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ABSTRACT  

The objective of this study is to discuss the potential of voids in Medium Cost Multi-Storey Housing (MCMSH) 
for hot and humid climate. The result has a significant to identify the suitable configurations of voids for better passive 
design strategy. In this study, the performance of voids for MCMSH has been studied by using CFD simulation. This study 
provides a result of different configurations of voids for the studied buildings. The results suggest the appropriate 
parameter that affects the enhancement of natural ventilation for MCMSH to be adapted in hot and humid climate. The 
discussion forms a basic framework of void’s proportions in MCMSH to serve better environmental living environment for 
the MCMSH’s occupants. 
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INTRODUCTION 

In recent years, natural ventilation in buildings 
has received increasing attention that reflecting the interest 
in sustainability and green energy buildings. Almost all 
urban areas are characterized by rise buildings and high 
density. Under this circumstance, achieving comfortable 
and healthy indoor environments with minimizing energy 
consumption becomes a very challenging architectural and 
engineering issue [1, 2]. Thus, numerous studies revealed 
that natural ventilation plays an important role to provide 
better indoor air quality (IAQ), thermal comfort and save 
energy consumption in buildings [1, 3-7]. 

According to Moo-Hyun and Ji-Hyeon [7], 
natural ventilation is approved as the most effective and 
energy efficient method used in multi-storey buildings. 
However, most multi-storey buildings do not really 
concern natural ventilation aspect (e.g. do not allow a 
good control of the ventilation rate etc.) [5, 7-9]. The role 
of natural ventilation in providing a comfortable and 
healthy environment forms the basis for the design criteria 
for residential buildings [10]. One of the important design 
criteria to enhance natural ventilation for deep plan 
buildings (rise buildings) is void [10]. 

CFD model has been adopted in this study, which 
has becomes as the main tool in an extensive number of 
studies concerning natural ventilation performance. It has 
been used for many geometrically complicated buildings, 
such as Nagai and Karabuchi used CFD to decide the 
coefficients in the nodal model for a high-apartment 
building with central void space throughout the height of 
the building in Japan [11]. Pimolsiri and Steve [12] used 
CFD to analyse the potential of ventilation shafts in rise 
residential buildings in Bangkok. Mohamed [9] conducted 
CFD to induce wind-driven natural ventilation for single-
sided apartments. Sapian A. R. [13] used CFD to estimate 

the vertical pressure distribution and to investigate the 
potential of the proposed design solution for High-Rise 
Low-Cost Residential Building (HRLCRB). James O.P. 
and Chun-Ho L. [6] used CFD to explore the effects of 
building interference on natural ventilation. Moo-Hyun K. 
and Ji-Hyun H. [7] used CFD to predict the various 
performance of hybrid ventilation system in apartments. 
However, there is less study on the potential of void to 
estimate horizontal wind pressure distribution for deep 
plan buildings in hot and humid country. 
 
NATURAL VENTILATION 

‘Natural ventilation’ is defined as supply of fresh 
air, together with the removal of aged air through an 
indoor space, by natural [6]. According to Cristian Ghiaus 
[14], ‘natural ventilation’ means opening a window to let 
fresh air into a room. Natural ventilation in buildings is 
caused by the pressure difference created between inlets 
and outlets of the building envelope, as a result of natural 
driving forces; (i) Wind induced ventilation (caused by the 
pressure distribution around buildings), and (ii) Buoyancy 
induced ventilation (created due to the thermal differences, 
hence density differences between the air inside and 
outside a building [5, 12, 15-17]. 

In hot and humid climate, natural ventilation is 
very important to provide a comfortable indoor thermal 
condition by encouraging the evaporation of moisture 
from the skin and increasing the rate of the skin’s heat 
dissipation through convection. The efficiency of natural 
ventilation can be improved by measure of how effective 
the internal air motion is in distributing the fresh air that 
enters the space [10]. The effectiveness of indoor natural 
ventilation is determined by the prevailing outdoor 
conditions, which are microclimate (wind speed, 
temperature, humidity and surrounding topography) and 
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the building itself (orientation, number of windows or 
openings, their size and location) [5]. 
 
VENTILATION RATE 

Ventilation rate for natural ventilated building is 
necessary for both comfort and energy reasons [4, 5, 18]. 
Ventilation rate can be predicted by using pressure 
differences across a sealed building, size and airflow 
discharge characteristics of the building’s openings. The 
common requirement for a minimum fresh air flow rate of 
about 10 litres s-1 per person is based on the removal of 
body odours and this is usually sufficient to cope with 

other contaminants generated within occupied building 
[10]. Ventilation rate should be much larger in poorly 
insulated buildings[18]. 

According to Chaobin et al. [19], ventilation rate 
should meet the local requirements for the sake of 
occupants’ health and comfort. Table-1 states the 
ventilation rate requirements for residential buildings 
according to Uniform Building By-Laws 1984 [20], 
American Society of Heating, Refrigerating and Air 
Conditioning Engineers [21] and The Chartered Institution 
of Building Services Engineers [22]. 

 
Table-1. The ventilation rate requirements for residential buildings according to UBBL, 

ASHRAE and CIBSE. 
 

Country Malaysia United States  United Kingdom 

Standard 
Uniform Building 
By-Laws 1984 [G. 

N. 5178/85] 
ASHRAE 62.1-2013 

CIBSE: Concise 
Handbook (Guide 

B) 

Unit 
Air change per 

hour (ACH) 

Fresh air per 
person 

(L/s.person)      
+ 

Fresh air per 
const. area 

(L/s.m2) 

Air change per 
hour (ACH) 

Value 0.14 2.5 0.3 0.5 - 1 

Source: [20] [21]  [22] 

 
The required ventilation rate as stated in Table-1 

can be easily achieved by natural means. The minimum 
ventilation rate requirement for hot and humid climate 
such as Malaysia is 0.14 ACH [20]. Ventilation rate, Q, 
for natural ventilated building can be measured by using 
equation:  
 

                                                  (1) 
 

where Q is the ventilation rate in cross ventilation 
due to wind effect only (m3s-1), Cdis opening’s discharge 
coefficient, Aw is opening area (refer to Equation (2), Δp is 
pressure difference (Nm-2) and ρ is air density (kgm-3). Aw 
value is received by using equation: 
 

                                                        (2) 
 

where Ai and Ao are the inlet’s and outlet’s cross-
sectional area (m2). In order to improve ventilation rate, Q, 
when opening sizes are fixed, Δp value can be adjusted 
(refer to Equation (1). To account for real world effects, Cd 
is introduced and for small openings, a representative 
value for Cd is 0.65 [4]. 
 
NATURAL VENTILATION FOR MULTI-STOREY 
HOUSING 

‘Multi-Storey Housing’ can be defined as a house 
building with several levels or floors [23, 24]. According 
to Jan Krebs [25], ‘Multi-Storey Housing’ combines 

several rooms or units in a complex building, arranged 
adjacent to or above each other on several floors. The 
characteristics of natural ventilation driving forces are 
influenced by the height of the building. Thus, based on 
previous study, this study suggests that there are four (4) 
types of multi-storey housing height (as stated in Table-2). 
 

Table-2. Four (4) types of multi-storey housing height. 
 

Types 
Building 

height 
[26] 

Building 
height 

[5] 
Summarization 

Low-rise 
≤ 4 

storeys
1 - 2 

storeys 
1 - 4 storeys 

Medium-
rise 

5 - 15 
storeys 

3 - 6 
storeys 

5 - 15 storeys 

High-rise 
16 - 50 
storeys 

≥ 10 
storeys 

16 - 50 storeys 

*Super 
high-rise 

(skyscraper) 

> 50 
storeys 

Not 
stated 

> 50 storeys 

Source: Building Type Basics for Housing: 2nd Edition 
[26] & Ventilation Systems: Design and Performance 
[5] 

 
As stated in Table-2, medium rise is selected for 

pilot study of MCMSH. Awbi [5] claimed that building 
geometry determines the natural ventilation being used for 
the building; (i) distributed and linear building forms tend 
to use single-sided or cross ventilation principles, (ii) 
while more compact buildings such as rise buildings, use 
stack ventilation either by utilization of voids or chimneys. 
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PROPOSED STRATEGY: VOIDS 
‘Void’ means air well / atria, which is normally 

in the centres of a building [27]. An air well is a passive 
architectural feature which is adopted for natural lighting 
and ventilation [9, 13, 28]. According to Shuzo Murakami 
et al. [29], voids in the buildings bring advantages in the 
architectural, environmental, and structural aspects which 
can be summarized as follow: (1) indoor environmental 
control with a low environmental load using the potential 
of outdoor environment will be possible. The voids will 
facilitate natural ventilation and enable the IAQ to be 
controlled, (2) solar shading performance will be 
improved by introducing voids in the buildings. The voids 
will act as ventilation spaces and this enable passive 
maintenance of a good indoor comfort, (3) Proper isolation 
or connection for each room will be possible by the use of 
voids. The voids will become as adequate buffers (buffer 
spaces between private and public living spaces) into 
living spaces will make it possible to limit the invasion of 
private living and to achieve less stressful high-density 
neighbourhood units, and (4) Variegated living spaces can 
be created by combining rooms with voids. 

Previous studies suggested that introducing voids 
in buildings can improve natural ventilation indoors. 
Tomoko Hirano et al. [30] revealed that the building 
model with a void ratio of 50% is more effective than the 
building model with a void ratio of 0% in terms of air 
change rate (about four times larger) and average wind 
velocity at the openings (around 30% faster). Also, 
previous researchers revealed that the void create positive 
pressure differences, which allows the windward façade of 
the rear block to receive the wind that flow through the 

void [13, 28]. Nasibeh Safadi et al. [31] revealed that void 
does affect the improvement of indoor comfort of its 
adjacent areas. Therefore, this study conducts a pilot study 
on MCMSH as an exercise to study the potential of voids 
to improve natural ventilation in MCMSH. 
 
METHOD AND PROCEDURE 
 
CFD model: Geometry, grid, boundary conditions and 
solver setup 

This study evaluated void’s ability based on 
venturi effect principles. The venturi effect refers to the 
increase of the fluid velocity due to a decrease of fluid 
pressure in a constricted area [32]. Figure-1 shows the 
domain set up for rise building with internal void (12 
storeys). The blockage ratio for the CFD model is set at 
2% to avoid blockage effect and this ratio is less than 3% 
as suggested by Yoshihide Tominaga et al. [33]. The inlet 
is set to have an atmospheric boundary layer (ABL) wind 
profile with an exponent, α = 0.28, by using power law: 
 

 
 

where Vz is the wind speed at height Zz, m/s. 
Wind speed, Vg is set to 1 m/s at height of 10 m, Zg. The 
governing equation is solved using ANSYS CFX 14.5. 
The wind angle used is fixed to perpendicular wind, 0° 
only. Figure-1 illustrates the inlet set up to create 
atmospheric boundary layer (ABL) wind profile. 

 

 
 

Model A (without void) Model B (with void) 
 

Figure-1. Inlet set up to create atmospheric boundary layer (ABL) wind profile. 
 

The standard k-epsilon (k-ԑ) model is adopted 
because it is consistent and stable to predict airflow for 
multi-storey buildings [6, 12, 34]. There are two 
experimental models were sized; (i) Model A (without 
void) was sized 10m x 30m x 50m (length x width x 
height), (ii) Model B (with void) was sized 30m x 30m x 

50m (length x width x height) with internal void in 
dimension 10m x 20m (length x width) at the middle of 
the model. The through openings at ground level with 
dimension 5m x 20m (height x width) is also incorporated 
in the Model B (as shown in Figure-2). 
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Model A (without void) Model B (with void) 
 

Figure-2. Model A (without void) and Model B (with void) set up in CFD. 
 
MESH INDEPENDENCE STUDY 
 Tetrahedron meshes are applied for both models. 
Table-3 states the comparison of meshing in the same 

ABL wind setting profile with wind angle to perpendicular 
wind, 0°, for flat façade model. 

 
Table-3. Comparison of average wind pressure (Nm-2) with different meshing. 

 

h / H 
6.8 

million 
2.2 

million 
1.9 

million 
0.6 

million 
0.47 

million 

0 0.00 0.00 0.00 0.00 0.00 

1 1.15 1.13 1.11 1.11 1.09 

2 1.17 1.15 1.14 1.34 1.12 

3 1.20 1.17 1.17 1.17 1.15 

4 1.22 1.20 1.20 1.20 1.19 

5 1.25 1.23 1.23 1.22 1.21 

6 1.27 1.26 1.25 1.25 1.24 

7 1.30 1.28 1.27 1.27 1.26 

8 1.31 1.30 1.29 1.29 1.28 

9 1.33 1.31 1.30 1.30 1.29 

10 1.34 1.32 1.31 1.31 1.30 

11 1.34 1.33 1.32 1.32 1.31 

12 1.35 1.33 1.33 1.34 1.33 

mean: 1.27 1.25 1.24 1.26 1.23 

 
As stated in Table-3, the total number of elements 

approximately 1.9 million is decided for this study. Thus, 
CFD model with void is also applied the same mesh 
setting, which is approximately 3.5 million. 
 
VALIDATION OF CFD MODEL BY WIND TUNNEL 
EXPERIMENT DATA 

The validation of CFD models was done before it 
was adopted as a tool of this study. The comparison 
between CFD models and experimental measurements, 
such as wind tunnels, has received considerable coverage 
and has led to the improvement of the models [10]. Thus, 
to validate the outdoor airflow, wind pressure distributions 
on CFD model is compared with wind tunnel (WT) 
experiment data from the University of Wales College of 
Cardiff [28]. Figure-3 and Figure-4 illustrate the 

comparison of wind pressure distributions on windward 
and leeward at central line facades of both models (with 
and without voids) at wind angle of 0°. 
 

 
 

Figure-3. Comparison of wind pressure distributions on 
windward facades of both models (with and without 

voids) at wind angle of 0°. 
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Figure-4. Comparison of wind pressure distributions on 
leeward facades of both models (with and without 

voids) at wind angle of 0°. 
 

Table-4 states the comparison of average wind 
pressure distributions between WT and CFD model on 
windward and leeward at central line facades of both 
models (with and without voids). Wind pressure at level 1 
and level 2 for both WT and CFD model is less regarding 
the effect of podium to compare with the flat façade 
(without voids) models, which have no podiums. 

The average relative percentage (%) difference 
between WT and CFD model at windward facades is 6.8% 
for Model A and 8.2% for Model B. However, the average 

relative percentage (%) difference between WT and CFD 
model at leeward facades is 53.75% for Model A and 
13.13% for Model B. Similarly, previous studies revealed 
that there is a systematic underestimation of the absolute 
value of wind pressure by CFD at the leeward façade [35, 
36] Figure-5 illustrates the pattern of air velocity 
distributions at both models, which revealed that the 
provision of voids changes the airflow pattern at the 
leeward facades. As a result, Δp value was changed. Thus, 
this study suggests that the increasing of Δp value can 
increase ventilation rate, Q for indoor living environment 
(refer to Equation (1). 
 
RESULT AND DISCUSSIONS 
 
Performance of voids to enhance ventilation rate 

The wind pressure data from CFD simulations 
and wind tunnel experiments are used to predict 
ventilation rate, Q by adopting Equation 1.1. Figure-6 
illustrates the comparison of ventilation rate for of Model 
A (WT), Model B (WT), Model A (CFD), Model B 
(CFD), Model C (the modification of Model B with 
enlarged 50% of Model B's void). 

 
Table-4. Comparison of average wind pressure distributions on windward and leeward at central line 

facades of both models (with and without voids) from wind tunnel data and CFD simulations. 
 

 Average wind pressure (Nm-2) 

 Windward Leeward 

 WT CFD 
dif. 
(%)

WT CFD 
dif. 
(%) 

Model A 
(without 

void) 
1.33 1.24 6.8 -0.80 -0.37 53.8 

Model B 
(with void) 

1.10 1.19 8.2 -0.99 -0.86 13.1 

 

 
Model A (without void) Model B (with void) 

 

Figure-5. Comparison of air velocity distributions between Model A 
(with void) and Model B (with void). 
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Figure-6. Comparison ventilation rate (Q) of Model A (WT), Model B (WT), Model A 
(CFD), Model B (CFD) Model C (CFD +50% of Model B's void) at wind angle of 0°. 

 
Figure-6 indicates that the provision of voids in 

MCMSH increased the ventilation rate of the studied 
building. Table-5 states the comparison of ventilation rate 
between the models. 

As stated in Table-5, level 1 is excluded in this 
study because the ventilation rate, Q for all the models is 
calculated with the effect of podium, which has no living 
units on the ground floor for Model B (both CFD and 
WT). This study suggests that the ventilation rate is 
increasing to the lower levels of the building with the 

provision of void. However, there is the decreasing of 
ventilation rate for Model C with the enlargement 50% of 
Model’s B void’s size, which decreased 1.03%. Thus, this 
study suggests that the increasing of voids decrease the 
wind speed and increase wind pressure at leeward facade, 
as a result of venturi effect [32]. Therefore, Δp value is 
less different, result in less reduction of ventilation rate. 
Figure-7 illustrates the comparison of air velocity 
distributions between Models A (without void), Model B 
(with void) and Model C (+50% of Model B's void). 

 
Table-5. Comparison of ventilation rate (Q) of Model A (WT), Model B (WT), Model A (CFD), Model B (CFD) 

Model C (CFD +50% of Model B's void). 
 

h / H 

CFD WT 

Model A 
(without 

void) 

Model B 
(with void) 

Different 
Model C 

(with +50% 
void) 

Different 
Model A 
(without 

void) 

Model B 
(with void) 

Different 

0 

1 1.07 0.61 0.46 0.00 0.46 1.27 0.00 1.27 

2 1.07 1.34 0.27 1.33 0.26 1.28 1.01 0.27 

3 1.08 1.34 0.26 1.33 0.25 1.23 1.27 0.05 

4 1.10 1.34 0.25 1.34 0.24 1.29 1.39 0.10 

5 1.12 1.35 0.23 1.35 0.22 1.26 1.37 0.11 

6 1.15 1.36 0.21 1.35 0.20 1.33 1.46 0.14 

7 1.17 1.36 0.19 1.35 0.18 1.37 1.42 0.06 

8 1.19 1.36 0.17 1.35 0.16 1.37 1.43 0.06 

9 1.21 1.36 0.15 1.35 0.14 1.39 1.47 0.08 

10 1.23 1.36 0.13 1.35 0.11 1.41 1.42 0.01 

11 1.25 1.36 0.11 1.34 0.09 1.42 1.44 0.03 

12 1.26 1.36 0.10 1.33 0.07 1.38 1.42 0.04 

 
As illustrated in Figure-7, this study compares the 

result of ventilation rate for the living units that directly 
received 0° wind flow because these units is under the 
same condition of windward pressure. Therefore, the 

different performance of voids with different sizes can be 
investigated. This study reveals that the changes of void’s 
size influenced the different velocity pattern at the leeward 
façade of the living units. 
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Model A (without void) Model B (with void) 
Model C (+50% 

void) 
 

Figure-7. Comparison of air velocity distributions between Model A (with void), 
Model B (with void) and Model C (+50% of Model B's void) 

 
CONCLUSIONS 

As a conclusion, this study suggests that the 
internal void has a potential to propose for MCMSH to 
enhance the natural ventilation for the building. Thus, the 
performance of voids has to be further investigated. It was 
hypothesized based on venturi effect principle, which is 
when the fluid passes through a constricted area, the fluid 
velocity increase and the fluid pressure reduce. Therefore, 
this pilot study’s findings revealed that the decreasing of 
void’s size reduces the wind pressure in void’s area, which 
confirmed the venturi effect principles. With the 
decreasing of wind pressure in void’s area, ventilation rate 
of the studied living units is increased. As a result, this 
condition caters better level of comfort for the occupants 
of MCMSH. 
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