
Pertanika J. Sci. & Technol. 22 (1): 273 - 288 (2014)

SCIENCE & TECHNOLOGY
Journal homepage: http://www.pertanika.upm.edu.my/

ISSN: 0128-7680  © 2014 Universiti Putra Malaysia Press.

Using Computational Fluid Dynamics in the Determination of 
Solar Collector Orientation and Stack Height of a Solar Induced 
Ventilation Prototype

Yusoff, W. F. M.1*, Sapian, A. R.2, Salleh, E.3, Adam, N. M.4, Hamzah, Z.1 and  
Mamat, M. H. H.5

1Department of Architecture, Faculty of Engineering and Built Environment,  
Universiti Kebangsaan Malaysia, 43600 Bangi, Selangor, Malaysia
2Department of Architecture, Kulliyyah of Architecture and Environmental Design, International Islamic 
University Malaysia, P.O. Box 10, 50728 Kuala Lumpur, Malaysia
3Solar Energy Research Institute, Level 3, Perpustakaan Tun Sri Lanang, Universiti Kebangsaan Malaysia, 
43600 Bangi, Selangor, Malaysia
4Department of Mechanical and Manufacturing Engineering, Faculty of Engineering,  
Universiti Putra Malaysia, 43400 Serdang, Selangor, Malaysia
5Department of Operations and Manufacturing, TPM Engineering Sdn. Bhd, Technology Park Malaysia, 
Lebuhraya Puchong-Sg Besi, Bukit Jalil, 57000 Kuala Lumpur, Malaysia

ABSTRACT

Stack ventilation in the hot and humid climate is inherently inefficient due to minimal air temperature 
differences between indoor and outdoor environment of a naturally ventilated building. Solar induced 
ventilation is a viable alternative in enhancing this stack ventilation. This paper aims to demonstrate 
investigations on the effective solar collector orientation and stack height for a solar induced ventilation 
prototype that utilizes roof solar collector and vertical stack. The orientation of the solar collector is 
significant as it determines the amount of solar radiation absorbed by the solar collector. Meanwhile, 
the height of the vertical stack influences the creation of the stack pressure in inducing air movement. 
Investigations were executed using a simulation modelling software called FloVENT. The validation 
of the simulation modelling against physical experiment indicated a good agreement between these 
two results. Analyses were executed on the air temperature increments inside the solar collector. A 
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high increment of the air temperature resulted 
in the effective orientation. Meanwhile, the air 
temperature and mass flow rate of the various 
heights of the vertical stack were also analyzed. 
The findings concluded that the recommended 
orientation for the prototype’s solar collector is 
the west-facing orientation. It was also found 
that the higher the vertical stack, the lower the air 
temperature inside the stack would be, but with 
greater induced mass flow rate.
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INTRODUCTION

Solar induced ventilation studies have been gaining interest due to the strategy’s potential in 
enhancing stack ventilation. The configuration normally consists of a glass cover, an air cavity 
and an absorber plate or wall. Solar radiation is used to heat up the absorber plate or wall. The 
heat from the absorber plate or wall, as well as the glass cover, is transferred to the air inside 
the cavity through convective heat transfer. Consequently, high air temperature differences 
between the air inside the cavity and the ambient air develops. The solar induced ventilation 
strategies that have been widely investigated are Trombe wall, solar chimney and roof solar 
collector (Awbi, 2003). Although they have similar operating concept, their configurations are 
somehow different. While the Trombe wall and solar chimney have vertical air cavity, the roof 
solar collector’s air cavity is inclined and normally follows the roof slope.

Many studies have been carried out on the configurations of solar induced ventilation (see 
Bouchair, 1994; Chen et al., 2003; Ding et al., 2005; Gan, 2006; Hamdy & Fikry, 1998; Li et 
al., 2004; Mathur et al., 2006; Miyazaki et al., 2006; Susanti et al., 2008). The configuration 
parameters investigated were height, length, cavity width, tilt angle and opening sizes. The 
purpose of the studies was to enhance the performance of the solar induced ventilation. The 
investigations on the correlations between the cavity width and the inlet size showed that 
friction loss dominated in a small cavity width, whilst the pressure loss dominated in a small 
inlet size (Miyazaki et al., 2006). Despite this, a simultaneous increase in both the cavity width 
and the inlet size resulted in no optimum cavity width, as there was no air flow rate reduction 
(Chen et al., 2003; Gan, 2006).

The correlation between the cavity width and the stack height resulted in the effective ratio 
of 1:10 (Bouchair, 1994; Gan 2006; Li et al., 2004). However, this correlation was investigated 
for solar induced ventilations with a vertical stack, namely, Trombe wall and solar chimney. 
Meanwhile, the height study that excluded this correlation indicated that the higher the stack, 
the greater the induced air flow rate (Ding et al., 2005). The performance of solar induced 
ventilation is also affected by tilt angle and opening sizes. The effective tilt angle was found 
to be various, depending on the location’s latitude. This is due to the different solar altitude 
with different latitudes. The optimum tilt angle for Jaipur, India, (27°N latitude) during the 
summer months was 45º (Mathur et al., 2006). Meanwhile, for 32ºN latitude, the optimum tilt 
angle was 60º (Hamdy & Fikry, 1998). For the opening sizes, the ratio of 1 (ratio of inlet area 
to outlet area) was recommended in inducing high air flow rate (Susanti et al., 2008).

The configuration studies mentioned above were executed for Trombe wall, solar chimney 
and roof solar collector. In this research, the configuration of the proposed solar induced 
ventilation is slightly different from those strategies. The solar induced ventilation proposed 
consists of two parts, which are the roof solar collector and the vertical stack. Roof solar 
collector has the advantage of collecting more solar radiation when the sun altitude is high, 
as compared to Trombe wall and solar chimney (Awbi, 2003; Mathur et al., 2006). However, 
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its drawback is the height restriction of the stack, which is caused by the roof slope (Awbi, 
2003; Harris & Helwig, 2007). Hence, the purpose of utilizing vertical stack is to increase the 
stack height, and consequently enhance the stack pressure. The proposed strategy has shown 
the potential in enhancing the stack ventilation in the hot and humid climate. For instance, 
the highest air temperature differences between the stack air and the ambient air attained by 
the proposed strategy was 9.9ºC for 877 W/m² solar radiation incidents (Yusoff et al., 2010).

Due to its potential, this study was carried out with the aim to enhance the performance of 
the proposed strategy by investigating the orientation of the solar collector and the height of the 
vertical stack. These two parameters are significant as they affect the induced ventilation of the 
strategy. The solar collector orientation influences the catchment of solar radiation, whereas the 
vertical stack height affects the development of the stack pressure. Although there are studies 
on the effective solar collector orientation for the northern hemisphere countries, they are only 
conducted for inclined solar collector (Bari, 2001; Gunerhan & Hepbasli, 2007; Shariah et 
al., 2002) and vertical solar chimney (Nugroho, 2007). The investigation of an effective solar 
collector orientation for the proposed strategy in the northern hemisphere countries, particularly 
Malaysia, is yet to be conducted. Meanwhile, the vertical stack of the proposed strategy is 
not used for collecting solar radiation. Hence, it is assumed that there is convective heat loss 
from the induced air to the stack walls. For this reason, the investigations were executed to 
determine whether height affects air temperature and mass flow rate inside the vertical stack.

This paper is divided into five sections. The first section reviews on the previous studies of 
solar induced ventilation configuration and briefly describes the present research. The second 
section describes the solar induced ventilation prototype investigated in this paper. The third 
section presents the methodology employed, which is, simulation modelling. This section also 
elaborates on the prototype model, simulation set-up and procedures, simulation conditions, 
and simulation validation. Section four discusses the results of the investigations. This section 
is divided into two sub-sections, which are, the results of the solar collector orientation and 
the vertical stack height studies. Finally, the overall findings of the research are concluded in 
section five.

THE SOLAR INDUCED VENTILATION PROTOTYPE

The solar induced ventilation prototype investigated in this paper utilized a roof solar collector 
and a vertical stack (see Fig.1). The roof solar collector functioned as the solar radiation 
absorber and heater of the air inside the solar collector’s cavity. The vertical stack functioned 
as a conventional chimney, without solar radiation collection. It provided a significant height 
in developing a sufficient stack pressure. The walls of the vertical stack were insulated all 
around in minimizing the heat gains and losses. This created air temperature differences and 
hence, pressure differences between the air inside the solar collector’s cavity and the stack air. 
Consequently, the heated air inside the roof solar collector rose and flowed into the vertical 
stack. The inlet was located at the bottom of the roof solar collector, whilst the outlets were 
situated at the top of the vertical stack (Fig.1). There were obstructions placed at a distance 
of 0.15 m from the vertical stack outlets. These obstructions functioned as windbreakers that 
reduced the wind effects at the outlets. Without these obstructions, the induced air at the vertical 
stack outlets would be greatly affected by wind (Yusoff et al., 2010).
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Fig.1: The prototype developed for the simulations

METHODOLOGY

The methodology employed in this study was simulation modelling using Computational 
Fluid Dynamic (CFD) software FloVENT version 9.1. The feasibility of FloVENT for natural 
convection studies had been proven by previous research (see Manz, 2003; Nugroho, 2007). 
In this study, the parameters considered were the prototype model, the simulation set-up and 
procedures, the simulation conditions and the validation of simulation modelling.

Prototype Model

The proposed prototype utilized a roof solar collector (RSC) and a vertical stack, as shown in 
Fig.1. The roof solar collector comprised of a glass cover, an air cavity and an absorber, while 
the vertical stack consisted of an air cavity and surrounded by insulated walls. The dimensions 
of the roof solar collector were 1 m x 1 m x 0.2 m (length x width x cavity width), whilst for 
the vertical stack the dimensions were 1 m x 2 m x 0.2 m (width x height x cavity width). 
There were obstructions made of plywood (1 m length x 0.2 m high), which were placed at a 
distance of 0.15 m from the vertical stack outlets.

The materials assigned to the prototype were a piece of black painted aluminium for the 
absorber, a clear glass for the top cover, and a plywood wall with insulations in the inner lining 
of the walls (Fig.2). The insulations were then covered with aluminium foil in reducing the 
radiative heat transfer between the walls’ internal surfaces. The walls’ external surfaces were 
also finished with aluminium foil to reduce the solar radiation absorption. The space beneath 
the prototype was fully covered to reduce the wind effects. However, openings were provided 
at one of the walls in allowing airflow into the space (Fig.1).

The orientation study utilized the prototype that had 2 meter high vertical stack. Meanwhile, 
for the height investigations, prototypes with three different vertical stack heights (2 m, 3 m and 
4 m) were developed (Fig.3). The maximum height was 4 m, as the prototype was developed 
for application in a single storey industrial building; hence, it was deemed to be proportionate 
to the building typology applied. Other configurations which were the length and the tilt angle 
of the roof solar collector’s channel, the cavity width and the opening areas (inlet and outlet) 
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were not investigated as they were derived from the literature review. In the literature, the 
recommended roof solar collector’s channel length was 1 m, as no significant increment in 
the air temperature was obtained for the length greater than 1 m (Khedari et al., 1997; Zhai et 
al., 2005), and the suggested tilt angle for solar collector in Selangor, Malaysia was 10º. The 
cavity width of 0.2 m was utilized as the smaller the size (such as 0.1 m) would only increase 
the friction loss inside it (Bouchair, 1994; Miyazaki et al., 2006), whereas a larger size would 
reduce the exit air temperature (Yousef, 2007). The inlet and outlet opening areas of the roof 
solar collector and vertical stack were of equivalent size, which was 0.1575 m² (0.9 m x 0.175 
m). The purpose was to achieve the suggested effective ratio of 1:1 (inlet area:outlet area) for 
the opening areas (Khedari et al., 2000; Susanti et al., 2008). 
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Fig.2: Materials of the prototype
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Fig.3: Prototypes with the different vertical stack heights
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General Simulation Set-Up and Procedures

The prototype was placed in a solution domain which had a size of 7 m length x 7 m width x 
6 m high. Its position was 3 m from x-plane, 3 m from z-plane and 0 m from y-plane (Fig.4). 
FloVENT version 9.1 provided three solution types, namely, the flow and heat transfer, the flow 
only and the conduction only. Since the investigations involved buoyancy induced ventilation, 
the solution type selected was the flow and heat transfer. Besides, the simulations also employed 
a steady state and three dimensional flow analyses. It also utilized Boussinesq approximation 
in solving the conservation equations. The flow regime was considered turbulence. There were 
three turbulence models available in FloVENT version 9.1, namely, the Capped LVEL, the 
LVEL Algebraic and the LVEL K-Epsilon. The simulations used the LVEL K-Epsilon turbulence 
model as it was the most appropriate for the built environment as compared to the others. This 
turbulence model utilized k-ε (the turbulent kinetic energy (k) and turbulent dissipation rate (ε)) 
approach in the calculation (Gan, 2006). The fluid applied in the simulations was air at 30ºC, 
which had the following properties: conductivity was 0.02643 W/mK, viscosity was 1.872E-
005 Ns/m², density was 1.149 kg/m³, and specific heat was 1007 J/kgK. The simulations used 
the Cartesian grid system. The outer iterations set for the simulations were 4000. Nevertheless, 
the simulation stopped automatically when it had attained convergence, even if the numbers 
set were not reached yet. Hence, the precise setting of outer iteration numbers was not critical 
(Mentor Graphics, 2010). The simulations also employed solar radiation calculation, in 
which the required input data were site latitude, simulation day, solar time and solar intensity. 
Meanwhile, the Atmospheric Boundary Layer (ABL) was applied in having the wind effects. 
The ABL was downloaded from the FloVENT website. It used Log Law model in generating 
the required wind profile. The north direction was set to be in the positive x direction.
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Simulation Set-Up and Procedures for Orientation Study

The solar collector was oriented towards north, south, east and west. The effective orientation 
of solar collector was determined by the air temperature increment inside the RSC. This air 
temperature increment was calculated by the difference in the values between the monitor 
points at the RSC inlet and the vertical stack inlet. The locations of these monitor points are 
depicted in Fig.5.

Simulation Set-Up and Procedures for Height Study

In the investigations of vertical stack height, the prototype was oriented towards west, which 
was resulted from the orientation study. The variables investigated were air temperature and 
mass flow rate inside the vertical stack. Therefore, the monitor points were positioned at the 
inlet, middle and outlet of the vertical stack. The locations of monitor points are illustrated 
in Fig.5.
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Fig.5: The location of monitor points at the prototype for solar collector orientation (a) and vertical 
stack height (b) studies

General Simulation Conditions

The initial boundary conditions employed the average of three years (2006-2008) environmental 
data from Subang weather station. The weather station is located at an airport formerly known 
as Sultan Abdul Aziz Shah (SAAS) airport, which is located in Selangor, Malaysia.

Simulation Conditions for Orientation Study

For the orientation study, the air temperature and solar radiation were the average data gathered 
on the 21 March, 22 June, 23 September and 21 December. These dates were selected as 
they represent the equinoxes and solstices. Meanwhile, the data utilized for wind speed and 
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wind direction were the annual average data. The purpose was to reduce the variability of the 
environmental parameters input data. The wind speed data of Subang weather station was 
corrected to a reference height of 1.6 m. The annual prevailing wind directions were north, 
northwest and south. However, the simulations utilized wind direction from south (180º) for 
ease of comparison. The selected times for solar collector orientation study were 10 a.m., 12 
p.m. and 2 p.m. These times represented the morning, noon and evening hours.

Simulation Conditions for Height Study

The investigations of the vertical stack height employed the average data on the 21 March. 
March was selected as it was the month with the highest monthly mean solar radiation 
recorded for 20 years (1988-2008) by Subang weather station. Similar to orientation study, 
the wind speed data of Subang weather station was corrected to a reference height of 1.6 m. 
The prevailing wind direction in March was northwest. However, the simulations utilized 
annual prevailing wind direction which was south, as downward flow occurred inside the 
vertical stack for simulations using northwest wind direction. This downward flow hindered 
the investigations of height effects to the air temperature and mass flow rate inside the vertical 
stack. The selected times for the investigations were 12 p.m. and 2 p.m. only. No simulations 
were executed during morning hours because the west facing prototype had caused downward 
flow inside the vertical stack during this time.

Validation of Simulation Modelling 

The simulation modelling was validated against physical experiment by Yusoff et al. (Mentor 
Graphics, 2010). Tables 1 and 2 depict the deviation percentage at each point’s location 
from 9 a.m. to 4 p.m. The variables validated were air temperature and velocity. The air 
temperature was validated at six locations, namely, the RSC inlet, RSC 1, RSC 2, vertical 
stack inlet, vertical stack middle, and vertical stack outlet. Meanwhile, the air velocity was 
validated at three locations, which were the RSC inlet, vertical stack inlet and vertical stack 
outlet. The validation between the simulation modelling and physical experiment indicated a 
good agreement between the two results. The total average air temperature deviation for six 

TABLE 1 
The percentage of deviations for air temperature at six locations

Monitor points' Locations

Time (h)

Average deviation 
(%)

9 10 11 12 1 2 3 4
Deviation (%)

RSC inlet 0 2 1 4 2 1 4 5 2
RSC 1 12 15 11 7 12 11 9 6 10
RSC 2 13 17 12 7 14 12 10 10 12
V. stack inlet 11 13 11 0 8 10 10 8 9
V. stack middle 5 9 6 2 8 8 7 11 7
V. stack outlet 2 7 4 2 3 2 0 6 3
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locations was 7%, with maximum average deviation of 12% at RSC 2 (Table 1). Meanwhile, 
the total average deviation for air velocity at three locations was 13%, with the maximum 
average deviation of 15% at RSC inlet (Table 2).

RESULTS AND DISCUSSION

The results are presented and discussed in two sub-sections, which are the effective solar 
collector orientation and the effects of vertical stack height to the air temperature and mass 
flow rate.

Effective Orientation of the Prototype’s Solar Collector

Fig.6 depicts the air temperature increments at three separate times, which were 10 a.m., 12 p.m. 
and 2 p.m., attained by the prototype for the particular orientations and on the particular dates. 
The results showed that the most effective solar collector orientation at 10 a.m. for all dates 
was east. At 2 p.m., the effective orientations on the 22 June and 21 December were west and 
south, respectively. Meanwhile, on the 21 March and 23 September, it could be either west or 
south. At 12 p.m., the effective solar collector orientations on the 22 June were east and west, 
whilst on the 21 December, it was south. However, the effective solar collector orientation at 
12 pm on the 21 March and 23 September could be south, east or west.

Similarly, Fig.7 depicts the average air temperature increment at three separate times, 
namely, 10 a.m., 12 p.m. and 2 p.m. that was achieved by the prototype. The air temperature 
increments determined the orientation effectiveness, in which a high increment resulted in 
the effective orientation. The results indicated that the highest air temperature increment on 
the 22 June was attained by the west orientation. Meanwhile for the remaining three dates 
(namely, the 21 December, 21 March and 23 September), the highest air temperature increment 
was achieved by the south orientation. It is also apparent from Fig.7 that the most ineffective 
orientation for the prototype’s solar collector was the north.

In summary, the suggested effective orientation for the prototype’s solar collector 
throughout the year was west. However, it was emphasized that the west orientation might 
be effective for the proposed prototype only, as it had different configuration compared to the 
vertical solar chimney (Nugroho, 2007) and inclined solar collector (Bari, 2001; Gunerhan & 
Hepbasli, 2007; Shariah et al., 2002), as described in the literature. The west orientation was 
recommended instead of the south because the air temperature increment in June for the south 

TABLE 2 
The percentage of deviations for air velocity at three locations

Monitor points' Locations

Time (h)

Average deviation 
(%)

9 10 11 12 1 2 3 4
Deviation (%)

RSC inlet 28 12 10 18 18 15 4 13 15
V. stack inlet 21 7 1 2 17 14 15 5 10
V. stack outlet 10 5 16 17 18 17 20 11 14



Yusoff, W. F. M., Sapian, A. R., Salleh, E., Adam, N. M., Hamzah, Z. and Mamat, M. H. H.

282 Pertanika J. Sci. & Technol. 22 (1): 273 - 288 (2014)

orientation was very poor (Fig.7), especially at 12 p.m. (Fig.6). The sun path in June caused 
the vertical stack to shade the south facing solar collector, as shown in Fig.8. The prototype’s 
solar collector was essential to attain a significant air temperature increment in June, as it was 
the hottest month compared to the others. The 20 years (1988-2008) monthly average weather 
data by Subang weather station indicated that the average ambient air temperature in June 
was 28ºC. It was the highest compared to December (26.8ºC), March (27.8ºC) and September 
(27.4ºC). Moreover, the monthly mean solar radiation received in June was also higher than 
in December.

Fig.7 also shows that the air temperature increments for the south orientation in December, 
March and September were in the average of 2ºC higher than the west orientation. In June, 
however, the air temperature increment of the west orientation was 3.95ºC higher than the 
south orientation. The results also indicated that the average air temperature increments at 12 
p.m. and 2 p.m. of the south orientation was almost equal to the west orientation in March and 
September, 1ºC higher in December, but 7ºC lower in June (Fig.6). Meanwhile, the comparison 
between the east and west orientation showed that higher air temperature increment was attained 
by the west orientation in all months, except in September (Fig.7).

The drawback of orientating the prototype’s solar collector to the west was the poor 
collection of solar radiation in the morning. This is due to the morning sun path which caused 
the vertical stack to shade the west facing solar collector, as shown in Fig.9. This phenomenon 
also resulted in no air temperature increment in the prototype’s solar collector at 10 a.m. in 
March and September, as shown in Fig.6. Consequently, downward flow occurred inside the 
prototype.
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Fig.6: The air temperature increments at 10 a.m., 12 p.m. and 2 p.m. for the north, south, east and 
west orientations on the 22 June, 21 December, 21 March and 23 September
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Fig.7: The average air temperature increments for the north, south, east and west orientations on the 
22 June, 21 December, 21 March and 23 September
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Fig.8: The south facing of the prototype’s solar collector as at 12 p.m. on the 22 June

Although the west orientation resulted in a poor collection of solar radiation in the morning 
(Fig.6), the need for the prototype to induce more ventilation rate at noon and evening hours 
was more critical compared to the morning hours due to the higher indoor air temperature. 
Investigations into Malaysian single storey terrace houses showed that from the morning 
to noon hours, the indoor air temperature was almost equal to the outdoor air temperature. 
However, in the evening (i.e., from 3 p.m. to 7 p.m.), the indoor air temperature was 2 to 3ºC 
higher than the outdoor air temperature. Meanwhile, the PMV analysis of the master bedroom 
indicated that the PMV value was below +1.5 from 8 a.m. to 11 a.m., whereas from 1 p.m. to 
3 p.m., the PMV value was +1.5 and above. The highest PMV value of +2 was achieved at 12 
p.m. (Nugroho et al., 2007).
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In this research, comparisons of comfort condition between 10 a.m. and 2 p.m. were 
executed using the indoor predicted comfort temperature equations by Nicol and Humphreys 
(2010), as follows:

13.5 0.54c oT T= +              [1]

Where Tc was the indoor predicted comfort temperature and To was the monthly mean 
outdoor air temperature. The comparisons showed that the indoor predicted comfort temperature 
(Tc) was relatively closer to the monthly mean outdoor air temperature (To) at 10 a.m. compared 
to 2 p.m., except in September where the values were equal (Fig.10). In March, the monthly 
mean outdoor air temperature (To) was 0.6ºC lower than the indoor predicted comfort 
temperature (Tc) at 10 a.m. At 2 p.m., the monthly mean outdoor air temperature (To) was 1.2ºC 
higher than the indoor predicted comfort temperature (Tc). In June, the monthly mean outdoor 
air temperature (To) was higher than the indoor predicted comfort temperature (Tc) at both 10 
a.m. (0.2ºC) and 12 p.m. (1ºC). Meanwhile in December, the comparisons showed that the 
monthly mean outdoor air temperature (To) was 0.3ºC lower at 10 a.m. and 0.9ºC higher at 2 
p.m. than the indoor predicted comfort temperature (Tc).

Height of the Vertical Stack

It is apparent from the results obtained in Fig.11 that the higher the vertical stack was, the 
lower the air temperature inside the stack. The 2 m high vertical stack had the highest air 
temperature at all the monitor points. Meanwhile, the air temperature profiles were similar 
for all heights, in which the highest air temperature was attained at the vertical stack inlet. 
The air temperature decreased at the middle of the vertical stack and increased again when 
approaching the vertical stack outlet. The possible explanation to this phenomenon was due 
to the convective heat gain and loss of the air inside the prototype. The air at the vertical stack 
inlet had the highest temperature as it was heated inside the RSC. As the heated air rose and 
flowed upward inside the vertical stack, it experienced convective heat loss to the stack walls, 
which caused lower air temperature at the middle of the stack. However, at certain a height 
inside the vertical stack, the air temperature might be lower than the stack wall’s temperature. 
Hence, the air experienced convective heat gain from the stack walls. This might explain the 
increase of air temperature from the middle to the outlet of the stack.

Fig.12 shows the mass flow rate at the inlet, middle and outlet of the 2 m, 3 m and 4 m 
high vertical stack. The mass flow rate results were in reverse to the air temperature results, in 
which the higher the vertical stack was, the greater the mass flow rate. However, there was no 
significant difference of the induced mass flow rate at the vertical stack inlet of all the heights 
compared to the middle and outlet of the stack. This finding showed that the stack pressure 
developed with the stack height. Another important finding was that the increase of mass flow 
rate from the inlet to the middle of the stack was higher than from the middle to the outlet. 
Moreover, at 12 p.m., there was a decrease in the mass flow rate from the middle to the outlet 
for the 2 m high vertical stack. This might be related to the air temperature inside the vertical 
stack. Besides the height, the stack pressure was also influenced by the air temperature. The 
higher the air temperature inside the stack a greater stack pressure is implied (2002). The air 
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temperature at the inlet was the highest compared to the other part inside the vertical stack 
as it had just been heated inside the roof solar collector. As it flowed upwards, it experienced 
the heat gain and loss inside the stack. The reduction in the air temperature caused the lower 
increment of mass flow rate from the middle to the outlet compared from the inlet to the middle 
of the stack.
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Fig.9: The west facing of the prototype’s solar collector as at 10 a.m. on the 21 March, 22 June, 23 
September and 21 December
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Fig.10: The comparison of comfort conditions between 10 a.m. and 2 p.m.
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In summary, the higher the stack was, the lower the air temperature, but with a greater 
induced mass flow rate. Although the air temperature experienced more heat loss with the 
increase of stack height, the increase in stack pressure enabled the prototype to induce a higher 
mass flow rate.
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Fig.11: The air temperature inside the 2 m, 3 m and 4 m high vertical stack at 12 p.m. and 2 p.m.
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Fig.12: The mass flow rate inside the 2 m, 3 m and 4 m high vertical stack at 12 p.m. and 2 p.m.
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CONCLUSION

This study investigated the solar collector orientation and vertical stack height for solar induced 
ventilation that utilized roof solar collector and vertical stack using simulation modelling. 
The validation of simulation modelling against physical experiment had shown a positive 
agreement between the two results. The study concluded that the effective solar collector 
orientation throughout the year for the prototype in the northern hemisphere countries, 
particularly in Malaysia, is the west. Hence, the suggested orientation is not in conformity with 
the findings from the literatures, which recommended south as the effective solar collector 
orientation throughout the year for the northern hemisphere countries (Bari, 2001; Gunerhan 
& Hepbasli, 2007; Nugroho, 2007; Shariah et al., 2002). The different finding is due to the 
different configurations of the prototype, in which the vertical stack has caused shading to 
the south facing solar collector in June. The study also concluded that the higher the vertical 
stack is, the lower the air temperature, but the greater the induced mass flow rate. In summary, 
the investigations confirmed the potential of the proposed solar induced ventilation for the 
application in the hot and humid climate. Therefore, it would be interesting to examine the 
effects of the proposed solar induced ventilation to the indoor air temperature and ventilation 
rates for buildings in future research undertakings.
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