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Abstract

Rusun is a simple flat categorized as Affordable Housing (AH), which mean:s it requires economic energy
efficiency and optimal Natural Ventilation (NV) to manifest and provide comfort for users. This research will
review the effect of spatial configuration on NV conditions of Rusun unit in terms of the condition of wind flow
(WF) and wind speed (WS) value in each residential room by simulation method.

The condition of the unit is on the 10th floor and height of 31.5m with an outdoor WS of 1.62 m/s in three
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different space configurations. It was found from the simulation that residential space that has direct access from

openings both inlet and exit (outlet) has a more optimal WF and WS. From the WF condition and WS value
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following the needs of residential user activities, it is expected to optimize NV in Rusun units and in line with that,

can realize energy-efficient Rusun buildings in terms of occupancy.
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1. Introduction

Countries in Southeast Asia have experienced
economic growth that has resulted in rapid urbanization
growth in recent vyears, increasing urban energy
consumption. Air Conditioner (AC) usage has the highest
percentage of 56% in countries in Southeast Asia (Katili et
al., 2015). One of the countries in Southeast Asia,
Indonesia, has spent 80% of the total social program
budget on energy subsidies over the past ten years (Chen
et al.,, 2020). According to BPS (Badan Pusat Statistik)
Indonesia, housing development in Indonesia has reached
15 million units in around 2014-2015. The condition can be
exacerbated by the growth of about 800,000 new
households each year (Bunawardi et al.,, 2016). To
overcome, the Indonesian government has targeted 1
million dwellings per year starting from 2015.

In Indonesia, which tends to be hot and humid, most
of the dwellings that are now developed are medium and
tall buildings. Indonesia generally has three types of
apartments/flats, namely simple flats (Rusun), medium
flats (Apartments), and luxury flats (Kondomium)
(Bunawardi et al., 2016). Rusun itself can be categorized as
Affordable Housing (AH). AH development is very different
from commodity housing (CH), usually characterized by
low construction costs, uniformity of housing and a short
construction development period (Gan et al., 2017). AH is
a type of housing with limited price segmentation or rent
that the government provides for low-income households.

To balance investment, AH buildings must have high
economic efficiency (Adabre et al., 2020). In addition to
price affordability, the need for space flexibility is
increasing rapidly (Warouw et al., 2010). Space flexibility is
related to adaptability for space changes, including
mobility and transformation of space in terms of color,
lighting, texture, etc. (Schwartz-Claus & von Vegesack,
2002). Related to the flexibility of limited space usage,

especially in the delivery, it requires optimal natural
ventilation (NV) conditions to provide comfort to Rusun
users.

A residential building has energy conservation
standards with a passive and active solar energy utilization
control index. To dispose of the heat energy that facilities
receive from sunlight, at least a heat sink mechanism such
as soil, atmosphere, or body of water is required. Passive
cooling system, utilizing this mechanism to condition the
deep space without the use of conventional mechanical
systems, such as air conditioning. Compared to air
conditioning systems, passive cooling systems consume
little energy, require little maintenance, are cheap and
environmentally friendly.

However, the effectiveness of this passive cooling
system largely depends on the climate and typology of the
building. NV is an effective way to reduce energy use and
provide thermal comfort to high-rise residential buildings
(Sha & Qi, 2020). NV types can be classified into two main
types, namely, cross ventilation (CV), where the openings
are located on two parallel walls, and single-sided
ventilation (SSV) spaces located on the same side of the
wall (Evola & Popov, 2006). This research will see how the
potential application of CV for comfortable and energy-
efficient housing with modeling simulation method when
reviewed from the influence of spatial configuration on
the unit compared using wind flow (WF) and wind speed
(WF) parameters in some samples of Rusun units in
Indonesia.

Liping and Hien analyzed the effect of building
sheaths on indoor thermal conditions in buildings applying
NV with parametric facade study methods of various
orientations, window sizes, and brewing devices with
building simulation and CFD in May and October in
Singapore. The results found that the ratio of window to
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wall with a value of 0.24 and horizontal brewing device
600mm at each orientation significantly influences
thermal comfort (Wang & Hien, 2006). Miyazaki and
Yamamoto analyzed the effects of thermal insulation,
including outer walls and window glass, on reducing
residential cooling energy consumption in Cambodia by
simulation. The simulation results showed a sound effect
of thermal insulation (Miyazaki et al., 2012).

Cho simulated CFDs using the Wind Tunnel method
on high-level buildings in South Korea to see how it would
affect the operable window with the principle of single-
side ventilation (SSV). Of the five alternative types of SSV
found that wind effects can strengthen or fight each other
by tracking airflow patterns in the space of different kinds
of operable windows (Cho et al.,, 2012). Sugiyama and
Yasufuku evaluated the effects of natural ventilation,
combined with thermal insulation and solar shading, to
achieve heat comfort and reduce the burden of residential
cooling in Malaysia. It is proven that the combination can
lower the average operating temperature to 28.5°C
(Sugiyama et al., 2015).

Yueer inspects buildings with natural ventilation in
humid summer zones and proposes air-based enthalpy
based on energy conservation assessment methods.
Results show that natural ventilation effectively improves
thermal comfort while maintaining low cooling of energy
consumption in humid summer zones. Using NV can help
reduce cooling energy by 10-30% compared to not using
NV (He et al., 2017).

2.  Methodology

The research method uses the modeling simulation
method. The definition of simulation is a representation of
the behavior or characteristics of a system through the use
of other systems, especially computer programs designed
for that purpose (dictionary.com). Simulation research
emerges from broader human interest with replication
(mimesis & imitation) of real-world objects and settings
(Wang & Groat, 2013). Modeling simulation can save time
and provide controllable results following the specified
requirements (Wang & Hien, 2006).

Simulation method using Rhinoceros software to
model from typical Rusun unit, grasshopper software to
perform algorithm analysis and butterly with indoor
airflow method to find WF in each unit room Rusun. The
value for NV analysis is derived from air pressure between
indoor and outdoor air caused by wind and indoor
temperature (Cho et al., 2012). The airflow value due to
the difference in wind pressure in the outer chamber and
the unit space in the unit room is based on the boutet
equation (Satwiko, 2004).
where,

Qp=C/AC m3/s 9

Qp = air flowing through the window (m3/s)

5.85

C, = effectiveness of openings (0.5-0.6 when the wind
direction comes perpendicular to the opening, 0.25-
0.35 when the direction of the window diagonal
wind)

effective opening area (m)

wind speed (m/s)

Rusun building model that will be simulated has 16
total floors with floor to floor (FF) 3.15m, and unit
ventilation openings (inlet) are located in the north and
south of the building (Figure 1). Data wind speed (WS)
average annually in inputs from EnergyPlus Weather
(EPW) city of Jakarta Indonesia with Field visualized
through Ladybug. The unit to be simulated is on the middle
floor (MF) building is the 10th floor with a height of 31.5 m
from the ground level with a wind speed of 1.62 m/s from
the north of the building.
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Figure 1. Outdoor Wind Conditions

The study used several samples from the typical
rusunawa unit room in Indonesia both that had been built
and in the planning stage with an area of £30m2 namely,
Rusunawa Jatinegara Barat (Unit 1), Rusunawa Sleman
(Unit 2) and Rusunawa PUPR Ngampilan (Unit 3). The
height of the area analyzed in the room is 1.3m from the
floor of the unit.
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Figure 2. Simulation Unit

Each unit to be simulated has almost the same floor area
but has a typical different room configuration by having
two bedrooms (B), a living room (L), a toilet (T), and unit 1
that has one dryer room (D).
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Figure 3. Dimensions of Inlet and Qutlet Unit

Inlets and outlets have the same dimensions but

different locations and amounts that will affect air
3. Result & Discussion
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pressure (Qp) on simulations with the same WS input. The
condition of the door as inter-space circulation in the unit
is assumed to be fully open to know the optimal
distribution of WF. WF distribution and WS value
continued with further analysis on maximum and average
WS, comparison of WS inlet and outlet, and maximum WS
value in each residential space in each unit of Rusun.

Table 1. Air Pressure on Units

Unit Height Wind Speed Air Pressure (Qp)
(m) (m/s) (m3/s)
1 315 1.62 1.75
2 31.5 1.62 0.71
3 31.5 1.62 1.12

Figure 4. WF Unit 1 (B1-B2-D-L-T)

In unit 1 (B1-B2-D-L-T):

1. Turbulence is created in room B1 and B2 due to the
cross position between the window (inlet) and the

room door.
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2. After exiting room B1 and B2, WF directly passes
through room L to the exit (outlet) which is
perpendicular to room door B1 and B2.

3. Alittle turbulence is created in room L obtained from

room D

Figure 5. WF Unit 2 (B1-T-L-B2)
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In unit 2 (B1-T-L-B2):

1. Thereis a large turbulence and WS in room B1.

2. Turbulence is created in room L due to the close wall
distance to the door of room B1.
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3. WEF from room L to B2, but not too big and creates a
bit of turbulence
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Figure 6. WF Unit 3 (L-B1-B2-T)

In unit 3 (L-B1-B2-T):

1. Turbulence occurred in room Bl due to the cross
position between the window (inlet) and the room
door

2. WFinroom Lis quite large with a bit of turbulence.

3. Room B2 has a large enough WF and turbulence
obtained from WF room L and that comes out of room
B1 with a perpendicular direction to the exit of the
unit (outlet)

4. WEF value in unit 3 outlet is quite large because of the
hallway created from B2 and T space that is quite
close.

Based on three WF simulation results in each unit of
the Rusun above (Figure 4;5;6) that apply cross ventilation
(CV) principles on the unit can be said following the theory
that has been researched before. The creation of
turbulence in the residential space from the flow of air that
enters through the inlet of the Rusun unit. The largest WS
is in the unit's inlet when the outside air enters the Rusun
unit and shrinks when there is turbulence in the room.
Then WS again increased when moving to the next room
through the door of the room, shrinking again when there
was turbulence in the next room and again increased when
exiting through the outlet unit Rusun.

WF and WS conditions in each unit of Rusun
simulated at an altitude of 31.5m from ground level,s and
1.3m from the floor surface of the unit have differences
with each other when conditioned with the same outdoor
WS.
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Figure 7. Maximum and Average of WS Units Diagram

The first difference is because the volume of air flow
entering the unit of the inlet is influenced by the ratio of
the area of inlet openings and outlets in each Unit Rusun.
The comparison of maximum WS and average WS in units
1 and 3 has an equation where the higher the maximum
WS, the higher the average WS of the whole unit, in
contrast to unit 2 where the maximum WS has a value far
enough with the average WS unit. Unit 1 has a WS interval
value between 0.00-0.68 m/s with an average WS value of
0.27 m/s in one unit. Unit 2 has a WS interval value
between 0.03-0.80 m/s with an average WS value of 0.21
m/s in one unit. Unit 3 has a WS interval value between
0.01-0.59 m/s with an average WS value of 0.20 m/s in one
unit.
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Figure 8. WS of Inlet and Outlet Units Diagram

Another difference is the comparison of WS in inlets
and outlets that experience differences between each unit
(Figure 8). In unit 1, where the percentage of openings is
inlet > outlet, unit 2, where the percentage is inlet < outlet,
nit 3 has the percentage inlet = outlet. In unit 1, WS value
increased by 0.14 m/s with WS inlet 0.54 m/s and WS
outlet value of 0.68 m/s. In unit 2, WS value decreased
between inlet and outlet by 0.39 m/s with WS inlet value
of 0.80 m/s and outlet value of 0.41 m/s. In unit 3 has an
equation of WS value between inlet and outlet which is
0.59 m/s.
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Figure 9. Maximum WS of Residential Space Units
Diagram

Each unit has a difference of WS in each residential
space (B1, B2, L) when reviewed with the highest WS at
one of the WF points of the room. In unit 1, where each
residential room has access to openings directly from the
inlet, WF and WS values tend to be the same in each
residential space. In unit 2 only has one inlet, namely in B1
has a high WS value of 0.80 m/s inroom B1, while in a small
B2 room with a value of WS 0.21 m/s. In unit 3, which has
access openings from an inlet in room B1 and L have WS of
0.56 m/s and 0.59 m/s respectively and B2 room that has
opening access from an outlet of 0.38 m/s. Unit 1 has the
WS values equation at B1 and B2 of 0.54 m/s and L=0.49
m/s. Unit 2 has a value of WS B1=0.80 m/s, B2=0.21 m/s
and L=0.62 m/s. In unit 3 have WS value B1=0.56 m/s,
B2=0.38 m/s and L=0.59 m/s.

4.  Conclusion

From the results of the research of the three units of
the Rusun that have different configurations of space, has
obtained:

1. It was found that for each residential room to get WF
and a balanced WS value in each room, direct opening
access is required in residential spaces both from inlets
and outlets.

2. This research can reference academics as literature in
conducting WF and WS analysis methods using
Butterfly software. In future research and literature
reference for design and construction practitioners in
the design process of Rusun units in the design process
when reviewed from WF and WS parameters of
residential space with contextual, geographical
conditions.

3. This research can be applied as a reference in the
configuration of the interior furniture layout of the
room so that activities in the residential space can get
optimal WF and WS following the needs of residential
room users without using artificial convention
properties.

Further research is needed related to outdoor air
entering each unit Rusun reviewed from outdoor air
quality, indoor and outdoor air temperature and outdoor
air conditioning to get optimal WS input value in the unit
because NV is one of the comfort parameters for residents
of Rusun due to limited use of artificial air.
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