W/m2]; Tsup= wall surface temperature [K]; Tamb= air 
temperature [K]; Tsup1,….Tsup,n= surrounding surfaces temperature [K]; hc = heat convective 
transfer coefficient [W/m2K]; hr1,… hrn= heat radiative transfer coefficient [W/m2K]. In 
equation (1) the non linearities are restricted to the convective and radiative heat exchange 
coefficients, hc(T) and hr(T) respectively, which are dependent on temperature. Alamdari & 
Hammond [2] provides a general equation of the hc(T) coefficient for the linear flows 
regimes; Underwood [1] provides a general equation of the hr(T)         (radiative exchange 
coefficient  with the surrounding wall i). Both these coefficient must be determined 
through the estimation process. From the computational point of view equation (1), 
represent an effective mean for the estimation of the hc(T) and hr(T) coefficients, starting 
from on site temperature and flux measurements and using a non-linear regression 
algorithms. The Levenberg-Marquard algorithm (LMA) [3] represents a numerical solution 
to the problem of minimizing a function, generally nonlinear, over a space of parameters of 
the function. Unfortunately, the application of the LMA does not guarantee for results that 
always have a physical consistency. In this research, we determined the constraints suitable 
for guaranteeing consistent results in many applications, through experimental campaign.  

 
Fig. 1 Resistive-capacitive measurement schema for indoor heat exchange, where  q is the  wall 

surface flux, Tsur  is the wall surface temperature, Tsur_i is the surrounding wall surface 
temperatures, Tamb is the room air temperature 

(a)     (b)  

Fig. 2 (a) Measured and estimated fluxes at the wall surface, and the convective and radiative 
components. (b) Estimated hc(T) and hri(T) and the radiative components related to each wall 

A Matlab software was developed to estimate  the hc(T) and hri(T)  coefficents from the  
thermal fluxes and temperature time series measured according to the scheme in Figure 1. 
Figure 2a shows the measured and estimated fluxes at the wall surface, the mean error is 
0.3 W/m2, the max error is 0.7 W/m2. In order to validate the results, we checked whether 
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the estimated values were within the ranges published in the literature and, more important, 
whether simultaneous but uncorrelated estimations on facing walls led to consistent results.   

3 Extension to dynamic thermography and indoor measurements of 
heat exchange 

The extension of the flux estimation techniques to dynamic thermography in indoor 
environments is straightforward. The relative low radiative noise level of indoor 
environments allows for noise suppression techniques of the thermographic signal. Using, 
for example, a time sequence of thermographic images recorded at 5 minute intervals 
including a contact measurement point (e.g. a thermo resistance) in the view field, the 
systematic error and the high frequency noise can be eliminated by curve fitting and low 
pass time filtering, respectively. Spatial filtering [4] can be used to further improve the 
image quality. Figure 3 shows a typical result. 

 
Fig. 3 Calibration of a thermal image through curve fitting and time filtering 

Once the thermographic image has been calibrated, each of the thermal image pixels can 
act as a temperature probe for local flux estimation, allowing, in principle, for the 
reconstruction of the entire thermal flux image. The limits posed by the procedure lie in the 
limits of applicability of the estimated heat exchange coefficients in points that are 
relatively far from the estimation point, and/or in points where the changes in wall 
morphology causes significant variations of the air flow regime.  

 
Fig. 4 Measurement setup for the investigation of the limits of the estimation procedure 

This aspect was investigated in the experimental campaign, concerning the typical thermal 
bridges which occur in room corners. Figure 4 shows the extent of the of the investigated 
wall‘s homogeneous part and the limits encountered in the application of the heat exchange 
coefficients. In the homogeneous region, the heat exchange coefficients estimated at the 
central point can be extended to the whole region with an error increase of 2-3%. The 
thermal bridge regions require a new estimation of the heat exchange coefficients, given 
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the fact that the application of the coefficients estimated in the homogeneous part resulted 
in an unacceptable error increase of 10-15%.  

The possibility offered by this procedure for analyzing the convective and radiative 
thermal regimes in different parts of the room walls, separately, is remarkable. Figure 5 
shows the different behaviour of the thermal bridge at the room corner with respect to the 
wall’s homogeneous area. The thermal bridge exchanged about 186.5 KJ/m2 for the 
duration of the experiment while, the homogeneous wall region exchanged 175.9 KJ/m2, 
approximately the same amount per unit of area. Things change if we analyze the time 
period when there is a prevalent convective heat exchange (from frame 0 to 200). Here, the 
thermal bridge exchanged about 89.51 KJ/m2 while the homogeneous wall region 
exchanged 50.9 KJ/m2, slightly more than one half of the amount per unit of area.                      
This shows that for a prevalently convective heat exchange regime (i.e. natural ventilation) 
the corner thermal bridge was much more efficient than the homogeneous wall.  

 
Fig. 5 Different behaviours of homogeneous regions and thermal bridges  

4 Conclusions 

The present paper addressed the development of a dynamic thermography methodology 
aimed at estimating radiative and convective thermal flux components in room walls. The 
analytical aspects of the estimation procedure and its application to indoor heat flux 
analysis were illustrated as well as the procedure’s applicability limits. How the procedure 
allows for the analysis of convective and radiative thermal regimes in different parts of the 
room walls was demonstrated within the aforementioned limits. Forthcoming 
developments will include additional measurement campaigns to further detail 
applicability limits and to extend the methodology to outdoor environment. 
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