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Summary

To investigate the validity of the traditional approach to implement wind-driven rain (WDR) in
hygrothermal building envelope models, under real atmospheric conditions, a new set-up was
developed at a test building. Reference wind speed and direction, WDR intensity, outdoor air
temperature and relative humidity and the resulting moisture response of the wall to these
environmental conditions (both hygroscopic loading and WDR) were simultaneously measured. The
whole measurement data set was used for validation. Large differences between the measurement and
simulation results were found and possible causes discussed. It is concluded that many influencing
parameters interact, and that therefore precisely predicting the hygrothermal response of walls to
wind-driven rain is very difficult.

1. Experimental set-up at the vliet test building

Wind-driven rain (WDR) is one of the most important moisture sources when analysing the
hygrothermal behaviour of building envelopes and thus of great concern in the field of building
physics'™. Without splashing, bouncing, and runoff of raindrops, the moisture flux at the outside wall
surface g,, (kg/m’s) is generally expressed as®”’

Em =_ﬂe(pe_ps,e)_lWDR (1)

where f, is the moisture transfer coefficient (s/m), p. and p,. are the vapour pressures (Pa) of the
outdoor air and at the outside wall surface respectively and Iypz is the WDR intensity (kg/m’s).

To investigate the validity of Eq. (1), a new set-up was developed at the VLIET test building® (Fig.
1 (a)) located at K.U.Leuven, Belgium. The test building itself was constructed for the comprehensive
study of the hygrothermal behaviour of building components under “real” climatic conditions. Apart
from the building itself, in which the new test set-up is situated, the building is equipped with a
meteorological mast and rain gauge in the free ficld’. With one ultrasonic anemometer at the mast the
wind speed Uy and wind direction ¢y at 10 m above the ground are recorded.
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Fig. 1. (a) VLIET test building and the surrounding environment (view from south-west) and the
schematic diagrams of (b) the elevation and (c) X-intersection of the test section and the new set-up.
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The newly developed set-up at the test section is illustrated in Fig. 1 (b) and (c). The new set-up
consists of a device to measure the weight change Wy, of the specimen, PMMA WDR gauges’ on the
wall, temperature sensors at the material surface, and a collector gauge for the runoff water. With a
data logger the weight change, the surface temperature of the specimen, the amount of the runoff water
and the WDR intensity next to the specimen are measured simultaneously. The principle of leverage
was used for measuring wy.q, achieving a resolution of 5 mg. To prevent horizontal disturbance by the
wind without disturbing the material movement in the vertical direction, a roller supports the material
at the back side (see Fig. 1(c)).

2. Measurement results

Fig. 2 shows results of measurements performed during two periods in 2007: November 29, 0:00 -
December 2, 0:00 and December 3, 20:00 - December 12, 15:00. In all measurements described in the
current paper, a specimen of calcium silicate (0.25 m % 0.45 m x 0.09 m) was used because of its very
high capillary moisture content (803 kg/m®) and water absorption coefficient (1.22 kg/m*s**)'°, Fig. 2
(a) and (b) show the weight change wi,., of the specimen from the initial value at the test subsection B
(see Fig. 1 (b)), the cumulative amount Sypgme, of WDR and the WDR intensity Iypgme, at test
subsection A. The figures show that w,,, increased during WDR and decreased due to evaporation
afterwards. Furthermore the temperatures at the centre of the exterior and interior surfaces of the
specimen and the outdoor air temperature and vapour pressure near the specimen (Fig. 2 (c) and (d))
were simultaneously measured, as well as Ujo and @0 (Fig. 2 (e) and (f)). The adhesion-water
evaporation error’ of Iypg me, is estimated at 3 % for the current rain events.
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Fig. 2. Measurement results of (a,c,e) November 29 - December 2, 2007 and (b,d,f) December 3 -12,
2007. (a,b) weight change of the specimen Wy, cumulative amount Sypg me, and intensity Iypg mea Of
wind-driven rain; (c,d) outdoor temperature 6, outdoor vapour pressure p,., and temperatures at the
inside and outside material surfaces 6. and 6,;; (e,f) wind speed U,y and wind direction @y (10 m
above the ground level).
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3. Numerical analysls and discussion

3.1 Numerical analysis

In this section, the measurement data of the hygrothermal response of the specimen to the WDR
loads are compared to the results of one-dimensional numerical calculations with the traditional
approach (Eq. (1)) for WDR. For windward facades, which are those exposed to WDR, Janssen et al.®
described the moisture transfer coefficient with the following equation:

B. =7.7x107(3.06U,, +5.44) 2

In the current study, three simulations were carried out with different £, equations based on Eq. (2) to
check the adequacy of £, for the given conditions. The first is Eq. (2), another is the half of Eq. (2)
(Eq. (2) / 2), and the other is the double of Eq. (2) (Eqg. (2) X 2). For the heat transfer analysis, the
measured temperatures at the centre of the exterior and interior surfaces of the specimen are used as
boundary conditions. The initial conditions were determined based on the measurement data.

Fig. 3 compares the measurement and simulation results for the two periods. In general, although
qualitative trends of the measurement results of absorption and evaporation of WDR are well predicted
by the numerical simulations, important differences can be observed. These differences are discussed
from several points of view in the next section.
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Fig.3. Simulated weight changes Wyim(Iwpr mes) Of the specimen compared to measured ones Wye, for
the two periods. (a) 29/11/2007 - 2/12/2007 and (b) 3/12/2007 - 11/12/2007.

3.2 Discussion

In Fig. 3, the results of the simulations with three different f, equations are compared to the
corresponding measurements for each period. This comparison shows that, although the results are
significantly influenced by £., the differences between Wy, and Wyim(Iwprmes) are mainly caused during
rain. Therefore, it scems that £, is not the main reason that caused the differences. Also Eq. (2) / 2
seems to be more appropriate for the current cases than the other two £, equations, when looking at the
evaporation rates during drying processes. Note, however, that the overestimated drying rate in the
simulations is not only caused by the applied equation for the surface coefficient, but also due to an
overestimation of the moisture uptake during WDR.

From the above discussion, the differences between Wy, and Wym(Iwprmes) presented in the
previous section may be attributed to other errors. Conceivable errors are: (1) the averaging error'' and
the splashing/bouncing error'?. The traditional approach of modeling WDR uptake (Eq. (1)) is a
simplification of the real discrete and random impingement, uptake and evaporation of raindrops. It
presents a spatially and temporally averaging approach which can cause considerable errors''. The
splashing/bouncing error refers to possible surface phenomena at raindrop impact. Due to splashing
and/or bouncing of raindrops, part of these raindrops may not contribute to the moisture load on the
facade.

Although it is “almost” impossible to perform a detailed three-dimensional simulation of individual
raindrops'' for the current study due to the limitation of computer capacity, the differences are
considered to be largely attributable to the averaging error as demonstrated by Abuku et al.'l.
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Furthermore, given the limited data available on oblique water drop impact on porous building
materials, it is not possible to quantify the splashing/bouncing error at this moment. The differences
are also considered to be partly attributable to the splashing/bouncing error.

4. Conclusions

A new measurement set-up was developed to validate the traditional approach to implement wind-
driven rain (WDR) in hygrothermal building envelope models, under real atmospheric conditions. The
material weight change (hygrothermal response of walls) and WDR loads as well as other
environmental conditions were simultancously measured for two rain events. The measurement results
were compared to those of numerical simulations with the traditional approach. The simulations
significantly overestimated the average moisture in the specimen during rain. Whereas it was shown
that the results of the simulations depend on the value of the moisture transfer coefficient especially
during drying periods, differences between the simulated and measured responses of walls mainly
occurred during rain. Therefore it seems that the moisture transfer coefficient is not the main reason of
the differences. Although it is not possible at this moment to quantify the averaging error and the
splashing/bouncing error described in the previous section, it is concluded that the reliable prediction
of the response of walls to WDR loads is a very difficult task.
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