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Abstract:  

This paper investigates different configurations of solar chimney design in a solar chimney power plant 

system. Mathematical analysis of the system has been done in Ansys software. The results of the maximum 

(inlet) velocity, pressure, efficiency, and temperature of the air are obtained for base type, convergent, 

divergent, sudden contraction, and sudden expansion types of chimneys. Furthermore, the electrical power 

output of Solar Chimney Power Plants has been determined for different chimney types. In this analysis, 

one Solar Chimney Power Plant (SCPP) with a solar collector diameter of 258 m and a chimney height of 

197 meters and outlet diameter of 10 m has been taken as the basis. It has been found that sudden expansion 

and divergent types of chimneys give higher output power than the other types of chimneys. Also, while 

calculating the cost of materials of the different types of chimneys, it has been found that the sudden 

expansion type of chimneys is costing less than other types of chimneys. When power output was 

compared, it was found that the sudden expansion type of chimney gives higher output than other 

chimneys. Detailed simulation, testing, and analysis are necessary to consolidate the results. 

 

Keywords: Solar chimney power Plant, design, different types of chimneys, performance analysis, cost. 

 

1. INTRODUCTION: 

             The emission of greenhouse gases from the combustion of fossil fuels is a well-known global 

problem. To reduce the emission of greenhouse gases whole world is turning towards renewable energy. 

Continuous growth in population and globalization are affecting in increasing demand for power causing 

fast decreases in natural resources and thus shifting focus towards renewable sources of energy. Weather 

condition change has become a burning topic in every part of the world, and researchers are finding ways 

to use different energy sources to cope with the deteriorating environmental condition. Solar energy, one 

of the prime sources of renewable energies, has gained big popularity in the last period of ten years. Solar 

Chimney Power Plant (SCPP) technology is one of these. In its easiest form, SCPP consists of a transparent 

solar collector, which heats the air inside it because of the greenhouse effect, hot air moves up through a 

chimney due to natural draught produced by the density difference of hot and cold air. The hot air finally 

releases into the atmosphere. The draught produces a suitable pressure difference between the chimney 

base and the collector entrance. A wind turbine is placed at the base of the chimney which converts the 

kinetic energy to mechanical work, which further generates electricity. SCPP is providing clean energy 

causing zero pollution and generating a suitable amount of power. Solar radiation, collector area, chimney 
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height, and chimney type are the main factor for the efficiency and performance of the power plant. The 

solar chimney design is a challenge to keep the vortex flow of air low to ensure smooth flow through the 

chimney. The chimney height is a crucial parameter to contribute to the variation of air velocity. The design 

and Performance study is done by controlling the chimney configuration. Development and simulation of 

SCPP with an optimum height of the chimney, the material used, and the selected method of fabrication 

(the process that is used to shape, cut, or mold materials into items) will be the deciding factors in creating 

more advancement in the field of green energy for sustainable development. 

In 1903, Cabanyes first proposed the concept of the SCPP and then the Solar Chimney Power Plant (SCPP) 

system was proposed in the late 1970s by professor J. Schlaich and tested with a prototype model in 

Manzanares, Spain in the early 1980s [1,2]. This Spanish prototype has a chimney of height 194.6m, and 

chimney radius is 5.08 m, a collector radius is 122 m, and an average height of the collector roof is 1.85 

m, which was able to generate actual power output of 37 kw. The solar radiation intensity was 850 w/m2.It 

used to be in operation for an average of 9hrs per day. The maximum solar intensity is available only from 

2 to 4hrs. There are inherent disadvantages of a tall chimney and environmental hazards, also the 

manufacturing cost is high for a tall chimney. This plant was operated automatically for approximately 7 

years, which demonstrated the feasible operation of the SCPP. In recent times Computational Fluid 

Dynamics (CFD) solutions considering 2D and 3D models have been incorporated to validate and 

optimize the performance of SCPP. Pasumarthi and Sherif [3,4] developed a mathematical model to study 

the effects of various environmental conditions and geometry on the flow and heat transfer characteristics 

and output power of the solar chimney, and they compared it with their experimental data and reported 

that overall results were encouraging. In their experimental model area of collector base has been increased 

and also put some absorber material in the collector base which has increased the output. Lodhi [5] 

presented a comprehensive analysis of the chimney design, power production, and efficiency, and 

estimated the cost of the SCPP setup in developing nations. Bernardes et al. [6] presented a theoretical 

analysis of a solar chimney, operating on natural laminar convection under a steady state. Gannon and 

Backstrom [7,8] presented an air standard cycle analysis of the SCPP for the calculation of limiting 

performance efficiency, and the relationship between the main variables including chimney friction, 

turbine system, and exit kinetic energy losses. Gannon and Backstrom [9] also presented an experimental 

investigation of the performances of a solar chimney turbine. The measured results showed that the solar 

chimney turbine presented has a total-to-total efficiency (ratio of actual work output of the turbine to the 

net input energy supplied in the form of hot air) of 85% - 90% and total to-static efficiency (used as a basis 

to obtain expressions for the optimum outlet blade angle and for the axial interference factor of a 

Horizontal Axis Wind Turbine or HAWT turbine blade ring) of 77% - 80% over the design range. Later, 

Gannon and Backstrom [10] presented an analytical equation in terms of turbine flow and load coefficient, 

and degree of reaction, to express the influence of each coefficient on turbine efficiency. Pastohr et al. [11] 

carried out a two-dimensional steady-state numerical simulation study on the whole SCPP system which 

consists of the energy storage layer, solar collector, turbine, and chimney obtained the distribution of 

velocity, pressure, and temperature inside the collector. Schlaich et al. [12] made an analysis of the 

operation principle of an SCPP system and predicted the commercial application prospects of large-scale 

SCPP systems. Pretorius and Kroger [13] evaluated the influence of a developed convective heat transfer 

equation, a more accurate turbine inlet loss coefficient, and the quality of collector roof glass. Bilgen and 

Rheault [14] designed an SCPP system for power production at high latitudes and evaluated its 

performance.The results showed that solar chimney power plants at high latitudes may have satisfactory 
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thermal performance and produce as much as 85% of the same plants in southern locations with horizontal 

collector field. The overall thermal performance of these plants is a little less than 0.5%.Koonsrisuk and 

Chitsomboon [15] proposed dimensionless variables to guide the experimental study of flow in a small-

scale solar chimney and employed a CFD methodology to explore the results. Chimney configuration is 

an important parameter in respect of power generation. Cuce et al. [16] and Siyang Hu et al. [17] have 

investigated the influence of area ratio on the performance of SCPP through a justified 3D axis, CFD 

Model. They have taken the geometric characteristics of the Manzanares pilot plant in their numerical 

model. The area ratio is varied from 0.5 to 10 to cover both convergent and divergent solar chimney 

designs. They have indicated that it is possible to improve the generation power from 54.3 KW to 168.5 

KW with an optimal area ratio value. They have also concluded that the streamline in the chimney is 

disturbed when the divergence angle is increased up to 2.5 degrees. Das Pritam and V.P. Chandramohan 

[18] has also done a theoretical study on the performance of SCPP employing divergent chimney and 

found the optimal divergence angle to be equal to 2 degrees which gives enhanced performances. 

Koonsrisuk and Chitsomboon [19] have concluded from the theoretical study of SCPP employing CFD 

technology that proper combination between the sloping collector roof and divergent top chimney can 

produce power as much as 100 times that of a conventional solar chimney power plant. Abdallah Bouabidi 

et al. [20] have studied the effect of chimney configuration on the local flow characteristics of SCPP. They 

have studied experimentally taking standard chimneys, divergent, convergent, and opposing chimneys. 

They have concluded that maximum velocity emerges with divergent configurations. Singh et al. [21] have 

investigated a novel design of chimney and concluded that suitable design changes in collector, chimney. 

Integrating an efficient bell-mouth at the inlet can substantially increase the air velocity by about 270% 

and hence drastically enhance the turbine power output compared to conventional design. So, it is 

necessary to explore different types of design of chimneys and find out an optimum design of the chimney. 

Divergent, sudden contraction and sudden expansion types of chimneys are universally better than basic 

chimneys and convergent chimneys. The choice of chimney design depends on various factors such as the 

specific application, flow conditions, and desired performance outcomes. Each type of chimney has its 

advantages and disadvantages, and their effectiveness depends on the context in which they are used. So, 

in this paper design and performance analysis of different types of chimneys has been done. Studying 

different types of chimneys for a solar chimney power plant is essential for optimizing efficiency, ensuring 

safety, minimizing environmental impact, and making informed decisions that contribute to the successful 

implementation and operation of the power plant.  

Nomenclature: 

 Ach            Chimney area, m2 

Cp                Specific heat of air, kJ/kg K 

Dch              Chimney outlet dia, m 

Dcoll             Collector dia, m 

Hch               Chimney height, m 

 g             Acceleration due to gravity, m/s2 

G            Amount of solar intensity radiation absorbed, W/m2 

Is                      Solar insolation on collector, W/m2 

 r               Radius of the absorber plate, m 

Ta                     Ambient temperature, K 

ηt                     Turbine efficiency 
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ηcoll                Collector efficiency 

Vch                  Velocity through the chimney, m/s 

ρair                 Ambient air Density, kg/m3 

Wch               Flow Power at bottom of the chimney, W 

We                  Electric power produced by the generator, W 

Wt                  Mechanical power (Maximum) developed by the wind  

                  turbine, W 

ηch                   Chimney efficiency 

Th                      Hot air temperature, K 

T0                Collector outlet temperature, K 

ΔΤ               Temperature difference between hot air and ambient air 

                    temperature, K 

τ                 Transmissivity of the cover 

FR               Heat removal factor 

Acoll                      Area of the collector, m2 

UL                         Overall heat transfer coefficient, W/m2K 

 

2. OBJECTIVE: 

In this paper, a systematic study of all related key parameters influencing the performance of SCPP has 

been carried out in subsequent sections with summarizing tables. The main objective is to study power 

output, temperature rise, Collector Base (CB) maximum velocity, Maximum pressure drop, overall 

efficiency for five different types of chimney design keeping the chimney height constant. The effect of 

solar intensity on output power is taken as other objective. Material cost of chimneys has been done to 

find the optimized chimney type which will give higher power output at lower cost.  

 

3. WORKING PRINCIPLE OF SCPP: 

The main components of the solar chimney power plant are shown in the Figure1. The main geometric 

parameters of the project are the height of the collector from the ground surface at entry(𝐻𝑐𝑜𝑙𝑙 = 2𝑚), the 

height of the collector from the ground surface at the center( 𝐻𝑐𝑜𝑙𝑙 = 4𝑚),collector diameter (𝐷𝑐𝑜𝑙𝑙 =

258𝑚),chimney height(𝐻𝑐ℎ = 197𝑚) and chimney outlet diameter(𝐷𝑐ℎ = 10𝑚). The solar energy will 

penetrate the transparent solar collector and heat the ground surface and the around it. The hot air will 

move along the slant surface of the collector to the bottom of the chimney. This air while moving towards 

the open end of the chimney will pass through the turbine where the kinetic energy of the air will be 

converted to mechanical work. The generator coupled to the turbine will convert the mechanical work into 

electrical energy. Finally, the hot air will leave through the top of the chimney due to natural circulation 

and draught created by the chimney. A continuous air flow will be established from the entry of the 

collector (cold air) to the exit of the chimney(hot air). In the literature generally, three types of SCPP are 

found. They are a Basic type of chimney and convergent and divergent types of chimneys. Two new types 

of chimneys such as sudden expansion and sudden contraction are also considered in this paper for 

evaluation of performances which are shown in the Figure 1. 
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(a)2D SCHEMATIC DIAGRAM OF SCPP 

 

 
(b)2D SCHEMATIC DIAGRAM OF CONVERGENT SCPP 
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© 2D SCHEMATIC DIAGRAM OF DIVERGENT SCPP 

 
   (d)2D SCHEMATIC DIAGRAM OF SUDDEN CONTRACTION SCPP 
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(e)  2D SCHEMATIC DIAGRAM OF SUDDEN EXPANSION SCPP 

 

Figure1. (a)2D SCHEMATIC DIAGRAM OF SCPP (b) 2D SCHEMATIC DIAGRAM OF 

CONVERGENT SCPP (c) 2D SCHEMATIC DIAGRAM OF DIVERGENT SCPP(d) 2D 

SCHEMATIC DIAGRAM OF SUDDEN CONTRACTION SCPP(e)  2D SCHEMATIC DIAGRAM 

OF SUDDEN EXPANSION SCPP 

Lal et al. [22] have given a mathematical relation to calculate the total amount of power generated in a 

plant: 

W0=Qs.η0             (1) 

Where Qs is the total amount of solar energy in the collector and η0 is the overall efficiency of SCPP. The 

overall efficiency depends on the collector shape, chimney diameter, and height.  

               The thermal efficiency of the SCPP depends on the chimney efficiency. Guo et al. [23] added 

that the efficiency increases due to the buoyant effect that is causing the temperature and pressure variation 

at the top and base of the chimney. The relation of turbine power generation 𝑃𝑡𝑢𝑟𝑏𝑖𝑛𝑒  and heat flux in the 

collector 𝑄𝑐𝑜𝑙𝑙is given by the following equation: 

ƞ𝑐ℎ =
𝑃𝑡𝑢𝑟𝑏𝑖𝑛𝑒

𝑄𝑐𝑜𝑙𝑙
           (2)  

Hanna et al. [24] have described that the chimney in an SCPP is responsible for the conversion of heat 

flow by the collector (qadded) into the turbine work output (pexternal) and that only determines the chimney 

efficiency. The chimney efficiency can be shown in relation: 

                     ƞch = 
𝑝𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙

𝑞𝑎𝑑𝑑𝑒𝑑
          (3)             

Lal et al. [22] have presented to determine the effect of chimney height on efficiency and the value of 

chimney efficiency can be obtained in percentage: 
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ηch = 0.0027𝐻𝑐ℎ
4  - 0.0347𝐻𝑐ℎ

3  - 0.1616𝐻𝑐ℎ
2  - 0.2868𝐻𝑐ℎ + 0.1775            (4) 

Maghrebi et al. [25] have stated that the efficiency of a chimney is the correlation of useful energy present 

in the airflow by turbine power output. Bouabidi et al. [26] have shown the velocity distribution inside the 

chimney. The velocity generated goes on to increase with the rise of the diameter of the chimney. Nasraoui 

et al. [27] have plotted a graph on the chimney efficiency rise vs chimney divergence radius and it shows 

that the rise is highest when the divergence radius is 15m.The above authors have already pointed out in 

detail the factors responsible for determining chimney efficiency. 

 

4. METHOD: 

The continuity equation is a fundamental principle in fluid dynamics that relates the mass flow rate of a 

fluid to its velocity and cross-sectional area within a conduit. In the context of designing a solar chimney 

power plant, the continuity equation can be applied to understand and optimize the airflow within the 

chimney structure, which is a key component of such a power plant. 

Continuity equation: 
𝜕(𝜌𝑢𝑖)

𝜕𝑥𝑖
 = 0                                                       (5) 

Navier-Stokes equations can be applied to gain a deeper understanding of the fluid dynamics involved and 

to optimize the design and performance of the facility. 

Navier-Stokes equation: 
𝜕(𝜌𝑢𝑖𝑢𝑗)

𝜕𝑥𝑗
 = 𝜌𝑔𝑖 - 

𝜕𝑃

𝜕𝑥𝑖
 + 

𝜕𝜏𝑖𝑗

𝜕𝑥𝑗
           (6) 

The energy equation can be used to model the heat absorption process within the solar collector. 

Energy equation: 
𝜕(𝜌𝐶𝑝𝑢𝑗𝑇)

𝜕𝑥𝑗
 = 

𝜕

𝜕𝑥𝑗
(λ

𝜕𝑇

𝜕𝑥𝑗
) + 𝜏𝑖𝑗

𝜕𝑢𝑖

𝜕𝑥𝑗
 + 𝛽𝑇(𝑢𝑗

𝜕𝑃

𝜕𝑥𝑗
)        (7) 

The problem is connected to natural convection, before solving the constitutive equation, it is essential to 

study the flow regime either in the laminar or turbulent zone. Rayleigh number (Ra) number determines 

the buoyancy-induced flow, which is governed by the following equation: 

              Ra = 
𝑔𝛽∆𝑇𝐿3𝜌

𝜇𝛼
          (8) 

Where ΔT and L define the maximum temperature difference of the airflow and average collector height 

respectively.𝛽is the thermal expansion coefficient (1/Tmax) and α is the thermal diffusivity (k/ρCp). Ra 

number value lies less than 108 in case of a buoyancy-driven laminar flow while the flow becomes 

turbulent in the range of 108<Ra<1010. From the considered geometrical dimensions, the calculated value 

of Ra is more than 109, so the flow domain is in the turbulent regime. 

The equation for the k-ε model: 
𝜕(𝜌𝑘𝑢𝑖)

𝜕𝑥𝑖
 = 

𝜕

𝜕𝑥𝑗
(𝛼𝑘𝜇𝑒𝑓𝑓

𝜕𝑘

𝜕𝑥𝑗
) + 𝐺𝑘 + 𝐺𝑏 − 𝜌휀 − 𝑌𝑀 + 𝑆𝑘     (9) 

𝜕(𝜌 𝑢𝑖)

𝜕𝑥𝑖
 = 

𝜕

𝜕𝑥𝑗
(𝛼휀𝜇𝑒𝑓𝑓

𝜕

𝜕𝑥𝑗
) + 𝐶1 𝑘

(𝐺𝑘 + 𝐶3 𝐺𝑏) - 𝐶2 𝜌
2

𝑘
− 𝑅 + 𝑆               (10) 

Where, Gk is the turbulence kinetic energy generation for mean velocity gradients. Gb is the turbulence 

kinetic energy generation for buoyancy. σΤ, σk and σε represent the Prandtl numbers (turbulent) for T, k, 

and ε respectively: σT = 0.9, σk = 1.0, σε = 1.3 and C1, C2 are two constants for turbulent model: C1 = 

1.44, C2 = 1.92 and Cμ = 0.09. 
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Different modes of heat transfer need to be considered in a SCPP. Heat flux is generated from the solar 

radiation using the process of Ray Tracing and the results are merged with ANSYS FLUENT calculations. 

The obtained energy equation: 

𝜕

𝜕𝑡
(𝜌𝐸)+∇. (�⃗�(𝜌𝐸)) = ∇. ((𝑘𝑒𝑓𝑓∇𝑇 − ∑ ℎ𝑓𝐽𝑓) + (𝜏̅̅𝑒𝑓𝑓. �⃗�)) + 𝑆ℎ

𝑓
              (11) 

Where, Sh denotes the volumetric heat sources defined by the user, keff is the effective conductivity,𝐽is 

defined as the diffusion flux of species j. If the flow is incompressible and no diffusion terms present then 

equation (11) can be modified as [28]: 

∇. (�⃗�(𝜌𝐸)) =  ∇. 𝑘𝑒𝑓𝑓∇𝑇 + 𝜏̅�̅�𝑓𝑓. �⃗� + 𝑆ℎ∇. (�⃗�(𝜌𝐸))                 (12) 

∇. (�⃗�(𝜌𝐸)) = ∇. 𝑘𝑒𝑓𝑓∇𝑇 + 𝜏̅�̅�𝑓𝑓. �⃗� + 𝑆ℎ                   (13) 

The radiative transfer equation for Discrete Ordinance (DO) model is given as:∇. (𝐼(𝑟, 𝑠)𝑠) +

(𝑎 + 𝜎𝑠)𝐼(𝑟, 𝑠) = 𝑎𝑛2 𝜎𝑇4

𝜋
+

𝜎𝑠

4𝜋
∫ 𝐼(𝑟, 𝑆′)⃗⃗ ⃗⃗ ⃗⃗4𝜋

0
∅(𝑠, 𝑆′⃗⃗⃗⃗ )𝑑𝛺′      (14) 

Where, I is the intensity of solar radiation, 𝑟 is the position vector, 𝑠 is the direction vector, T is the ambient 

temperature, 𝑆′⃗⃗⃗⃗  is the scattering direction vector, ∅ is the phase function and 𝛺′ is the solid angle. 

 Exergy is the useful energy that is utilized to transform into the power output of SCPP. Generally, the heat 

entering into the system and work going out of the system are taken as positive. Taking into account the 

first law of thermodynamics, for a process, the state 1 & 2 lie in equilibrium conditions:  

∫ 𝛿𝑄
2

1
− ∫ 𝛿𝑊

2

1
= 𝐸2 − 𝐸1                                                                                                               (15) 

By integrate, we get: 

Q1,2 − W1,2  =  E2 − E1                          (16) 

In the above equation (16), it is distinct that work and heat both are path dependent but energy change is 

not influenced by the path of the process and the solution is obtained directly from the final states of the 

system. By applying the second law of thermodynamics on the same system, we get: 

∫
𝛿𝑄

𝑇

2

1
≤ 𝑆2 − 𝑆1                                                                                                         (17) 

So, it is clear that heat transfer across the boundary (δQ) and its temperature (T) determines the entropy 

transfer between the closed system and the surroundings. In the exergy analysis, entropy generation is 

given by:  

𝑆𝑔𝑒𝑛 = 𝑆2 − 𝑆1 − ∫
𝛿𝑄

𝑇
≥ 0

2

1
                       (18) 

In the case of open loop systems, the mass transfer occurs through the openings apertures of the boundary, 

and mass, energy, and entropy are important parameters for thermodynamics. From the first law of 

thermodynamics defines the relation: 

∑ 𝑚(̇𝑖𝑛 ℎ +
1

2
𝑉2 + 𝑔𝑍) − ∑ 𝑚(̇𝑜𝑢𝑡 ℎ +

1

2
𝑉2 + 𝑔𝑍) + �̇� − 𝑊𝑠ℎ

̇ =
𝜕𝐸

𝜕𝑇
                (19) 

It should be kept in mind that the work transfer occurs generally in the form of a rotating shaft. In the 

above equations using the given second law of thermodynamics: 

∑ 𝑚𝑠̇𝑖𝑛 − ∑ 𝑚𝑠̇𝑜𝑢𝑡 +
𝑄

𝑇
≤

𝜕𝑆

𝜕𝑡
                                                                                                   (20) 

The difference between equation (20) & equation (17) entropy transfer linked with the mass transfer across 

the boundary for closed systems. Due to this, the entropy generation can be calculated from the following 

relation: 

𝑆𝑔𝑒𝑛
̇ =

𝜕𝑆

𝜕𝑡
−

�̇�

𝑇
+ ∑ 𝑚𝑠̇𝑜𝑢𝑡 − ∑ 𝑚𝑠̇𝑖𝑛 ≥ 0                                                                                     (21) 
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Exergy can be also termed as the energy that is utilized to carry out a useful task. Exergy is zero as soon 

as the system and the surroundings gain an equilibrium condition. Assuming a constant value of specific 

heat Cp is shown in the relation: 

Wmax =�̇�[(ℎ − 𝑇0𝑠)𝑖𝑛 − (ℎ − 𝑇0𝑠)𝑜𝑢𝑡] 

𝑊𝑚𝑎𝑥 = �̇�[𝐶𝑝 (𝑇𝐻 − 𝑇0 − 𝑇0𝑙𝑛
𝑇𝐻

𝑇0
)]                                                                                            (22) 

It also symbolizes the deviation of the system from the reversible state and is shown as: 

𝜂II =
�̇�

�̇�𝑚𝑎𝑥
= 1 −

�̇�𝑙𝑜𝑠𝑡

�̇�𝑚𝑎𝑥
                                                                                                                 (23) 

Utilizing equation (21): 

�̇�𝑙𝑜𝑠𝑡 = 𝑇0�̇�𝑔𝑒𝑛                                                                                                                                (24) 

This equation (24) is known as Gouy-Stodola theorem. There should not be any confusion of equation 

(23) with the first law of efficiency, which signifies heat engine working between heat reservoirs TH and 

TL is shown by: 

𝜂𝐼=
𝑊

𝑄𝐻
= 𝜂𝐼𝐼 (1 −

𝑇𝐿

𝑇𝐻
) = 𝜂𝐼𝐼𝜂𝑐𝑎𝑟𝑛𝑜𝑡                   (25) 

The collector efficiency with surface area A = πr2 is given by: 

𝜂𝑐𝑜𝑙𝑙 =
𝑄

𝐴𝐺
                                                                                                                                      (26) 

Where, Q is the generated heat because of the greenhouse effect and is given by: 

Q = Cp.m.ΔT                          (27) 

Where, m (ρair.Vch.Ach) is the mass flow, Vch is the velocity, Achis the inlet surface area of the chimney. By 

substituting the expressions Q and m in equation (26): 

𝜂𝑐𝑜𝑙𝑙 =
𝑚.𝐶𝑝.Δ𝑇

𝐴𝐺
                                                                                                                            (28)                                                                                                 

𝜂𝑐𝑜𝑙𝑙 =
𝜌𝑎𝑖𝑟.𝑉𝑐ℎ.𝐴𝑐ℎ.𝐶𝑝.Δ𝑇

𝜋𝑟2𝐺
(29 

The pressure difference between the inlet and outlet of the collector can be established from the following 

relation given by Cao et al. [29]: 

Δ𝑃 = ∫ 𝑔
𝑜𝑢𝑡𝑙𝑒𝑡

𝑖𝑛𝑙𝑒𝑡
(𝜌𝑎𝑖𝑟 − 𝜌(𝑧))𝑑𝑧                                                                          (30) 

Where, z is the height. 

The equation for calculating the efficiency of a chimney is given by: 

𝜂𝑐ℎ =
𝑔.𝐻𝑐ℎ

𝐶𝑝.𝑇𝑎
                                                                                                                      (31) 

Therefore, chimney efficiency varies directly to the ratio between chimney height (Hch) and the 

surrounding temperature (Ta). Where Hch represents chimney height, the flow power (Ptot) is designated 

as: 

𝑃𝑡𝑜𝑡 =
𝑔𝑐ℎ.𝐻𝑐ℎ

𝑇𝑎
𝜌𝑐𝑜𝑙𝑙. 𝑉𝑐ℎ. Δ𝑇. 𝐴𝑐ℎ                                                                           (32) 

There is a pressure drop in the chimney is: 

Δ𝑃𝑡𝑜𝑡 = 𝜌𝑐𝑜𝑙𝑙𝑔𝐻𝑐ℎ
Δ𝑇

𝑇𝑎
                                                                                                (33) 

The expression of mechanical power utilized by the turbine is depicted by Sangi [30]: 

𝑃𝑚 =
2

3
𝜂𝑐𝑜𝑙𝑙𝜂𝑐ℎ𝐴𝑐𝑜𝑙𝑙𝐺                                                                                       (34)                                                  

The above equation (34) can be further modified as: 

𝑃𝑚 =
2

3
𝜂𝑐𝑜𝑙𝑙𝜂𝑐ℎ𝜋𝑟2𝐺                                    (35) 
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For different dimensions, the efficiency of the turbine lies in the range of 0.8 to 0.9. Considering the 

performance study of different SCPP the value is taken as 0.83. The electric power generated is given by 

the expression: 

𝑃𝑒 =
2

3
𝜂𝑐𝑜𝑙𝑙𝜂𝑡

𝑔

𝐶𝑝.𝑇𝑎
𝐻𝑐ℎ𝜋𝑟2𝐺                                                                                                (36) 

The potential power output available in the turbine is given by the equation used by [29]: 

              Ptot = Δpt.Qv                  (37) 

Where, Δpt is the pressure drop in the turbine and Qv is volumetric from. The shaft power can be obtained 

from the rpm and torque of the rotor: 

𝑃𝑡 =
2𝜋𝑛𝑡𝑀

60
                     (38) 

Where, nt is the rotational speed and M is the torque acting. From equation (37) & (38), we get the equation 

of turbine efficiency (ηt): 

𝜂𝑡 =
𝑃𝑡

𝑃𝑡𝑜𝑡
                                                                                                                           (39) 

The overall efficiency of the plant can be evaluated by the relation used by Gholamalizadeh and Kim [31]: 

                 ηscpp = ηcoll.ηch.ηt                   (40) 

The data on the performance and operation of the Manzanares STC prototype was obtained from [2] along 

with the data present on outside temperature and material characteristics. It has been noted that the 

generated power is 27 kw to 35 kw with the atmospheric temperature ranging from 297 k to 309 k. The 

power recorded is found to be 5% to 9% less than the recorded power generation which proves that the 

data obtained is accurate. 

               By observing the above equations, it can be verified that several factors are responsible for 

electric power generation. These are both geometrical configurations diameter of the collector, height and 

diameter of the chimney, space between the ground and collector roof and atmospheric changes that 

ambient temperature, incident solar radiation and atmospheric pressure. 

 

4.1 NUMERICAL PROCEDURE: 

               The present study is carried out numerically using the finite volume based reliable commercially 

available ANSYS-Fluent 18.1 solver. Here, the 300 CFD model is used and preferred to shorten the total 

iteration period instead of the whole geometry. The SIMPLE algorithm technique is used for the solution. 

For obtaining the converged solution, a minimum criterion of 106 is chosen for the computation. 

 

4.1.1 Discretization technique:  

Gradient: Green Gauss cell based 

Pressure: PRESTO 

Momentum: Second order upwind 

Turbulent kinetic energy: Second order upwind 

Turbulent dissipation rate: First order upwind 

Energy: Second order upwind 

Discrete ordinates: First order upwind 

Under relaxation factor: 

Pressure: 0.3 

Momentum: 0.8 

Turbulent kinetic energy: 0.8 
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Turbulent dissipation rate: 0.8 

 

4.1.2 Boundary Conditions: 

Inlet: Inlet Pressure has been taken as 0-gaugepressureand Temperature= 302K  

Outlet: Outlet pressure is taken as 0-gauge pressure and temperature =302K 

Collector (Transparent Cover): Heat transfer coefficient= 10W/𝑚2K, Temperature= 302K 

Ground Surface (Absorber Plate): Heat flux= 0W/𝑚2 

Chimney (Adiabatic wall): Thickness= 0.00125m 

For predicting the correct results, a mesh sensitivity test of the SCPP geometry is carried out exhaustively 

for the different grid sizes with different element sizes using constant solar radiation of 1000 W/𝑚2. The 

results are compared using the extreme temperature, velocities, velocity at the chimney base, temperature, 

and rate of mass flow. The mesh size is chosen as M (73862) for the element size 0.80 respectively, which 

are presented in Table2. The cumulative error in the consecutive grid decrease as element size becomes 

smaller and finally, M is used for the study due to changes in the values being very less. As the shape 

changes due to modification of the ground absorber surface, the grid size is finalized by taking 0.8 element 

size for further study of different modified models. Details about the mesh structure used in the 

computational model for the modified SCPP are presented in below Figure2, Figure 3, Figure 4 and Figure 

5with 3D view of the SCPP model,300CFD model with a cylindrical coordinate system, and an enlarged 

view of the chimney base area. 

 
                     (a)                                          (b)                                                    (c) 

Figure 2: Mesh generation for the modified Convergent SCPP: (a) 3D view of the SCPP model, (b) 

𝟑𝟎𝟎 CFD model with a 3D coordinate system, (c) enlarged view of the chimney base area. 

 
(a)                                           (b)                                                    (c) 

Figure 3: Mesh generation for the modified Divergent SCPP: (a) 3D view of the SCPP model, (b) 

𝟑𝟎𝟎 CFD model with a 3D coordinate system, (c) enlarged view of the chimney base area. 
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(a)                                    (b)               (c) 

Figure 4: Mesh generation for the modified Sudden contraction SCPP: (a) 3D view of the SCPP 

model, (b) 𝟑𝟎𝟎 CFD model with a 3D coordinate system, (c) enlarged view of the chimney base 

area. 

 
(a)                                               (b)                                                   (c) 

Figure 5: Mesh generation for the modified Sudden expansion SCPP: (a) 3D view of the SCPP 

model, (b) 𝟑𝟎𝟎 CFD model with a 3D coordinate system, (c) enlarged view of the chimney base 

area. 

 

5. ANALYSIS OF RESULTS: 

Performance enhancement is the main concern of any study in SCPP. Five types of chimney design namely 

Base type, divergent, convergent, sudden contraction and sudden expansion are taken for analysis of 

performance so that optimum chimney design can be obtained. Pressure distribution especially at the 

turbine inlet is of vital importance to assess the performance of any plant based on SCPP. The velocity 

distribution is another component to know the volume flow rate for obtaining the power developed by the 

plant. Air temperature has a major impact on air velocity. Considering all these phenomena, this subsection 

examines the flow parameters like velocity, pressure, temperature, and to get an insight into the flow 

physics of the SCPP model. Since the collector outlet is the proper location for achieving the maximum 

results of buoyant convection due to the solar radiation effect, the chimney base is taken as a reference to 

examine the pressure, temperature, and velocity distribution as shown in the Figure6-9below. Figure 6 

shows the pressure drop , velocity of air and temperature rise of convergent chimney, similarly for 

divergent chimney in Figure 7 , sudden contraction in Figure8 and sudden expansion in Figure 9. Power 

output of five types of chimneys have been calculated. Power output of basic chimney at different solar 

intensity has been calculated. The data are shown in figure 11. With increase of solar Intensity power 
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output increases which is shown in Figue11. When compared with the literature data the results has been 

found to be comparable. Literature data are given in table 3-5.  

 
Figure 6: Convergent 

 
Figure7: Divergent 

 
Figure8: Sudden Contraction 

 
Figure9: Sudden Expansion 
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Table 1:   Thermophysical Properties of Air, Collector, Ground Absorber, and Chimney: 

Properties Air Collector Ground 

Absorber 

Chimney 

Material Air[32] Glass Iron Aluminum 

Density 

(𝜌)kg/𝑚3 

1.2046 2500 2183 2710 

Specific heat 

(𝐶𝑝)J/kg/K 

1006.43 750 996 880 

Thermal 

conductivity 

(K), W/mK 

0.0259 1.15 2 1.4 

Absorptivity   0.85 0.03 0.9 1.0 

Transmissivity   0.64 0.9 Opaque Opaque 

Thermal 

expansion 

coefficient 

(𝛽),𝐾−1 

3.31X10^-3/K 6.7X10^-7/K - 23.5X10^-6/K 

Thickness, m - 0.004 0.5 0.00125 

Refractive index 1.0003 1.526 1.0 1.0 

Emissivity 0.85 0.1 0.9 1.0 

 

Table 2: Mesh Sensitivity Test using the Maximum Velocity, Temperature, Chimney Base Velocity 

and Temperature and Mass Flow Rate: 

 Mesh size/Element size (M)73,862 

Parameters 

Checked 

Convergent Divergent Sudden 

expansion 

Sudden 

contraction 

Max Velocity 11.44 18.77 18.39 13.28 

Max Temperature 347.54 348.44 349.12 348.10 

CB Velocity 9.87 11.13 11.10 8.04 

CB Temperature 314.99 317.05 317.67 316.05 

Mass Flow Rate 32.57 24.23 23.13 28.67 

 

Table 3: Comparison of the present results with the published results using chimney base 

velocities. 

Published literature Experimental/Numerical 

study 

Chimney Base 

Velocity(m/s) 

Present study Numerical Convergent- 9.87 

Divergent- 11.13 

Biswas et al. [33] Numerical 10.47 

Haaf et al. [2] Experimental 9.00 

Koonsrisuk and 

Chitsomboon [34] 

Numerical 7.25 
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Gholamalizadeh and Kim 

[31] 

Numerical 9.10 

Guo et al. [35] Numerical 8.20 

Keshari et al. [36] Numerical 9.87 

 

Table 4: Comparison of the present results with published results using temperature rise. 

Published literature Experimental/Numerical 

study 

Temperature rise(K) 

Present study Numerical Convergent- 18 

Divergent- 19.08 

Biswas et al.[33] Numerical 17 

Haaf et al. [2] Experimental 20 

Koonsrisuk and 

Chitsomboon [34] 

Numerical 17.8 

Sangi et al. [37] Numerical 20.96 

Kasaeian et al. [38] Numerical 18.8 

 

 

 
Figure 10: CB velocity and temperature rise of present study and literature 
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Table 5: Comparison of the present results with published results using power produced (𝑷𝒂𝒄𝒕). 

Solar 

intensity 

(kW/𝒎𝟐) 

The present 

study 

(Numerical) 

Biswas et al. 

[33] 

(Numerical) 

Haaf et al. [2] 

(Experimental) 

Cuce [39] 

(Numerical) 

Keshari et 

al. [36] 

(Numerical) 

0.4 Convergent-

26 

Divergent-

30 

20 - 19.451 - 

0.6 Convergent-

36 

Divergent-

40 

30 - 30.742 - 

0.8 Convergent- 

48 

Divergent- 

52 

42 - 42.445 - 

1.0 Convergent- 

58 

Divergent- 

60 

52 50 54.478 56 

 

 
Figure11: Solar Intensity vs. power output 

 Fitting curves using developed correlations for the original data versus predicted data with regression 

coefficients for power, collector efficiency, overall chimney efficiency, max velocity, max temperature, 

CB velocity, CB Pressure, CB Temperature, and Pressure Drop. Power output of divergent and sudden 

expansion chimneys are higher than others (Figure12). In Divergent type of Chimney, gradual expansion 

of the chimney allows for a smoother flow transition, reducing pressure losses and turbulence. It can help 

improve the overall efficiency of the chimney system. Sudden expansion chimneys are effective in 

reducing exit velocities significantly. The sudden increase in flow area converts kinetic energy into 
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pressure energy, increasing static pressure at the chimney exit. Materials requirement for sudden expansion 

type of chimney is less than divergent type of chimney. Because diameter increase is from a height of 2/3 

rd of the chimney height for a sudden expansion type of chimney. Collector efficiency of convergent and 

sudden contraction are higher than others(Figure 13). It is obvious that there is velocity reduction and 

retention time for air is more. Overall efficiency of divergent and sudden expansion type of chimney are 

higher than others (Figure14). Maximum velocity of divergent and sudden expansion are higher than 

others (Figure15). By gradually widening or having sudden expansions, these chimney designs can reduce 

the pressure losses that occur due to fluid friction. This means that the exhaust air can flow more smoothly 

through the chimney, reducing energy losses in the process. In a divergent chimney, the gradual increase 

in cross-sectional area can aid in better dispersion of air. This can help prevent backflow or recirculation 

of gases, which would otherwise hinder the efficiency of the chimney. An optimized designs of these 

chimneys can lead to a reduction in backpressure on the source of the air. Lower backpressure allows the 

source to operate more efficiently, leading to improved overall system efficiency. A well-designed 

divergent or suddenly expanding chimney can create a better draft effect. The draft effect is the flow of air 

caused by the temperature difference between the inside and outside of the chimney. An improved draft 

effect can result in lower losses.Maximum temperature of sudden expansion and divergent chimneys are 

higher than Others (Figure16). Both divergent and sudden expansion chimneys, as described earlier, can 

contribute to better efficiency and less pressure losses, which could result in a higher retention of heat and 

maintain elevated temperatures. A well-designed divergent or suddenly expanding chimney can be help 

prevent backflow or recirculation of flue gases. This reduces the possibility of cooled air leaving, mixing 

with the hot upcoming air, thus preserving the high temperature of the flue gases. CB velocity of sudden 

expansion and divergent chimneys are higher than others (Figure17). A sudden expansion chimney design 

allows the air to rapidly expand as it exits the collector and enters the chimney. This expansion leads to an 

increase in velocity. The sudden expansion creates a pressure difference between the collector and the 

chimney, causing a natural draft effect. This draft effect enhances the airflow velocity. The higher velocity 

at the collector base enables a greater volume of air to be drawn into the chimney, which can lead to more 

efficient power generation. A divergent chimney design gradually widens as it extends upward. This 

design helps in converting the thermal energy of the hot air collected in the solar chimney to kinetic energy 

(velocity) more efficiently. The gradual increase in cross-sectional area allows the air to expand and 

accelerate as it moves up the chimney, resulting in higher velocities. The divergent chimney design can 

create a better venturi effect, where the narrowing of the chimney at the top further increases the velocity 

of the airflow. Higher base velocity in a divergent chimney increases the airflow rate, which can improve 

power generation in the solar chimney power plant. It's essential to note that the collector base velocity is 

crucial for the overall efficiency of a solar chimney power plant. A higher velocity at the collector base 

means that more air is being drawn into the chimney, resulting in increased airflow and greater power 

generation potential. However, other factors, such as the collector design, chimney height, and solar 

radiation intensity, also play significant roles in determining the overall performance of the solar chimney 

power plant. CB temperature of sudden expansion and divergent chimneys are higher than others 

(Figure18). In a Solar chimney power plant, the collector base temperature refers to the temperature of the 

air at the base of the solar collector. The temperature at this point is influenced by several factors, including 

solar radiation, ambient temperature, collector design, and chimney configuration.The sudden expansion 

chimney design allows for efficient mixing of the incoming air with the hot air collected in the solar 

collector. As the hot air expands and exits the collector, it rapidly mixes with the incoming cooler air, 
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leading to an increase in temperature. The rapid mixing and higher velocity in the sudden expansion 

chimney design help reduce heat losses and enhance the transfer of thermal energy from the solar collector 

to the airflow. The higher base temperature in a sudden expansion chimney indicates that the collector is 

effectively capturing and retaining solar heat, making it more efficient in converting solar energy into 

thermal energy. The divergent chimney design also aids in efficient mixing of the hot air collected in the 

solar collector with the incoming air. As the air moves up the divergent chimney, it gradually expands, 

leading to higher temperatures. The gradual expansion in the divergent chimney allows for a longer contact 

time between the hot air and the incoming air, facilitating better heat transfer and raising the base 

temperature. The improved mixing and higher base temperature of the divergent chimney contribute to 

increased thermal efficiency and overall power generation potential of the solar chimney power plant.CB 

pressure of sudden expansion and divergent chimneys are higher than others(Figure19). The collector base 

pressure refers to the air pressure at the base of the solar collector. The pressure at this point is influenced 

by various factors, including solar radiation, collector design, chimney configuration, and the surrounding 

atmospheric conditions. The sudden expansion chimney design creates a pressure difference between the 

collector and the chimney. As the hot air collected in the solar collector rapidly expands and exits into the 

chimney, it creates a higher pressure at the collector base. The sudden increase in cross-sectional area at 

the exit of the collector causes a pressure drop, resulting in a higher-pressure gradient and consequently 

higher base pressure. The higher base pressure in a sudden expansion chimney helps drive the airflow 

upwards through the chimney, increasing the flow rate and improving the overall efficiency of the solar 

chimney power plant. The divergent chimney design allows for gradual expansion of the hot air collected 

in the solar collector as it moves up the chimney. This expansion process leads to a higher pressure at the 

base of the collector. The gradual expansion in the divergent chimney design results in a smoother pressure 

transition, reducing pressure losses and maintaining a higher base pressure. The higher base pressure in a 

divergent chimney contributes to a better draft effect, helping to draw more air into the system and 

increasing the airflow rate through the chimney. Pressure drop of sudden expansion and divergent 

chimneys are higher than others (Figure20). The pressure drop refers to the decrease in air pressure as the 

air flows through the system, from the collector base to the chimney exit. The pressure drop is an important 

consideration as it affects the overall efficiency and performance of the power plant. In a sudden expansion 

chimney, the air rapidly expands as it exits the collector and enters the chimney. This sudden expansion 

creates a pressure drop at the exit of the collector. The pressure drop in the sudden expansion chimney is 

more pronounced due to the abrupt increase in cross-sectional area. The pressure drop is associated with 

an increase in air velocity, which is required for efficient power generation in the chimney. While the 

higher- pressure drop helps drive the airflow upwards through the chimney, it can also lead to higher 

friction losses and result in a more significant reduction in pressure along the flow path. In a divergent 

chimney, the air gradually expands as it moves up the chimney. The gradual expansion is designed to 

convert thermal energy into kinetic energy (velocity) more efficiently. While the pressure drop in a 

divergent chimney is generally less abrupt than in a sudden expansion chimney, it is still present due to 

frictional losses and the gradual increase in cross-sectional area. The pressure drop in a divergent chimney 

is associated with the increase in airflow velocity and the improvement of the chimney's draft effect. 

Sudden expansion can potentially help increase the speed of the updraft, leading to higher energy 

conversion. However, it’s essential to balance the design to avoid excessive turbulence or pressure drops 

that could reduce efficiency. A sudden expansion type of chimney may be advantageous from the point of 

view of increased air, reduced flow resistance and enhanced mixing but on the other hand an improper 
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design could lead to unintended consequences such as flow separation, turbulence, or reduced updraft 

velocity. A sudden expansion type of chimney involves engineering challenges in terms of structural 

integrity, materials, and construction methods to accommodate the change in chimney diameter. The actual 

gains of such type of chimney might vary depending on factors such as local climate conditions, collector 

design, and turbine efficiency. The cost of design, construction and maintenance of sudden expansion type 

of chimney may be higher than a basic type of chimney which could be concluded only after proper 

analysis. It’s essential to conduct through simulations, modeling, and testing to ensure that the sudden 

expansion will indeed lead to improved performance and justify the additional cost and complexity. 

 
Figure12: Poweroutput of different chimney(W) 

 

 

Figure 13:𝜼𝒄,Collector Efficiency of different chimney (%) 
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Figure 14:𝜼𝒐 Overall Efficiency of different chimney 

 

 
Figure 15:  Max Velocity of different chimney(m/s) 

 

 
Figure 16: Max Temperature of different chimney(K) 
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Figure 17: CB Velocity of different chimney(m/s) 

 

 
Figure 18: CB Temperature of different chimney(K) 

 

 
Figure 19: CB Pressure of different chimney (Pascals) 
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Figure 20: Pressure Drop of different chimney 

 

6. COST ANALYSIS:  

Cost analysis of different types chimneys has been calculated. In this comparison outlet diameter of all 

chimney type has been kept constant at 10 meters. Height of the chimney is taken as 197meter for all type 

of chimney. In case of sudden expansion two third of the chimney height is taken for lower section whose 

diameter is taken as 5 meters. In case of sudden contraction two third of the height is taken as 15 meters 

in diameter and one third of the height is taken as 10 meters. In case of convergent and divergent chimney 

angle of convergence and divergence are taken as one degree.  In case of divergent chimney base diameter 

is 3.2 meters. In case of convergent chimney base dimeter is 17 meters. Only material cost of aluminium 

chimney of thickness 0.00125m has been taken for cost comparison. Figure 21 gives the cost and power 

output of five types of chimneys considered. From the Figure 21 it is evident that sudden expansion types 

of chimneys costing lowest amongst others and giving lowest cost per unit kilowatt of power output. 

However, ease of construction and maintenance of the chimney will have to be considered for building 

any type of solar chimney power plant. 

 
Figure 21: Cost and power output of different types of chimneys 
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7. CONCLUSION: 

The present study analyses three-dimensional thermofluidic flow dynamics and the comparison between 

convergent, divergent, sudden contraction and sudden expansion type of Chimney for optimizing the 

performance of a solar chimney power plant (SCPP). The outcome of the study is summarized as follows: 

Power output of divergent and sudden expansion chimneys are found to be higher than others. Sudden 

expansion type of chimneys is effective in reducing exit velocities significantly. The sudden increase in 

flow area converts kinetic energy into pressure energy, increasing static pressure at the chimney exit. 

Collector efficiency of convergent and sudden contraction are higher than others. It is obvious that there 

is velocity reduction and retention time for air is more. Overall efficiency of divergent and sudden 

expansion type of chimney are higher than others. Maximum velocity of divergent and sudden expansion 

is higher than others. By gradually widening or having sudden expansions, these chimney designs can 

reduce the pressure losses that occur due to fluid friction. Maximum temperature of sudden expansion and 

divergent chimneys are higher than others. The sudden expansion chimney design allows for efficient 

mixing of the incoming air with the hot air collected in the solar collector. As the hot air expands and exits 

the collector, it rapidly mixes with the incoming cooler air, leading to an increase in temperature. CB 

velocity of sudden expansion and divergent type of chimneys are higher than others. A sudden expansion 

chimney design allows the air to rapidly expand as it exits the collector and enters the chimney. This 

expansion leads to an increase in velocity. CB temperature of sudden expansion and divergent chimneys 

are higher than others. The sudden expansion chimney design allows for efficient mixing of the incoming 

air with the hot air collected in the solar collector. As the hot air expands and exits the collector, it rapidly 

mixes with the incoming cooler air, leading to an increase in temperature. CB pressure of sudden 

expansion and divergent chimneys are higher than others. Pressure drop of sudden expansion and divergent 

chimneys are higher than others. The pressure drop in the sudden expansion chimney is more pronounced 

due to the abrupt increase in cross-sectional area.  

Cost analysis of different types chimneys has been calculated. It has been found that sudden expansion 

type of chimney cost is the lowest amongst others and on the other hand it is also giving highest power 

output. Cost of power output per unit kilowatt for sudden expansion type of chimney is Rs 31417 compared 

to divergent type of chimney costing Rs. 61617 which is almost double that of sudden expansion type of 

chimney, Figure 21. 

Sudden expansion can potentially help increase the speed of the updraft, leading to higher energy 

conversion. Material requirement for a sudden expansion type of chimney is less that a divergent type of 

chimney. So, Cost per unit power output is less for sudden expansion type of chimney. However, it’s 

essential to balance the design to avoid excessive turbulence or pressure drops that could reduce efficiency. 

A sudden expansion type of chimney may be advantageous from the point of view of increased air, reduced 

flow resistance and enhanced mixing but on the other hand an improper design could lead to unintended 

consequences such as flow separation, turbulence, or reduced updraft velocity. A sudden expansion type 

of chimney involves engineering challenges in terms of structural integrity, materials, and construction 

methods to accommodate the change in chimney diameter. The actual gains of such type of chimney might 

vary depending on factors such as local climate conditions, collector design, and turbine efficiency. The 

cost of design, construction and maintenance of sudden expansion type of chimney may be higher than a 

basic type of chimney which could be concluded only after proper analysis. It’s essential to conduct 

through simulations, modeling, and testing to ensure that the sudden expansion will indeed lead to 

improved performance and justify the additional costs and complexity. 
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