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Abstract 
The 2010/31/CE directive has highlighted the necessity to improve the energy efficiency in buildings, since they are 
responsible for 40% of energy consumption and 36% of CO2 emissions in the EU. In situ measurements of envelope 
components are needed for estimating the thermal transmittance of existing buildings in order to perform the energy 
certification. The instruments devoted to this aim are, the Heat Flux Meters (HFMs), unfortunately not always are 
provided with metrological traceability, and appropriate reference standards are not available. The calibration systems 
currently adopted present different limits related to low performances at low and constant heat fluxes, non-uniformity of 
the heat flux in the measurement section and impossibility to control the heat flux at different temperatures. 
In this paper the authors discuss the metrological behaviour of an existing HFM reference standard. A numerical model 
is employed to analyse the calibration system in different operating conditions (low and moderate heat fluxes), to improve 
it and to design a new prototype presenting high performances also in presence of the Heat Flux Sensor (HFS) under 
calibration. In particular, the numerical tool is applied to investigate the heat flux uniformity and the metrological 
performances in a specific sub-region of the measuring section where the HFS under calibration is applied. A detailed 
experimental analysis is also conducted with the objective to validate the adopted numerical tool. Moreover, a 
metrological characterization of the system affords a combined standard uncertainty of better than 6% at low heat flows.  
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Figure 1. Prototype of the HFS standard assembled system. 
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Figure 2. Existing HFS standard: sketch of an axisymmetric section showing different components. 
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Figure 3. Numerical simulation of the HFM standard prototype: computational domain and boundary condition 
employed (left) and a detail of the computational grid composed by 80045 triangular elements (right). 
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(e) (f) 

Figure 4. Temperature contour and radial heat flux limited between -5 W/m2 and 5 W/m2 obtained for generated heat 
flux on the mean heater equal to 100 W/m2 (a, b), 50 W/m2 (c, d) and 10 W/m2 (e, f). 
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Figure 5. New prototype of the HFS standard: sketch of an axisymmetric section showing different components. 
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Figure 6. Radial heat flux limited between -5 W/m2 and 5 W/m2 obtained for generated heat flux on the mean heater 

equal to 100 W/m2 and thermostatic bath temperature of 20°C: system regulation activated (a), system regulation 
disabled (b). 
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