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ABSTRACT

Green facades are becoming an important architectural element in an urban environment. Regarding the technol-
ogy of the installation of green fagades, one can distinguish between direct and indirect green facades, living walls
and double skin fagades with foliage. In addition to aesthetics of green facades, an impact on the outdoor and the
indoor comfort has been proven. That is due to changed temperature and air flow conditions at the building enve-
lope boundary. It has been proven that green facades impact lower surface temperatures of a building envelope
and enhance thermal insulation properties of a building envelope, thus reducing the energy demand of a build-
ing. Based on the results from green facade thermal response research and growing interest in local ventilation
systems, one can conclude that there is potential for a free cooling of a building. Therefore, this paper presents
the design and the preliminary experimental research of a local ventilation system coupled with an indirect green
facade. Based on the experimental work, it has been ascertained that the indirect green facade can impact a 5 K
lower inlet air temperature for the local ventilation system compared with the one at the traditional facade.
Keywords: Free cooling, green facade, local ventilation, vertical greenery.

1 INTRODUCTION

The greenery has been part of cities for centuries, it made landscape versatile and appealing to the
residents. Nowadays, importance of greenery in urban environments is even increased due to its
impact on the mitigation of the heat island effect [1,2]. In addition, greenery on the building enve-
lope can impact lower cooling demand of the building itself. Greenery can be either applied to a roof
or a vertical building envelope. The latter enables for greater energy savings as it presents the mar-
ginal share of the building envelope surface in urban environments. Due to the various architectural
approaches, one can distinguish between direct and indirect green fagades, living walls and double
skin facades with foliage [3].

The greenery affects the temperature and flow conditions at the building envelope boundary
through the process of evaporative cooling, the selective absorption of short-wave radiation and the
shading of a building envelope [4]. The thermal response of green facades is frequently evaluated
with field measurements of the temperature in consecutive layers from the building envelope surface
towards the surroundings.

Such an investigation was carried out by Wong et al. [5] on free walls with the vertical greenery
in the Tropical climate. The results show maximum reduction of 11.5°C in the wall surface tem-
perature on a clear day. Which can, according to results from numerical simulations, result in
reduction of cooling load up to 20% [6].

Besides lower surface temperatures, the foliage impacts lower air temperatures in the intermediate
space, enclosed by the building envelope and the foliage. Due to the specific air-flow [7], tempera-
ture and humidity [8] conditions, the intermediate space can be addressed as the microclimatic layer
at the building envelope boundary. Based on the experimental study, Suklje ez al. [8] reported maxi-
mum reduction of 4.3°C in the microclimatic layer temperature of the indirect green fagade compared
with the bare wall on clear summer day in the Continental climate. Whilst results from all-year field
measurements of microclimatic layer temperatures show on average around ambient temperature in
peak cooling season in Mediterranean climate [9].
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Based on results from green fagade thermal response research and growing interest in local venti-
lation systems, due to the higher energy efficiency and the comfort in comparison to centralized
systems [10], one can conclude that there is potential for a free cooling of the building. An idea of
the greenery as a cooling system for buildings has already been reported. In particular, Sheweka and
Mohamed [11] designed a ventilation system combined with double-skin fagade with plants. How-
ever, such a system cannot be efficient as it has been experimentally proven that plants in a
double-skin facade cannot prevent overheating of the air cavity and are not likely to withstand the
sever heat [12]. Therefore, the cooling potential could lie in a local ventilation system coupled with
an indirect green facade.

In the present paper, a preliminary experimental study of cooling potential of an innovative sys-
tem is presented. Field measurements of inlet air temperatures of the local ventilation system coupled
with the indirect green facade system are carried out simultaneously with a traditional local ventila-
tion system in order to allow for the determination of the temperature difference. Data are then
processed with statistical methods and results discussed with respect to the previous research.

2 THE EXPERIMENT
Field measurements were carried out on the outside test facility (Fig. 1) that was designed with
respect to the experience and findings from the previous research on the thermal response of the
indirect green fagade [8]. The south orientated test facility envelope was divided into two equal sur-
faces; on the right side, the indirect green facade was installed, meanwhile the other half was used
as the referential facade. Facades were installed on the concrete floor in order to simulate urban
environment conditions (Fig. 1).

For the indirect green facade, fast-growing Phaseolus vulgaris L was chosen. The greenery was
planted in containers aside the supporting structure with the low thermal mass. The plant was irri-
gated with respect to the calculated evapotranspiration using empirical relations [13].

The design of the indirect green facade allowed us to insert an air inlet collector of the local ven-
tilation system in the air cavity, which is formed due to the offset of the vertical greenery with
respect to the test facility envelope (Fig. 1). To ensure comparison, the same air inlet collector was
also installed at the referential fagade. The perforated bottom of the air inlet collector was designed
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Figure 1: Scheme of the experimental setup. The side view (left) and the front view (right).
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Figure 2: The air inlet collector (left); the air inlet collector inserted in the air cavity (right).

in such a way to ensure even air velocity on the entire length of the air inlet collector. Air inlet col-
lectors and ducts were insulated and covered with aluminium foil (radiation shield) to prevent heat
gains from the ambient (Fig. 2).

The air was driven vertically along the test facility envelope, through the perforation of air inlet
collectors, through ducts to the backside of the test facility, where an air volume flow was measured,
and finally discarded through ventilators to the ambient.

The sensor distribution on the test facility is outlined in Fig. 1. Global solar radiation on the verti-
cal surface was measured with pyranometer Kipp & Zonen SMP11 (non-linearity +1%, temperature
dependence +5%). Pyrgeometer Kipp & Zonen CG1 (non-linearity +1%, temperature dependence
+2%) was used for measurements of the downward long wave radiation. The ambient temperature
(£0.5%), relative humidity (+2% RH) and the wind velocity (+0.2 m/s ) were measured in the
weather station at the height of 1.25 m in front of fagades. The used thermocouples for the inlet air
temperature measurement were type-T with a measurement uncertainty of +0.25 K. The volume
flow meter operates on the principle of the damping method with a measurement uncertainty of
+5%. All sensors were properly calibrated before the installation in the experimental setup (Fig. 1)
and then connected to data acquisition units AHLBORN Almemo 2290-8 in Agilent 34970A captur-
ing data every 30 s.

2.1 Weather conditions

Measurements were carried out in September 2013. In the present paper only preliminary study
results from 6th to 8th September 2013 are presented and further analysed.

The main meteorological data, recorded during analysed days, are characterised by an ambient
temperature 7, .. with peaks reaching 27°C. Global solar radiation on vertical surface G 410b.90 reach-
ing 740 W/m? and recorded wind velocities v, ,up to 3 m/s.

3 RESULTS AND DISCUSSION
In the precedent experimental study, it has been ascertained that the vertical greenery reduces air
temperatures at the building envelope boundary. Whilst in the present study, the vertical greenery
system has been upgraded with the local ventilation system to improve the summer thermal comfort
in buildings.

The air volume flow for the local ventilation system was set to 37 m3/h m? of the indirect green
facade for all measurements. The rate was chosen based on the recommendations for the required
fresh air supply for one person.
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Figure 3: Measurements of meteorological parameters. From top to bottom: ambient temperature,
global solar radiation, wind velocity and relative humidity.

Measurements of the inlet air temperature reduced for the ambient temperature are shown in Fig. 4.
It can be ascertained that at day time, inlet air temperatures at the indirect green fagade are up to 5 K
lower than those at the referential fagade. Nevertheless, based on the previous research on the thermal
behaviour of green facades, one would expect lower inlet air temperatures at the indirect green fagade.
Due to the drought and extremely high temperatures in summer 2013, one should note that greenery
was potentially thinned and worn out.

At night time, inlet air temperatures are the same except after the sunset where temperatures at the
indirect green fagade are slightly higher due to the reduced long-wave radiation heat flux to the sur-
roundings.

Further analysis of the measured data reveals that at certain spikes, inlet air temperatures at refer-
ential facade are even lower than those at the indirect green facade. Therefore, measured inlet air
temperatures were compared with the meteorological data and it has been noticed that lower inlet air
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Figure 4: Measurement of the temperature difference on the inlet air temperature and the ambient
temperature.

temperatures at referential facade coincide with wind velocity spikes. To confirm the observed cor-
relation, a statistical analysis was performed.

3.1 Statistical analysis

The recorded day time data were analysed with the multiparametrical linear regression. The day time
was limited with global solar radiation ngob, oo greater than 100 W/m?. The temperature difference
between the inlet air temperature and the ambient temperature was set as a dependent variable,
whilst the global solar radiation, wind velocity and the relative humidity were set as independent
variables in the following form:

T

vent Tamb

=b(0) +b(1) G

sioboo + P(2) v

wind + b(3) ¢

The results of the multiparametrical linear regression are presented in Table 1. F-test and level of
characteristics show that there is dependence of the inlet air temperature at the referential facade on
the global solar radiation, the wind velocity and the relative humidity. Student’s ¢-tests and the level
of significance for the regression coefficients show that all regression coefficients are significantly
different (p < 0.05). The results of the residue analysis indicate that residues are independent, dis-
tributed in a normal distribution with an average of 0. All these statistical parameters show the
suitability of the derived regression model. However, that cannot be concluded in the case of the
indirect green facade. The results in Table 1 show that the wind velocity (p-value > 0.05) cannot be
statistically related to the depended variable.

Based on the statistical analysis, one can conclude that observed lower inlet air temperatures at the
referential fagade compared with those at indirect green fagade are indeed affected by the increase
in the wind velocity. It is apparent that the air flow from the ambient is driven into the boundary layer
at the test facility envelope. On the contrary, the phenomenon does not appear at the indirect green
facade as the vertical greenery presents a wind barrier.

Based on the findings from the present study, thicker vertical greenery should be considered, in
order to sustain lower temperatures in the microclimatic layer of the indirect green facade. To con-
firm the cooling potential of the presented system, the time frame of the measurement has to be
extended.
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Figure 5: Response of the temperature difference to the wind velocity and the global solar radiation
at the relative humidity 45% and specific volume flow rate 37 m3/h m? at the indirect green
facade (left) and the referential (right).

Tabel 1: Results of the multiparametrical linear regression for the indirect
green fagade and the referential facade.

Coefficient  Value Std. error t-Statistics ~ p-Value

< b(0) 13.218 1.162 11.37 0.0000

§ b(1) 0.00383 0.000 6.90 0.0000

T b2 0.19276 0.179 1.07 0.2836

%’ b(3) 0.22324 0.020 ~11.17 0.0000
R? = 0.67

— b0 14.286 1.3795 10.35 0.0000

§ 3 b(l) 0.00625 0.0007 9.46 0.0000

§ § b(2) 0.63579 0.2130 2.99 0.0031

& p3) ~021731  0.0237 -9.16 0.0000
R? = 0.66

4 CONCLUSION

The article presents the preliminary experimental research on the thermal response of the local ven-
tilation system coupled with the indirect green facade. The results highlight the cooling potential of
the innovative system. It has been ascertained that coupling a local ventilation system with the indi-
rect green facade results in up to 5°C lower inlet air temperatures during day time at the highest of
the solar radiation and the ambient temperature. It also has been ascertained that the vertical green-
ery acts as a wind barrier at the building boundary, which coincides with the findings from other
researchers. Combined with thinned greenery that reflects in the reduced cooling potential at wind
velocity peaks due to the relatively high inlet air temperatures at the indirect green fagade.

In the further research, it is necessary to consider a denser greenery as microclimatic layer tem-
peratures are higher than ambient temperatures even though several researcher have reported the
opposite. That can be beneficiary as lower temperatures of the microclimatic layer will reflect in
greater cooling potential of the designed system. It is also mandatory to evaluate thermal response
of the presented local ventilation system at higher specific volume flow rates and based on a
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parametrical analysis determine the optimal one. Future experimental studies ought to be performed
at the peak of the cooling season with extended duration of measurements.
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