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Abstract: Building thermal comfort plays a key factor in architecture design. The natural ventilation is one of
the elements that can optimise building environment with low impact. Thai traditional design, as a design
response for a hot climate, is used for a case study to learn how the design could conduct comfort condition of
the ventilation. Surrounded vegetation of the buildings is found that could enhance the hot air while it gets
into buildings. Consequently, this study is divided into four different cases and located in Sheffield, which is
sited in a moderate climate, for learning how trees could contribute comfort environment in a different
weather condition. The study is found Platanus occidentalis L., which has 15.78m tall with crown foliage
transparency 16.7%, can reduce the temperature for almost 2°C, which is the highest efficiency. However,
Populus deltoids, which has 19.35m tall with 22.5% of crown foliage transparency, can reduce the temperature
for 1.5°C at 60% relative humidity, which is the lowest temperature difference.
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1. Introduction

Thermal comfort has a pivotal role in architecture design. The considerations could be
related to temperature and humidity. However, modern design mostly uses a large amount
of energy to implement occupants’ comfort. For instance, in the case of the tropical region,
air conditioners are widely used in both residential and commercial buildings without
concerning to take the benefits from the natural surrounded environment. However,
recently, natural ventilation interests have been renewed to enhance the building’s
temperature issues. Additionally, several published studies have been found the role of
microclimate from the high density of plants can provide a comfortable environment in the
traditional house in the tropical region (Lauber 2005)

In term of climate in Thailand, it is characterised as a tropical country
(Thateenaranon et al. 2017) with the aspect of Aw — Equatorial savannah with dry winter in
the north, Am — Equatorial monsoon in the south according to Képpen climate classification
(Kottek et al. 2006). The mean temperature in summer is 29.7°C (Thailand Meteorological
Department 2018). In the case of elements of traditional Thai houses, it is clearly that
houses utilise a great deal of ventilation. A large volume of published studies describing how
Thai houses mostly invented to take benefits from the prevailing wind. It has been explained
by Tantasavasdi et al. (2001) that the microclimate from the vegetation perform as the
cooling system for the building. Moreover, Hays (2014) supports that the severe weather
could be prevent by surrounded perennial vegetations.

One of the method that can explain how plants could minimize the external air
temperature before it ventilate into the house could be explained by the evaporative
cooling method by Koch-Nielsen (2002). His study described that the heat could be
absorbed by the evaporation method, when the air flow through the water. It is equivalent
with trees to produce microclimate around itself. Likewise, the research of Vox et al. (2016),



the study have been found the solar heat gain could be prevented up to 4.4 °C by green wall
during hot months. Moreover, it could be the thermal insulation in winter. Furthermore, the
experiment from Cuce (2016) demonstrated that the plant aspects include types of plant
and leaf density particularly affect to the temperature on the green wall system.

One of the methods that can explain how plants could minimize the external air
temperature before it ventilates into the house could be explained by the evaporative
cooling method by Koch-Nielsen (2002). His study described that the heat could be
absorbed by the evaporation method when the airflow through the water. It is equivalent to
trees to produce microclimate around itself. Likewise, the research of Vox et al. (2016), the
study has been found the solar heat gain could be prevented up to 4.4 °C by a green wall
during hot months. Moreover, it could be thermal insulation in winter. Furthermore, the
experiment from Cuce (2016) demonstrated that the plant aspects include types of plant
and leaf density particularly affect the temperature on the green wall system.

The research aims to learn how surrounded plants can conduct thermal comfort to the
nearby building as the studies from Thai traditional design, even though in different climates.
Also, which features of the trees are the most suitable in each climate conditions.Materials
and methods

2. Materials and method

2.1 Research location
The research was carried out in the area of the University of Sheffield, UK. Figure 1 shows
four locations of the tree for data collection. The first tree is sited next to the walkway, in
front of Information Commons building. The second is located in the small garden next to
the Information Commons building. The third tree is on the car park, on the Upper Hanover
street. The last tree is near The Diamond building.

2.2 Plant types

Because the range of crown foliage transparency in Sheffield that have been investigated, it
is in between 1-40%. Thus, the density is divided into low (crown foliage transparency >20%)
and high (crown foliage transparency <20%).

Consequently, there are four types of the tree considered: Acer saccharinum (Silver
maple), Tilia cordata (Small-leaved lime), Platanus occidentalis L. (American sycamore) and
Populus deltoids (Eastern cottonwood). Acer saccharinum (figure 2) in this case was labelled
as the tree, which is a low height tree with a high crown density because it has 9.89m tall
and 19.2% of crown foliage transparency. While Tilia cordata (figure 3) also was a low height
but with a low crown density (7.27m tall and 33.2% of crown foliage transparency). With
regard to Platanus occidentalis L. (figure 4), was considered as a high tree with high crown
density according to 15.78m tall with 16.7% crown foliage transparency. Finally, Populus
deltoids (figure 5), which is a 19.35m with 22.5% crown foliage transparency, was counted
as a high tree with a low crown density.
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Figure 2-5 — (from the left) Acer saccharinum, Tilia cordata, Platanus occidentalis L. and Populus deltoids

2.3 Tools

Clinometer had been used for height measuring. Moreover, upward-view photograph and
CrownForest software were used for calculating the percentage of crown foliage
transparency. With regard to environmental measurement, the environmental meter called
Precision Gold NO9AQ was utilised for collecting the value of relative humidity and
temperature. Additionally, the anemometer called Omega HHF-SD1 was used for air velocity
measurement.

2.4 Experiment methods

The data of temperatures (°C), relative humidity (%RH) and air velocity (m/s) have been
collected for six times in an entire day, which are 9:00, 12:00 and 15:00 at a day time and
21:00, 0:00 and 3:00 at night. The collection was located in two points including under the
crown foliage (1% point) and the exposed space (2™ point), 10m from the crown of the tree.
The tools were set 1 meter above the ground. The data was collected on 6™ August 2019.

3. Results

3.1 Experiment 1: Acer saccharinum

According to the investigation, it was shown that the exposed point temperature is higher
than the point under the crown. Also, the relative humidity at the 1* point is higher than the
2" point (figure 6). Additionally, in the case of air velocity, it was evident that the air
velocity at the 1% point is lower than the 2™ point (figure 7).
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Figure 6 - The relation between air temperature and %RH Figure - 7 Air velocity of Acer saccharinum (m/s)

3.2 Experiment 2: Tilia cordata

Figure 8 shows that the temperatures on the 1°' point were mostly lower than the 2" point.
However, at night, the temperatures were similar. In the same vein, the relative humidity
values were slightly similar from 15:00-3:00. In the case of air velocity, the were the same
number between the 1% and the 2" point at 9:00, 0:00, 3:00.
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Figure 8 - The relation between air temperature and %RH Figure 9 - Air velocity of Tilia cordata (m/s)

3.3 Experiment 3: Platanus occidentalis L.

Figure 10 illustrates that the temperatures under Platanus occidentalis L. were lower than
the exposed location. With the same aspect with relative humidity, the 1* location had a
higher percentage than the 2™ point. However, the comparisons of air velocity were mostly
the same number (figure 11).
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Figure 10 The relation between air temperature and %RH Figure 11 Air velocity. (m/s)

3.4 Experiment 4: Populus deltoids

In the case of Populus deltoids, the relative humidity mostly similar. However, in term of
temperatures, they were a big gap in the day time (figure 12). Likewise, the air velocity was
similar in the comparison between two points.
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Figure 12 The relation between air temperature and %RH Figure 13 Air velocity of Populus deltoides (m/s)

4. Discussions

4.1 The efficiency of relative humidity to reducing the temperature



The relative humidity is the key to influencing the reduction of the temperature. The
research found the relative humidity has an inverse variation with the air temperature - for
instance, higher relative humidity, the lesser air temperature. The numbers of collected data
have been plotted with the function (T,-T1, RH;); T; = temperature at the first point, T, =
temperature at the second point, and RH; = relative humidity at the first point (figure 14).

The graph below illustrates that Platanus occidentalis L. had the most efficient
temperature reduction at 60% relative humidity.
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Figure 14 The comparison of the efficiency of relative humidity to reducing the temperature

4.2 The correlation of air temperature and temperature reduction

In this comparison, the environment air temperature was found to influence the reduction
of the temperature under trees foliage. According to the collected data, they could be
plotted in the graph with the function (T,-T1, T1); T1 = temperature at the first point, T, =
temperature at the second point (figure 15).
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Figure 15 The comparison of correlation of air temperature and temperature reduction

The result of this study found that the environment temperature correlates with the
reduction of the temperature. For example, the higher the temperatures, the more the
reduction of the temperature. What stands out from this table is Acer Saccharium is the
most useful tree of temperature reduction.

4.3 The influence of air velocity to the temperature reduction

The collected results have been plotted in the graph with the function (T,-Ty, Vi); T1 =
temperature at the first point, T, = temperature at the second point, and V; = air velocity at
the first point.
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Figure 16 The comparison of correlation of air velocity and temperature reduction
According to the graph above, it indicates that this study did not show any relevant
between air velocity and temperature reduction. Due to the diverse of the trend outcomes.
It can, therefore, be assumed that relevant to the height of the trees because both Acer
Saccharinum and Tilla Cordata are under 10m tall. While Platanus Occidentalis L. and
Populus Deltoides are over 10m tall.

5. Research proposal and conclusion

According to the study, it could be concluded that the aspects of the tree could influence
the environment’s aspects, including relative humidity and air temperature. Moreover, the
temperature reduction efficiency correlates with mentioned factors. The relationship of the
findings can be seen in figure 17.
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Figure 17 The relation of temperature, relative humidity and temperature reduction
Furthermore, the finding shows the aspect of Acer saccharinum, which has the most
efficient temperature reduction, can be the most suitable for hot climate countries. While,
Populus Deltoides’s feature, which has a low rate of temperature reduction, can be the most
proper for the moderate countries.
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