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ABSTRACT 
An experimental and theoretical model designed for solar chimney power plant (SCPP) in Holley Kerbala city, which consisted of a 

3m collector radius and a 6 m height of chimney been constructed with 10o collector inclination angle and collector periphery 

opening height 3-5 cm.. The temperature distribution and air velocity in the SCPP are measured. The results shows that the 

opening periphery has important effect to increase the power by 50% with 3 cm rather than 5cm. Also maximum temperature 

difference between the collector outlet and the ambient reached to 25.1°C, which creates the driving force of airflow in the 

prototype, which reached to 3.24 m/s. This is the greenhouse effect produced in the solar collector. 

 

KEYWORDS:  Solar chimney; Collector; collector periphery opening. 
 

INTRODUCTION 
 

The first solar chimney power plant in the world was commissioned on 7 June 1982 in Manzanares – Spain, 
by the Minister of Research and Technology of the Federal Republic of Germany. The work was supervised by 
the energy research project management department of Kern for schungsanlage Jülich GmbH (The Jülich 
Nuclear Research Establishment) [1]. The principle of SCPP that in the collector, solar radiation used to heat the 
ground, and then a large body of air, heated by the absorber, rises the air up to the chimney, due to the density 
difference of air between the chimney base and the surroundings, driving large turbines to generate electricity. 

As the solar chimney power plant systems could make significant contributions to the energy supplies of 
those countries where there is plenty of desert land, which is not being utilized, and sunlight available in Africa, 
Asia and Oceania, researchers have made many reports on this technology in the recent few decades [2]. Since 
then, more and more researchers have been strongly interested in and studied this solar power technology. In 
2006, a study has been done in HUST, in China. The aimed of this study is to investigate the temperature field 
as well as to examine the effect of time of day on the temperature field. It is found that air temperature inversion 
appears in the latter chimney after sunrise on both a cool day and a warm day [3]. In India [4], Neeraj 
investigate the variation of velocity with essential geometric parameter of the system. It was found that the solar 
chimney diameter of 8 cm is having the maximum velocity for the constructed setup, and the ratio of chimney 
diameter to chimney height was found to be (0.1). Chaichan [5] in 2011, focused on chimney's basements kind 
effect on collected air temperatures. Three basements were used: concrete, black concrete and black pebbles 
basements. The results show that black pebbles basement had better thermal storage quality than ordinary 
concrete or black concrete ground. In Adiyaman University, Turkey 2012 [6], abdulcelil buğutekin study the 
distribution of the temperature, ground temperature and air velocity etc. It is found that solar chimney system 
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performance is negatively affected, since air inlet portion collector is high, The ground under collector at the 
hours, solar radiation and environmental temperature is maximum, absorbs a portion of the heat, conversion of 
solar radiation pass through glass. In 2013, a pilot plant of solar chimney was designing and constructed of an in 
Botswana [7]. The paper investigated the performance of a solar chimney, by measuring the chimney air 
temperature and velocity. The solar collector stored some thermal energy, but it was not enough to run the 
turbine during dark hours and the wind speed has an influence on the voltage produced, by increasing the 
chimney air velocity. Ali Hayder Mutib in 2014 investigated many cases to show the effect on plant 
performance, which are the Collector-chimney junction type, Collector cover inclination etc. The results show 
that rounded edge with deflector is a suitable for the plant also found increase the collector efficiency by 15.15 
% when the inclination of collector roof by 10° with divergent orientation forward toward chimney base [8]. 

In the present work, firstly a comprehensive experimental model was developed for estimating the SCPP 
performance. Next, an analytical model was developed for estimating the SCPP performance and compare the 
experimental and analytical results. The collector opening height will change by taking two heights, to find the 
best collector opening height inlet to produce more power. The study done in September 2015. 
 
2. Experimental part: 

In order to perform a detail investigation into the measured temperature field and air velocity in solar 
chimney power system, a pilot experimental setup shown in Figure1 consisted of a 3m radius air collector and a 
6 m-height chimney was built in Holly Kerbala, in Iraq, see Figure (1). 

 

 
 
Fig. 1: A prototype of solar chimney power plant. 

 
The slope angle of the conical collector is chosen to be (10o) and the height from the collector outlet to the 

ground level was therefore 75 cm. The height of the opening at the periphery of the collector was chosen as (3-
5) cm shown in Figure (2), and was constructed to be readily adjustable. Optimizing cost and strength, standard 
PVC pipe were used as a chimney.  
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Fig. 2: Photo shows the glass of the collector and the opening at the periphery of the collector. 

 
The maximum size of a PVC pipe was 25 cm diameter×6m in the market. For preparing a proper 

greenhouse effect, a single layer of transparent glass 4mm thickness sheets as shown in Figure (2), applied for 
making the collector sheets.  

The glass sheets are mechanically strong, transparent, tough and heat resistant. For increasing the 
greenhouse effect, the ground was colored with black color to absorb more heat. The main parameters of the 
solar chimney power setup are listed in table (1).The framework was constructed of angle iron (1"×1") inch to 
ensure enough strength to resist strong winds and heavy rain because the experimental rig was located outdoors. 
For temperature measurement, a Brand New Lutron BTM-4208SD 12 Channels Temperature Recorder Data 
Logger Meter used to measure air temperature.  

Further, a mercury thermometer with an accuracy of ±0.5°C was fixed outside the setup to measure the 
ambient temperature. An AM8901 Digital Anemometer Wind Speed Meter Thermometer with the accuracy of ± 
3% & ± 0.1 dgts used to measure the velocity of airflow. 
 
Table 1: Main Parameters of the Solar Chimney Power Setup 

Property Value (m) 
Collector radius   3 
Chimney  height 6 
The height of the opening at the periphery of the collector 0.03-0.05 
Chimney  diameter 0.25 
Height from collector outlet to ground level 0.75 
Collector inclination angle  10o 

 
3. Theoretical part: 

To find the heat gain to the air inside the collector we must make a heat balance to the collector, ground and 
air stream [9].  

For the collector heat balance: 
��� + ����� = �
��� + ����� + �
��            (1) 

Moreover, the heat balance for the collector ground per area of the ground is: 
����� = ����� + �
��              (2) 

For air stream in the collector, the useful heat transfer can be calculated from equation (3) 
�� = �� ��(� − ��)             (3) 

Where the �� can we measured from the convection heat transfer between the ground and air stream and 
also between the collector roof and the air stream as below: 
�� = ��
�� + �
��� ∗ ��            (4) 

Where �� = ��� 
The pressure difference developed due to the air density difference between the collector temperature and 

the ambient temperature [10]:- 

∆! = "# ($� − $%
& )'(             (5) 

The vertical and adiabatic chimney with no heat rejects or add, so that:- 
∆! = "�$� − $�)        (6) 
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Appling Bernoulli equation collector inlet and the chimney inlet, yield to 

* = +�∆�
,- = +��%(,.�,-)

,-        (7) 

Boussiuesq approximation for temperature density relation gives:- 
,.�,-
,- ≅ 0-�0.

0.            (8) 

So that 

* = +2") (0-�0.)
0.         (9) 

In the simplest form, the power generated in solar chimney can be expressed as the product of the power 
input and efficiencies of the three main systems of the solar chimney; the Collector, the Chimney and the 
Turbines: 
2 = 3 ∗ 4 ∗ 567885695:5;            (10) 

Schlaich shows that the maximum electrical power obtainable is produced when 2/3rds of the pressure 
difference in the chimney is used by the turbines [10]. 

< = �
= ∗ � ∗ � ∗

>� 
?(0@�0.)
A∗B ∗ �%


?0. ∗ C�         (11) 

 
RESULTS AND DISCUSSIONS 

 
Experimental and theoretical data was measured for various days in order to analyses the performance of 

the solar chimney, the figures below show the results. The results show daily variations of total solar radiation, 
collector temperature, ambient temperature and airflow velocity. Figs. 3, 4, 5 and 6 show temperatures, chimney 
velocity and power, against time in 1-hour intervals. Figure (3) show an experimental and theoretical data for 
the airflow temperature at the entrance of the chimney, which is shows that the temperature of air in the solar 
chimney is a function of time and opening inlet height and as inlet height decreased, the temperature increase 
with 40%. Also, show the effect of the ambient temperature on the airflow temperature.  

Figure (4) show the temperature difference between the airflow temperature inside the collector and the 
ambient temperature, where the maximum difference is 25.1oC, which accrued when the opening periphery inlet 
height 3 cm. 

Figure (5) show the air velocity with respect to time, it can be obvious that the height of collector opening 
periphery has negative effect on the airflow velocity. Decreasing the height of collector opening periphery cause 
increasing in the airflow velocity. In this study, the enhancement was about28.57% by comparing between the 
two heights.  

Figure (6) show an experimental and theoretical data for the power output in each case with respect to solar 
radiation from 7:00 Am to 4:00 Pm. The figure shows that the power can increase with increase the solar 
radiation and can reached 1.13 W for minimum inlet height. 

 

 
Fig. 3:  Effect of opining collector periphery on airflow temperature with respect to time 
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Fig. 4: Temperature difference between the airflow temperature inside the collector and the ambient temperature 

 
 
Fig. 5: Airflow  velocity for each opining collector periphery with respect to solar radiation 
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Fig. 6: Power output for opining collector periphery with respect to solar radiation 
 
5. Conclusions: 

The following observations were made from the research: 
• The experimental and theoretical data has shown a good agreement. 
• Decrease inlet opening height from 5 to 3 cm increase the temperature difference by 40%. 
• The opining of collector periphery has important effect to increase or decrease the power output.  
• With increase the temperature difference between the airflow inside the collector and the ambient, the 

airflow velocity increase. 
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Nomenclature: 
Symbols Description Units 
   
A Area m2 

Cp Specific heat J/Kg.K 
g Gravitational  acceleration m/s2 

H Chimney height   m 
I Solar  radiation W/m2 

K Temperature  K 
P Power W 
p Pressure  pa 
Q Heat transfer  W 
q Heat gain  W/m2 
R Radius m 
V Velocity  m/s 
   
Creak 
Symbols 

Description Unit 

α Absorptivity   
τ Transmissivity  
∆ Difference   
ρ Density  Kg/m3 
η Efficiency   
   
Subscripts Description 
a Ambient  
c Convection  
ch Chimney 
coll Collector  
f Airflow under collector 
g Ground  
g Generator  
R Radiation  
s Sky  
t Turbine  
u Useful  

 


