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Abstract—Rumah susun (walk up flat) are one of the buildings
that rely on natural ventilation. However, the application of
natural ventilation in rumah susun (walk up flat) in urban areas
is influenced by tropical climate problems such as high
temperatures and low wind speeds. The design of the openings
in the facade has not been able to distribute air into rooms
properly. In addition, the layout design makes single-sided
natural ventilation the only strategy possible for double loaded
corridor type flat. This study aimed to determine the effect of a
combination of pivot window designs and wing walls in directing
and distribute air into room. The study was conducted in two
stages, that was field measurements and experimental with
Computational Fluids Dynamics simulations. Simulations were
conducted on a combination designs of wing walls and pivot
window with 45° and 90° opening angles to determine their
effects on the distribution and indoor air velocity. The
combination design of wing walls and pivot window created a
pressure difference so that it could increase indoor air velocity
under both oblique and parallel to the opening. In the direction
of the wind that was not oriented to the openings, the
combination of wing walls and vertical pivot windows with 90°
opening angles increased indoor air velocity up to five times in
the corner room. While the 45° opening angle increased the
indoor air velocity up to seven times than base case condition in
a middle room.

Keywords—Opening Angle, Wing Walls, Indoor Air Velocity,
CFD Simulation.

I. INTRODUCTION

ATURAL ventilation is very important for human

health and well-being life [1]. Rumah susun are one of
the buildings that rely on natural ventilation. The problem of
natural ventilation performance in rumah susun has been
widely discussed. The results show that the problem of
natural ventilation in flats is influenced by tropical climatic
conditions, facade design and building spatial design.
Tropical climate problems are related to the different
acquisition of winds in room units with different floor and
locations [2,3]. The problem of natural ventilation in rumah
susun has not been supported by the right facade and layout
design [4]. The layout design of the double-loaded corridor
type caused the main air circulation from only one side [5].
In addition, habit of the occupants who prefer to open
windows that were oriented to the outside space became a
consideration that makes single sided natural ventilation is
the only possible strategy applied in rumah susun [6].
However, the results of measurements in the field show that
the indoor air velocity is very low, so that affects the air
quality in the room.

Referring to these problems, it is necessary to design the
facade of a flat that is able to consider the acquisition of wind
in the unit space at different heights and locations. In the
context of single sided natural ventilation, existing studies
show that the application of vertical and horizontal pivot
windows has the best performance in distributing airflow into
rooms due to the pressure differential created between
outdoor and indoor [7]. Other studies have shown that
window design with a flexible opening angle has a positive
impact on thermal comfort and air quality in the room [8-9].
Meanwhile, the application of the wing walls design can
direct and distribute air flow into the room properly [10]. The
study about design combination of pivot windows and wing
walls is needed to determine its performance in directing the
airflow into room.

Reviewing the problem, this study examined and explored
the combination of pivot window designs and wing walls on
single sided natural ventilation. This research was conducted
in a case study of rumah susun in Surabaya city. The
performance of a combination of pivot window designs and
wing walls was reviewed in units with different locations.
This study examined the application of the design of wing
walls and pivot windows and with different opening angle to
indoor air velocity and air flow distribution in a room.

II.METHOD
A. Case Study and Proposed Models

The study was conducted in a case study of Rusunawa
Siwalankerto Il building in terrain roughness sub-urban
conditions. Rumah susun Siwalankerto Il is a result of
typology study in Surabaya. Rusunawa Siwalankerto Il is a
five-story building with floor height is 3 meters. This rumah
susun is a double loaded corriodor type. The building form of
rumah susun Siwalankerto Il has a geometric mass with
openings that allow only from one side of the building. This
rumah susun has residential units with an area of 24 m? and
facades with wing walls.

The facade of this building is a combination of
architectural elements, such as windows, balconies and wing
walls. The entire window in Rusunawa building is a top hung
casement window type window. Meanwhile, wing walls's
width was 40 cm and located between two rooms. Case
studies, researched rooms and experimental models can be
seen in Figure 1.

Rumah susun building form is long-shaped so that the
distribution of pressure on the surface of the building will be
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Figure 1. (a) Case Study and (b) Room Positions which reviewed, and experimental models.

different in the rooms in the middle and corner of the
building. The units of rumah susun that reviewed were based
on different positions in 5th floor can be seen in Figure 1b.
Because the building form affects the distribution of pressure
in the building facade so that it affects the indoor air velocity.

The proposed design of a combination of wing walls and
pivot windows is the result of a literature study. The effect of
window type on the performance of single sided natural
ventilation was reviewed by air flow distribution and indoor
air velocity. The horizontal pivot windows (HPW) and
vertical pivot windows (VPW) show the best performance
because the sash form slanted opening gap in front of opening
and the inside the room [11]. The window opening angle
considers the opening area of the window.

Meanwhile, the thickness of the wing walls applied in the
study is 0.1 m and is equal to the normal thickness of the
partition wall [12]. The depth of the wing walls considered by
the study of Mak [13]. Thus, the depth of the wing walls used
was half of the window width because the openings in this
study are single openings. The wing wall design is wider than
the wing walls in a case study building. In addition, the
distance of the wing walls is closer than the distance of the
wing walls in base case facade. Table 1 shows that there were
four experimental models, namely a combination of wing

walls design with a depth of 60 cm and pivot windows with
45 and 90 degrees opening angles.

B. Research Methodology
1) Verification Studies

Verification is conducted at three times by the same
conditioning room between field measurements and
simulations. Micro climate measurements used a weather
station and conducted at 17 meters height from the ground
surface. The difference between the results of measurements
data and simulation results is still acceptable because the
deviation value is not more than 0.5-1m /s.

2) CFD Settings and Parameters

There are several studies on natural ventilation in
residential buildings, these studies also use simulation
programs in their research, especially CFD simulation
programs. simulation using the Computational Fluids
Dynamics program on ANSYS Academic 2020 software.
CFD is able to investigate the parameters that affect natural
ventilation and interactions between outdoor wind flow and
indoor air flow. the combination of Autodesk Revit and
Autodesk CAD software aims to shorten time with precise
and neat model results that are acceptable to CFD software.
Meshing applying non-uniform mesh due to the complexity
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Figure 2. Velocity profile in (a) Corner rooms and (b) Middle room of the building form in oblique wind direction.
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of geometric shapes [8]. The turbulence model used is the
turbulence model Renormalization group (RNG) k -
€.Velocity input is the result of calculations using the Power
Law equation. Simulastion's solution using the volume
control method with the Semi-Implicit Method for Pressure-
Linked Equations (SIMPLE) algorithm and Discretization
settings using Second Order Upwind and First Order Upwind
adjust to the level of complexity of the airflow volume on the
model.

The single sided natural ventilation performance in this
case study was reviewed by room positions in building form.
That is room in building's corner and room in the middle of
building form. Because air movement deflects over and

8

Figure 3. Contours of velocity in (a) Corner rooms and (b) Middle room of the building form in oblique wind direction.

around buildings, distinct air patterns are established. It
formed a vortex at the ground and escapes around the
building’s corner [14]. So, the acquisition of wind is different
in each room. The simulation is carried out to represent the
condition at 12.00. This time was chosen because it represents
a crucial condition where it is stated that air temperature
reaches peak condition and humidity reaches low condition.
So at that time, the presence of sufficient wind in the room is
very necessary. The indoor air velocity data from the
simulation results is taken at the human body level.

In this simulation studies, there were two wind direction
conditions. The wind direction is from the West or formed an
90° angle to the opening. This condition is represented the
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condition when the wind direction is parallel to the opening.
In second condition, wind direction was from the North West
or formed an 45° angle to the opening. This condition was
represented the condition when the wind direction is oblique
to the opening.

I1l. RESULTS AND DISCUSSION
A. Indoor Air Velocity

The average indoor air velocity is taken from the grid per
90cm which represents the depth of room. Natural ventilation
performance was reviewed by comparison of indoor air
velocity between base case condition and modification
conditions. The improvement of indoor air velocity was seen
at Table 2. In the condition of the wind direction formed an
45 degrees angle to opening, the average indoor air velocity
in the corner room has increased up to three times by applying
the 2VPW45 model. Application of the 2HPW45 model in a
corner room could increase indoor air velocity up to 0.138
m/s, while the 2VPW45 model could increase indoor air
velocity up to 0.153 m/s. With an 90 degrees opening angle,
the 2VPW90 model increased the indoor air velocity up to
0.114 m/s in the corner room. While the 2HPW90 model did
an insignificant increased.

When the wind direction is parallel to the opening, indoor
air velocity is increased up to five times when applying
2HPWA45 or 2HPW90 models. The 2HPW45 model increased
indoor air velocity up to 507% and the 2HPW90 model
increased indoor air velocity up to 395%. Meanwhile, the
2VPW45 model can increased indoor air velocity up to 340%.
Model 2VPW90 shows the best performance in a corner room
in parallel wind conditions. The highest increases indoor air
velocity was in corner room that reach up to 0.054 m/s. When
the wind direction is parallel to the opening, the middle room
is in the midstream and the corner is in the downstream.
Therefore, the difference in pressure in the corner room is
greater than in the middle room so that the indoor air velocity
in the corner room is greater than in the middle room.

The performance of the model in the middle room of the
building shows different results. In oblique wind conditions,
the middle room of the building has increased significantly
when applying the 2VPW90 model. The indoor air velocity
in the middle room of the building shows three time increased
when applying the 2VPW90 model and indoor air velocity
reached 0,158 m/s. The highest increased of indoor air
velocity was compared to other design proposals. However,
with an 45 degrees opening angle, the 2HPW45 model shows
an increased of indoor air velocity up to 276% and 2VPW45
model increased indoor air velocity up to 192%.

The performance of the model with an 45 degree opening
angle shows a difference when the wind is parallel and
oblique to the opening. The 2VPW45 model enhanced indoor
air velocity up to 751% in the middle room of the building.
While the 2HPW90 and 2VPW90 models can increased
indoor air velocity by around 600%. Indoor air velocity in the
base case model is very small at 0.01 m/s. By applying the
combination of wing walls and pivot windows, indoor air
velocity shows the highest increase up to 0.072 m/s. The best
performance is showed by a combination of wing wall models
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Figure 4. Contour of Pressure in (a) 2HPWA45 models and (b) 2V PW45
models in oblique wind direction.

Table 1.
Experimental Design
Wing Pivot Windows Models
Walls
Type of Opening
Windows Angle
With
Wing HPW 45 2HPW45
Walls
VPW 45 2VPW45
HPW 90 2HPW90
VPW 90 2VPW90

and vertical pivot windows. The effectiveness of the opening
angle in the pivot windows depends on the direction of the
wind and the location of the room.

B. Indoor Air Distribution

The Figure 2 shows simulation results in oblique wind
conditions. It shows that model 2.HPW45 can constantly
reached the depth of room in corner room can be seen in
Figure 2a and model 2VPW45 could constantly reach the
depth of room in middle of the building in Figure 2b. The
contours of 2HPW45 shows that the distribution air flow in
corner room could reach the best performance when applied
combination of wing walls and HPW models with 45° angle
opening in Figure 3a. Meanwhile, the distribution air flow in
middle room could reach the best performance when applied
combination of wing walls and VPW models with 45° angle
opening can be seen in Figure 3b.

Figure 4a shows the contour of pressure around building in
oblique wind direction. The indoor air velocity in room is
caused by differences in pressure outside and inside the room.
2HPW45 distributed airflow evenly in the corner room
because the pressure difference reached 0.86 Pa in the corner
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Table 2.
Comparison of Indoor Air Velocity between Base Case Condition and Modification Conditions
Base 2V 2V Base 2V 2V
Corner Room Case 2HPW45  2HPW90 PWA5  PW90 Corner Room Case 2HPW45  2HPW90 PWA5  PW90
Average 00446 01384 01270 0,531 10,1138 Average 00099 00504 00392 00338 0,0536
Velocity (m/s) Velocity (m/s)
Rate of Rate of
- 311% 285% 343% 255% Increment - 507% 395% 340% 539%
Increment (A%) (A%)
0
. Base 2V 2V . Base 2V 2V
Middle Room Case 2HPW45  2HPW90 PW45  PW90 Middle Room Case 2HPW45  2HPW90 PW45  PW90
Average 00524 01447 01790  0,1008 0,1578 Average 00096 00401 00654 00722 0,0596
Velocity (m/s) Velocity (m/s)
Rate of Rate of
- 276% 342% 192% 301% Increment - 417% 681% 751% 620%
Increment (A%) (A%)
0

Figure 5. Velocity profile in corner rooms and middle room of the building form in parallel wind condition.

room while in the middle room only reached 0.21 Pa. Model
2VPW45 distribute airflow evenly in the middle room
because the pressure difference reaches 0.6 Pa in the middle
room while in the corner room only reaches 0.3 Pa in Figure
4b.

In the condition of the wind direction forming an angle of
90 degrees or parallel to the openings, the 2VPW90 model
shows the best performance in distributing airflow into room
in Figure 5. This happened to the room in the corner and the
room in the middle of the building. The contours shows that
the distribution air flow in both corner and middle room could
reach the best performance when applied VPW models with
90° angle opening can be seen in Figure 6. Model 2VVPW90
distributed air flow evenly because there is a role of sash that
directed the air flow into the room. The application of wing
walls helped to catch the wind even though the air pressure is
negative can be seen in Figure 7.

IV. CONCLUSION

Experimental studies on the performance of a combination
of wing wall designs and pivot windows show several effects

of model variables on the performance of single sided natural

ventilation in rumah susun, including:

1. Applying combination of pivot window and wing wall for
facade demonstrate better performance compared to that
of the base case. It is resulted by the blade angle, which
direct the air movement.

2. In parallel wind direction, 2VPW90 shows the best
performance with increased indoor air velocity up to five
times in corner room. In middle room, 2VPW45 shows
the best performance and increased indoor air velocity up
to seven times. So that the opening angle can help
improve ventilation performance when considering wind
direction and room location. In oblique wind direction,
2HPW45 and 2HPW90 increased indoor air velocity up
to three times in middle room. As well as 2VPW45 model
in corner room and 2VPW90 models in middle room that
increased indoor air velocity up to three timers. So, the 45
opening angle in corner room and 90 opening angle in
middle room increased the indoor air velocity three times
than base case condition.

3. This study supports the results of research that conducted
by Wang in 2018 in studied the performance of windows
type on single-sided natural ventilation [7]. The
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Figure 6. Contours of velocity in (a) Corner rooms and (b) Middle room og the building form in parallel wind condition.
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Figure 7. Contour of pressure in (a) 2HPW45 models and (b) 2V PW45 models in oblique wind direction.

(1]

(2]
(3]

distribution of air flow in a room is influenced by the
pressure difference between the outdoor and indoor
condition. Models with different opening angles will
produced pressure differences. The Vertical Pivot
Window shows the best performance in corner room with
both wind direction condition. Because the sash can help
to improve pressure differences while applied to the wing
walls. Meanwhile, in middle room, Horizontal Pivot
Windows shows the best performance in oblique wind
directions. In the parallel wind directions, Vertical Pivot
Windows shows the best increased the indoor air velocity.
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