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INTRODUCTION 

Heat transfer through walls needs to be characterized. 

Test cells are usually used for this purpose.  
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INTRODUCTION 

Inputs and outputs are measured for the thermal 
characterization of the wall 

 

Belgrade, December 3-5, 2014 45th International HVAC&R Congress 

4/13 

Indoor temperature Outdoor temperature Solar irradiance 

Heat flux density 

Naveros et al. 2013 [9] 



METHODOLOGY 

• Thermal models for the study of heat transfer in 
walls 

 

• From heat equation to transfer function matrix 

 

• Each transfer function is given by the system 
characteristics for a particular output regarding to 
each particular input 
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Transfer Matrix 

State-state:  Inputs(u)/State variables(𝐱)/Outputs(𝐲) relation 

 
𝐱 = 𝐀𝑆𝐱 + 𝐁𝑆𝐮 
𝐲 = 𝐂𝑆𝐱 + 𝐃𝑆𝐮 

 

Transfer function matrix: 

 
𝐇𝑆 = 𝐂𝑆 𝑠𝐈 − 𝐀𝑆

−1𝐁𝑆 + 𝐃𝑆 
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HEAT FLUX AS OUTPUT 

If the heat flux density is chosen as output, the observation 
equation is: 

 

 

𝑄𝑖 =
1

𝑆

𝑅3
−1𝑅𝑠𝑖

−1

𝑅3
−1 + 𝑅𝑠𝑖

−1 𝑇𝑖 − 𝜃  

 

 

The transfer function will filter the different inputs as a 
function of the frequency to give the heat flux density output. 
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Strictly Proper Transfer Function 

Input: Outdoor temperature 

Output: Inside heat flux density 
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Proper Transfer Function 

Input: Indoor temperature 

Output: Inside heat flux density 
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Surface temperature as output 
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Input: Indoor temperature 
Output: Inside surface temperature 



CONCLUSIONS 

• The output is infinitely damped for strictly proper 
transfer functions for high frequencies.  

 

• The output can be finitely amplified for a proper transfer 
function for high frequencies.  

 

• The use of heat flux meters is limited, not only for the 
measurement device but for the heat flux through the wall 
itself. 

 

• The outside heat flux density will have a major problem 
to high frequencies present in inputs and/or noise. 
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