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Abstract- Solar chimney power plants use the buoyancy-nature of 

heated air to harness the Sun’s energy without using solar panels. 

The flow is driven by a pressure difference in the chimney system, 

so traditional chimneys are extremely tall to increase the pressure 

differential and the air’s velocity. Computational fluid dynamics 

(CFD) was used to model the airflow through a solar chimney. 

Different boundary conditions were tested to find the best model 

that simulated the nighttime operation of a solar chimney 

assumed to be in Jaipur location. At night, the air is heated by the 

energy that was stored in the ground during the day dispersing 

into the cooler air. It is necessary to model a solar chimney with 

layer of thermal storage as a porous material for FLUENT to 

correctly calculate the heat transfer between the ground and the 

air. The solar collector needs to have radiative and convective 

boundary conditions to accurately simulate the night-time heat 

transfer on the collector. To correctly calculate the heat transfer 

in the system, it is necessary to employ the Roseland radiation 

model. Different chimney configurations were studied with the 

hopes of designing a shorter solar chimney without decreases the 

amount of airflow through the system. Clusters of four and five 

shorter chimneys decreased the air’s maximum velocity through 

the system, but increased the total flow rate. Passive advections 

wells were added to the thermal storage and were analyses as a 

way to increase the heat transfer from the ground to the air. 

 

Keywords- CFD, SCPP, Solar chimney, inclined collector, 

collector roof. 

 

 

I INTRODUCTION  

   Current power generation from non-renewable energy sources 

like petroleum gas, oil or coal is harming to the earth and stresses 

the confinement that it depends upon non renewable energy 

sources. Many creating nations can't manage the cost of these 

customary energy sources, and in some of these areas atomic power 

is considered an unacceptable hazard. It has been demonstrated that 

an absence of energy might be associated with poverty and power to 

population explosion. The requirement for an ecologically 

benevolent and practical power creating plan is in this way 

obviously demonstrated and will turn out to be more articulated 

later on.  

     A conceivable answer for this consistently expanding issue is 

solar energy. It is a rich, inexhaustible wellspring of energy that 

exclusive should be tackled to be useful. Solar power plants being 

used on the planet are prepared to change solar oriented radiation 

into electrical energy by means of any of various cycles or common 

wonders. Maybe a couple, nonetheless, can store adequate energy 

during the day so a supply can be kept up during the night too; 

when the solar radiation is insignificant. The important limit of this 

stockpiling is typically too high to be in any way reasonable. 

 

II SPECIFICATIONS OF DRIVE SHAFT 

    The collector is additionally named as the greenhouse; it is a 

unique sort of heat exchanger that changes solar radiation into 

thermal energy. The gatherer gives the primary normal wellspring 

of thermal to the plant. Dissimilar to CSP gatherers, which ingest 

just the immediate ordinary solar light (DNI), the gatherer for the 

solar chimney plant makes utilization of both the guide and the 

diffuse solar powered radiations to produce heat energy.  

     The material utilized for the gatherer rooftop is either plastic or 

glass. The covering or what is named as the coating concedes the 

short wave solar radiation part and holds long wave radiation from 

the heated ground, in that way the air underneath gets heated. The 

gatherer comes in different design in view of the materials utilized 

for its rooftop. It could be roundabout, or rectangular fit as a fiddle.  

 
Fig.1 

A. Modeling of  Chimney 

     Pro-E used as Solid Modeler to Model Chimney, which works 

on Parametric Feature based module to create Solid Models and 

Assemblies. Parameters are design Constraints to determine roof 

collector angle of the SCPP Model & its Assembly. Parameters of 

Chimney are numeric values such as Length of Line, Diameter of 

Circle. Geometric Parameters of Chimney are such as Roof 

collector angle, β Angle etc. Numeric Parameters are associated 

with other parameters. 

 

TABLE1 Details specifications of Geometry SCPP 

Object Name Geometry 

State Fully Defined 

Source C:\Users\Engineers 

Boy\Downloads\solar chimney 

files\dp0\FFF\DM\FFF. agdb 

Type Design Modeler 



October 2017, Volume 4, Issue 10                                                                                                JETIR (ISSN-2349-5162)  

JETIR1710008 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 53 

 

Length Unit Meters 

Length X 2750. mm 

Length Y 3072.6 mm 

Length Z 2750. mm 

Volume 4.0481e+008 mm³ 

Scale Factor 

Value 

1. 

Bodies 1 

Active Bodies 1 

Nodes 130964 

Elements 117970 

 

 
Fig.2 

 

Existing Roof collector angle 

β = 1 °, β = 0 °, β = -1 °, P = -1.5 ° 

 

Proposed roof collector angle of β = 1 °, β = 0 °, β = 1.5 °, β = 2° β 

= -1°, β = -1.5 

 

B. Drive Shaft Material 

 

Table2 Fluid materials properties of Air as per ASHRAE use in 

ANSYS Fluent 

Air (Fluid Materials) 

Name 
Formu

la 
Unit Function Property 

Density d Kg/m
3
 constant 1.225 

Specific Heat CP j/kg-k constant 1006.43 

Thermal 

Conductivity 
k w/m-k constant 0.242 

Viscosity  Kg/m-s constant 
1.7894e-

05 

Absorption 

Coefficient 
 1/m constant 0 

Surface 

coefficient 
 1/m constant 0 

Scattering 

Phase Function 
  Isotropic  

Refractive 

index 

 
 constant 1 

 

Table3 Solid materials properties of solar glass (semi-transparent) 

as per ASHRAE 

Solar Glass (Solid Materials) 

Name 
Form

ula 
Unit Function Property 

Density d Kg/m
3
 constant 2500 

Specific Heat CP j/kg-k constant 750 

Thermal 

Conductivity 
k w/m-k constant 1.15 

Viscosity  
Kg/m-

s 
constant 0 

Absorption 

Coefficient 
 1/m constant 0 

Surface 

coefficient 
 1/m constant 0 

Refractive 

index 

 
 constant 1 

 

Table4 Solid materials properties of Aluminium used in Ansys 

Fluent 

Aluminium (Solid Materials) 

Name 
Form

ula 
Unit Function Property 

Density d Kg/m
3
 constant 2719 

Specific Heat CP j/kg-k constant 871 

Thermal 

Conductivity 
k w/m-k constant 202.4 

Viscosity  Kg/m-s constant 0 

Absorption 

Coefficient 
 1/m constant 0 

Surface 

coefficient 
 1/m constant 0 

Scattering 

Phase Function 
  Isotropic  

Refractive 

index 

 
 constant 1 

 

Table5 Descriptions of Boundary conditions 

Surface Type Value 

Collector Inlet Pressure Inlet P=101325 Pa 

Chimney Pressure outlet P=101325 Pa 

Chimney Wall Opaque wall Q = 0 W/m
2
 

Collector Semi-Transparent Q = 800 W/m
2
 

 

 
Fig.3 
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III RESULT AND ANALYSIS 

 

Existing Roof Collector Angle Result 

 
 

 
Proposed Roof Collector Result 

 

 
Fig.4 (Existing and Propose) 

Table 6 Existing Roof collector angle Analysis Result 

β angle in 

Degree 1 0 -1 -1.5 

Properties 

Magnitute 

Velocity 
1.89 2.13 2.31 2.36 

Static 

Pressure 
3.3 3.31 3.31 3.26 

Total Pressure 101326.3 101326.2 101325.9 101325.5 

Incident 

Rediation 
3.25E+03 3.26E+03 3.26E+03 3.27E+03 

Turbulent 

Kinetic 

Energy 

4.22E-01 3.88E-01 3.72E-01 3.89E-01 

Turbulent 

Viscosity 
7.31E-03 2.87E-03 2.73E-03 3.29E-03 

 

Table7 Propose Roof collector angle Analysis Result 

β angle 

in 

Degree 1 0 1.5 2 -1 -1.5 

Propert

ies 

Magnit

ute 

Velocit

y 2.82 2.32 1.91 1.2 2.38 2.91 

Static 

Pressur

e 3.32 3.3 2.76 3.31 3.31 3.26 

Total 

Pressur

e 

10132

6.9 

10132

6.2 

10132

6.7 

10132

6.2 

10132

5.9 

10132

5.5 

Inciden

t 

Rediati

on 

3.29E

+03 

3.26E

+03 

3.26E

+03 

3.27E

+03 

3.26E

+03 

3.27E

+03 

Turbul

ent 

Kinetic 

Energy 

4.33E-

01 

3.89E-

01 

4.28E-

01 

3.99E-

01 

3.75E-

01 

3.66E-

01 

Turbul

ent 

Viscosi

ty 

7.33E-

03 

2.87E-

03 

7.45E-

03 

7.45E-

03 

2.70E-

03 

2.27E-

03 

 

IV CONCLUSION 

     The considered prototype is characterized by the collector 

diameter equal to D=2750 mm, the collector height equal to h=50 

mm, the chimney diameter equal to d=160 mm, the chimney height 

equal to H=3000 mm and the collector roof angle equal to β=2°, 

β=1.5°, β=1°, β=0°,β=-1.5°, β=-1° the value of the magnitude 

velocity can be raised by 142% inside the SCPP. 

 

V REFERENCES 

[1] Ahmed Ayadi, Zied Driss, “Experimental and numerical 

study of the impact of the collector roof inclination on the 

performance of a solar chimney power plant” Energy and 

Buildings January 2017. 

[2] Kamel Milani Shirvan a , Soroush Mirzakhanlari,” 

Numerical investigation and sensitivity analysis of 

effective parameters to obtain potential maximum power 

output: A case study on Zanjan prototype solar chimney 

power plant” Energy Conversion and Management 136 

(2017) 350–360 

[3] Rayan Rabehi, Abla Chaker,” CFD Analysis on the 

Performance of a Solar Chimney Power Plant System: 

Case Study in Algeria 

[4] Ming-Hua Huanga, Lei Chena, Ya-Ling Hea, Jun-Ji Caob, 

Wen-Quan Taoa, “A two-dimensional simulation method 

of the solar chimney power plant with a new radiation 



October 2017, Volume 4, Issue 10                                                                                                JETIR (ISSN-2349-5162)  

JETIR1710008 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 55 

 

model for the collector”, International Communications in 

Heat and Mass Transfer 85(2017) 100-106. 

[5] Siyang Hu, Dennis Y.C. Leung, John C.Y. Chan, “Impact 

of the Geometry of Divergent Chimneys on the Power 

Output of a SolarChimney Power Plant” Energy, 23 

December 2016 

[6] Jitendra Kumar1, Abhishek Raj2, Hari Mohan Sharma3, 

“Enhancement of Natural Ventilation using SolarChimney: 

A Numerical Investigation”. International Journal of 

Advanced Engineering Research and Science (IJAERS), 

Vol-4, Issue-3, Mar- 2017. 

[7] Aneesh K Johny, Gokul Raj CR, Nandhu Krishna, “ 

Computational Fluid Dynamics Analysis of Horizontal 

Heated Plate for Natural Convection” GRD Journals-

Global Research and Development Journal for 

Engineering,Volume 2, Issue 4, March 2017. 

[8] Jeffrey H. Y. Too* and C. S. Nor Azwadi, “A Brief 

Review on Solar Updraft Power Plant”, Journal of 

Advanced Review on Scientific Research, Vol. 18, No.1. 

Pages 1-25, 2016. 

[9] Kamel Milani Shirvan a, Soroush Mirzakhanlari b, 

Mojtaba Mamourian a, Soteris A. Kalogirou c,, 

“Optimization of effective parameters on solar updraft 

tower to achieve potential maximum power output: A 

sensitivity analysis and numericalSimulation”, Applied 

Energy, 195 (2017) 725–737. 

[10] Abir Ahsan Dhrubo1, a), Chowdhury Sadid Alam1, b), 

Md. Mustafizur Rahman1, c)and A.K.M. Sadrul Islam1, 

d), “Solar Chimney for Natural Ventilation: A Review”, 

American Institute of Physics, 10.1063/1.4984637. 

[11] Babkir Ali, “Techno-economic optimization for the design 

of solar chimney powerplants”, Energy Conversion and 

Management, 138 (2017) 461–473. 

[12] A.B.Kasaeian a,n, Sh.Molana a, K.Rahmani a, D.Wenb,c, 

“A review on solar chimney systems”, Renewable and 

Sustainable Energy Reviews, 67(2017)954–987. 

[13] Shiv Lal, S.C. Kaushik, Ranjana Hans, “Experimental 

investigation and CFD simulation studies of a 

laboratoryscale solar chimney for power generation”, 

Sustainable Energy Technologies and Assessments, 13 

(2016) 13–22. 

[14] Ehsan Gholamalizadeh, Jae Dong Chung, “Analysis of 

Fluid Flow and Heat Transfer on a Solar Updraft Tower 

Power PlantCoupled with a Wind Turbine using 

Computational Fluid Dynamics”, Applied Thermal 

Engineering, 26 July 2017. 

[15] M. Rafiuddin Ahmed ⇑, Sandeep K. Patel, “Computational 

and experimental studies on solar chimney power plantsfor 

power generation in Pacific Island countries”, Energy 

Conversion and Management, 149 (2017) 61–78. 


