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Figure 4: Comparison between simulated and measured temperatures

impact of the internal air temperature on the sur-
face temperature of the walls is greater than on the
street, due to conduction along the thickness of walls.
To enable a better evaluation of the results, three
points were selected in the geometry (see Figure 2).
The evolution of the experimental apparent surface
temperature was obtained by selecting pixels on the
thermograms and matching their color with the re-
spective temperature. These results are presented in
Figure 4, along with the correspondent simulations.
The results with ACH=3 are closer to the experimen-
tal data than those with fixed air temperature.

The modifications of FEM implemented in this study
allow for the estimation of internal air temperature.
Figure 5 shows the evolution of the internal air tem-
perature using different configurations of ACH, along
with the external air temperature. The three plots
correspond to the internal results of one of the stud-
ied blocks. The results showed no significant dif-
ferences for the rest of the blocks. Thermal inertia
of air is observed, where the minimum of the three
curves is always hotter than the minimum external
temperature. An analogous behavior is shown for the
maximum temperature. Larger ACH values implied
a greater similarity between the evolution of internal
and external temperatures.
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Figure 5: Fvolution of external and internal air tem-
peratures using different air change rates.

The results shown in Figure 5 explain the differences
observed in column 5 of Table 1. An internal air tem-
perature fixed at 20°C was far away from the com-
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at the selected points.

puted one, where the maximum gap with ACH=3 is
observed around 05:00 (= 9°C'). Due to the thermal
inertia of the wall, this difference takes some time
to be reflected on the outside surface temperature,
which reached its maximum difference around 10:00.

Computational performance

The simulations presented in this study were executed
on a standard desktop PC (core i7 processor and
16GB of RAM memory). The code implemented for
the computation of internal air temperatures did not
affect the computational performance of the model,
because an iterative solver was already being used to
account for the non-linearities associated with radi-
ation. The number of iterations needed to converge
in each timestep is the same with fixed and varying
internal air temperatures.

The memory consumption of Cast3m depends highly
on the size of the geometry (number of elements). In
particular, matrix F from Eq. 23 is a square matrix of
dimensions = 23k x 23k. Using full matrix represen-
tations, which is the current Cast3m implementation,
the memory requirement to store F was ~ 4G B. Be-
cause of the geometrical properties of the scene, the
density factor of F is equal to 4.16%, which justified
the use of sparse representations. The memory con-
sumption was reduced to 331M B, and the radiation
step was considerably accelerated. Table 2 shows re-
sults for the entire FEM model.

Execution time| Max. memory
Version (minutes)  |consumption (GB)
Original Cast3m 572 4.6
Sparse matrix 61 0.9

Table 2: Execution time and memory usage details.

Around 9x speedup was reached in total execution
times. The memory consumption was reduced by a
factor of 5.1.

Sparse form factors matrices enable dealing with
larger geometries, which can be an important results
for future simulations. For example, the size of the
geometry can easily scale to hundreds of thousands
elements if a higher level of detail is modeled, and/or
if a larger zone wants to simulated.
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Conclusion

In this study, a set of thermograms were simulated us-
ing FEM, and the results were compared to an exper-
imental thermography campaign. The computational
techniques used were presented, and two improve-
ments regarding convective and radiative boundary
conditions were implemented in Cast3m.

The results showed that a simplified geometry can
generate accurate results if the computational model
is highly precise. In particular, using free internal air
temperatures increased the realism of the simulation,
reaching accurate results when compared to experi-
mental data. In periods where occupants do not make
use of artificial temperature conditioners, measuring
the air temperature can also serve as trustful infor-
mation about thermal comfort.

Furthermore, the computational performance of the
algorithm was optimized by using sparse matrix rep-
resentations for storing form factors. The entire sim-
ulation was executed in a standard desktop PC in rea-
sonable times, enabling the simulation of much longer
periods of time.
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