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ABSTRACT 

Thermal comfort depends on the exposed sun's radiation, the temperature, and the wind speed around the building. 
In a naturally ventilated room, a method to be applied to achieve thermal comfort in a tropical area is enhancing 
the wind speed in the room through an opening design. An aspect capable of determining the comfort of a room is 
an opening design since it will affect the airflow and the natural lighting that the room will obtain. This study aims 
to analyze various types of windows and their opening angles in the FTSP studio at Universitas Trisakti. The CFD 
numerical simulation aims to predict the studio's airflow pattern and temperature by using three different window 
opening angles: 45°, 90°, and 135°. Then, the results are compared to those closest to the SNI 03-6572-2001 
standard. Based on the results of the study, it is found that a vertical pivot window with a 135° opening angle 
receives the results closest to the standard at nine points of measurement with the wind speed ranging from 0.14 
mis to 0.97 mis. 
Keywords: Thermal Comfort, Wind Speed, CFD, Airflow Pattern And Temperature, Window Opening Angles. 
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1. INTRODUCTION 
Geographically, Indonesia lies on the equatorial line, so Indonesia tends to have a high level of 
humidity and temperature (B. H. Sahabudin, Ihsan, 2014). This situation results in a need for 
ventilating a room in such a way that the room will obtain thermal comfort (P.R. Margherita 
Ferrucci et al. , 2022). Thermal comfort depends on several climate conditions such as the 
exposed sun's radiation and the wind speed around the building. The building's orientation will 
also affect thermal comfort (M. S. A. Anisa Budiani Arifah et al., 2018). One method of 
achieving the thermal comfort of a building located in a tropical area is enhancing the wind 
speed in the room through the design of its window opening (S Kato, 2018). Accordingly, a 
window serving as a primary means of circulating the air must be meticulously designed for the 
sake of air control (S Omrani et al. , 2017). Jeffrey I. Kindagen, (2003) said that a type of 
window opening would affect the wind speed entering the room, so it would impact the room 
to a certain extent (J. I. Kindangen, 2003). Citra Amelia, (2016) also stated that an aspect 
capable of determining the comfort of a room was an opening design which that opening design 
would affect the airflow and the lighting that the room obtained. 

The comfort of a room in the temperature, the airflow, and the level of humidity are defined 
as thermal comfort. The earth's increasing temperature due to global warming affects the 
thermal comfort of a room. SNI 03-6572-2001 defines thermal comfort as the results of 
processing the air simultaneously by controlling the temperature, humidity, and distribution to 
achieve the occupants' comfort (Tata Cara Perencanaan Sistem Ventilasi dan Pengkondisian 
Udara Pada Bangunan, SNI, 2001). Thermal comfort depends on the radiation resulting from 
the exposed sun's radiation, the air temperature, the air humidity, and the wind speed around 
the building (T Wati et al., 2017) 

Computational Fluid Dynamics (CFD) is defined as a field using a computer resource to 
stimulate any problems regarding the flow of fluid (Tahang, 2016). Physics mathematics and 
programming tools are employed to simulate the flow of a fluid and to solve problems. Then, 
the obtained data will be analyzed. To give easy access, CFD provides a sophisticated interface 
for its user to enter the parameters of the problems and analyze the results. Therefore, all of the 
codes contain three main elements: (i) pre-processor, (ii) solver, and (iii) post-processor (M. 
Kulisz et al. , 2019). 

Natalia Damasatuti and Ronny Durrotun Nasihien, (2017) analyzed the air profile of the 
second and third floors of Mosque Narotama in Surabaya, which used a natural ventilation 
system to know the value of the building' s comfort. Their simulation results showed that the 
wind speed ranged from O mis to 1.13 mis and the highest speed lay in the middle of the building 
because the three points of the compass met (R. D. N. Natalia Damastuti, 2017). 

Fitria and Thojib employed a CFD method to analyze the performance of the natural 
ventilation applied at the Grand Mosque Ainul Y aqin in Gresik without altering the original 
form of the building. They analyzed it by using an Autodesk Flow Design to engineer the 
opening performance. Most of the openings at Grand Mosque Ainul Y aqin were casement types 
theoretically capable of obtaining up to 90% of the outer air. They found out that the casement 
type was not suitable since the obtained wind is too strong, so it did not meet the thermal 
comfort standard based on the SNI standard (J. T. Nur Wakhida Fitria, 2019). 

Hamzah et al., identified the performance of ventilation at several classrooms in Universitas 
Hasanuddin, Universitas Muslim Indonesia, and Universitas Muhammadiyah Makassar. After 
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making some simulations, they found out that the best results were obtained when the opening 
ratio ranged from 16.59% to 22.76%, with the opening on both sides of the adjoining walls 
positively impacted on the airflow in the classrooms. Those opening positions enabled a cross­
ventilation. Enlarged inlet and outlet areas with a suitable ratio could also optimize air 
circulation (B. Hamzah et al., 2017). 

This study is aimed at analyzing the types of windows and the opening angles of windows 
in the studio located at the Faculty of Civil Engineering and Architecture at Universitas Trisakti 
to obtain an optimum alternative so that they achieved thermal comfort under the SNI 03-6572-
2001 standard. This study employs a simulation of airflow patterns using a Computational Fluid 
Dynamic (CPD) method with the variables obtained from collecting data on the wind speed and 
the temperature. The simulation is aimed at predicting the airflow patterns and the temperature 
in the studio with various types of installed windows and alternative windows of the vertical 
pivot type with three different opening angles. 

2. METHODS 
This study employs an analytical method and a CPD method using ANSYS Fluent (ref) 
software. The analytical method is employed to calculate the coefficient value of the heat 
transfer that will serve as the parameter and the threshold condition of the simulation. 
The simulation is made to observe the occurring airflow patterns and the thermal condition of 
the studio. The threshold condition is made in such a way that it complies with the surrounding 
environment around the studio. 

The data are collected from the simulation results at several points of the rooms with data in 
the forms of the wind speeds and the temperatures. Those simulation data for the installed 
windows types will be compared to the actual results of measurement to validate the simulation. 
The data of the simulation results and the alternative window types will be compared to the 
thermal comfort standard recommended by SNI 03-6572-2001. Those results will serve as the 
reference to determine the best alternative opening type and the best window angle. 

2.1. Material 
In this study, two types of window openings namely the window type installed at the studio at 
FTSP Universitas Trisakti and the alternative vertical pivot type of window with three different 
opening angles amounting to 45°, 90°, and 135° as shown in Figure 1. 

The studio at FTSP is 21. 705 meters long, 16.82 meters wide, and 4 meters high. It has eight 
pairs of windows on the western side and eleven pairs on the northern side. The northern side 
serves as the vent for the air entering the classroom, and the western side serves as the exhaust 
air vent as shown in Figure 2. 
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Figure 1. Vertical pivot window type 
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Figure 2. Studio floor plan 

2.2. Methods 
The actual data are collected at a height of90 cm above the floor. Those data will be compared 
to the data of the simulation results to validate the simulation results. Moreover, the simulation 
measurement data are also collected at the height of 135 cm, the windfall point exactly above 
an adult's head in a sitting position. When the data are collected, several variables such as the 
air temperature and the wind speed are employed. The SNI standard for the speed of the wind 
falling overhead ranges from 0.15 mis to 0.25 mis, while the temperature of the room comfort 

ranges from 22 °C to 27 °C. Table 1 shows the wind speed and the outer air temperature, which 
serve as the simulation parameters obtained from the data measurement. Figure 3 shows the 
data collection points. 

Table 1. Simulation parameter 

Wind Speed 

Outer Air Temperature 

Time 

2.68 mis on the X axis, 1.37 mis on the Z axis 

35 °C 

At 12.00 
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Figure 3. Data collection point 

3. RESULT AND DISCUSSION 
The simulation data are validated by comparing the measurement data to the simulation data in 
the actual condition at the height of90 cm above the floor. Table 2 shows the validation results 
of the simulation. The comparative result shows that the average discrepancy between the 
measurement data and the measurement results is 2.34%; thus, it means that the simulation 
results are deemed to be valid. 

Table 2. Simulation and measurement data validation 

Point Measurement Temp(0C) Simulation Temp {°C) A(%) 

Al 32.20 32.86 2.04 

A2 32.00 32.90 2.83 

A3 31.80 32.88 3.40 

A4 31.80 32.84 3.28 

AS 31.90 33.05 3.60 

A6 32.00 32.68 2.14 

Bl 32.20 32.85 2.03 

B2 32.00 32.77 2.41 

B3 31.00 32.65 5.32 

B4 32.00 32.72 2.26 

B5 32.00 33.12 3.51 

B6 32.10 32.64 1.69 

Cl 32.40 32.91 1.58 

C2 32.10 32.83 2.29 

C3 32.00 32.68 2.13 

C4 32.00 32.63 1.96 

cs 32.00 33.10 3.45 

C6 32.20 32.67 1.47 
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Point Measurement Temp(0C) Simulation Temp (0C) ~(%) 

D1 33.50 32.94 1.67 

D2 33.20 32.88 0.98 

D3 33.00 32.91 0.26 

D4 33.00 32.26 2.25 

D5 33.00 32.92 0.24 

D6 33.20 32.09 3.35 

This discrepancy may take place due to the simplified modeling to facilitate the simulation, 
and it may also take place since several environmental conditions such as the wind speed 
changing at any time and or the temperature changing at any time too. Figure 4 shows that the 
airflow speed ranges from 0 mis to 18mls as shown in those various colors. The highest point 
lies outside of the room, while in the room the highest speed is 5.36 mis at point D3 with the 
temperature amounting to 33.50 °C. 

Figure 5 shows that in the actual room condition, the thermal comfort under the SNI 03-
6572-2001 standard is not achieved. Nevertheless, seven points are closing in on the wind speed 
stipulated by SNI 03-6572-2001 standard, namely points Al, A2, A4, Bl, B4, C2, and DI. At 
those seven points, the wind speed ranges from 0.39 mis to 0.89 mis. 

The highest wind speed lies at point D3 since at that point there are several wind movements 
gathered from several windows. The temperature from the installed window is more evenly­
distributed with the average indoor temperature amounting to 33.03°C. Figure 6 shows the 
temperature distribution. 

Figure 4. Existing 
streamline 
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Figure 5. Existing simulation data 
graph 

3.1. Simulation for the 45° - Opening Vertical Pivot 

l 
,J 

Figure 6. Temperature 
contour of the existing 

window 

In the 45-degree-opening vertical pivot window, the airflow is not evenly distributed since the 
position of the window' s opening angle follows the headwinds coming from outside of the room 
and directly heading towards the outlet window, so this situation facilitates the wind entering 
the room with little resistance. In this type of window, the highest wind speed amounting to 
7.83 mis lies at point D5 with the temperature amounting to 34.09 °C as shown in Figure 7. 

The simulation for the 45-degree-opening vertical pivot window also provides results suiting 
the standard. There are six points closer to the standard wind speed stipulated by SNI 03-6572-
2001, namely points A3, A4, A6, B6, C6, and D6. At those seven points, the wind speed ranges 
from 0.16 mis to 0.95 mis. At point A4, the wind speed is 0.16 mis, but the temperature does 
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not still meet the standard namely 30.95°C. Moreover, this window type cannot also meet the 
thermal comfort standard, either. 

Based on the temperature contour, the wind in this room is observed not to be evenly 
distributed due to the window opening not being capable of evenly distributing the wind at a 
certain point. The average room temperature is 32.92°C. 
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Figure 7. 45° Vertical pivot (a) data, (b) streamline, and (c) simulation graph temperature contour 

3.2. Simulation for the 90°- Opening Vertical Pivot 
In the 90-degree-opening Vertical Pivot window, the wind and the temperature are more evenly­
distributed since that opening angle position can direct the wind into the room more optimally. 
In this opening angle, the highest temperature lies at point D4 amounting to 34.68 °C with the 
wind speed amounting to 7.58 mis. 

The part closer to the thermal comfort standard lies at point A4 with a wind speed amounting 
to 0.55 mis and a temperature amounting to 33.18 °C and point Dl with a wind speed amounting 
to 0.85 mis and a temperature amounting to 33.19 °C. Figure 8 shows that the wind is evenly 
distributed in this window's opening angle taking into account the temperature contour. The 
temperature in this room ranges from 33.18 °C to 34.68 °C. Figures 8 shows that the room 
temperature will be affected by the temperature of the outer air entering the room. The average 
room temperature is 34.06 °C. 

~,. 
)<)$ • v.od)':ffl) 

3431 • T•-f!;I 

.r 
1-

.J 

Figure 8. Streamline, and (c) simulation 90° Vertical pivot (a) data, (b) graph temperature contour 

3.3. Simulation for the 135°- Opening vertical pivot 
In this 135-degree-opening vertical pivot window type, due to the position of the window's 
opening angle leeward the outside of the room, the wind flow is reflected on the eastern side of 
the window, so there is an area barely exposed to the wind as shown in Figure 9 as indicated in 
the green color. In this window type, the highest temperature amounting to 5.32 mis lies at point 
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D4 with the temperature amounting to 34.47 °C. Moreover, the room temperature ranges from 
3 l.456°C to 34.469 °C, while the wind speed ranges from 0.236 mis to 5.322 mis. 

There are nine points closer to the standard wind speed namely points A3, B3, B4, C2, C3, 
C4, CS, D 1, and D2. At those points, the wind speed ranges from 0.14 mis to 0.97 mis, while 
the temperature ranges from 31.46 °C to 32.65 °C. 

The temperature is not evenly distributed since the opening angle only heads towards one 
side of the room. Based on the temperature contour, the highest temperature is in the eastern 
part of the room which is also confirmed by the wind lines as shown in FIGURE 9. The figure 
shows that the wind entering the room directly heads towards the eastern part of the room before 
going to the outlet. The average temperature in this type of opening is 33.05 °C. 

Based on the results of the simulations for the three types of alternative window openings, 
and a simulation for the installed window, the temperatures at several points are close to the 
standard temperature stipulated by SNI 03-6572-2001 (Table 3). 
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Figure 9. 135° Vertical pivot (a) data, (b) streamline, and (c) simulation graph temperature contour 

Table 3. Simulation result 

No. 

1 

2 

3 

4 

Window Condition 

Installed Window Condition 

45-0 VP 

90-0 VP 

135-0 VP 

4. CONCLUSION 

Number of Points Close to the Standard 

Velocity Temperature 

7 0 

6 0 

2 0 

9 0 

Based on the results of the study, IT is recommended that a 135°- opening-angle vertical pivot 
window type be applied and developed. The best average temperature amounting = -2\to 
32.92°C is found at a 45°- opening-angle window type. 
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