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Abstract- In this study, a parametric 3D computational 

fluid dynamics (CFD) analysis of SCPP was performed 

to observe the effects of chimney height, collector slope 

and chimney diverging angle on performance of 

Manzanares prototype. Numerical models were 

incorporated with solar load, DO (discrete ordinates) 

and RNG k-ɛ turbulence models. Firstly, CFD results 

were validated by comparing them with Hassan et.al 

[2017]. Several numerical simulations were performed 

on varying height of chimney, collector’s slope and 

chimney diverging angles to improve the performance 

of solar chimney. Numerical simulations were 

performed at height of chimney H=180m-210m, 

chimney diverging angle = 20, 40, 60 and at collector 

slope = 20, 40, 60, 80 and 100 being all other parameters 

constant. It is seen that both velocity and temperature 

increases with increasing collector’s slope due to 

enhanced heat transfer and mass flow rate. Higher 

collector slopes deteriorate the smooth air flow by 

developing vortices and recirculation of air, which 

obstructs the air flow and may reduce the overall 

performance. At height of 190m at 00 divergent angle 

37.0840kW power is received whereas at 190m and 20 

divergent angle 71.5204kW power is received with 

collector slope 40; therefore, this parameter of solar 

chimney power plant is best. 

 

Index terms- Solar chimney power plant; computational 

fluid dynamics; chimney height, solar collector slope; 

chimney divergent angle 

 

I.INTRODUCTION 

 

Solar radiation received by sun is vast and can be 

converted into thermal energy as well as electrical 

energy. The primary component that initiates the 

conversion process is a solar collector. A solar 

collector is either flat or concentrating type based 

upon the end use of energy or temperature 

requirement. Thus a solar collector is a device which 

converts incident solar radiation into thermal energy 

via a heat transfer fluid (water or air). The heat 

obtained by solar collectors can fulfill energy demand 

directly or it may be stored. Performance 

enhancement of solar collector can encourage its use 

for power saving in low temperature heating 

applications. Instantaneous useful energy found by 

the collector is result of an energy balance on the 

solar collector components. To evaluate the amount 

of energy produced in a solar collector properly, it is 

necessary to consider the physical properties of the 

materials. Solar radiation, mostly short wavelength, 

passes through a transparent cover and strikes the 

energy receiver. Low iron glass has high 

transmissivity. Hence, it is commonly used as a 

glazing cover which also greatly reduces heat losses. 

Natural convection solar chimney power plant mainly 

depends on heat flux available on absorber plate, 

from where air gain the energy and due to bouncy 

effect, it starts moving in the upward direction. In 

natural convection solar chimney power plant, heat 

transfer mainly due to convection whereas heat 

transfer through radiation is avoided. With the used 

of chimney effect natural convection solar chimney 

power plant performance get increase. This work 

performs the effect of different chimney height on the 

performance of solar chimney power plant and 

optimize the boundary condition 0n the solar 

chimney power plant. It also analyzed the effect of 

different angle (like-chimney divergent angle and 

solar collector angle) on the performance of solar 

chimney power plant. Effect the heat flux at different 

geometric conditions was also analyzed. 
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II. DEVELOPING THE SOLID MODEL OF SCPP 

 

For performing the CFD analysis of SCPP, first it 

develops the CFD model. And apply the different 

boundary conditions as mention in Aakash Hassan, 

Majid Ali, Adeel Waqas et.al [2017]. For performing 

the numerical analysis of SCPP, first it has to develop 

the solid model of Solar Chimney. As solar chimney 

power plant was considered as solar chimney, solar 

collector. The geometric conditions that are used for 

the construction of solid model is mention in the 

below table. 

Table.4 Geometric parameters of SCPP 

Height of chimney (H) 195 m 

Radius of collector  122 m 

Radius of chimney  5 m 

Collector inlet to ground distance  2 m 

Distance of chimney base from ground 6 m 

 

Base on the geometric conditions mention in the 

above table, solid model of SCPP was made. He 

schematic diagram of solar chimney pilot plant is 

mention in the below fig. schematic diagram shows 

the inlet and outlet conditions of air. It also shows the 

absorber and glass sheet plate. 

Fig.1 Shows the schematic diagram of SCPP 

 

Meshing: 

After developing the solid model of solar chimney 

power plant, discretization of solid model is done. 

For performing the numerical analysis of solar 

chimney power plant, it is necessary to discretized 

the complete body in to number of nodes and 

elements. For finding the optimum value of number 

of nodes and elements, solid model of SCPP is 

discretized with different numbers of node and 

elements using different tools. The mesh used during 

the numerical analysis and validation of flat inclined 

plate solar chimney  

Fig.2 shows the mesh refinement SCPP 

Fig.3.3 Mesh of SCPP 

Model selection and boundary conditions: 

For performing the CFD analysis of SCPP K-epsilon 

standard wall function model was considered. Same 

model of analysis was also considered by Hassan 

et.al. As natural convection is responsible for the 

flow of air, so at the inlet of air pressure inlet 

condition was given. At the outlet of solar heat 

exchanger pressure outlet conditions was mention. 

Heat flux was applied at the ground soil, basically for 

analyzing the effect of heat flux was considered 

500W/m2. Through glass sheet heat transfer from the 

system was considered only through natural 

convection.  

Fig.3 Shows the velocity vector inside SCPP 



© December 2019 | IJIRT | Volume 6 Issue 7 | ISSN: 2349-6002 

IJIRT 148906 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 215 

 

Fig.4 velocity variation throughout the SCPP 

From above fig.3, it is found that air molecules carry 

heat from the absorber plate and move toward the 

upward direction. From above fig.4 it is found that 

SCPP there is a very less variation of air velocity 

inside the solar chimney power plant. Air enters at 

4.72 m/s velocity in to solar duct and leaves at 

9.44m/s velocity. There is also very less pressure 

variation inside the solar chimney power plant. Less 

pressure variation shows less heat loss inside the 

solar duct. 

Comparison: After finding the value of optimum 

temperature and velocity of solar chimney power 

plant at 195m chimney height it compare the value of 

both performance parameters with the base value and 

calculate the percentage deviation 

Table.5 Compare the base paper and numerical 

analysis 

S. 
No 

Parameters Base 
paper 

Numerical 
analysis 

Deviati
on % 

1 Velocity(in m/s) 9.16 9.44 3.05 

2 Temperature(in K) 318.44 317 0.452 

From the above comparison table it is found that the 

value of velocity and temperature calculate through 

numerical analysis is closed to the given in the base 

paper.  

 

III. EFFECT OF DIFFERENT CHIMNEY HEIGHT 

 

For increasing of the power output from solar 

chimney power plant, here in this work different 

height of chimney are used. For analyzing the effect 

of different chimney height 180m, 185m, 190m, 

200m and 205m are used in solar chimney power 

plant. Calculate the value of optimum velocity of air 

for different chimney height at constant heat flux 

500W/m2. CFD analysis flow behaviors of air inside 

the solar plate also determine maximum temperature 

of air and also calculate the power output of SCPP. 

• Here below fig.11, in this case analysis of CFD 

ANSYS FLUENT taken the height of chimney 190m 

then result outcome of power 37.0840 KW and 

maximum temperature 316.6K. 

Here maximum output power gives other than height 

of chimney. In this case maximum result previous 

result, give power more than 180m and 185m of 

chimney height. Power also more than 200m and 

205m height of chimney. 

Fig.11 Temperature variation 0f 190m of chimney 

height 

Here below fig.12, in this case analysis of CFD 

ANSYS FLUENT taken the height of chimney 190m 

then give maximum velocity is 9.130 m/s, the 

velocity is  more than previous result. the velocity is 

also more than 200m and 205m height of chimney. 

 
Fig.12 Velocity variation 0f 190m of chimney height 

Here maximum output power gives other height of 

chimney. In this case maximum result gives compare 

previous result; give power more than 180m and 

185m of chimney height. Power also more than 200m 

and 205m height of chimney. 

Table.6 Analysis of different height of chimney 

S. 

No 

Height of Chimney 

(in m) 

Velocity(in 

m/s) 

Power (in 

KW) 

1 180 9.066 34.7859 

2 185 9.121 34.8994 

3 190 9.130 37.0840 

4 200 9.088 34.6137 

5 205 9.006 34.5968 
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Fig.17- Computed power output at different height of 

chimney 

  
 

IV. EFFECTS OF COLLECTOR’S SLOPE 

VARIATIONS ON SCPP PERFORMANCE 

 

It can be observed from the table 4.2 that velocity 

magnitude increases with an increase in collector 

slope reaching 10.18m/s, 10.38m/s, 10.15m/s, 

9.936m/s and 9.507m/s at 2
0
, 4

0
, 6

0
, 8

0
 and 10

0
 

collector slopes  respectively. But simultaneously, it 

can also be noticed that air flow remains smooth and 

uniform until slope = 6
0
 but at higher slopes = 8

0
 and 

10
0
, vortices and recirculation of air is detected 

beneath collector which obstruct the air flow and may 

bring down the overall performance. The reason can 

be traced down in the fact that as the gap between 

ground and collector is enhanced; It indicates that at 

higher collector’s slope, density gradients are 

developed beneath the collector due to uneven 

distribution of temperature which stimulates the 

recirculation of air. The reason behind the increment 

in velocity with slope is that, in modeling buoyancy 

driven flows inside a closed domain, the solution 

depends upon the mass conserved inside. Another 

reason is the better mixing of air due to turbulence 

effects, resulting in enhanced heat transfer. As in 

SCPP, main driving force is the temperature 

difference of air beneath collector and ambient air, 

therefore an increment in velocity is observed with 

increase in collector’s slope but at the expense of 

flow uniformity.  

So, it can be inferred that at collector’s slope greater 

than 6
0
, recirculation of air starts developing beneath 

the collector due to density gradients formed by 

uneven distribution of temperature. This may cause 

obstruction of air flow within the chimney and 

deteriorate the performance of wind turbine. 

Table .7 Different solar collector slope at 190 m 

height of chimney 

S.No Solar collector 

slope 

Velocity (m/s) Power 

(kW) 

1 α =    10.18 47.12 

2 α =    10.38 49.96 

3 α =    10.15 46.71 

4 α =    9.936 43.82 

5 α =     9.507 38.38 

Fig.18- Computed power output at different solar 

collector slope 

Fig.19 Velocity at H = 190 m and solar glass panel at 

4 degree 

Fig.20 Temperature at H = 190 m and solar glass 

panel at 4 degree 

Fig.21 Velocity at H = 190 m and solar glass panel at 

6 degree 
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Fig.22 Temperature at H = 190 m and solar glass 

panel at 6 degree 

Fig.23 Velocity at H = 190 m and solar glass panel at 

8 degree 

Fig.24 Temperature at H = 190 m and solar glass 

panel at 8 degree 

Fig.25 Velocity at H = 190 m and solar glass panel at 

10 degree 

 
Fig.26 Temperature at H = 190 m and solar glass 

panel at 10 degree 

V. EFFECTS OF DIVERGING CHIMNEY ON 

PERFORMANCE OF SCPP 

 

Broadly speaking, SCPP can be viewed as a 

converging, diverging nozzle. Collector inlet to 

Chimney inlet portion can be regarded as converging 

portion because; air gets converged into Chimney due 

to buoyancy effect. Similarly, chimney base can be 

regarded as throat and upper Portion of chimney can 

be conceived as diverging section. So, a careful 

design of SCPP can deliberately enhance the 

performance of SCPP. Usually, the converging 

diverging nozzles are utilized in applications like 

rocket engines in which chemical thermal energy 

generated in Combustion chamber is converted into 

kinetic energy and supersonic speed has to be 

achieved. But in SCPP there is no such source and 

requirements as those required in rockets. 

Manzanares Base case can be regarded as a straight 

chimney having diverging angle (β) = 0
0
. Therefore, 

to Illuminate the effects of considering SCPP as a 

nozzle, initial investigations were performed by 

varying chimney diverging angles (β) = 2
0
, 4

0
, 6

0
 

while keeping all other parameters same as 

Manzanares case. In SCPP, power available from 

turbine can be expressed as: 

Poutput = 0.5 ρav
3 

Above expression shows that power is directly 

proportional to velocity cube and area swept by 

turbine. In SCPP, turbine is considered as shrouded 

turbine whose area depends upon the chimney area. 

So, if chimney area is reduced we’ll also have to 

reduce the turbine area accordingly, which will bring 

down the overall power output. So, chimney design 

requires very precise calculations for optimum power 

output. The distribution of velocity for three different 

chimney’s diverging angles 2 , 4  and 6  is evaluated 

below in fig. 

Table.8: Different diverging angle at 190m height of 

chimney at collector angle4  

S.N Diverging 

angle 

Velocity(m/s) Power (kW) 

1   = 0o 09.10 37.0840 

2   = 2  11.70 71.5204 

3   = 4  11.61 69.8535 

4   = 6  11.74 72.3379 
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Fig.27 Computed power output at different solar 

collector slope 

Fig.28 H=190 m height of chimney collector angle 4  

for diverging angle 2  

Fig.29 H=190 m height of chimney at collector angle 

4
0 
for diverging angle 4

0
 

Fig.30 H=190 m height of chimney at collector angle 

4  for diverging angle 6  

The chimney inlet area and all other parameters were 

kept constant except the chimney outlet area. The 

results show that employing a diverging chimney 

leads to remarkable increase in velocity. Maximum 

velocity of 11.7m/s is achieved for case when 

diverging angle is 2 , while it reaches 11.61m/s and 

11.74m/s for diverging angles of 4  and 6  

respectively. Results show that at diverging angle β 

=2 , flow remains smooth and uniform but at higher 

diverging angles of 4  and 6  velocity of air drops 

drastically after passing through chimney base due to 

diverging section and flow separation is detected. 

Finally, the power output for four cases is plotted in 

above fig. and corresponding power increment is 

presented in above table. As expected, owing to the 

maximum velocity, power output is highest for case β 

= 2  with remarkable percentage increment of 

107.76%. As power from turbine is directly related to 

cube of velocity, a small increment in velocity results 

in a tremendous increase in power. Although it was 

shown that, diverging chimney improves the system 

performance but, from constructional point of view, 

building up a diverging chimney would require 

special expertise and may increase the cost of SCPP. 

 

VI. CONCLUSION 

 

 Through CFD analysis variation of velocity and 

temperature throughout the solar chimney power 

plant was analysed.  

 Flow behaviour of air inside the SCPP was also 

analysed and measure the turbulence intensity 

inside the SCPP with different geometry. 

 In this study, effect on chimney power output is 

observed at different parameters of solar 

chimney power plant i.e. Chimney Height, 

Collector slope, chimney diverging angle.  

 It is observed that optimum power output of 

plant is shown at 190m Chimney height with 

collector slope of 4  at 2  chimney divergent 

angle.  

 It is also observed that at different divergent 

angle of chimney, air velocity varied from 

9.1m/s -11.7m/s through chimney. 

 It is also observed that on performing at 2  

chimney divergent angle, power output of plant 

is increased by 107.76%. 

 

Future Work: 

Further work can be done on different geometry of 

the solar collector plate, increase the power output in 

solar chimney power plant 
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