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ABSTRACT 

The solar chimney, also known as solar updraft tower, is a proposed type of renewable-energy power plant that combines a solar air collector and a central 

high tube (chimney) to generate a solar induced convective flow which is used to generate electrical power using turbo-generator set. Natural convective air 

flow obtained can be used to drive the passive ventilation system. In this paper, the functional principle of the solar chimney has been described. Design of 

solar chimney is done by the energy balance and force balance of various components. Mathematical modelling of solar chimney is done through thermal 

analysis. Solar chimney is designed to provide ventilation for the room of two occupants. To get the accurate results absorber plate is divided into number of 

parts and thermal analysis is performed for each elements of the absorber plate. Solar chimney is designed to provide the mass flow rate for the room of 

dimensions 10m*5m*3m having two occupants. To validate the mathematical modelling developed, a small scale solar chimney is developed and two sets of 

experiments are performed to check the experimental results obtained against the theoretical value obtained. 

 
1. Introduction 
A solar chimney is basically a non-concentrating solar thermal technology. It combines three well known principles to 
convert solar energy into electrical energy [1]. It is a power generating facility which mainly consists of three 
components;  
1) solar air collector  
2) chimney and  
3) Turbine [2]  
The collector whose main function is to produce greenhouse effect is covered by a transparent glazing to trap the 
solar radiation. This produces greenhouse effect to increase the internal energy of the air mass inside the collector. 
Buoyancy drives the warmer air into the chimney, which is located at the center of the collector. This causes the 
collector to draw more air from the atmosphere, producing the air current flowing through the system. In this way 
solar chimney converts solar energy into kinetic energy of the air mass. A turbo-gen set is placed in the path of the 
air flow to convert kinetic energy of the flowing air into the electrical energy. Available kinetic energy 
 can be used to assist the room ventilation system i.e. solar chimney assisted natural ventilation system. Solar 
chimney used for natural ventilation system consists of two main components,  
1) Solar collector  
2) Chimney [3]  
The whole setup, including the collector and chimney can be mounted on terrace away from the house to be 
ventilated, located at any floor. The collector, mounted either on the roof of the house or the terrace of the building, 
is covered by a transparent glazing. The main objective of the collector and chimney remains same here. Collector 
draws air from the house through the duct. 
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1.1 Motivation  
About 40-60% of the energy consumed in a commercial building is for space cooling and ventilation [4]. This relies on 
the electricity which is generated by combustion of fossil fuels mainly. At present, numbers of energy sources are 
utilized to generate electricity such as- coal, oil, gas and nuclear energy. Continuation of the use of these fossil fuels 
is set to face multiple challenges namely; depletion of the fossil fuel reserves, global warming and other 
environmental concerns and continuing fuel price rise. For these reasons, the existing source of convectional energy 
may not be adequate to meet the ever increasing energy demands. The implementation of this project is of great 
significance in terms of energy saving opportunities. Centralized solar assisted space ventilation system could reduce 
the conventional energy sources dependency in considerable amount.  
Solar passive cooling systems are well developed, requires south facing wall to accumulate maximum possible solar 
energy which is the major hurdle for making it popular in denser region. In a dense city like Mumbai it is difficult to 
obtain shade less south facing wall. Solar chimney on the other hand doesn’t require south facing wall and can be 
more conveniently used. 
 

 
1.2 Working Principle  
A solar updraft tower works on following two well-known principles,  
1) Greenhouse effect and  
2) Buoyance effect.  
Direct and diffused solar radiation strikes the glass roof where specific fraction of energy gets reflected, absorbed 
and transmitted. The quantities of these fraction depends on the solar incident angle and the optical characteristics 
of the glass such as; refractive index, thickness and extinction coefficient. The transparent glazed surface of the 
collector provides transparency for the short-wave solar radiation. The transmitted solar radiation strikes the 
absorber plate surface where the part of energy is absorbed while remaining part is reflected back to the roof. 
Transparent collector glazed surface acts as an opaque surface for the long wave radiation reflected back from the 
absorber plate, producing greenhouse effect. The multiple reflection of the radiation continues resulting in the 
higher fraction of energy absorbed by the absorber plate to heat up the air mass underneath. The warm ground 
surface heats the adjacent air, causing it to rise. The buoyant air rises up into the chimney of the plant, there by 
drawing in more air from the collector perimeter and thus initiating forced convection which heats up the collector 
air more rapidly. As the air flows from the collector perimeter towards the chimney its temperature increases while 
the velocity of air stays approximately constant because of increasing collector height. The heated air travels up the 
chimney, where it cools through the chimney walls.  
The pressure difference between the air at the chimney base and the ambient air at the outlet because of density 
difference which in turn depends on the temperature difference between the air at the base of the chimney and air 
at the top of the chimney causes motion of air through the chimney. 
 

 
2. Design Methodology  
Solar chimney is designed to ventilate the room of dimension *******. Design is based on trial and error method as 
step-wise described below 

 
2.1. Solar Radiation Calculations  
Radiation can be taken on the basis of monthly average hourly global radiation [5]. 

 
2.2. Required mass flow rate  
ASHRAE suggested that ventilation rate (cfm) required per person in ordinary condition i.e. in house is 10 cfm. In this 
paper room with occupancy level of 2 is taken in calculations. Hence, required mass flow rate is given as 
 

     QT = Qc + Qi + Qf 
Where, 
 Qc = Qc NEW + Qs 
 Qs = As ∗ Ibv 

 Qc NEW = 𝐾 𝐴
Ta−T3

ⅆ𝑋
 

 Qi = N ∗ 100 
 Qf = Af(τIgv + n α Igv) 

 𝑚𝑟𝑒𝑞 =
(QT∗1.005∗3024)

Hin−Hout
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Hin and Hout can be calculated from the inlet and outlet conditions and psychometric chart. 
 

2.3 Heat transfer coefficient between absorber plate and cover plate 
Heat transfer coefficient between cover plate and absorber plate can be calculated as, 

  
 

2.4 Mean plate temperature and cover plate temperature 
Losses due to convection and radiation between absorber plate and collector with convective loss due to wind and 

radiation Can be Given as, 

 
 
 
 
 

 

 

 

 

 

 

 

2.5 Height of the chimney 
The pressure difference available between the ambient air and hot air at the base of the chimney is used to ventilate 

the room. The total pressure draught available by chimney is used to overcome following friction losses, 

Total pressure drops developed across chimney = Friction loss in the chimney + Friction loss in collector + Losses due 
to acceleration of air in collector + Pressure loss in room + Minor losses (Neglected). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ℎ𝑝−𝑐 =
𝑁𝑢𝑙𝐾

ℎ
 

Where, 

 𝑁𝑢𝑙 = 0.157 ∗ (𝑅𝑎𝑙 ∗ cos 𝛽) 

𝑅𝑎𝑙 =
(𝑔 (𝑇𝑝𝑚 − 𝑇𝑐) ∗  ℎ3 ∗  𝑃𝑟)

𝑇𝑝−𝑐𝑎𝑣𝑔
 ∗  𝑟2

 

∆𝑃𝑐ℎ𝑖𝑚𝑛𝑒𝑦 = ∆𝑃𝑐ℎ𝑖𝑚𝑛𝑒𝑦𝑙𝑜𝑠𝑠
+ ∆𝑃𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑜𝑟𝑙𝑜𝑠𝑠

+ ∆𝑃𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 + ∆𝑃𝑟𝑜𝑜𝑚𝑙𝑜𝑠𝑠
 

𝜌𝛽∆𝑇𝑔𝐻 = 𝑓𝑋

𝑅

2ℎ
𝜌 (

𝑚

2𝜌𝜋𝑅𝐻
)

2

+ 𝑓𝑌

2𝐻

𝐷
𝜌 (

4𝑚

𝜌𝜋𝐷2
)

2

+ 2𝜌 (
2𝑚

𝜌𝜋𝐷2
)

2

+ ∆𝑃𝑟𝑜𝑜𝑚𝑙𝑜𝑠𝑠
 

ql

Ap
= hp−𝑐1

(Tpm − Tc) + σ (
Tpm

4 − Tc
4

(
1
εp

) + (
1
εc

) − 1
) 

        = hw(Tc − Ta) + σεc(Tc
4 − Tsky

4 ) 

 

Equation for useful energy can be given as, 

mCp(T4 − T3) = ((Ighταavg) − (Ut(Tpm − Ta))) Ap 
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Chart: flow chart of solar chimney 

 

 

 

3. Specification of Components: 
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4. Validation 
 
 4.1 Design of small-scale solar chimney  
Depending on manufacturing feasibility and cost for manufacturing of solar chimney, following dimensions were 
chosen and small scaled solar chimney was analyzed for its performance. Dimensions of small scaled solar chimney:  
H = 2 m 
D = 1.2 m 

 
 

 

 

 

 

 

 

 

 

 

 
5. Calculation: 

 
5.1.1 Useful Heat Gained by the Collector 

 Not all of solar radiation hits the sloped surface can be used: 

 Some solar radiation is reflected and re-emitted away 

 Some of the gained energy is lost again to the surrounding 

                                        𝑞𝑢 = 𝑆. 𝐴𝑃 − 𝑞1 
 
Where, 
𝑞𝑢 = Useful heat gained by the collector 
S= solar energy absorbed in absorber 
𝐴𝑃= Area of the absorber plates 
𝑞1 = Heat lost from the collector 
 
5.1.2 Heat Losses from the Collector 
The thermal losses depend on: 

 The temperature difference between the absorber plate and the ambient air  

 The overall heat losses coefficient,   𝑈1 [
𝑊

𝑀2 , 𝐾]  

𝑞1 =  𝑈1. 𝐴𝑃 . (𝑇𝑝𝑚 − 𝑇𝑎) 

 
𝑇𝑝𝑚= Mean temperature of absorber plates 

𝑇𝑎 = Ambient air temperature 
 
5.1.3 Heat Losses from Collector 
Whenever the absorber plate is warmer than the ambient air, heat is lost from the collector through: 
  
- the cover (top), [W]                  

-     𝑞𝑡 =  𝑈𝑡 . 𝐴𝑝. (𝑇𝑝𝑚 − 𝑇𝑎)      

- the bottom, [W]                      

-     𝑞𝑏 =  𝑈𝑏 . 𝐴𝑝. (𝑇𝑝𝑚 − 𝑇𝑎) 

- the sides, [W]                             

-    𝑞𝑠 = 𝑈𝑠. 𝐴𝑝. (𝑇𝑝𝑚 − 𝑇𝑎) 

 
 
5.1.4 Overall Heat Loss Coefficient 
Then, the total heat losses are:     
𝑞𝐼 =  𝑞𝑡 + 𝑞𝑏 + 𝑞𝑠 
Since the heat loss equations are expressed on the basis of the same temperature difference, it is then possible to 
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evaluate the overall heat loss coefficient,𝑈𝐼  by 
 
𝑞𝑖 =  𝑈𝑖 . 𝐴𝑝. (𝑇𝑝𝑚 − 𝑇𝑎) 

𝑈𝐼 =  𝑈𝑡 + 𝑈𝑏 + 𝑈𝑠 
 
Typical values of 𝑈𝐼  ranges from 2 to 10 W/𝑚2. 𝐾 
   
5.1.5 Heat Balance of Collector 

𝑞𝑢 = 𝐴𝑝(𝑆 − 𝑈𝐼(𝑇𝑝𝑚 − 𝑇𝑎)) 

 
This expression depends on two factors: 
1. 𝑈𝐼  : is a function of the mean plate temperature, 𝑇𝑝𝑚 

2. 𝑇𝑝𝑚 : is the mean plate temperature, which is unknown 

 

 We need to express 𝑞𝑢 in terms of a known temperature. 

 The only known temperature is the fluid inlet temperature. 

 

6. Experimental Data 

Time Ambient air 
temp. (◦C)  

Temp. of 
cooled 
chamber (◦C) 

Temp. at Centre 
of absorber plate 
(◦C ) 

Temp. at  
the top of  
chimney 
       (◦C) 

04:17 43 37 66.2 60.4 

04:30 41.8 36.4 65.7 59.6 

05:46 40 35 60.4 55.4 

*without evaporative liquid  
*Air velocity range- 1.5 to 1.9 m/s 
 

 
 
 
 
 
 
 

*with water  
*Air velocity range- 1.6 to 2 m/s 
 
 
 
 
 
 
 
 
 
*with petrol 
*Air velocity range- 1.5 to 1.9 m/s 
 
 
 
 
 
 
 
 
 
 

Time Ambient air 
temp. (◦C)  

Temp. of 
cooled 
chamber (◦C)  

Temp. at 
centre of 
absorber plate 
(◦C )  

Temp. at  
the top of  
chimney  
(◦C)  

12:00 40.6 34.1 58 54.4 

02:30 43.8 33.2 63.7 62.6 

04:54 42.2 34.8 64 56.2 

Time Ambient air 
temp. (◦C)  

Temp. of 
cooled 

chamber (◦C) 

Temp. at Centre 
of absorber plate 

(◦C ) 

Temp. at  
the top of  
chimney 

       (◦C) 

1:45 40.1 33.1 58 52.3 

04:08 41.8 27.9 63.7 56.9 

05:12 39.2 30.2 59.4 53.5 
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7. Conclusion: 
Solar chimney can also be used to create the draft for passive heating and cooling of building. Pressure draught 
developed by solar chimney depends on solar radiation. Air mass flow rate is obtained from the solar chimney, hence 
can be used to provide natural ventilation for the house. Result obtained from mathematical model and 
experimentation is close and hence mathematical model for solar chimney is successfully developed. It being 
observed that  
value of velocity of air inside chimney obtained from hot wire anemometer is in close range with theoretical value 
obtained from mathematical modelling as compared to experimental value of velocity of air inside chimney obtained 
from smoke method. 
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