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Abstract - One of the major problems of villages in desert areas, is providing electricity, Because of high solar radiation in 
these areas, using solar energy, especially solar chimneys as a power tool for energy generation is important. Due to the low 
cost of manufacturing a 100-meters solar chimney, in this research, methods of enhancing solar chimney efficiency such as 
increasing collector diameter, Wind catcher and chimney combination and multi-channelization of solar chimneys has 
investigated.  At first, 100-meter industrial scale validation was carried out with articles and available experimental data and 
results of simulation were consistent with experimental data and articles. The simulation results showed that the formation of 
hole in the chimney is the most effective method and the closer the hole to the collector and the more diameter of this hole, 
more velocity in the collector will be the result and for the simulation accomplished, velocity reached from 10 to 13.5 m/s. 
besides, multi-channelization reduce the velocity due to generation of friction and impediment in the flow. Also, results 
showed that increasing collector diameter is an effective parameter for increasing efficiency of chimney. 
 
Index Terms - Solar Chimney, Power Generation, Wind catcher, Desert, Increasing Efficiency 
 
I. INTRODUCTION 
 
Essentially, to make renewable energies have 
extensive application, presented technologies should 
be simple and trustable and also do not contain any 
technical issues for developing countries. 
Furthermore, using limited sources of raw materials 
should be feasible and do not need much water. 
The solar chimney technology has suitable advantages 
based on aforementioned considerations. Due to the 
weather conditions and the vast areas of deserts, it is 
expected that solar chimneys can play important role 
in power generation. The solar chimney technology 
consists of three main elements in which the first 
element is air collector, second one is tower or 
chimney and the last part is wind turbines. The first 
solar chimney was built in Manjarres, Spain that 
height of chimney was 195 meters, the diameter was 
10 meters and collector radius was 122 meters. The 
chimney was capable of producing 50 kilowatts of 
electricity. The operating principles of chimney is 
such that air heated while pass through a transparent 
ceiling (collector) by solar radiation. In the middle of 
this transparent ceiling, a chimney or vertical tower 
(stack) is placed that much air enters from below. 
Warm air is lighter than cool air and has less density. 
So by using temperature difference (that means 
density difference), a pressure gradient is produced 
between warmer and cooler air and a flow is 
established in the collector and chimney [1-3]. 
Operation of collector is dependent on parameters 
such as material, thickness, collector height and the 
place where collector and tower connected. In a multi 
megawatt solar cell, collector makes air enhance 
between 30-35 degree centigrade which means air will 
have a velocity of 15 m/s with no acceleration 

movement of air. Using turbines, makes air flow 
energy change to mechanical rotational energy [4]. 
The computational fluid dynamic (CFD) contains 
analytical method for systems containing fluid flow ad 
heat transfer and other related phenomena. Its 
versatility, accuracy and efficiency of this method, 
have increased its application in various processes 
[5,6]. Researches accomplished in the field of 
importance and value of solar chimney systems, 
comparison of different model from the point of 
physical and radiation parameters, behavior of 
variables affecting the operation solar power chimney 
systems and output power generated of different 
regions have investigated to validate this research in 
the comparative form [7,8]. Maya et al. results in 2009 
showed that height and diameter of chimney are the 
most important physical variables for the design of 
power solar chimneys [9]. Bernandez et al. in 2010 
investigated the pressure drop coefficient in turbines. 
Their results showed that pressure drop coefficient at 
turbine varies through the day and is dependent on 
heat transfer coefficient of collector [10]. Sangi et al. 
at in 2011 described that by reducing radius in a 
collector, enhance velocity and this increase reaches 
its maximum at stack base. Also, they showed that 
static pressure through the collector dropped and at the 
stack base, decreases dramatically [11]. Zou et al. in 
2007 investigated a research and concluded that 
maximum power output for an optimum stack of 615 
meters is 102.2 Kilowatt and also output power for 
maximum height was 92.3 Kilowatt [12]. 
Since construction of a solar chimney with a height of 
above 100 meters has many drawbacks, in this 
research, our main goal was to improve solar chimney 
with height of 100 meters and by using CFD 
simulation, it was attempted to assess the parameters 
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affecting the efficiency of a solar chimney. 
 
II. SIMULATION METHOD 
 
In this research, CFD technique to solve conservation 
equations in the range of geometry of flow system and 
finding flow characteristics such as profiles of 
velocity, pressure, temperature, concentration and 
other properties was used. Equations of continuous 
phase was disjointed using finite volume and for 
connection between continuity and momentum 
equation, SIMPLE algorithm presented by Patankar 
was used. To solve diffusion terms of the equations, 
central difference method and to solve convection 
terms, second order upstream were used. Average 
thermal climate conditions (i.e. solar radiation of 600 
Watt/m2 and ambient temperature of 300 K) are used 
as environmental conditions in simulation. At the 
collector inlet and chimney outlet the steady state 
pressure and at collector heat transfer of convection 
and radiation and at chimney wall, ambient 
temperature is assumed. Transmittance coefficient of 
collector glass 0.9 and absorbance coefficient of 
collector surface (ground) is assumed 0.8.Final Stage 
 
III. RESULTS ANALYSIS 
 
A. Verification and validation of results 
The air in the collector is slowly warmed up due to 
contact with heat flux and starts to move because of 
density difference. Figure 1, shows the variation in the 
air temperature in the entire computational range. As 
is evident, inlet temperature at the collector is 306 
degrees Kelvin and maximum air temperature occurs 
at the entrance of chimney. By increasing chimney 
height, temperature increased again and reaches a 
fixed value. 
 

 
Fig 1. Variations of the air temperature through the collector 

and chimney 
 

 
Fig 2. variations of the air temperature at the chimney entrance 

With increasing temperature and consequently 
enhancing density difference of air, air inlet velocity 
of collector, gradually increases and reaches its 
maximum at the chimney entrance. following figure, 
shows the variation of air velocity. 
 

 
Fig 3. variations of air velocity through the collector and 

chimney 
 
As the flow velocity increases, flow regime changes 
from laminar to turbulent. Especially, at the chimney 
entrance, extreme velocity changes happen and 
velocity reaches to its maximum. Figure 4 shows 
turbulent kinetic energy changes. 
 

 
Fig 4. Turbulent kinetic energy variations in the entire 

computational range 
 
The difference value of the residual values of 10-6 was 
considered in the simulation and after more than 
30000 iterations converged. The turbulent simulation 
of problem depends largely on meshing that should not 
alter answer for different meshes. To solve this issue, 
number of meshes have increased until no change was 
made in response to increasing meshes. Therefore, 
optimum mesh has chosen for simulation results 
analysis. figure 5, plotted exit chimney velocity 
changes (m/s) by node increase for independence 
check. 
 

 
Fig 5. Investigating results independency of mesh 
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To validate, the results were compared with results of 
simulation of Shabani et al. and then with the 
experimental data of a 100-meter solar power chimney 
built in Manjarres. Below figure, compares the results 
of simulation and Shabani et al. 
 

 
Fig 6. Comparison of simulation results and reference results 

(Shabani et al.) 
 
Differences of results is negligible as the highest value 
of error is 1.9 and the mean error is 5.8. As this can be 
seen in the figure, the collector 4-degree slope is 
considered which by this consideration, maximum 
velocity and velocity at the chimney entrance 
enhances. In the following, the simulation results were 
compared with the industrial sample made in 
Manjarres. 
 

Table 1. Parameters of Manjarres chimney 

 Manjarres 
chimney Simulation 

Simulation 
with 4 
degree 
slope 

Collector 
diameter (m) 100 100 100 

Collector 
inlet 

entrance 
height (m) 

2 2 2 

Chimney 
height (m) 100 100 100 

Collector 
diameter 4 4 4 

Maximum 
velocity 11 9.1 11.098 

 
As this can be seen in the table, when the 4-degree 
slope for collector is considered, the results become 
much closer to the industrial sample results. It should 
be noted that geometrical parameters. 
 
B. Effect of different dimension of collector on 
solar chimney efficiency 
After confirmation and validation of simulation 
results, simulation of different dimensions has been 
compared by increasing collector diameter. Below 
table, shows maximum velocity values for five 

proposed pattern with a comprehensive details of 
results. 
 

Table 2. Maximum velocity of different collector diameter 
proposed for five industrial scales 

Collector 
diameter 

(m) 

Collector 
entrance 

height (m) 

Chimney 
height 

(m) 

Chimney 
diameter 

(m) 

`maximum 
velocity 

(m/s) 
100 2 100 4 11.098 
200 2 100 4 11.201 
300 2 100 4 11.4067 
400 2 100 4 11.881 
500 2 100 4 12.17 

 
As this can be seen from the above table, on the scale 
of 1 to 5, chimney height is constant and 100 meters 
and collector diameter raised from 100 to 500 meters. 
This 5-fold increase in chimney diameter, caused 10 
percent increase in maximum velocity. 
 
C. Simulation of Windcatcher and chimney 
combination to increase efficiency 
Based on the studies carried out, at different points of 
chimney, hole for air passage at the 100 meters’ 
chimney is considered. Below figure, shows e 
schematic drawing of these hole. It should be noted 
that hole diameter is considered 2 meters. 
 

 
Fig. 7. Windcatcher coordinates position 

 
The simulation results for different heights of chimney 
are given in the below table. 
 
Table 3. Comparison of inlet the effect of the inlet area on the 
chimney, in its combination with Windcatcher and chimney 

 
 
D. Effect of Windcatcher hole on the efficiency of 
the chimneys 
Previous results showed that the velocity increased in 
lower altitudes by establishment of hole and at the first 
10 meters of chimney, maximum velocity observed. 
Hence, the effect of pore diameter is investigated the 
first 10 meters of chimney. Diameters of 0.5, 1 and 1.5 
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is assessed and investigated that maximum velocity 
increased by increase in pore diameter. 
 
Table 4. Comparison of inlet area effect in the combination of 

Windcatcher and chimney 

 
 
A. Influence of multi-channelization on the efficiency 
of solar chimney 
The influence of multi-channelization is investigated 
on the efficiency enhancement in 100 meters scale. 
Three equal channel with 1-meter diameter is 
considered (below figure). 
 

 

 
Fig 8. 3-dimensional multi-channel solar chimney built by 

Gambit 
 
Below figure shows the results of temperature 
variation in the collector for the 3-dimension 
simulation. 
 

 
Fig. 9.  Velocity profile at the entrance of chimney with 4 

channels 
 
As is evident in the figure, temperature at the 
beginning of the collector is low and the closer we get 
to the collector, temperature increases and at the center 
reaches its maximum. In the following, 2-D simulation 
results of chimney with 100 meters height and 4 
channel at the chimney is presented. Below figure 

depicts the velocity profile for chimney and collector 
for the time when the thickness is not considered. 
 

 
Fig. 10. Velocity profile at the entrance of chimney with 4 

channels 
 
Maximum velocity value for (for chimney inlet) and 
velocity at the outlet is presented in the table 5. 
Maximum velocity belongs to channels near the wall 
and velocity variations in middle channels from inlet 
to outlet is lower than near wall channels.  The table 5 
Maximum velocity belongs to channels near the wall 
and velocity variations in middle channels from inlet 
to outlet is lower than near wall channels. 
 

Table 5. Maximum velocity belongs to channels 
 Channel 1 Channel 2 Channel 3 Channel 4 

Maximum 
Velocity 

Value 
11.86 7.7 7.11 10.08 

Outlet 
Velocity 

from 
Chimney 

8.89 7.11 7.11 9.48 

 
CONCLUSION 
 
In this research, ideas resulting in the efficiency 
enhancement of a 100-meter solar chimney is 
investigated and simulated. Simulation results had 
dramatic congruity with previous works and 
experimental data. Results showed that by increase the 
radius from 100 to 500 meters, velocity maximized 
and then velocity increase difference reduces which 
means that more diameter increase is not economical 
and for a 100-meter height, 300 to 400-meter radius is 
the most favorable.  Also, it was observed that when 
hole become closer to the collector and have bigger 
diameter, velocity is increases and reaches from 10 to 
13.5 m/s. besides, multi-channelization of chimney 
cause friction and therefore hinders the flow. This 
hindrance reduces flow velocity 20 percent and 
velocity at the side walls are greater. Collector 
diameter increase and its combination with 
Windcatcher for efficiency enhancement of solar 
chimney is most suitable method at the 100-meter 
height of chimney. 
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