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Abstract. The types of window, either permanent or impermanent will influence the building
thermal profiles. Natural ventilation is one of technique to create passive cooling design in the
building. It can improve the quality of indoor air, thermal comfort and reduction of energy
consumption for air conditioning. In this present work, a study on the type of natural
ventilation and the effect to thermal building performance was conducted. There are two types
of natural ventilation as main variable in this study, top hung window and jalousie window. To
develop the study, a simulation used Computational Fluid Dynamics (CFD) also conducted.
One natural ventilation as outlet also added in the simulation. Based on the data measurement
and computer simulation, jalousie window can provide better thermal performance. The range
of difference between indoor air temperature on the chamber with jalousie window and
chamber with top hung window is 0.2°C to 0.5°C, showing greater heat loss. The average of
amount on the indoor air flow also was found 0.0317 m/s higher in the chamber with jalousie
window. Particularly in the inlet, it was clear that the velocity of incoming air flow is faster and
significantly allowed greater air with lower temperature entered from outside to inside.

1. Introduction

Natural ventilation is ventilation technique without any mechanical devices [1]. It is one of strategies
to improve building thermal performance by resulting air temperature changes that entering building
[2]. It also reduces the amount energy consumption for air conditioning and improving indoor air
quality [3-6]. Building with natural ventilation has 40% lower for energy consumption [7,8].
Especially for traditional residential building, natural ventilation can increase the exchange of indoor
and outdoor air, provides internal air renewal and thermal comfort for the occupant [9]. Sick building
syndrome (SBS) is easy to come when building does not have enough ventilation [10-13]. Therefore,
strategies of natural ventilation should be integrated into building design.

The existence of external wind velocities, wind direction and vegetation around building become
the external factors that influence the performance of natural ventilation [14]. Elshafei et al. [15] also
said that temperature, air velocity and humidity have strong influence on the natural ventilation. While
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the types of the natural ventilation, including the window angle is the main factor that effected the
quantities of indoor air velocities [16]. Especially for single-sided natural ventilation, the design of the
window is very important [17].

Based on the study conducted by Gao and Lee [18], better natural ventilation performance was
showed when the position of wall openings in the opposite direction or cross ventilation. It was better
to place inlet in the lower position than outlet since cool air with higher air mass will enter building
through inlet and stimulate the indoor air that already hot to flow outside through outlet [19]

Another theory also said that the position of opening in the cross ventilation should be arranged in
the different orientations [14]. The facade opening as inlet must be placed in the high pressure zones,
while the outlet in the low pressure zones. The type of opening also directly effect the performance of
cross ventilation and interferes either in resistance offered to the air flow or in direction and intensity.
Amount and pattern of air flow distribution also were influenced by dimension of natural ventilation
[14].

However, there are some obstacles of using natural ventilation such as when the outdoor temperature
is higher than the indoor temperature, the existence of pollution and dust, noise around building and
conflict with construction standards [20].

A number of studies on the performance of natural ventilation have been conducted to prove the
significant energy saving compared to mechanical ventilated buildings. Favarolo and Manz [21]
simulated a building with single side natural ventilation with different window height and width. The
result showed that the greatest impact on the effective opening discharge coefficient occurred on the
window above ground. The presence of roof void also can improve the function of natural ventilation,
especially for multi-storey building [22].

An experimental analysis also conducted by Appelfeld et al., [23] proved that a ventilated window
can potentially contribute to energy saving and it might be most suitable for a window unit with low
ventilation rates. To investigate the performance of ventilated windows, different models and
calculation method already developed [24,25] since the length of outlet is the important influence that
effected both indoor thermal condition and thermal behavior according to load of energy consumption
[26].

Another study also performed by Ravikumar and Prakash [27] used CFD simulation by developing
three dimensional (3D) building model of office room to determine the optimal window opening area
and aspect ratio needed to maintain the thermal comfort. The study found out compare to the other
area, the more comfortable area occurred in the area without window that close to the wall [27].

Even though, many studies already discussed the effect of natural ventilation on the building, the
topic was analysed separately. A comprehensive investigation needs to be implemented for different
window typologies. In this present work, a study on the type of natural ventilation and the effect to
thermal building performance was conducted. To develop the study, a simulation used Computational
Fluid Dynamics (CFD) also conducted.

2. Research Method
2.1. Building Model

The aim of this study is to observe the effect of natural ventilation type to building thermal
performance. The object study was two identical chamber yet has different type of inlet, as seen in
figure 1a and figure 1b. The dimension of each chamber is 4m x 4m x 2.5m x 2m. As detail of the
chamber can be seen in table 1. While table 2 explained the detail of each natural ventilation in the
chamber one and chamber two.

Type of inlet and outlet is on the adjacent wall with the same high position. In order to optimize the
effect of natural ventilation, during data measurement, the door in each chamber was always closed.
The natural ventilation area corresponding to 7.7 % of the area of the floor (5.4% and 2.3% area of the
floor).
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Data measurement for both chambers was conducted during dry season at 17 July 2013 for 25 hours.
Started at 06:00 p.m. to 06:00 a.m. While data collection was done at 1-hour interval for indoor air
velocities and indoor air temperature.

Table 1. Detail of chamber

Detail of chamber Specification
Model size 4mx 4mx 2.5m x 2m
Area of the observation room 13m’
Ceiling material Gypsum
Wall material Brick with plaster
Inlet outlet 5.4% area of the floor
Outlet 2.3% area of the floor
Floor material Concrete
Position of opening Inlet in the front and outlet in the

side (inlet and outlet on the
adjacent wall)

Table 2. Detail of natural ventilation in each observation room

Detail of the Chamber one Chamber two
natural ventilation Inlet- Outlet-Top hung Inlet-Top Outlet-Top
Jalousie window hung hung
window window window
Width 70 cm 30 cm 70 cm 30 cm
Height 100 cm 100 cm 100 cm 100 cm
Window sill 10 cm 10 cm 10 cm 10 cm
Area of natural 0.7 m’ 0.3m> (2.3% area 0.7 m°(5.4% 0.3m* (2.3%
ventilation (5.4% area of the floor) area of the area of the
of the floor) floor) floor)
Angle of opening 45° 25° 25° 25°
WWR 5.83% 2.5% 5.83% 2.5%

2.2. CFD Simulation

In order to expand the result, a CFD (Computational Fluid Dynamics) simulation also conducted in
this study. CFD (Computational Fluid Dynamics) simulation consists of the numerical simulation of
physical and physicochemical processes. The software can simulate temperatures, air velocities, air
pressure, pressure coefficients and other fluid characteristics [14]. The simulation is based on the
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principles of mass conservation, energy and momentum in the space and time domain, qualified to
study the effect of natural ventilation in the building and in the urban environment [14].
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Figure 1. Object study. (a). Chamber one and type of natural ventilation; (b). Chamber one and type of

natural ventilation

Modelling of the three dimensional (3D) chambers was built using SolidWorks software, can be
seen in figure 2. The building model based on the object observation in the figure 1. One window act
as outlet and another one act as inlet. Determination of the inlet and outlet was done based on the
direction of outdoor air velocities.

All of the physical properties of building model were reflected in the calculation of thermal
performance in CFD simulation as seen in table 3. However, the CFD modelling should identify the
position of inlet, outlet, floor, roof, wall and fluid first. In the simulation, only the important
characteristics for the analysis and the natural ventilations were considered for the construction of the

building model. In addition, other architectural structures, physical environment, activities and other
factors are controlled unchanged [28].

Table 3. Specific of thermal properties of building model [29,30]

Specification of thermal properties

Specific heat Thermal Density of
capacity conductivity material
Wall (cement 840 J/kgK 0.721 W/mK 1762 kg/m’
plaster)
Wall (brick) 880 J/kgK 0.811 W/mK 1820 kg/m’
Ceiling 1.09 J/kgK 0.19 W/mK 641kg/m’
Floor 880 J/kgK 1.74 W/mK 2410 kg/m’
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Figure 32. Modelling of the three dimensional (3D) chambers. (a). Model in SolidWork software;

(b). Meshing in CFD simulation
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After determined the boundary conditions, the thermal properties were input into CFD software
for geometry meshing. Each of the case studies were simulated in a steady state condition and using
the application of k-¢ turbulence standard model for fluid flow [31]. Constant velocity magnitude of
0.081 m/s for inlet in chamber one and 0.046 m/s for inlet in chamber two. While for outlet window
was 0.06 m/s. The internal surface of the room was set at 22.02°C for chamber one and 23.98°C for
chamber two. The data was based on the the average of data measurement. Before running the solver,
the meshing of models, boundaries and cell zones were checked to prevent any errors or floating
points occurred during the calculation. Number of iteration was 100 and convergence when
conducting CFD simulation refers to previous study [14] where when a minimum of 1°,, was reached
for the scaled residual of mass, momentum, turbulent kinetic energy (k) and turbulent dissipation ().
The effect on the natural ventilation to the rooms were investigated.

3. Analysis

Based on the simulation in figures 3, the angle of natural ventilation influenced the income air
velocities to outlet. Furthermore, the flow of indoor air seems depend on the dimension of the opening
on the natural ventilation. The average of air velocities in each chamber was 0.0753 m/s in chamber
one and 0.0436 m/s in chamber two, can be seen in figure 4. The result was similar with previous
study where the smaller natural ventilation provides better indoor air flow and smaller load loss at the
inlet due to the obstruction [14]. In this case, jalousie window had smaller opening for income air from
outdoor. However, the angle of the opening made easier the air to flow inside the room. For occupant,
this result will provide fresh indoor air since produce of air renewal per hour is higher.

The results of simulation also showed that type of natural ventilation effected the average of
indoor air pressure, especially in the outlet, can be seen in figure 5. The performance of the chamber
one was significantly better since the angles of natural ventilation provided smaller opening and
created higher air pressure. Possibility indoor air movement and better air circulation was occurred. As
in chamber two, when wind hit top hung window, the velocities of indoor air flow was decreasing
since the opening of inlet was smaller.

8.396e-001

' 0.000e+000

[m s*-1)

4.000 (m)

Figure 3. Profile of air velocities in CFD simulation. (a). Chamber one; (b). Chamber two

During data measurement, the effect of indoor air velocities also recorded influencing the indoor air
temperature of chambers. It showed the range of indoor temperature in chamber one was 21.9°C to
25.4°C and in chamber two was 21.7°C to 25.9°C, can be seen in figure 6. The averages of indoor air
temperatures were respectively 23.65°C for chamber one and 23.98°C for chamber two. In chamber
one, the highest indoor air temperature occurred during evening (07:00 p.m.) for one hour. While in
chamber two, the highest indoor air temperature occurred during afternoon (03:00 p.m.-04:00 p.m.) for
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two hours. Both of the profile of indoor air temperature were decreasing during night time to morning.
As important note, the highest indoor air temperature in chamber two was one hour longer than
chamber one. The result can represent as time lag. Furthermore, the difference of indoor air
temperature between chamber one and chamber two are at the range of -0.5°C to 1.3°C with 0.324°C
as the average of the difference. The results were indicating better air circulation will provide lower
range of indoor air temperature.
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Figure 4. Profile of indoor air velocities based on the data measurement

Figure 5. Profile of air pressure in CFD simulation. (a). Chamber one; (b). Chamber two

As based on the position, the hottest air temperature of chamber one started to occur at 2.65 m
(25.4°C) and chamber two at 2.35 m (25.9°C). While at the same level (2.5 m) the temperature at
chamber one is 24.7°C and chamber two 25.1°C. Both of the result showed that the hotter indoor air
temperature occurred near ceiling. It proved that hotter air temperature had lighter air mass and easer
to flow. Therefore, to accommodate indoor thermal comfort, design of outlet is better to place in
higher position than inlet.
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Figure 6. Profile of indoor air temperature based on the data measurement

4. Conclusion

Based on the analysis, this study proved that the type of natural ventilation will influence the profile of
indoor air velocities, indoor air pressure and indoor air temperature. The average of indoor air velocity
in the chamber with jalousie window was faster 0.0317 m/s than chamber two with top hang window.
In this case, even though jalousie window had smaller opening yet the angle of the opening made
easier the air to flow inside the room. Possibility it will effect the distribution of indoor air flow.
However, further study must be conducted related to this topic.

Furthermore, data analysis also showed the performance of indoor air pressure in the chamber one
was significantly better than chamber two since can provide higher air pressure. The vertical fence in
the jalousie window provided direct air flow inside building.

In the end, lower range of indoor air temperature was occurred from jalousie window since allowed
in better indoor air velocities. The difference between two chamber were -0.5°C to 1.3°C with
0.324°C. The average of indoor air temperature in chamber one was 0.324°C lower than chamber two.
While based on the CFD simulation, at the same level (2.5 m) also showed chamber two had 0.4°C
higher than chamber one.
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