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Abstract - Passive ventilation is one of the well-known valid 
options that can be used to reduce the dependency on mechanical 
cooling appliances. It is also used to improve the indoor air 
quality. Solar chimney assisted ventilation system is a well-known 
passive ventilation system that can be used in the building 
construction industries. The aim of this paper is to study the 
effects of square shape solar chimney on building ventilation for 
Sabah, Malaysia climate. Therefore, a square solar chimney is 
designed with the inlet and outlet areas are varied from 0.0056m2

to 1.8m2 and 0.104m2 to 0.1264m2 respectively. Two transparent 
glasses and two perforated plates are used to construct a squared 
solar chimney. The glasses and plates are placed in opposite sides 
of the solar chimney. The vertical and inclined solar chimneys are 
used in this experiment. The inclination angles are maintained 60o

to 90o with horizontal axis. The air gaps between the absorber and 
the glazing are maintained 10cm to 14cm respectively. In this 
study, the volumetric flow rates are determined theoretically and 
experimentally. The results showed that the volumetric flow rate 
is maximum at optimum inclination angle which is 80o from 
horizontal. The volumetric flow rate is reduced when the 
inclination angle is higher 80o. The air gap has also significant 
effects of volumetric air flow rate and it reduces when the air gap 
depth is exceeding the optimum one is 14 cm.

Keywords: Solar chimney, passive ventilation, hot and humid 
climate

1.0 INTRODUCTION
The ventilation in the building is an important factor that helps 
to remove indoor pollution and dilute contamination [1]. Many 
building in the urban and suburban areas are using mechanical 
appliances for ventilation and cooling [2] [3]. These also can 
be achieved by using solar chimney ventilation system. The 
components of the solar chimney are solar heat absorber, 
glazing and chimney. The solar chimney works base on the 
principle of natural convection flow, in which the driving force 
is buoyancy force. It is developed from the thermal gradient 

between absorber and ambient [4]. The absorber in the solar 
chimney absorbs solar irradiation from the sunlight and heated 
up. The heat energy is transferred from the absorber to the air 
through natural convection process. The hot air moved out 
through the chimney and the cold air from the house enter into 
the solar chimney. This is known as solar chimney assisted 
natural ventilation system [5]. The stack effect in the solar 
chimney creates the air flow inside the chimney, resulted hot 
air moves out from the system. This technology also assists to 
create air flow in the building and is allowing fresh outdoor air 
enter in to the building space. Therefore, it has higher potential 
values in the building constructions industries [5]. It is also 
intended to exploit alternative source of energy to save 
traditional energy without sacrificing indoor air quality and 
occupant comfort [6]. This technology has been studied 
experimental and theoretically by the different researchers to 
understand the effects of heat generation rate, size of chimney, 
gaps between glazing and absorber. The vertical and inclined 
solar chimneys are also used for building ventilation. Some of 
the researchers have been conducted performance analysis of 
vertical solar chimney while others have been studying the 
inclined solar chimney [6] [7] [8] [9] [10]. The solar chimney 
has significantly increased the air flow inside the building as 
well as increased the heat gain value [11]. The performance of
the inclined solar chimney depends on the location and degree 
inclination of the solar absorber. In the inclined solar chimney,
it is found that the maximum air flow is observed when the 
solar chimney inclination angle lies between 45° to 70° for 
latitude angle of 28.4°N. On the other hand for solar heating 
system, the best performance is observed when the air heater is 
placed at an angle 40o to 50o [4]. The other parameters such as 
ratio between inlet and out of the solar chimney, height of 
absorber and air gap that also alter the performance of the solar 
chimney [12]. Among the all the influencing parameters solar 
irradiation intensity is the most influencing parameters that can 
alter the performance of solar chimney [13].
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In addition, most of the houses in Malaysia have mechanical 
cooling appliances such as air conditioning unit, electric fan to 
enhance thermal comfort [14]. These appliances produce 
unexpected heat during operation that increases the local 
temperature. Other than this, the population growth and living 
standards improvement are significant in Malaysia. These are 
also responsible for the increase of energy demand in the 
domestic sector [15]. Therefore, the main aim of the present 
research works would be focusing on the performance 
investigating for square shaped inclined solar chimney. 
Different model solar chimneys are designed with two inlets 
and two absorber facilities. There are five models with 
different inclination angle varied from 60o to 90o with 
horizontal axis are tested in the laboratory. 

2.0 DEVELOPMENT OF THEORY
In the solar chimney, due to temperature difference or density 
difference, a draft force is created that push the air from inside 
of the chimney to outside. The flow in the solar chimney is 
known as natural convection flow and draft is generated in the 
chimney is due to the stack effects [16]. The draft can be 
estimated from the natural draft pressure ( )equation.

= ( ) (1)

Where as is the ambient air density; is the density of air 
inside the chimney; is the acceleration due to gravity and 
is the chimney height. 

The major and minor losses of pressure per unit volume of 
fluid flow in the chimney can be obtained from the following 
equation [17].

=
×
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Where is the friction coefficient; is the hydraulic 
diameter of the chimney; is the minor loss coefficient. The 
theoretical air velocity ( ) and volumetric air flow ( ) inside 
the chimney can be estimated by combining the equation 1 
and equation 2.
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Where, is the density ratio between ambient air and the 
inside chimney air. 

The performance of the solar chimney depends on the 
physical geometry of the chimney as well as on the 

environmental conditions. Therefore, the design parameters 
such as chimney angle, gap between absorber and glass etc. 
are consider as variables [12] [18]. The daily average solar 
radiation and sunlight hours for Malaysia are varied from 
4000 – 5000 Wh/m2 and 4 – 8 hours respectively. In kota 
Kinabalu the average temperatures, especially in hot day 
around 30 – 32 °C, it can be reach up to 38 °C and at night the 
temperature can be go down to 22 °C [19] [20] [21]. 

3.0 EXPERIMENTAL IMPLEMENTATIONS
A square solar chimney was designed for ventilation as well as 
for experiments. Different inlet and outlet areas chimneys 
model were used for experiments. The dimension of the solar 
chimney

TABLE 1: DIMENSION OF SOLAR CHIMNEY

Absorber 
Angle Air gap (m) Area (m2)

Inlet Outlet

900

0.10 0.056 0.104
0.12 0.045 0.115
0.14 0.034 0.126
0.16 0.022 0.138

850

0.10 0.169 0.104
0.12 0.151 0.115
0.14 0.133 0.126
0.16 0.115 0.138

800

0.10 0.347 0.104
0.12 0.322 0.115
0.14 0.297 0.126
0.16 0.272 0.138

750

0.10 0.597 0.104
0.12 0.565 0.115
0.14 0.532 0.126
0.16 0.500 0.138

Transparent glasses are used in the two side of the chimney so 
that the solar energy can be received by the thermal absorber. 
Perforated plates were also used, so that air from the ambient
can be entered into the chimney. The details about the 
chimney are shown in the Figure 1.

FIGURE 1: SQUARE INCLINED SOLAR CHIMNEY MODEL

Different solar chimney inclination angle and air gap are used
during experiments. The solar chimney angle is varied from 
75o to 90o from horizontal axis with increment of angle of 5o.
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The gap is also varied from 0.10 m to 0.16 m with increment 
of 0.02 m. The performance of solar chimney is measured in 
terms of velocity enhancement and mass flow rate. For all 
cases, the height of the chimney has been kept constant which 
is 1 m. All the experiments are carried out at Thermal and 
Environmental Lab, Energy Research Unit, Universiti 
Malaysia Sabah. 

4.0 EXPERIMENTAL PROCEDURE
In this study, all the experiments are started from cold 
condition, where the chimney temperature was same as
ambient temperature. The highest daily solar average global 
radiation for Kota Kinabalu Sabah is 495.90 W/m2 [22]. 
Therefore, the absorber is heated with an electric heater at
constant heat flux (500W/m2). A voltage variable transformer 
is used to adjust and to ensure required power input on the 
solar chimney system. A digital multi-meter and a digital 
clamp multi-meters are used to determine the input power in 
the system. The voltage and current data are recorded in every 
2 minutes interval. The K type thermocouples are having 
temperature range of 0 to 2500C are used to measure the 
temperature in different points in the solar chimney. Total five
thermocouples are placed at the heat absorber and two
thermocouples are placed at the air gap in the solar chimney.
Ambient temperature is also recorded during experiments by 
using a thermocouple. All the thermocouples are connected 
with data logger to acquire temperature data automatically 
with interval 30 second. A hot air anemometer is used to 
measure the air flow rate during experiment and recorded data 
every 2 minutes interval.

5.0 EXPERIMENTAL RESULTS
The experimental results are shown in the Figure 2 and in the 
Figure 3. In vertical chimney model, the air flow rate is 
decreased with the increased of air gap. In the incline chimney 
models 80o and 85o the air flow rate is increased until the air 
gap is become 14 cm and the flow rate is dropped significantly
with the increment of air gap further. For the model inclined 
chimney angle 75o the air flow rate is increased with increased 
of air gap. According to Lal et al., in the 25 m3 volume space 
with solar chimney air gap 14 cm and one ton split air 
conditioning unit are able to reduced energy consumption by 
10 to 20% [23]. Tongbai & Chitsomboon is also reported that 
the optimal air gap in the solar chimney should be between 14 
cm to 16 cm for 1 meter long solar chimney, beyond this air 
gap, the air flow rate decreased significantly [24]. The gap 
increased may be increased heat losses from the absorber that 
reduced significant amount of flow rate. In addition, the cold 
inflow or flow reversal is a phenomena that has significant 
effects on the chimney performance [25]. The cold inflow is 
observed at the exit of the chimney and this phenomena occurs 
when the chimney pressure is lower than the ambient pressure. 
This is only possible at higher air gap and the temperature
distribution in the chimney and in the air gap are not uniform 
[25] [26]. From the Figure 2, it is also found that the relations 
between flow rate and air gap in the solar chimney are 
nonlinear. Two degree polynomial regression model are 
stratify all the data since the R2 values for all the model curves 

are more 0.80.

The relation between flow rate and inclination is drawn in the 
Figure 3. It is found that in the 16 cm air gap solar chimney, 
the air flow rate significantly varies with the inclination angle. 
The air flow rate is observed at 75o inclination solar chimney. 
Lal et al is also found that solar chimney performance is also 
depends on the location and inclination angle [23]. In the place 
where latitude angle 28.4o, the solar chimney optimum flow 
could be achieved at inclination angle lies between 45o to 70o

and air gap 10 to 35 cm. At higher angle of inclination, the 
solar chimney model is experienced with flow reversal or cold 
in flow that reduces flow rate significantly. In addition, the 
impulsive force in the Y axis in the solar chimney may be 
change due to the change of angle. That may be had negative 
effect on chimney flow. Additionally, two degree polynomial 
regression models are run for different chimney model data.   
For all air gaps, the relation between flow rate and inclination 
angle are significant except for air gap 0.12 m air gap solar 
chimney is not significant since R2 value is less than 0.80. This 
is because of entrance effect. 

The experimental results are also compared with theoretical 
values for different air gap and inclination angle and presented 
in the Figure 4 and Figure 5.

FIGURE 2: RELATION BETWEEN AIR FLOW RATE AND AIR GAP 
FOR DIFFERENT CHIMNEY MODEL

FIGURE 3: RELATION BETWEEN AIR FLOW RATE AND 
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INCLINATION ANGLE DIFFERENT CHIMNEY MODEL

It is found that in the figure 4 the experimental results are 
more scatter than theoretical values this is because the due to 
loss coefficient in the system. The theoretical coefficient is 
depended on the minor and major loss in the solar chimney. 
The flow character such as laminar or turbulent is also going 
to effect the air flow rate in the solar chimney. The theoretical 
air flow rate is also calculated for different opening area. It is 
also found significant difference with experimental result. 
Since the losses in the solar chimney depends on the velocity 
and according to continuity equation the velocity of air 
depends on the opening area. Therefore, air flow in the 
chimney during experiments are different theoretical value.    

FIGURE 4: COMPARISON BETWEEN EXPERIMENTAL VALUES WITH 
THEORETICAL VALUE FOR DIFFERENT AIR GAP

FIGURE 5: COMPARISON BETWEEN EXPERIMENTAL VALUES WITH 
THEORETICAL VALUE FOR DIFFERENT INCLINATION.

6.0 CONCLUSION 
The aim of this paper is to verify square shape solar chimney 
for building ventilation. It is found that solar chimney air gap 
and inclination angle have significant effect on air flowrate. 
The maximum air flow is observed at the solar chimney 
inclination angle for 80o and air gap at 14 cm. This value is 
satisfied with other research works as well as theoretical value.

7.0 ACKNOWLEDGEMENTS
The authors would like to express gratitude thanks to the 
Ministry of Higher Education of Malaysia and Universiti
Malaysia Sabah for their financial and facilities support 
through Fundamental Research Grant (FRG0429-TK-1/2015). 

Additionally, the authors would like to thank all the group 
members for their continuous support to complete this project.

REFERENCES 

[1] Baran, I., Purcaru, C., & Bliuc, I. (2011). Natural 
Ventilation and Indoor Air Quality in Education 
Buildings. Buletinul Institutului Politehnic din lasi. Sectia 
Constructii, Arhitectura, 57(4), 145.

[2] Singer, B. C., Delp, W. W., Black, D. R., & Walker, I. S. 
(2017). Measured performance of filtration and ventilation 
systems for fine and ultrafine particles and ozone in an 
unoccupied modern California house. Indoor air, 27(4), 
780-790.

[3] Imran, A. A., Jalil, J. M., & Ahmed, S. T. (2015). Induced 
flow for ventilation and cooling by a solar chimney. 
Renewable Energy, 78, 236-244.

[4] Shi, L., Zhang, G., Yang, W., Huang, D., Cheng, X., & 
Setunge, S. (2018). Determining the influencing factors on 
the performance of solar chimney in buildings. Renewable 
and Sustainable Energy Reviews, 88, 223-238.

[5] Monghasemi, N., & Vadiee, A. (2017). A review of solar 
chimney integrated systems for space heating and cooling 
application. Renewable and Sustainable Energy Reviews.

[6] Kaneko, Y., Sagara, K., Yamanaka, T., Kotani, H., & 
Sharma, S. D. (2007). Ventilation performance of solar 
chimney with built-in latent heat storage. CSEM-UAE 
Innovations Inc.

[7] Bassiouny, R., & Korah, N. S. (2009). Effect of solar 
chimney inclination angle on space flow pattern and 
ventilation rate. Energy and Buildings, 41(2), 190-196.

[8] Shi, L., & Chew, M. Y. L. (2012). A review on sustainable 
design of renewable energy systems. Renewable and 
Sustainable Energy Reviews, 16(1), 192-207.

[9] Burek, S. A. M., & Habeb, A. (2007). Air flow and thermal 
efficiency characteristics in solar chimneys and Trombe 
Walls. Energy and Buildings, 39(2), 128-135.

[10] Alemu, A. T., Saman, W., & Belusko, M. (2017). Airflow 
and Temperature Modelling of Sustainable Buildings at 
the Design Stage can Prevent Unintended Consequences 
of Passive Features. Procedia engineering, 180, 601-610.

[11] Al-Kayiem, H.H., and Heng Y. M (2015). Experimental 
Investigation of Rooftop Solar Chimney for Natural 
Ventilation, ARPN Journal of Engineering and Applied 
Sciences, Vol. 10, No 21, November, 2015

[12] Patel, S. K., Prasad, D., & Ahmed, M. R. (2014). 
Computational studies on the effect of geometric 
parameters on the performance of a solar chimney power 
plant. Energy Conversion and Management, 77, 424-431.

[13] Ghalamchi, M., Kasaeian, A., & Ghalamchi, M. (2015). 
Experimental study of geometrical and climate effects on 
the performance of a small solar chimney. Renewable and 
Sustainable Energy Reviews, 43, 425-431.

[14] Daghigh, R. (2015). Assessing the thermal comfort and 

0

0.01

0.02

0.03

0.04

9 11 13 15 17

Fl
ow

 ra
te

 (m
3 /s

)

Air Gap (cm)

Theo Exp

0

0.01

0.02

0.03

0.04

70 75 80 85 90 95

Fl
ow

 ra
te

 m
3 /s

Inclination angle (o)

Theo Exp



257 
 

ventilation in Malaysia and the surrounding 
regions. Renewable and Sustainable Energy Reviews, 48, 
681-691.

[15] Mahlia, T. M. I., Masjuki, H. H., Choudhury, I. A., & 
Saidur, R. S. R. (2017). A review on energy efficiency 
standards and labels: present status and implementation 
possibilities in malaysia. ASEAN Journal on Science and 
Technology for Development, 18(1), 71-84.

[16] 
(2015). The experimental design of solar heating 
thermoelectric generator with wind cooling chimney. 
Energy Conversion and Management, 98, 127-133.

[17] Lahiouel, Y., & Lahiouel, R. (2015). Evaluation of energy 
losses in pipes. P01 Session posters.

[18] Tan, A.Y.K. & Wong, N.H. 2014. Influences of ambient 
air speed and internal heat load on the performance of 
solar chimney in the tropics. Solar Energy 102 (2014): 
116 – 125

[19] Ahmad, S. & Tahar, R.M. 2014. Selection of renewable 
energy sources for sustainable development of electricity 
generation system using analytic hierarchy process: A 
case of Malaysia. Renewable energy 63 (2014): 458 –
466 

[20] Al-Kayiem, H.H. et al. 2014. Mathematical analysis of the 
influence of the chimney height and collector area on the 
performance of a roof top solar chimney. Energy and 
Buildings 68 (2014): 305 – 311

[21] Mekhilef, S. et al. 2012. Solar energy in Malaysia: Current 
state and prospects. Renewable and Sustainable Energy 
Reviews 16 (2012): 386 – 396 

[22] Sukarno, K., Hamid, A. S. A., Dayou, J., Makmud, M. Z. 
H., & Sarjadi, M. S. (2015). Measurement of global solar 
radiation in Kota Kinabalu Malaysia. ARPN Journal of 
Engineering and Applied Sciences, 10(15), 6467-6471.

[23] Lal, S., Kaushik, S. C., & Bhargav, P. K. (2013). Solar 
chimney: a sustainable approach for ventilation and 
building space conditioning. International Journal of 
Development and Sustainability, 2(1), 277-279.

[24] Tongbai, P., & Chitsomboon, T. (2014). Enhancements of 
Roof Solar Chimney Performance for Building 
Ventilation. Journal of power and energy engineering, 
2(06), 22.

[25] Chu, C. M., Rahman, M. M., & Kumaresan, S. (2012). 
Effect of cold inflow on chimney height of natural draft 
cooling towers. Nuclear Engineering and Design, 249, 
125-131.

[26] Kasaeian, A. B., Molana, S., Rahmani, K., & Wen, D.
(2017). A review on solar chimney systems. Renewable 
and Sustainable Energy Reviews, 67, 954-987.


