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heat flux had the same trend as the measured heat 
flux but it was underestimated. It can be noted that 
this difference decreased over the course of the 
morning, hence it could be a result of the fact that 
the simulation was initialized with the boundary 
conditions measured at the first instance of the 
comparison (i.e. 9 am) and did not consider the pe-
riod before. 
The peak heat flux resulting from the simulation 
amounted to 13.7 W/m², while the heat flux plates 
measured a peak value of 12.9 W/m² and the in-situ 
heat flux device of 11.0 W/m². The largest diver-
gence between measurement results was recorded 
after sunset: in this time frame, an offset of up to 
4 W/m² between the values measured by the two 
devices occurred. This deviation could be caused by 
a combination of a number of effects, such as the dif-
ferent response time to temperature variations of 
the two instruments. Indeed, the in-situ heat flux 
device showed a very fast reaction due to the Peltier 
coolers. In this period, the calculated heat flux was 
closer to the one measured by the heat flux plates. 
Beyond this, it is interesting to note that both the nu-
merical model and in-situ measurements perceived 
the inertial effect of the glazing unit, which caused 
a time-shift of around one hour between the in-
stance of the peak irradiance and that of maximum 
solar gain. 
 

 

Fig. 8 – Comparison of simulated and measured heat flux through 
the CFS 
 
Fig. 10 shows the relative deviations between the 
numerical and experimental results: in the case of 
positive – entering – heat flux, the relative devia-
tions for the heat flux plates were mostly within 10 
%, while they were around 20 %, in some instances 
even higher, in the case of the in-situ heat flux de-
vice due to the deviation of the results after sun-set. 

In this period, the in-situ device underestimated the 
solar gains compared to the heat flux plates and the 
simulation results. Analysing the negative – exiting 
– heat flux, the relative deviation was mainly within 
20 % for low heat fluxes and around 20 % for higher 
values. 
 

Fig. 9 – Deviations between simulated and measured heat flux 
 
The discrepancy between simulated and measured 
data can be described through the RMSE (Root 
Mean Square Error) and MAE (Mean Absolute Er-
ror) defined as: 
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The resulting mean errors RMSE and MAE for the 
in-situ heat flux device and the heat flux plates are 
reported in Table 4. 

Table 4 – Comparison of simulation and measurement results  

 
RMSE 
[W/m²]  

MAE  
[W/m²]  

Simulation vs  
measurements (in-situ device) 

2.16 1.81 

Simulation vs  
measurements (heat flux plates) 

1.45 1.24 

 
From the RMSE and the MAE a good correspond-
ence between numerical and experimental results 
emerged. However, these indicators confirmed a 
better correspondence of the simulation results with 
the heat flux plate measurements than the in-situ 
heat flux device for this configuration of glazing 
system and blind inclination. It should be noted that 
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the closed position of the blinds prevented direct so-
lar radiation from reaching the measurement de-
vices and overheating them. When there were dif-
ferent – more open – blind positions, the heat flux 
plates can become overheated and disturbed by the 
absorption of direct solar radiation. This was 
avoided with the in-situ heat flux device, mounted 
slightly detached from the glazing and cooled by 
temperature-controlled Peltier elements. 
In addition to the heat flux, the comprehensive 
modelling of heat transfer and fluid flow coupled 
with the effect of solar radiation makes it possible to 
account for the components’ temperatures that can 
be reached inside the sealed cavity. The absorption 
of solar radiation on the blinds and the glass panes 
significantly increases their temperature. The closed 
cavity does not enhance the heat dissipation, 
thereby inducing the filling gas temperature to rise. 
For this glazing configuration, the blinds in the up-
per part of the cavity can reach temperatures of 
around 50 °C, even in winter conditions with a max-
imum external air temperature of 15 °C. 

  

     t = 9 am   t = 12 pm 

  

    t = 3 pm               t = 5 pm   

Fig. 10 – Temperature distribution within the CFS at different times 

4. Conclusion 

The results discussed show that the coupling of CFD 
simulations with the separately computed effect of 
solar radiation is a valid modelling approach for as-
sessing the thermal performance of Complex Fenes-

tration Systems under dynamic conditions. This 
modelling approach could be appropriate for a de-
tailed analysis of fenestration systems in order to 
assess specific properties, for instance secondary 
heat fluxes, maximum temperatures of certain com-
ponents of the glazing unit or fluid flow rates in the 
cavity. From the numerical modelling of CFS, it 
emerged that the solar absorption has a significant 
impact on the fluid flow in the cavity, the solar heat 
gains and the temperatures of the components. 
Thus, in addition to a CFD-based approach that con-
siders the effect of the fluid flow, an accurate optical 
modelling is essential to appreciate the glazing and 
shading complexity. Furthermore, the numerical 
and experimental characterization of the thermal 
behaviour of CFS under dynamic conditions pro-
vided evidence of the inertial effect of fenestration 
systems causing a time-shift of around one hour be-
tween the instance of the peak irradiance and that of 
maximum solar gain of the room. 
For this glazing configuration with blinds in a 
closed position, numerical results in terms of heat 
fluxes are confirmed by experimental measure-
ments, using both conventional heat flux plates and 
a temperature controlled in-situ heat flux measure-
ment device. 
Further analysis will be done in order to validate the 
modelling approach for different blind positions 
and apply it to naturally ventilated cavities. In this 
case, the fluid flow within the cavities is expected to 
have an even greater impact on the overall heat 
transfer and thus the performance of the fenestra-
tion system. 
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Nomenclature 

Symbols 

Gr Grashof number (-) 
g Gravitational acceleration (m/s²) 
β Volume expansivity (1/K), 

β=1/T for ideal gases 
ρ Density (kg/m³) 
ΔT Temperature difference (K) 
L Characteristic length (m) 
µ Dynamic viscosity (Ns/m²) 

qmeas,i 
Measured heat flux at timestep i 
(W/m²) 

qsim,i 
Simulated heat flux at timestep i 
(W/m²) 
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