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Abstract—Natural ventilation driven by a solar chimney attached to 
a single room building was studied experimentally. The experiments 
were conducted in a real time scenario. During the experiments, the 
thermal mass on one side of the chimney was heated by means of 
solar radiation. 
Results showed the difference on using the thermal mass like granite, 
marble, brick. The flow pattern and the various parameters like air 
flow, radiation input were studied. 

1. INTRODUCTION 

Solar chimneys are a form of passive building design. Solar 
chimneys are generally tall, wide structures constructed, 
facing the sun, with a dark coloured, matt surface designed to 
absorb solar radiation. As the chimney becomes hot, so it 
heats the air inside it. The hot air rises up the chimney and is 
vented out of the top, and in so doing it draws more air in at 
the bottom of the chimney.  

Solar chimneys are particularly effective in climates that are 
humid and hot. They are most efficient when they are tall and 
wide, but not very deep. This maximizes the surface area that 
can absorb solar radiation and maximizes the surface area in 
contact with the air inside the chimney. Variations in design 
can incorporate multiple chambers to further increase surface 
area and may use materials with high solar absorption such as 
metal to maximize the temperatures achieved within the 
chimney. Low emissivity coatings, and glazing can also be 
used to reduce heat losses back to the outside, similar to the 
design of trombe wall.  

The thermal performance of solar chimneys using different 
configurations has been experimentally investigated by 
different researchers. One of the most complete studies on a 
full scale chimney made under laboratory conditions was 
carried out by Bouchair [1,2]. The chimney’s dimensions were 
2 m high, 3 m wide, variable depth (0.1–1.0 m) and two values 
for inlet (0.1 m and 0.4 m high). The chimney was part of a 
room of 12 m3 in volume. A theoretical and experimental 
study on a Metallic Solar Wall of a chimney (MSW) was 
carried out by Hirunlabh et al. [3]. The MSW was built and 
placed on the south wall of a room of 31m3 in volume, the 

chimney’s dimensions were varied 1–2 m height, 0.1–0.145 m 
depth and 1 m wide. Optimal ventilation was achieved for 
chimney’s dimensions of 2 m high and 0.145 m deep. Four 
passive systems coupled to a room of 25 m3 in volume were 
studied by Khedari et al. [4], those systems were: the roof 
solar collector (RSC), the modified Trombe wall (MTW), the 
Trombe wall (TW) and the metallic solar wall (MSW). The 
results showed that the room air temperature was decreased 
between 3 and 6ᵒC using these passive systems, so that natural 
ventilation was enhanced. 

2. EXPERIMENTAL SETUP 

The apparatus was designed to study the effect of the thermal 
mass on air flow and heat transfer in the cavity. The thermal 
capacity of the material around the cavity may be large in 
relation to the thermal changes taking place in it. The heat 
removed by the air is small in relation to the heat stored in the 
walls. The observations were made in real time conditions, to 
study the diurnal variation and its effect on the system. The 
cavity had two parallel surfaces made of plywood coated with 
white to reflect all unnecessary radiations on it. The distance 
between the side walls were kept constant (0.2m). Glass was 
fitted along the direction perpendicular to the side wall. 
Plywood was used as insulation board for the thermal mass. 
Aluminum based channels were fitted to provide support to 
the stacked thermal mass. The thermal mass used were varied 
with the cases of granite, marble and brick. 

To simulate a real building, a test room of external dimensions 
(1.83m wide, 2.11m height, and 1.83m length) was 
constructed. The room was constructed with an unshaded 
window of size 0.6*0.6mts and a door made of PVC of size 
1.97*0.83mts. The window was positioned on the east facing 
wall and the door was on the north side of the room. The 
ventilation was largely based on the opening and closing of 
the PVC door. There was a small opening of size 0.2*0.2mts 
made on the base for the cavity of the solar chimney. 
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