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ABSTRACT: Today, energy is accepted as the most indicator of economic development. However, the 

use of fossil fuels as energy sources is caused the depletion of the ozone layer, global warming and climate 

change. Therefore, using renewable energy systems called sustainable energy is a remarkable step in terms 

of both minimizing fossil fuel consumption and the effects of the environment on human health. In this 

study, solar chimneys, one of the solar-assisted electricity generation systems among renewable energy 

sources, are analyzed. A solar chimney power plant (SCPP) has been designed by considering the 

environmental conditions of the Iskenderun region in Hatay province. The facility consists of collector, 

chimney, turbine and generator. Sun rays entering the solar chimney from the transparent collector heat 

the air. The heated air leaves the solar chimney with the effect of the pressure difference. The turbine is 

placed in the chimney section where the air velocity is high. The mechanical power obtained from the 

turbine is converted into electrical energy through the generator. The energy source of the system is the 

sun, and the working fluid of the system is air. In the calculations, the average irradiance value of the 

Iskenderun region was used and optimization of the designed SCPP was made using these values. The 

optimization of the SCPP designed for the Iskenderun region is performed using numerical analysis 

programs. 
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İskenderun Bölgesi İçin Tasarlanan Güneş Baca Santrali Sayısal İncelemesi 

 

ÖZ: Günümüzde enerji, ekonomik gelişmişliğin en önemli göstergesi olarak kabul edilmektedir. Ancak 

fosil yakıtların enerji kaynağı olarak kullanılması ozon tabakasının incelmesi, küresel ısınma ve iklim 

değişikliğine neden olmaktadır. Bu nedenle sürdürülebilir enerji olarak adlandırılan yenilenebilir enerji 

sistemlerinin kullanılması hem fosil yakıt tüketimini en aza indirmek hem de çevrenin insan sağlığına 

etkileri açısından dikkate değer bir adımdır. Bu çalışmada yenilenebilir enerji kaynaklarından güneş 

enerjisi destekli elektrik üretim sistemlerinden biri olan güneş bacaları incelenmiştir. Hatay ili İskenderun 

bölgesinin çevre koşulları dikkate alınarak güneş bacalı elektrik santrali (SCPP) projelendirilmiştir. Tesis 

kollektör, baca, türbin ve jeneratörden oluşmaktadır. Şeffaf kollektörden güneş bacasına giren güneş 

ışınları havayı ısıtmaktadır. Isınan hava, basınç farkının etkisiyle güneş bacasını terk etmektedir. Türbin, 

hava hızının yüksek olduğu baca bölümüne yerleştirilmektedir. Türbinden elde edilen mekanik güç, 

jeneratör vasıtasıyla elektrik enerjisine dönüştürülmektedir. Sistemin enerji kaynağı güneş, sistemin 

çalışma akışkanı ise havadır. Hesaplamalarda İskenderun bölgesinin ortalama ışınım değeri kullanılmış 
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ve bu değerler kullanılarak tasarlanan SCPP'nin optimizasyonu yapılmıştır. İskenderun bölgesi için 

tasarlanan SCPP'nin optimizasyonu sayısal analiz programları kullanılarak gerçekleştirilmektedir. 

Anahtar Kelimeler: Güneş bacası, Yenilenebilir enerji, Güneş enerjisi, HAD 

1. INTRODUCTION 

Considering today's climatic conditions and the fluctuating epidemic process, energy constitutes the 

lifeblood of economies for developed or developing countries. In addition, the closure of countries and 

the disruption of supply processes, the increasing population density cause an increase in the burden on 

e-commerce, and therefore, the dependence on technology is constantly increasing. As a result of this, 

problems in energy supply and the inability to meet the demand are seriously on the agenda. Also, a 

bigger problem is the depletion of fossil fuels and the inability to fully improve energy sources that can 

replace them (Mert et al., 2020). For this reason, serious studies are being carried out on the variety of new 

systems suitable for non-traditional renewable energy sources such as solar, wind, hydroelectric and 

biomass (Karami et al., 2021; Tan et al., 2022; Nassar et al., 2021; Roy and Samanta, 2021; Koç et al., 2020). 

However, the most remarkable sustainable energy source among these energy sources is solar energy. 

Many serious studies continue on solar energy such as solar towers, parabolic trough systems, 

photovoltaic systems and combined systems. In this study, the solar chimney, which is one of the solar-

assisted electricity generation systems, is discussed. SCPP is enabled carbon-free electricity generation 

leading to sustainable growth and development towards a green economy and a safer environment. It is 

also used for other applications such as air conditioning, desalination, electrical power generation and 

agri-food processing (Das and Chandramohan, 2020). SCPP has three basic components. These are the 

absorbing ground layer, the solar collector and the solar chimney. In addition, a turbine connected to the 

generator is required to convert the kinetic energy of the air into electrical energy (Das and 

Chandramohan, 2020). The theoretical concept of the solar chimney plant was first developed by Hanns 

Gunther at the beginning of the 19th century and the first plant was built in 1981 in Manzanares, Spain 

under the supervision of J. Schlaich, and the theoretical description of the solar chimney was provided by 

Haaf et al. (Haaf et al., 1983). Later, Schlaich et al. investigated the commercial and economic viability of 

a large-scale plant (up to 200 MW). Apart from these, there are many studies on solar chimneys. Sing et 

al. performed the CFD analysis of the hybrid PV and solar chimney, taking into account the solar radiation 

of 850 W/m2, assuming zero inlet and outlet pressures. They used a solar chimney height of 3 meters and 

a collector radius of 1.5 meters. They made 4 different mesh improvements and reached the maximum 

number of 225820. Ultimately, the solar chimney power output of 2.258 W was obtained as the best result 

(Singh et al., 2020). Nasraoui et al. designed a conventional, parallel and counter-flow solar collector to 

increase the efficiency of the solar chimney. During the CFD analysis, a maximum of 300746 mesh was 

used and the solar chimney inlet and outlet pressures were accepted as zero. They also accepted the solar 

radiation as 880 W/m2. As a result of their studies, they claimed that they increased the system efficiency 

up to 28% (Nasraoui et al., 2020). Kebabsa et al. investigated the solar chimney in two dimensions. A 

power of 0.34 W was obtained from the solar chimney with a height of 12.3 meters and a radius of 12.5 

meters, and they claimed that the optimum collector inlet angle was 9.1 degrees (Kebabsa et al., 2020). 

Considering all these studies, there is almost no study that used the working fluid that is accepted as 

compressible fluid. Besides, in most of the studies, the sun was not defined as well as the pressure 

difference that would occur due to the height difference between the chimney inlet and outlet was not 

defined. In this study, the working fluid was accepted as an ideal gas. The location of the İskenderun 

region, the date and time were selected and the sun was defined, the solar chimney outlet pressure was 

identified to the system by calculating the pressure drop depending on the height of the chimney. 
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2. SYSTEM DESCRIPTION 

When designing SCPPs, the design should be made by considering many variables. Within the scope 

of this study, the parameters in Table 1 were accepted as constant. 

 

Table 1. Beginning parameters for solar chimney 

h (m) R (m) α (°) β (°) r (m) a(m) I (W/m2) 

0.6 20 5 2 2.75 2 700 

 

The main variables in the geometric design of the SCPP are; collector inlet height (h), collector radius 

(R), collector angle (α), divergent angle (β), chimney radius (r), radius of the curve between collector and 

chimney connection (a), solar radiation (I) and chimney height (H). The parameters in Table 1 were 

considered constant and optimization were performed for different chimney heights. The schematic 

outlook  of the SCPP is shown in the Figure 1. 

 
Figure 1. The schematic  outlook  of the SCPP 

 

After the design parameters of the SCPP are identified in the numerical analysis program, it needs to 

be divided into many small parts. These parts are called meshes. As the number of mesh elements 

increases, the system is divided into smaller parts and more accurate results are obtained in the numerical 

analysis. The mesh structure of the solar chimney is shown in Figure 2. 
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Figure 2. The mesh structure of the solar chimney 

 

On the other hand, it is as important as the number of mesh elements in which regions the mesh is 

more frequent. The parameters such as velocity or temperature are shown rapidly changes in the regions 

near the surface. Therefore, the mesh should be tightened in the regions near the surface. In Figure 3, it is 

seen that the mesh applied on the SCPP  becomes denser in a way that it consists of 3 layers in the regions 

near the chimney surface. 

 

 
Figure 3. Mesh structure on the chimney outlet surface 

 

This dense mesh structure consisting of 3 layers on the chimney surface continues throughout the 

collector. On the ground, the number of these dense layers has been increased to 4. The reason for this is 

that high temperature differences will occur at unit distances perpendicular to the ground, unlike the 

adiabatic chimney surface. The mesh structure in the air inlet area is given in the Figure 4. 
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Figure 4. Mesh structure in the air inlet area 

 

Considering the mesh properties above, for an SCPP with a chimney height of 50 m, the number of 

mesh elements and the number of nodes applied on the SCPP were carried out as 1384905 and 400394, 

respectively. 

After the mesh structure was completed, the problem was defined in the numerical analysis program. 

While making these definitions, several different methods from the literature were used. The first of these 

differences is fluid selection. In many publications, the fluid has been chosen as an incompressible fluid, 

but in this study, the fluid has been accepted as an ideal gas. The second difference is that in many 

publications, the heat source was applied from the ground by determining an average heat flux or a 

constant temperature was determined for the ground. Another difference is related to the boundary 

conditions, the pressure of the air in the inlet and outlet regions of the system is defined as 101325 Pa in 

many publications. Table 2 shows the boundary conditions of the system. 

 

Table 2. Boundary Conditions 

Boundary Conditions Model features 

SCPP Inlet Pressure Pin = 101325 Pa 

Ambient Temperature T0 = 300 K 

SCPP Output Pressure Pout = Pin − ρ. g. H 

Ground Opaque 

Collector Transparent 

Chimney Opaque and insulated 

 

3. MATHEMATICAL MODEL 

The energy equations should be chosen considering the boundary conditions. In this study, Navier-

Stokes and continuity equations are used to explain the flow in the x, y and z directions. The y-direction 

is opposite to the direction of the gravitational force (Cable, 2009). 

The momentum in the x-direction; 
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𝜕
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𝜕
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𝜕
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𝜕𝑧2)  (1) 

 

The momentum in the y-direction; 

 
𝜕
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(𝜌𝑣) +

𝜕

𝜕𝑥
(𝜌𝑢𝑣) +
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𝜕

𝜕𝑧
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The momentum in the z-direction; 
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Continuous flow equation; 

 
𝜕

𝜕𝑥
(𝜌𝑢) +

𝜕

𝜕𝑦
(𝜌𝑣) +

𝜕

𝜕𝑧
(𝜌𝑤) = 0        (4) 

 

Shih's Realizable model is lately the most remarkable model among the three k-ε variations for the 

SCPP.  This model has two important differences from the standard k-ε model. It is used novel equality 

for turbulent viscosity, and the dissipation rate equation is obtained from the equality for transporting the 

mean square eddy fluctuation. The form of the eddy viscosity equations is dependent on feasibility 

constraints and the positivity of normal Reynolds stresses as well as the Schwarz inequality for turbulent 

shear stresses. The realizable k-ε model is more suitable and accurate than standard or RNG k-ε models 

in predicting flows like discrete flows and flows that have complex secondary flow characteristics (Shih 

et al., 1995). In this study, the realizable k-ε turbulence model was applied as a turbulence model. 

Transport equations for realizable k-ε turbulence model; 

 

𝜕

𝜕𝑡
(𝜌𝑘) +

𝜕

𝜕𝑥𝑗
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𝜕

𝜕𝑥𝑗
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𝜀2
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𝜀

𝑘
𝐶3𝜀𝐺𝑏   (6) 

 

While Gk represents the generation of turbulent kinetic energy due to mean velocity gradients, Gb is 

the generation of turbulent kinetic energy because of buoyancy. Also, YM refers to the fluctuating dilation 

incompressible turbulence that contributes to the overall dissipation rate.  In addition, Sε and Sk are 

parameters defined by depending on the study performed. Moreover αk and αε are indicated the turbulent 

Prandtl numbers for the turbulent kinetic energy and its dissipation. The eddy viscosity 𝜇𝑡 is calculated 

from equation 7 (Shih et al., 1995); 

 

𝜇𝑡 = 𝜌𝐶𝜇
𝑘2

𝜀
           (7) 

 

The value of 𝐶𝜇 is calculated from equation 8 (Shih et al., 1995); 

 

𝐶𝜇 =
1

𝐴0+𝐴𝑠
𝑘𝑈∗

𝜀

           (8) 

 

𝑈∗ = √𝑆𝑖𝑗𝑆𝑖𝑗 + Ω̃𝑖𝑗Ω̃𝑖𝑗           (9) 
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Ω̃𝑖𝑗 = Ω̅𝑖𝑗 − 𝜀𝑖𝑗𝑘𝜔𝑘 − 2𝜀𝑖𝑗𝑘𝜔𝑘        (10) 

 

In the above equation, Ω̅𝑖𝑗 is the average rate of rotation tensor which is observed in a rotating 

reference frame that has an angular velocity 𝜔𝑘. The constants 𝐴0 and 𝐴𝑠 are as follows (Shih et al., 1995); 

𝐴0 = 4.04 , 𝐴𝑠 = √6 cos 𝜑         (11) 

𝜑 =
1

3
cos−1 (√6

𝑆𝑖𝑗𝑆𝑗𝑘𝑆𝑘𝑖

�̃�3 ) ,     �̃� = √𝑆𝑖𝑗𝑆𝑖𝑗  ,      𝑆𝑖𝑗 =
1

2
(
𝜕𝑢𝑗

𝜕𝑥𝑖
+

𝜕𝑢𝑖

𝜕𝑥𝑗
)    (12) 

 

It is seen that the 𝐶𝜇 value is a function which is depended on the angular velocity, the rotational rates 

and the mean strain, its dissipation rate and the turbulent kinetic energy when considered the rotating 

system. The standard value of Cµ = 0.09 is obtained from the solution of equation 8 for an inertial sublayer 

in the equilibrium boundary layer (Shih et al., 1995): 

 

𝐶1 = 𝑚𝑎𝑥 (
𝜓

5+𝜓
, (0.43))         (13) 

 

𝜓 = 𝑆 (
𝑘

𝜀
)           (14) 

 

C1ε = 1.44 C2 = 1.9  σk = 1.0  σε = 1.2  

 

Gb value for ideal gases; 

 

𝐺𝑏 = −𝑔𝑖
𝜇𝑡

𝜌𝑃𝑟𝑡

𝜕𝜌

𝜕𝑥𝑗
          (15) 

 

𝐶3𝜀 = tanh |
𝑣

𝑢
|           (16) 

 

k and ε are turbulent kinetic energy and dissipation rate, respectively. 

 

𝜌 = 𝜌0(1 − 𝛽(𝑇 − 𝑇0))         (17) 

ρ and β are reference density and coefficient of thermal expansion, respectively. 

The discrete coordinate model (DO) is chosen to calculate the solar radiation coming into the system. 

The following equations are used in this model; 

∇ ∙ (Iλ(  r⃗⃗  ,  s ⃗⃗  ⃗ )  s ⃗⃗  ⃗ ) + (αλ, σs)Iλ(  r ⃗⃗  ⃗ ,  s ⃗⃗  ⃗ ) = αλn
2Ibλ +

σs

4π
∫ Iλ(  r ⃗⃗  ⃗ ,  s ⃗⃗  ⃗′)

4π

0
Φ(  r ⃗⃗  ⃗ ,  s ⃗⃗  ⃗′) dΩ′(18) 

αλ, σs, n and λ are absorption coefficient, reflection coefficient, refractive index and wavelength, 

respectively. The total luminous intensity in the  s ⃗⃗  ⃗  direction is equal to the amount of spectral luminous 

intensity over the wavelength bands and is written as; 

 

I(  r ⃗⃗  ⃗ ,  s ⃗⃗  ⃗ ) = ∑ Iλ(  r ⃗⃗  ⃗ ,  s ⃗⃗  ⃗ )𝑘 Δλk        (19) 
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In the SCPP, the Grashof number is expressed as; 

𝐺𝑟 =
𝑔𝛽

𝜗2 Δ𝑇𝐻3          (20) 

 

Δ𝑇 = 𝑇𝑜𝑢𝑡 − 𝑇𝑖𝑛          (21) 

 

𝜗 and 𝑔 represent kinematic viscosity and gravitational acceleration, respectively. The Richardson 

number is the ratio of the Grashof number to the square of the Reynolds number. If the Richardson number 

is over 10, forced convection; If it is below 0.1, natural convection can be neglected. Between 0.1 and 10, it 

represents a mixed convection flow in which both types of convection cannot be neglected (Shih et al., 

1995). 

 

𝑅𝑖 =
𝐺𝑟

𝑅𝑒2           (22) 

 

𝑃 =
1

2
𝐵�̇�𝑣2           (23) 

 

�̇� = 𝜌𝐴𝑣           (24) 

 

�̇�, 𝜌 and A values are mass flow rate, density and cross-sectional area, respectively. P refers to the 

power obtained from the turbine. According to Betz's law, not all of the air coming into a turbine can be 

converted into kinetic energy. Up to 59.25% of the air coming into the turbine can be converted into kinetic 

energy. This value is called the Betz constant and is referred to B (Setia et al., 2021). 

 

𝐴 = 𝜋𝑅2           (25) 

 

𝜂 =
𝑃

𝐼𝐴
            (26) 

 

A and 𝜂 represent the surface area of the floor of the SCPP and the efficiency, respectively. 

 

𝜂𝑐𝑜𝑙 =
�̇�𝑐𝑝∆𝑇

𝐼𝐴
           (27) 

 

The commonly used expression of collector efficiency is expressed as 𝜂𝑐𝑜𝑙 : 

 

𝜂𝑐ℎ𝑖𝑚 =
𝑔𝐻

𝑐𝑝𝑇𝑜𝑢𝑡
           (28) 

 

For the efficiency of the chimney, the expression 𝜂𝑐ℎ𝑖𝑚 is used. 

𝜂𝑆𝐶𝑃𝑃 = 𝜂𝑐𝑜𝑙𝜂𝑐ℎ𝑖𝑚          (29) 

 

𝜂𝑆𝐶𝑃𝑃 =
�̇�𝑔𝐻∆𝑇

𝐼𝐴𝑇𝑜𝑢𝑡
           (30) 
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The expression 𝜂𝑆𝐶𝑃𝑃 is used for the efficiency of the SCPP. 

4. RESULTS And DISCUSSIONS 

Numerical analyzes were made for the SCPP with 4 different chimney heights. As a result of the 

analyzes made, the velocity gradients formed in the SCPP with a chimney height of 50 meters are seen in 

the Figure 5. 

 
Figure 5. Velocity gradient 

As seen in Figure 5, the velocity reaches its highest level in the narrow section of the chimney. Again, 

the pressure gradients formed in the SCPP with a chimney height of 50 meters are seen in the Figure 6. 

 
Figure 6. Pressure gradient 
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In many studies, since the inlet and outlet pressures are the same, pressure gradients are measured as 

atmosphere pressure on the ground and at the chimney outlet, and some negative pressure occurs in the 

narrow section of the chimney (Nasraoui et al., 2020). In this study, a pressure difference of 575 Pa occurs 

between the inlet and outlet points of the air. In Figure 6, it is seen that the pressure decreases regularly 

from the floor toward the chimney outlet. These pressure values read in Figure 6 are relative pressure 

values. The velocity vectors formed in the SCPP with a chimney height of 50 meters and in the narrow 

section of the chimney are comprehensively shown in the Figure 7. 

 

 
Figure 7. Velocity vectors 

 

As the air enters the system at very low speeds at the collector inlet, its velocity increases rapidly as it 

moves towards the collector center. As the air enters the narrow section of the chimney, it changes 

direction and moves upwards. Since the air cannot change its direction suddenly at the junction of the 

collector and the chimney where this direction change is experienced, the vortex is occurred and energy 

losses are observed. In order to prevent these energy losses while designing, a curve with a radius of 2 m 

was formed on the chimney and collector connection area. In this way, all velocity vectors are aligned 

upwards in the narrow section of the chimney Since the SCPP is expanded an angle of 2 degrees towards 

the chimney outlet, the air velocity decreases as one moves towards the solar chimney outlet. The 

temperature distribution formed in the cross-section of the SCPP which has a chimney height of 50 meters 

is shown in the Figure 8. 
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Figure 8. Temperature gradient 

 

As solar radiation is absorbed by the ground, an increase in temperature is observed on the ground. 

Due to the increase in the temperature difference between the air and the ground, the heat transfer rate is 

increased and the air temperature is started to increase in the regions near the ground.  

As the air is transmitted into the center of the collector, its temperature continues to increase until it 

reaches the chimney inlet. In the region below the chimney inlet, this temperature reaches the highest 

value. Then, as the air rises from the chimney, the temperature is distributed homogeneously and the 

average temperature remains constant throughout the adiabatic chimney. The numerical analyzes are 

performed for 4 different SCPPs which have 50, 100, 150 and 200 meters height. As a result of the analyzes 

made, the velocity, mass flow rate and chimney outlet temperature values formed in the narrow section 

of the chimney are shown in the Figure 9. 

 

 
Figure 9. The velocity, mass flow rate and chimney outlet temperature values formed in the narrow 

section of the chimney 
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The narrow section of the chimney is where the speed is highest throughout the entire system and 

therefore the turbine is placed in this region. Basically, there are two main parameters that increase the 

speed value. While the first of these is the collector diameter, the second is the height of the chimney.  

Firstly, as the collector diameter increases, the total amount of radiation entering the system also increases. 

Also, the high amount of radiation is increased the floor temperature and therefore the heat transfer rate 

is heightened. In this way, after the air temperature increases, the heated air is swiftly raised. In addition, 

the density of the heated air on the ground decreases and it is subjected to a force along the chimney due 

to the density difference. Secondly, as the height of the chimney increases, it is observed that it is more 

exposed to this force and the velocity of the working fluid increases. The lowest and highest velocity 

values in the narrow section of the chimney were calculated as 6.22 m/s and 21.46 m/s for 50 and 200 m 

chimney heights, respectively. 

As soon as the air enters the system, the velocity of the working fluid is varied depending on the cross-

sectional area, but the mass flow rate is constant. The measured mass flow rate values at the collector inlet, 

chimney outlet and narrow section of the chimney are the same. As the height of the chimney increases, 

negligible changes are observed in the density value, on the other hand, although the cross-sectional area 

is not changed, and the velocity value changes dramatically. Therefore, considering equation 24, it is seen 

that the mass flow rate and velocity value are increased in direct proportion to each other. In Figure 9, it 

is seen that the mass flow rate values formed in the narrow section of the chimney are directly proportional 

to the height of the chimney. When evaluated the mass flow rate results in the graph, while the lowest 

mass flow rate in the narrow section of the chimney was calculated as 172.45 kg/s at the 50 m chimney 

height, the highest mass flow rate is found as 596.22 kg/s at 200 m at chimney height. 

As the height of the chimney increases, it is clearly seen that the speed and flow values are increased 

with the effect of the pressure difference, but the temperature values decrease. The reason for this is that 

the amount of air in contact with the ground increases thanks to the rising air velocity, and more air mass 

shares the heat transferred from the ground. For this reason, the amount of increase in the temperature of 

the air decreases as the height of the chimney increases. The lowest and highest temperature values at the 

chimney outlet are calculated as 300.45-301.54 K for 200 and 50 m chimney heights, respectively. The 

power and efficiency values calculated depending on the changing chimney heights are shown in the 

Figure 10. 

 

 
Figure 10. Power and efficiency values 
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While calculating power and efficiency values of the SCPP, equation 23 and equation 26 are used, 

respectively. Starting from equation 23, it can be said that power is proportional to the cube of the velocity 

when the changes in density are ignored. As the height of the chimney increases, the velocity value is 

increased and therefore the power value of the SCPP obtained is also increased in direct proportion to the 

cube of the velocity. The efficiency value of the SCPP is the ratio of the obtained power to the total solar 

radiation entering the system. Since the total solar radiation is not changed as the height of the chimney 

increases, the efficiency value of the SCPP is changed directly proportional to the power. For this reason, 

the efficiency value of the SCPP is increased in direct proportion to the cube of the speed as the height of 

the chimney increases, just like the power value. Among the designs, the lowest and highest power and 

efficiency values were calculated as 1.97 kW, 81.38 kW and 0.22%, 9.25% for 50 and 200 m chimney heights, 

respectively. In the Table 3, some efficiency values obtained in this study are compared with the efficiency 

values obtained from other studies in the literature. 

Table 3. Efficiency values 

Study H (m) 𝜼 (%) 𝜼𝒄𝒐𝒍 (%) 𝜼𝒄𝒉𝒊𝒎 (%) 𝜼𝑺𝑪𝑷𝑷 (%) 

This study 

50 0.22 30.3 0.16 0.049 

100 1.07 29.9 0.32 0.097 

150 3.85 29.5 0.49 0.144 

200 9.25 30.8 0.65 0.200 

Sivaram et al., 2020 0.45 - 26.4 0.45 0.0012 

Das and Chandramohan, 2019 6 - 60.5 0.025 0.0018 

Al-Kayiem et al., 2019 6.65 - 64.0 - - 

Xu and Zhou, 2018 194.6 - 29.4 - - 

Zuo et al., 2020 194.6 - 13.5 - - 

 

In the Table 3, it is seen that when a few studies focusing on the SCPP is evaluated, the efficiency 

values of the SCPP are calculated by using different equations. In some studies, giving the collector 

efficiency is sufficient, while in others, this value is multiplied by the chimney efficiency to obtain the solar 

chimney efficiency. When the obtained values are compared to each other, it has been determined that the 

collector efficiency is an independent value from the chimney height, but the chimney efficiency is directly 

proportional to the chimney height. For this reason, as the height of the chimney is increased, although 

the collector efficiency remained constant, the efficiency of the chimney and solar chimney increased. 

5. CONCLUSION 

The SCPP generates power thanks to the rays of the sun, which is one of the renewable energy sources. 

The amount of the generated power and efficiency of the SCPP  is directly related to the geometric design 

of the system. In this study, the SCPP was designed for 4 different chimney heights and the design was 

analyzed by means of a numerical analysis program. As a result of the analyzes: 

 

 It was determined that as the height of the chimney increases, the velocity, mass flow rate, power 

and efficiency values increase, but the temperature difference decreases. 

 Another efficiency value was defined because efficiency expressions stated in other studies were 

insufficient since the main reason is that the collector efficiency and solar chimney efficiency 

expressions are not dependent on the power to be obtained from the system. 
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 In order to obtain maximum power from the system, a turbine was placed in the narrow section 

of the chimney. 

 The highest velocity, mass flow rate, power and efficiency values obtained from the SCPP are 

found to be 21.46 m/s, 596.22 kg/s, 81.38 kW and 9.25%, respectively. 

NOMENCLATURE 

CFD  = computational fluid dynamics 

SCPP  = solar chimney power plant 

B  = Betz constant 

SYMBOLS 

cp  = specific heat (kJ/kgK) 

�̇�  = mass flow rate kg/s) 

P  = pressure (Pa) and power (W) 

T  = temperature (K) 

𝑇0  = ambient temperature (K) 

v  = velocity (m/s) 

ρ  = intensity (kg/m3) 

η  = efficiency (%) 

k  = kinetic energy 

ε  = rate of dissipation of kinetic energy 

I  = solar radiation (W/m2) 

SUBSCRIPTS 

in  = inlet 

out  = outlet 

col  = collector 

chim  = chimney 
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