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ABSTRACT

The EU is strongly committed to energy saving in buildings. Air leaks through the
building envelope represent a significant percentage of buildings energy consumption.
Locating and minimizing air leaks is thus necessary to optimize energy efficiency.

This work presents the results of an experimental campaign that aimed to promote a
discussion concerning the opportunities and constraints of using active IRT to detect air
leakage points. The potential of active IRT was evaluated both in a qualitative approach, by
comparing the thermograms with the ones obtained with passive IRT, and in a quantitative
one, by testing methods of numerically interpret the thermograms.

The results allowed concluding that active IRT increases the thermal contrast and the
affected area, proving that active IRT combined with pressure differences is an effective
methodology for detecting air infiltrations. In the quantitative approach different numerical
methods can be used. Their selection depends on the aims of the study, as they can highlight
different perspectives of the phenomenon.

KEYWORDS: active infrared thermography, qualitative analysis, quantitative analysis,
leakage points, airtightness.

1. INTRODUCTION

The EU and its member countries are committed to energy saving. The aim is to achieve a
rational use of the energy required for buildings, reducing their consumption to sustainable
limits [1]. The EU has committed itself to reduce the Union's energy consumption by 20%
before 2020. To that end, buildings have to consume more efficiently and their energy loses
must be minimized. This is achieved through good construction design for new buildings. In
existing buildings, it is very important to locate and correct, if possible, thermal losses
through the envelope, which, broadly speaking, can derive from heat transfer and ventilation,
including infiltration.

According to recent studies, infiltrations can account between 10% and 50% of the energy
demand [2-6]. In this sense, the airtightness of buildings is an important parameter that is
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necessary to know. The most common procedure to quantify the buildings airtightness is the
Blower Door Test, which, through fan pressurization, applies a certain pressure difference,
usually in steps of 10-50 Pa [5,7], between the inner space of the building and the outside
while measuring the corresponding airflow. The Standard EN 13829:2006 [8] describes the
methodology for measuring the air leakages through a building envelope with the Blower
Door Test. However, this methodology cannot detect the location of the leakage points in the
building envelope.

Infrared thermography (IRT) can be used for the evaluation of the surface temperatures of
the facades. This technique is contactless and non-destructive and allows thermal images
(thermograms) to be generated. It has already been widely used in the study of the energy
efficiency of buildings [9-16], the pathology of building materials [17], as a tool for building
diagnosis and definition of construction details [18-25], to detect moisture in building
components [26-33], as a conservation evaluation tool for historic buildings [34-38] and to
assess thermal comfort [39].

Air infiltration causes temperature differences around the leakage points on the building
surface, which can be detected by IRT. These areas can be observed from the inside when
buildings are depressurized [7,40-42]. The dimension of this thermal contrast zone depends
mainly on the geometry of the defect and the pressure difference between indoors and
outdoors [9]. Air leakages through building envelopes have already been analysed through
IRT but only using a qualitative approach and passive methods [8, 9,25,38-48].

While passive IRT uses no external excitation energy to highlight the defective area,
active IRT is based in using the energy of artificial heat sources to further enhance the thermal
contrast between the sound and the defective areas [49-52]. Based on the characteristics of the
materials, halogen lamps [52], ultraviolet radiation, flash [53], lasers or infrared lamps can be
used as heat source. Active IRT has also been used in many situations to investigate building
materials and their defects [54,55] through the quantitative analysis of transient thermal data
[52,56,57].

By increasing the temperature gradient, active IRT can be particularly effective in the
detection of leakage points, especially in moderate climates where the indoor/outdoor
temperature difference is not large. The advantages of using active can be leveraged by both
qualitative and quantitative interpretation of the thermograms. However, there is a lack in the
literature regarding this specific issue. Therefore, this work aims to promote a discussion
concerning the opportunities and constraints of using active IRT to detect leakage points. The
potential of active IRT is evaluated both in a qualitative approach, by comparing the
thermograms with the ones obtained with passive IRT, and in a quantitative one, by testing
methods of numerically interpret the thermograms.

2. FRAMEWORK

2.1 Case study

To carry out this experimental campaign, a room of a residential multi-storey building
constructed in 1980 and located in Matosinhos (northwest of Portugal) was considered. More
information about the room characteristics can be found in Barreira et al. [7]. The room has a
single window with a roller shutter handle manually controlled and there are no air inlet
devices (Figure 1).



igure 1: Room under study and roller shutter handle manually controlled.

To assess air leakage only the bottom of the roller shutter handle was considered as
previous tests pointed that, due to the localised nature of this specific leakage point, it was
easier to be identified [7]. However, two different positions of the IR camera were assessed:
(i) IR camera perpendicular to the roller shutter handle (PP); (ii) IR camera parallel to the
roller shutter handle (PL). A cardboard sheet was used as a physical support enabling the
detection of air infiltration in the thermal images, because it has thermal properties similar to
the wall. In scenario PP the cardboard sheet was placed in front of the leakage point, parallel
to the wall surface, and in scenario PL the cardboard sheet was placed perpendicular to the
leakage point and the wall (Figure 2a and Figure 2b).
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Figure 2: Position of the IR camera and of the cardboard sheet: (a) and (b) implemented
in testing scenario PP; (c) and (d) implemented in testing scenario PL.



2.2 Equipment

During this test campaign an IR camera, a temperature and relative humidity sensor, a
portable weather station and a blower door apparatus were used. All devices were properly
calibrated before the measurements according to the operation manual. The reflection
calibration and ambient and background compensation of the IR camera were implemented
before each measurement. Table 1 presents the main characteristics of the IR camera. To
implement the active approach an IR lamp of 2500 W was used.

Table 1: Main characteristics of the IR camera.

Measuring range -20°C to 100°C

Accuracy + 2°C or £ 2% of the reading
Resolution 0.06°C at 30°C

Spectral range 8.0 to 14.0 um

Thermal image 320(H) x 240(V) pixels

Field of view 21.7° (H) x 16.4° (V)

I.LF.O.V 1.2 mrad

Focusing range 50 cm to infinite

Detector Uncooled focal plane array (microbolometer)

Air temperature and relative humidity were recorded using a 2-channel data logger, with a
precision of +0.35°C and +2.5% and a resolution of 0.03°C and 0.03%, for temperature and
relative humidity, respectively. The blower door model has a maximum flow at 50 Pa test
pressure of 10194 m3/h and minimum flow at 10 Pa of 8.5 m®h. The gauge accuracy is +1 Pa
or £2%, whichever is greater.

The weather station collects outdoor temperature (accuracy of +1°C and resolution of
0.1°C), relative humidity (accuracy of +5% and resolution of 1%), wind speed (between 0 and
89.3 m/s with an accuracy £0.9 m/s + 5%) and wind direction (accuracy of £11.25° and
resolution of 22.5°).

2.3 Methodology

To assess the air leakage on the bottom of the roller shutter handle the room was
depressurized by the mechanical extract fan used in the Blower Door Test. To illustrate this
phase and the equipment used see [7]. IRT active approach was used as the cardboard sheet
used as physical support was heated during 30 seconds before each measurement. The
emissivity of the cardboard sheet (white coloured) is 0.90. It was measured with a portable
emissometer.

The tests were performed in eight different days, with different outdoor and indoor
climatic conditions (Table 2 and Table 3). In scenario PP each day included two
measurements at different pressure differences (85 Pa and 180 Pa), controlled by the Blower
Door algorithm. Immediately after the desired pressure difference was guaranteed, the heated
cardboard sheet was placed in front of the leakage point and five thermal images were taken
each fifteen seconds. Sixteen measurements were performed in this scenario.

In scenario PL, to highlight the differences between active and passive IRT, both methods
were tested. Each day included only one measurement with variable pressure differences (0
Pa, 25 Pa, 75 Pa, 175 Pa and 225 Pa). Sequential thermal images were taken as the five
different levels of pressure difference were established. Once more, pressure differences were
guaranteed by the Blower Door algorithm.



Table 2: Climatic conditions during scenario PP

Day1l [Day2 |Day 3 |Day 4 |Day5 |Day 6 |Day 7 | Day 8
_ | Temperature (°C) 248 |142 |203 |[155 |131 |185 |169 |[111
_§ Relative Humidity (%) | 34 100 76 87 100 65 86 79
g Wind speed (m/s) 5.0 1.4 1.0 1.1 0.9 4.4 2.4 2.6
Wind direction (°) 282 145 204 196 251 138 91 76
< | Temperature (°C) 236 |229 |218 |[156 |205 |174 |19.1 |19.38
= | Relative Humidity (%) |44 63 76 72 63 82 82 53

Table 3: Climatic conditions during scenario PL

Day 1l |Day 2 |Day 3 |Day4 |Day5 |Day6 |Day7 |Day8
_ | Temperature (°C) 256 (143 (204 (172 |129 (184 |17.3 |115
_§ Relative Humidity (%) | 33 100 75 77 100 68 80 79
g Wind speed (m/s) 2.1 1.3 1.1 1.3 0.9 4.2 2.5 2.3
Wind direction (°) 190 168 229 267 283 146 122 72
< | Temperature (°C) 235 222 |223 |218 |209 [18.7 |224 |19.9
= | Relative Humidity (%) | 45 64 77 57 62 80 70 50

3. QUALITATIVE ANALYSIS

The results obtained in PP scenario exposed the cooling effect of time and increased
pressure difference. Figure 3 shows the thermal images of the bottom of the roller shutter
handle when the IR camera is in PP scenario, at 85 Pa and 180 Pa. The images taken in Day 4
were selected as an example since the conclusions were identical in the other days. The
difference between the two pressure differences is highlighted as the temperatures reached
with 4P = 85 Pa (left) and AP = 180 Pa (right) are simultaneously observed. For both pressure
differences the air leakage is detected by a more pronounced decrease of the cardboard sheet
surface temperature in the area aligned with the airflow. The relevant temperature range is
between 20 and 30 °C, although for t=0 the cardboard temperature was higher, but this is not
significant. When the pressure difference increases, the temperature decreases faster as can be
observed in the four time-steps by a larger colder area. Moreover, one should stress that a
significant temperature drop is already observed in the initial instants (t = 15 s).

AP=85Pa AP=180Pa AP=85Pa AP=180Pa |AP=85Pa|AP=180Pa AP=85Pa |AP=180Pa |AP=85Pa

t=0s t=15s t=30s t=4£s :
(a) (b) (c) (d) (e)
Figure 3. PP scenario (Day 4) with 4P =85 Pa (left) and 4P = 180 Pa (right) fort =0sto
t=60s.




The differences between active and passive IRT were evaluated in scenario PL. Figure 4
shows the thermal images of the PL scenario taken in Day 8, both with active and passive
approaches. Similar results were obtained for the other days. A clear difference between the
two procedures can be observed. Although possible to observe with passive IRT, active IRT
highlights the phenomenon. In fact, with the active approach, air infiltration begins to be
visible with a pressure difference of 25 Pa, while with the passive one requires a higher
pressure difference. In addition to this effect, the larger area of influence of the phenomenon
is also exposed by active IRT. This is related with the increase of temperature differences
between the exterior air and the surface of the cardboard sheet when the active approach is
used. This is particularly interesting in moderate climates, with no heating habits, where a
temperature difference between outdoor and indoor environments of at least 10 °C, as
recommended by the standards [2-4,58], is hardly achieved.
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Figure 4: PL scenario (Day 8): (a) AP=0Pa; (b) AP =25Pa; (c)AP =75Pa;
(d) AP = 175 Pa; (e) AP = 225 Pa.

4. QUANTITATIVE ANALYSIS
4.1 Initial remarks

The active thermography methodology used in this study is based on heating a cardboard
sheet, through an artificial heat source, and register its temperature evolution. The qualitative
analysis showed that the temperature distribution among the cardboard sheet is not
homogeneous and thus the quantitative analysis was assessed to highlight this phenomenon.
To that end, several different numerical approaches were tested, first for the PP scenario and
afterwards for the PL one. Both scenarios should be understood as complementary, since they
reflect the same phenomenon from different points of view, the perpendicular and lateral one.

In the PP scenario several numerical methods were used and compared, namely: average
temperature of four concentric boxes; histograms of the thermal images; box plot
representation of the superficial temperature; temperature profiles; histogram of the
temperature differences; and thermograms subtraction. The layout of scenario PL does not
allow testing as many methods, nevertheless it was compared the average temperature of three
boxes and the percent temperature difference between the two extreme boxes.



4.2 Scenario PP

In the first approach tested for the PP scenario, four concentric boxes (A, B, C and D)
have been established and the corresponding average temperatures were calculated for AP =
85 Pa and AP = 180 Pa and for each time-step. The results are shown in Figure 5.

The box D is located in the central part of the thermogram, in front of the air infiltration.
Att =15 s, this box has the largest temperature difference (considering 4P = 85 Pa and AP =
180 Pa), around 5 °C, which represents a decrease of 20% approximately. The lower
temperature occurs for the higher pressure difference. Although similar results can be found
in boxes A, B and C, these differences are less pronounced.

After t = 30 s the temperature drop is less marked, both for 4P = 85 Pa and AP = 180 Pa,
corresponding to a stabilization of the temperature. These results point that the first 30
seconds of the experiment are critical.
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Figure 5. Average temperatures of thermograms in PP scenario (Day 4) with AP = 85 Pa and
AP =180 Paat instantst = 15, t = 30, t =45 and t = 60 s.

Another possibility for the quantitative analysis of IRT is making use of histograms. The
histogram of a thermogram represents the percent number of pixels at a certain temperature. A
comparison between the histograms (Day 4) is shown in Figure 6, where the thick points
represent the weighted average. For each pressure difference, it can be observed that the
temperature drops with time as the curves are shifted to the left on the abscissa axis
(temperature, °C). Unlike Figure 5, in Figure 6 it is easily seen how the number of pixels for
each temperature move to the left on the X axis and concentrated (towards a lower
temperature). For the 4P = 180 Pa scenario, a greater decrease in temperature can be
identified. The difference between the weighted average temperatures considering AP = 180
Pa and 4P = 85 Pa is around 1° C for t = 30, 45 and 60 s and slightly less for t = 15 s. Figure 6
also shows a reduction of the temperature range throughout the experiment ([20,27] °C for t =
30 s, [20,25] °C for t = 45 s and [20,24] °C for t = 30 s, when 4P = 85 Pa), which confirms the
increased uniformity of the superficial temperature due to cooling.
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Figure 6. Histogram of thermograms in PP scenario (Day 4) with AP = 85 Pa and 4P = 180
Pa at instants t = 15, t = 30, t = 45 and t = 60 s. The thick points show the weighted average
(Wa).

A different possibility is making use of the box plot representation of the superficial
temperature. Figure 7a shows the box plots from t = 0 to t = 60 s. At the initial instant, the
temperatures are extremely high due to the use of the heat source and can bias the
interpretation. Thus, Figure 7b shows only the box plots fromt = 15 to t = 60 s and
differences among them can now be observed in detail.

Besides the cooling effect throughout the experiment, in this representation, the wider
spread of the superficial temperature found in the first instants can also be identified,
especially for t = 15 s. The results show that the median (Q2) is always lower when AP = 180
Pa. The largest difference between medians occurs for t = 15 s and corresponds to about 5%.
The same conclusion would be drawn if the other statistical indicators (quartiles) were used.

The distribution of temperatures recorded in each pixel of the thermogram is a continuous
function, not discrete. Figure 7, with the box plots, allows identifying relevant statistical
values such as the median, first and third quartiles, as well as discarding insignificant values.
All this always with the aim of highlighting in an analytical way the complex physical
phenomenon.
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Figure 7. Box plots of the thermograms in PP scenario (Day 4) with 4P = 85 Pa and 4P =
180 Pa (a) General view (fromt=0tot =60 s) and (b) detail of t =15to t = 60 s.

Temperature profiles can also be used to numerically analyse the thermograms. Figure 8
shows the temperature plot of a vertical and a horizontal profile and, once again, it is evident
how the decrease of the temperature is more remarkable in the first instants and stabilizes for
steps greater than t = 30 s (10 °C for t = 15 s and 5 °C for t = 60 s, approximately, for both
pressure differences). The effect of the higher pressure can also be identified through the more
pronounced temperature drop (V-shape). However, the phenomenon is not as evident as in the
previous methods. On the other hand, unlike the previous ones, this method allows detecting
the exact position of the air infiltration in the cardboard sheet. Throughout the experiment, as
the temperature in the cardboard sheet becomes more homogeneous, the less pronounced V-
shape of the temperature curves observed for the 4P = 180 Pa is less evident because the
thermal equilibrium is being reached.
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The temperature differences between 4P = 180 Pa and 4P = 85 Pa were calculated on a
pixel basis and the corresponding histogram was plotted (Figure 9). Two thermograms are
required for each time step (one for AP = 180 Pa and another for AP = 85 Pa). First of all, the
pixel to pixel temperature variation is obtained. Then, Figure 9 groups the number of pixels
with a certain temperature difference. If we keep constant other parameters, and modify the
pressure difference, i.e., the 22% of the pixels for t = 30s have had a temperature variation
between -1.5 and -2.0 °C. This procedure was performed for the entire area of the cardboard
sheet. The main goal was to highlight the effect of using different pressure differences. The
results show that the superficial temperature is lower for 4P = 180 Pa as the majority of the
temperature differences are negative, confirming that this is an efficient method of
highlighting the phenomenon. Furthermore, the procedure also allows assessing the cooling
phenomenon. In fact, for t = 15 s the temperature differences are equal or lower than -1.5 °C
in more than 50% of the image, while this percentage decreases to around 30% when t = 30 s.
As time passes, the differences between the temperatures for the two pressures are attenuated,
ranging between -0.5 and 0 °C in more than 50% of the image, indirectly pointing to an
equilibrium with the ambient temperature.
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Figure 9. Number of pixels according to temperature variation in PP scenario with
AP =180 Pa and AP = 85 Pa.

The last method tested in this scenario was the thermograms subtraction. Two
possibilities were tried: (a) subtraction between each thermogram and the one at t = 15 s
(Figure 10a); and (b) subtraction between each thermogram and its previous (Figure 10b). The
thermograms taken at t = 0 s were not used in this analysis because their significantly higher
temperature would bias the conclusions. The evolution of temperature contrasts and the
cooling caused by the exterior air can also be assessed through this technique.

The results of procedure (a) show that, throughout the experiment, the temperature in the
central region of the cardboard sheet is approximately constant, confirming that the initial 15
s are crucial for the cooling of this area. On the other hand, the superficial temperature in the
outer area is decreasing as the darker region of the thermogram is increasing. The effect of
applying different pressure differences is not as clear as in the previous methods, since there



are no relevant differences between the two images. The rapid decrease of the cooling rate is
obvious in procedure (b) as the thermal images are more homogeneous after t = 30 s.

R =30 - 1-155 _ _ e it :
Flgure 10. Thermograms subtractlon in PP ‘scenario (Day 4) for AP = 85 Pa (Ieft)
and 4P = 180 Pa (right): (a) subtraction between each thermogram and the one at t = 15 s; (b)
subtraction between each thermogram and its previous.

4.3 Scenario PL

In this scenario, the first quantitative method includes the definition of three areas in the
thermogram (boxes A, B and C, with box A being the one located closer to the air inlet). The
analysis of the thermograms for days 5 to 8 are shown in Figure 11. Days 1 to 4 were not
included in the analysis, as they do not provide further information.

As expected, the average temperature in box A is always lower, followed by box B and
finally box C, in line with their distance to the air inlet. In fact, the results of day 8 show that
throughout the experiment the average temperature of Box C decreased 4%, while in boxes B
and A this value was 6% and 9%, respectively. Moreover, this method shows that the
temperature gradient is enhanced by an increased pressure difference. For instance, the results
of day 8 show that the average temperature of box A is 5% lower than the one of box C when
AP = 25 Pa. This percentage increases up to 9% when the pressure difference increases to AP
=225 Pa.

Overall, two sub-sets can be identified in the sample: days 6 and 7, with an
approximately constant performance, and days 5 and 8, where the temperature drop is much
more visible. This difference occurs due to exterior temperature, which is significantly lower
in days 5 and 8 (Table 3). If one compares the results between days 5 and 8, a higher initial
temperature can be identified in day 8, leading to a more pronounced reduction of the
superficial temperature. This is particularly noticeable in boxes B and C while, in box A, the
difference is less marked, confirming the fast cooling phenomenon that occurs near the inlet
device. Regarding days 6 and 7, boxes B and C exhibit an almost constant temperature and,
therefore, the cooling effect is only visible in box A, particularly for higher pressure
differences. These results, not only confirm the importance of guaranteeing an adequate
temperature gradient between indoor and outdoor, but also point out that when this gradient is
not sufficient it can be offset by an increased pressure difference.
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Figure 11. Average temperature of thermograms in PL scenario (Days 5, 6, 7 and 8) with
AP =25 Pato AP = 225 Pa, for boxes A, B and C.

The same boxes were used to test another method. In this case, the percent temperature
difference between boxes A and C was calculated (Figure 12). Once again, only Days 5, 6, 7
and 8 were used. When compared to the previous method, the same conclusions can be drawn
from this graph. However, its interpretation is not as straightforward. The main advantage of
this representation is quantifying the cooling effect near the inlet when compared to the outer
region of the cardboard sheet. For the lower pressure difference (4P = 25 Pa), the temperature

gradient ranges between -2.7% and -6.5%, increasing up to -6.2% and -9.7%, when AP = 225
Pa.
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Figure 12. Percent temperature difference between boxes A and C in PL scenario (Days
5, 6, 7 and 8) with AP = 25 Pa to AP = 225 Pa.

4.4 Scenario PL

In this scenario, the first quantitative method includes the definition of three areas in the
thermogram

5. CONCLUSIONS

The results of this work allow a step forward in the knowledge of applying IRT to assess
leakage points in the buildings envelope. In fact, through two different scenarios (PP and PL)



selected in a real case study, measurements were performed using both active and passive
IRT. The results were evaluated both in a qualitative approach, by comparing active and
passive IRT, and in a quantitative one, by testing different numerical methods. These enable a
detailed discussion concerning the opportunities and constraints of using IRT to study the
airtightness phenomenon.

Qualitatively, it was possible to evaluate the cooling effect of time and increased pressure
difference. Through scenario PP, for both pressure differences, the air leakage was detected
by a more pronounced decrease of the cardboard sheet surface temperature in the area aligned
with the airflow. When the pressure difference increases throughout the experiment, the
temperature decreases faster as the colder area in the thermograms increases. Furthermore, a
significant temperature drop is already observed in the initial instants (t = 15 s). It was also
possible to highlight the differences between active and passive IRT using scenario PL.
Similar results were obtained in the two approaches, however, active IRT allows for clearer
results, not only in terms of thermal contrast but also in terms of affected area. This is
particularly interesting in climates with no heating habits, where only small temperature
difference between outdoor and indoor are achieved.

Different numerical methods were used and compared for the quantitative analyses. PP
scenario enabled a more detailed discussion as six methods were test. The layout of scenario
PL only allowed testing two different methods.

The first approach tested for the PP scenario was analysing the average temperatures of
four concentric boxes for the two pressures under study and for each time-step. The box
located in the central part of the thermogram and aligned with the air infiltration always
presented lower temperatures. The temperature drop was sharper in the first seconds, as after t
= 30 s its stabilization can be seen. This indicates that the first seconds of the experiment are
critical. On the other hand, as expected, the lower temperatures always occur for the higher
pressure difference.

The use of histograms highlighted that the temperature drops with time as the curves are
shifted to the left on the temperature axis. For higher pressure differences, the decrease in
temperature is higher. One the other hand, histograms also allow observing a decrease of the
temperature range throughout the experiment, which is related with cooling effect that
increases the uniformity of the superficial temperature. As in the previous method, also the
use of box plot representation enables to detect the cooling effect, the larger variability of the
superficial temperature in the first instants and the impact of the pressure difference.
However, the best method to highlight the effect of using different pressure differences was
plotting a histogram of the temperature differences between AP = 180 Pa and 4P = 85 Pa on a
pixel basis.

The main advantage of temperature profiles is allowing detecting the position of the air
infiltration in the cardboard sheet, which was not possible in the previous ones. However, the
effect of the pressure difference is more difficult to be detected. The evolution in time of
surface temperature on the cardboard sheet can also be assessed, as the slope of the profile
decreases throughout the experiment.

Also, the thermograms subtraction allows detecting the position of the air infiltration. The
main advantages of this method is to display as a thermal image the evolution of temperature
contrasts and the cooling caused by the exterior air. However, and just like the profiles, it is
not as efficient to highlight the effect of applying different pressure differences.

The quantitative analysis of scenario PL using three boxes that divide the thermograms
into three sections enable to detect a colder area near the air leakage point and higher
temperatures on the furthest area. Moreover, the temperature gradient was always higher
when the pressure difference increased. The method also allowed confirming the importance
the temperature gradient between indoor and outdoor to obtain clearer results. However, it



also point out that when this gradient is not sufficient it can be offset by an increased pressure
difference. The percent temperature difference between the area near the inlet and the furthest
one allowed quantifying the cooling effect of the air infiltration.

In conclusion, active IRT, when combined with pressure differences, has demonstrated to
be an effective methodology for detecting air infiltrations. In the quantitative approach,
different numerical methods can be used. Their selection depends on the aims of the study, as
they can highlight different perspectives of the phenomenon. In this research, i.e., the average
temperature of the thermograms has been calculated based on time in order to quantify the
temperature variation.
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