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In response to the ongoing quest for more efficient renewable energy sources, this research addresses 
a significant gap in understanding the performance variations of Solar Chimney Power Plant (SCPP) 
models, particularly focusing on the influence of flow parameters in full and half-inclined collector 
sections featuring semi-elliptical curvature. The motivation stems from the need to optimize SCPP 
designs for enhanced energy generation while minimizing resource utilization and environmental 
impact. This research focuses on investigating flow parameter variations in Solar Chimney Power 
Plant (SCPP) models with full and half-inclined collector sections featuring semi-elliptical curvature 
and variable semi-minor heights (b: 0.01–0.03 m). The six models, including divergent chimneys 
(4 m), collector diameter (2.6 m), and 0.04 m collector inlet height at a 10° positive inclination, 
were categorized into Full Inclined Semi Elliptical Solar Chimney Power Plants (FSCPP-1,2,3) and 
Half Inclined Semi Elliptical Solar Chimney Power Plant (HSCPP-1,2,3). Initially, ANSYS-FLUENT 
were utilized for computational approximation. The models with greater maximum flow parameter 
magnitudes were selected for experimentation. FSCPP-1 and HSCPP-1 demonstrated superior 
performance, achieving higher maximum velocities (4.31 m/s, 4.49 m/s) under a temperature rise of 
35 K and 36 K. Experimental results aligned well with computational data. Validation with a straight 
tower inclined collector solar chimney (SSCPP) and existing literatures concluded that the semi-
elliptical profile in the half-inclined collector model (HSCPP-1) enhances overall system performance. 
In addition, a comparison between computational and experimental approaches revealed an error 
approximation of up to 5%. FSCPP-1 outperformed its subgroup with velocity and temperature 
enhancements up to 5% and 2%, while HSCPP-1 surpassed its group with 4% and 1% enhancement. 
Validation with SSCPP highlighted the maximum velocity enhancements of up to 42% in FSCPP and 
44% in HSCPP models. In higher flow parameter magnitude models, HSCPP-1 outperformed FSCPP-1 
with a 4% enhancement in maximum velocity and up to 2% in temperature magnitude, emphasizing 
the positive influence of curvature heights (0.01–0.03 m) progressing towards minimal positive 
percentage enhancements.
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SUT	� Solar Updraft Tower
CFD	� Computation Fluid Dynamics
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Greek symbols
T	� Temperature (K)
T0	� Ambient Temperature (K)
ρ 	�  Density (kg/m3)
ρ0 	� Ambient Density (kg/m3)
β 	� Expansion rate
A	� Area (m2)
u	� Initial Velocity (m/s2)
t	� Time (s)
V	� Velocity (m/s2)
µ 	� Coefficient of viscosity
ṁ 	� Mass flow rate (kg/s)
△ p 	� Pressure difference (Pa)
ν 	�  Final Velocity (m/s)
et	� Heat Transfer−→
Fb 	� Body Force (N)
a 	� Absorptivity
bλ 	� Intensity
s	�  Scattering Coefficient
n	� Refractive Index
g	�  Acceleration due to gravity (m/s2)
r	� Radial Position in collector (m)
rd 	�  Divergent sectional radius up to assumed chimney height
ri 	� Chimney inlet radius
x	� Position along chimney from its inlet (m)
Rcoll 	�  Collector Radius(m)
r/Rcoll 	�  Collector radius ratio
Hchim/rd 	� Divergent sectional aspect ratio
x/ri 	�  Positional ratio
Hchim 	�  Chimney Height(m)
x/Hchim 	� Chimney Height ratio
Subscripts
d	� Divergent section
i	� Chimney inlet
max 	� Maximum
coll	� Collector
chim	� Chimney

The evolution of electricity demand from industrial to household applications has driven advancements in power 
production systems. Non-renewable sources dominate current energy generation, contributing to environmental 
issues1. The Solar Chimney Power Plant (SCPP) emerges as a promising alternative, harnessing buoyancy effects 
and natural convection for eco-friendly energy production. With a simple construction comprising a collector, 
chimney, ground, and turbine, the SCPP operates without fuel combustion. Solar radiation heats the ground 
beneath the transparent collector, initiating natural convection and creating an updraft through the chimney2. 
The updraft drives the turbine, which is connected to a generator for electricity production. Unlike complex 
conventional systems, SCPP requires no moving parts for flow initiation, making it an efficient and green 
technology3.

The air static pressure at the chimney inlet, denoted as “Δp,” is important for achieving optimal airflow rates 
in solar chimney power plants (SCPP)4. A study5estimated dynamic pressure distributions in SCPP, revealing a 
maximum potential pressure drop at 2/3rd of the chimney height under constant driving potential conditions6. 
Another parameter, such as chimney height and diameter, is identified as critical geometric parameters 
influencing airflow in solar chimneys7. A linear relationship was established with simulation results for two 
SCPP models (100 m and 500 m long) and found that efficiency varies linearly with an increase in chimney 
height8. A few studies highlighted that the collector radius was found to have a positive impact on power output 
and efficiency9, but a negative impact on chimney height. Numerical simulations demonstrated that divergent 
chimney geometry enhances performance for improved power generation capability10. Studies11analyzed the 
influence of the aspect ratio on SCPP performance, concluding that a 4:1 aspect ratio leads to 168.5 kW of power 
with 0.83% efficiency. Another study12 investigated the best configuration for a SCPP in terms of tower height 
and collector radius. The study has highlighted that the divergent chimney is an optimized one and yields better 
performance than the conventional one.

A mathematical stoichiometric model for the collector profile was developed in a study by incorporating 
assumptions for flow improvement13. Another study investigated the energy balance of solar collectors, 
considering frictional effects through a thermal network model14. The impact of thermal energy storage on 
SCPP performance was observed to be longer during the operational periods with a thermal storage system15. 
The effect of diffuser-type chimneys on the overall performance of the system has given insight into the 
modifications to chimney geometries16. Simulation studies on the SCPP showed an enhancement in average air 
velocity of 31% with an extended chimney height of 3 m to 8 m17. A computational analysis of different chimney 
configurations carried out in a study18found that the two-degree divergent chimney was the optimized one for 
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any divergent SCPP. For a cylindrical chimney, a study19 validated two chimney bottom designs, noting a 38.5% 
increase in updraft velocity with a 45° fillet section.

On the modifications of collector design, a few studies30and31concluded that the half-convergent collector 
model (HCFD) outperforms other designs in maximum velocity, temperature rise, and power output. The 
table-1(a) and (b) summarises the key works carried out in recent times on investigating the effect of various 
geometric parameters on the performance of SCPP. Whereas table-1(c) presents the key works carried out using 
numerical techniques. Few experiment studies in the past have been carried out, including one on a pilot plant of 
a 5 m tall tower for 180 days, validated with numerical simulations19. Another study implemented measurements 
to estimate the overall performance of a small-scale prototype in Indonesia53.

Experiment on a novel SCPP design with the parabolic profiles in the chimney as well as the collector found 
that there was an enhanced conventional chimney by 12%32. another study examined a boxed non-covered solar 
still with a thermoelectric condensing duct for improved water heating performance, suggesting the use of a 
dish concentrator for sustainable financial benefits33. An interesting work explored a hybrid Nano fluid for solar 
water heating with antibacterial properties34. The collector’s geometry is pivotal in optimizing the buoyancy 
effect in Solar Chimney Power Plants (SCPP)35. It captures and refracts solar radiation, influencing the system’s 
performance. Modifications to the collector geometry yielded some better performance than the conventional 

(a)

Parameter Observation References

Chimney Height Increasing height raises performance, but some researchers believe there’s a limit to efficiency improvement. 20–23

Collector Radius Increasing radius boosts power output, with exponential gains noted; however, a maximum performance point is suggested by some 
researchers.

24–27

Chimney Diameter Larger diameters discharge more air but may reduce power output past an optimal size. 28,29

Collector Height Greater height allows more air intake but negatively affects temperature increase under the collector. 30–32

Collector Slope Increased slope (tilt) can enhance airflow and power output, but excessive slope may reduce performance. 33–36

Chimney Design Divergent chimneys increase air discharge and performance; convergent designs decrease air discharge. Both designs impact system efficiency. 30,37,38

(b)

Aspect Key Inferences References

Chimney Height Solar chimneys exceeding 1000 m are feasible; advancements make high-rise structures safer and more stable despite structural challenges. 13

Reinforcement Chimneys up to 500 m can be constructed without ring reinforcement; higher chimneys need strong internal or wireless reinforcements. 13

Wall Thickness Wall thickness decreases with height (e.g., 0.65 m at the base, 0.25 m at the top for a 1000 m chimney). 13

Chimney Diameter Diameter reduces with height; for instance, a 1000 m chimney design tapers from 260 m at the base to 145 m at the top. 13

Material Selection Varied materials, like PVC pipes, polycarbonate, and steel, are used for experimental chimneys, chosen for factors like impact resistance. 14–16

Experimental Designs Smaller experimental chimneys include an 8 m PVC pipe with a 0.3 m diameter and a 15 m steel chimney with a cross-section of 1.92 m². 14,16

Wind Considerations Assessing structural wind speeds and wind drag forces prior to installation is recommended for safety and stability. 17

(c)

Study Model/Method Used Key Values and Findings References

Al-Kayiem and Al-
Nakeeb Finite Difference Technique Convergent chimney design’s hydrothermal efficiency is twice that of other designs. 18

Hu et al. CFD Model Ideal chimney exit area ratio (AR) to entrance area for maximum performance is about 10; exceeding this 
reduces efficiency.

19

Hassan et al. Numerical Model 
(Manzanares Pilot Plant) Power output increases with divergent chimney angle: 1° = 68 kW, 2° = 65 kW, 3° = 59 kW. 20

Ahirwar and Sharma Based on Manzanares Pilot 
Plant Geometry

Optimal chimney height for maximum power output with inclined collector is 190 m; power output increases 
with 6° angle.

21

Pattanashetti and 
Madhukeshwara 1° Isometric CFD Model For AR = 9, maximum performance achieved; chimney outlet diameters vary from 2.83 to 16 m. 22

Ghorbani et al. Hybrid Design (Solar 
Chimney Format) Diverging flue angle of 1.5° increases air velocity on radiators from 5.65 m/s to 6 m/s (6.2% increase). 23

Das and 
Candramohan

3D Computational Model 
(CFD)

Small-scale solar chimneys (7 m and 3.5 m); maximum power output and airflow achieved at a 2° divergent 
angle; larger angles reduce performance.

24

Xu and Zhou CFD Study with TPP and 
EPPRC

Maximum power output at COAR = 8.7, yielding a 10.9x increase to 231.7 kW; COAR > 8.7 causes reverse 
flow, decreasing output and airflow velocity.

25

Koonsrisuk and 
Chitsomboon

5° Axial Symmetric CFD 
Model

For AR = 16, power output increases to 94.29 times the reference, with system efficiency reaching 25%; 
chimney height = 100 m, collector radius = 100 m.

26

Choi et al. Analytical Model (validated 
by Manzanares Pilot Plant)

SCPP with water storage system reduces midday power output (from 35 kW to below 25 kW) but increases 
24-hour total output; for large-scale system, max power output without storage > 80 MW, drops to < 60 MW 
with storage.

27

Yaswanthkumar and 
Chandramohan 3D CFD Model Small-scale system (collector radius = 3.5 m, chimney height = 6 m) with TES shows lower air pressure, 

temperature, and velocity compared to design without TES.
28

Attig-Bahar et al. 3D CFD Model (based on 
Manzanares Pilot Plant)

Predicted performance of SCPP in Tozeur, Tunisia, with 5-m thick soil, gravel, and sand as heat storage 
materials; storage materials improve system performance.

29

Table 1.  (a) Summary of key studies and their observations on collector. (b) Summary of key studies and their 
observations on chimney. (c) Summary of key CFD studies.
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shapes. In an experimental study, it was found that increasing the tower height beyond 4 m did not produce 
any significant impact on the power output of a divergent chimney36. The technical feasibility of a solar tower, 
considering chimney height, humidity, and solar radiation30introduced the hanging metallic tubes inside the 
collector37, investigated the flow pattern variation, and achieved an overall temperature rise of 5 K. Existing 
literatures extensively discusses the basic operational principles, computational studies, and experimental results 
of SCPPs. However, several aspects remain underexplored or could benefit from further refinement. Specifically, 
the geometry of the collector and chimney profiles has a profound impact on the performance and efficiency 
of SCPPs, yet optimal designs have not been fully realized. Additionally, while many studies have focused 
on traditional flat or slightly inclined collectors, the potential benefits of more complex geometries, such as 
convergent or curved profiles, have not been thoroughly investigated.

 The present study addresses these gaps by proposing a novel modification to the collector profile, aiming 
to significantly enhance the overall efficiency of SCPPs. In this study, the innovative approach involves using 
an elliptical constrained octagonal collector with a divergent chimney to assess its impact on design models 
for improved performance. Furthermore, the introduction of curvature to the collector profile, leveraging the 
geometric properties of ellipses and circular arcs to optimize the design. The innovative aspect of our work lies 
in the practical application of these complex geometric profiles, replacing the difficult-to-manufacture perfect 
parabolic mirrors with more feasible circular arc profiles that approximate parabolic curvature. This approach not 
only simplifies the manufacturing process but also retains the desired efficiency improvements. The manuscript 
is structured as follows: First, review of existing literature and discussed practical relationships observed in 
previous studies. Second section explains the methodology adopted and the geometries of the models taken for 
the study are discussed. The mathematical and experimental studies are discussed in Sects. 3 and 4 respectively. 
The last section discusses the key results of the research with validation of the same with key literatures.

Methodology
This study includes a collector profile with a conic constraint, mainly an elliptical profile, to validate its impact on 
system performance. Varying the collector inlet height is achieved by adjusting the semi-minor axis, “b,” while 
reducing the collector leg height. An octagonal shape simplifies construction, creating a pyramidal appearance. 
The collector is subdivided into eight triangular portions, each with a semi-elliptical profile inclined at 10° in the 
pyramidal roof. Semi-minor axis variations from 0.01 to 0.03 m result in three elliptical profiles applied to both 
full and half-sloped collector configurations, yielding six models: FSCPP-1(b = 0.01 m), FSCPP-2(b = 0.02 m), 
FSCPP-3 (b = 0.03 m), HSCPP-1 (b = 0.01 m), HSCPP-2 (b = 0.02 m), and HSCPP-3 (b = 0.03 m). FSCPP/HSCPP 
denotes Full/Half inclined Semi-Elliptical Solar Chimney power plant. Figure 1a to Figure d provides schematic 
representations in 2D and 3D, while Fig. 1e illustrates the introduced curvature in the collector section.

Table 2 represents the geometric parameters of each model. Six SCPP models were designed with a chimney 
height of 4 m, collector radius of 2.6 m, collector inclination of 10°, chimney divergence of 2°, and top and 
bottom radiuses of 0.18 m and 0.37 m, respectively, using CATIA V5. Dimensions in this study were selected 
through approximations based on literature references and vivid numerical calculations. Here, the collector 
is an octagonal section inclined at 10°. The collector diameter is a circular periphery diameter described by 
intersecting edges around the octagonal collector, equivalent to its diagonal length. Dimensions other than b 
and h will be constrained as constants for models. The objective of this study is to validate the flow parameters 
in an SCPP equipped with a full, half-inclined semi-elliptical collector under 0.01, 0.02, and 0.03 m semi-minor 
heights through computational and experimental methods.

Figure  2 represents the overview of the proposed SCPP model considered in this study. To clarify the 
differentiation between Full Inclined Semi Elliptical Solar Chimney Power Plants (FSCPP-1,2,3) and Half-
Inclined Semi Elliptical Solar Chimney Power Plants (HSCPP-1,2,3), it is indeed related to the geometric shape 
configuration of the collector profile. For the FSCPP models, the collector profile features a fully inclined semi-
elliptical shape across the entire pyramidal collector roof, angled uniformly at 10°. This configuration implies 
that the entire collector surface is inclined and utilizes a semi-elliptical profile with variations in the semi-
minor axis “b” (0.01  m, 0.02  m, 0.03  m) to achieve different collector inlet heights. Conversely, the HSCPP 
models incorporate a half-inclined design, where only half of the pyramidal collector surface is inclined with 
the semi-elliptical profile. In these models, while maintaining the same semi-minor axis values “b” (0.01 m, 
0.02 m, 0.03 m), the collector is structured such that only half of the collector roof is inclined, while the other 
half remains horizontal. This half-inclination design is intended to assess how partial inclination impacts 
airflow characteristics and power output within the same structural parameters as FSCPP models.Therefore, the 
distinction between FSCPP and HSCPP models lies in the degree of surface inclination across the collector roof, 
which is a structural and performance-oriented design choice rather than a simple shape factor.

This study follows the workflow outlined in Fig. 4. Initially, computational analysis using ANSYS-FLUENT 
will be conducted for the designed models. Subsequently, experimentation on the best-performing computational 
fluid dynamics (CFD) models will be carried out in real-world conditions. The results will be compared with 
computational data and validated against previous studies, specifically the Straight Tower Inclined Collector 
Solar Chimney Power Plant (SSCPP), to conclude.

To address uncertainties in the validation results, the algorithmic flow begins by verifying the computational 
results of the best-performing models through error estimation within a valid range. Refer to Fig. 4 for a detailed 
algorithmic representation of the study’s methodology.

Mathematical Formulation
Airflow flow is assumed to be steady and axially symmetric among turbulent characteristics. Here, Eq.  111 
represents the mass flow rate inside the interior of SCPP. Equations 2, 3, 438–40 represents Mass, momentum, 
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Fig. 2.  (a) Elliptical Constrain in FSCPP, (b) Elliptical Constrain in HSCPP.

 

Models

Chimney
Height
(m)

Collector
Diameter
(m)

Collector Inlet Height Chimney
Inlet
Diameter
(m)

Chimney
Outlet
Diameter
(m)

Inclination Angle of
Collector
(degree)Ellipse semi-minor axis, b (m)

Collector leg height, h
(m)

FSCPP 1 4 2.6 0.01 0.03 0.18 0.37 10

FSCPP 2 4 2.6 0.02 0.02 0.18 0.37 10

FSCPP 3 4 2.6 0.03 0.01 0.18 0.37 10

HSCPP 1 4 2.6 0.01 0.03 0.18 0.37 10

HSCPP 2 4 2.6 0.02 0.02 0.18 0.37 10

HSCPP 3 4 2.6 0.03 0.01 0.18 0.37 10

Table 2.  Dimensional parameter of Six SCPP models.

 

Fig. 1.  (a) Elliptical Constrain in FSCPP, (b) Elliptical Constrain in HSCPP.
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energy and turbulent Eqs. (5–8)41were the basic governing principalities. For turbulence studies, a realizable k-ε 
model is preferred for a better approximation of turbulent kinetic energy (and turbulence dissipation rate) in the 
assumed flow regime. The discrete coordinate’s model (9) under solar ray tracing is a radiation model assuming 
a real-scale solar environment on each model, which is crucial for approximate validation with an experimental 
case study. In Eq.  (9), a, b, s, and n indicate absorptivity, intensity, scattered ring coefficient, and refractive 
index. Air density inside SCPP models was approximated through the Boussinesq expression mentioned in 
Eq. (10)42. The Rayleigh number for natural convection is used which is highly influenced by the () collector 
height, () thermal diffusion coefficient and ()kinematic viscosity. In the study carried out, the system is accepted 
as turbulent since the Ra number is higher than 109, which is the critical value43. The mathematical relations of 
these factors utilized in the computational study approach are specified below:

	 ṁ = ρ AV � (1)

	
∂ (ρ u)

∂ t
+ ∇ · ρ

−→
V = 0 � (2)

	
ρ

[
∂ −→v
∂ t

+ −→
V · ∇ −→

V

]
= −∇ p + µ ∇ 2−→

V + 1
3µ ∇

(
∇ · −→

V
)

+ −→
Fb � (3)

	
∂ (ρ et)

∂ t
+ ∇ ·

[−→
V (ρ et + p)

]
= ∇ ·

[
k∇ T +

(
τ̄ · −→

V
)]

+ Ṡg � (4)

	

∂

∂ t
(ρ k) + ∂

∂ xj
(ρ kuj) = ∂

∂ xj

[(
µ + ut

σ k

)
∂ k

∂ xj

]
+ Gk + Gb − ρϵ − YM + Sk � (5)

	

∂

∂ t
(ρϵ) + ∂

∂ xj
(ρϵuj) = ∂

∂ xj

[(
µ + µ t

σ ϵ

)
∂ϵ

∂ xj

]
+ ρ C1Sϵ − ρ C2

ϵ2

k +
√

vϵ
+ C1ϵ

ϵ

k
C3ϵGb + Sϵ� (6)

where 

	
C1 = max

[
0.43,

η

η + 5

]
; η = S

k

ϵ

	
∇ . (Iλ (−→r , s) −→s ) + (aλ + aϵ) Iλ (−→r , −→s ) = aλ n2Ibλ + σ s

4π

∫ 4π

0
Iλ (−→r , −→s )∅ (−→S ·

−→
S′ )dΩ ′ � (7)

	 (ρ − ρ 0) g = −ρ 0β (T − T0) g� (8)

Grid independence study
The grid independence study is crucial for accurate computational fluid dynamics (CFD) results, balancing 
the trade-off between simulation accuracy and computational speed. Using the Manzanares model, the study 
assesses fine, coarse, and medium mesh types, evaluating the number of elements and nodes. The average velocity 

Fig. 3.  Schematic Representation of SCPP.
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magnitude serves as a reference parameter. The results guide the determination of a suitable number of elements 
for each model, ensuring accuracy without compromising computational efficiency. The study focuses on one-
fourth of the Manzanares plant geometry for computational simulations, assuming symmetry on model sides.

The computational simulations carried out for each model in this study were considered under the one-fourth 
model, assuming the sides of each model have symmetry. This grid independence study considered several 
elements of the mesh zone to carry out simulation on Manzanares’ model. Initially, the pilot plant geometry was 
simulated under these mesh conditions. The mesh conditions are established based on the grid independence 
study, with Fig. 5 (a) presenting the geometric view and Fig. 5 (b) depicting the mesh view. Initial simulations 
under these conditions reveal velocity variations, as shown in the velocity contour in Fig. 4(c). The satisfactory 
grid investigation results led to a shorter iteration period, providing mesh parameters for all six models in 
Table 3. The computational studies for each model adhere to the defined mesh parameters.

Key flow parameters, such as velocity and temperature rise, are detailed in Table  4. Comparisons with 
studies44and actual Manzanares pilot plant4 results demonstrate minimal deviations within an acceptable range. 
Velocity variation across the geometry was represented by the velocity contour in Fig.  5c. Flow parameters 
achieved across the geometry were studied, and the maximum flow parameter (velocity, rise in temperature) was 
mentioned in the Table 4. The number of nodes for each of the six Semi-Elliptical Solar Chimney Power Plant 

Fig. 4.  Flow Chart representation of methodology.
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Type Velocity (m/sec) Rise in temperature (K)

Manzanares4 15 20
28 14.81 20.96

Present work 14.9 18

Table 4.  Validation of present study and results from Manzanares4 and Sangi et al.44.

 

Mesh type Number of nodes Number of cell counts
Maximum velocity
(m/s)

Coarse 8994 275,000 13.14

Medium 10,951 325,000 13.1

Fine 13,199 480,000 13.14

Table 3.  Details of Grid Independence Study.

 

Fig. 5.  Manzanares plant (a) 1/4th geometry view, (b) Mesh view (c) Manzanares Plant Velocity Contour.
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(SCPP) mesh models is 77,528, 76,821, and 76,383 for FSCPP 1, FSCPP 2, and FSCPP 3, respectively. Whereas 
the element numbers are 393,018, 393,018, and 388,992 respectively. In the case of HSCPP 1, HSCPP 2, and 
HSCPP 3, the node counts are 79,409, 75,710, and 79,922, respectively, with corresponding element numbers of 
392,095, 371,016, and 390,535. These mesh parameters were defined based on geometric proportions and guided 
the computational studies for each model.

Computational analysis
Computational Fluid Dynamics (CFD)-based analysis on each model was carried out under Ansys-Fluent. The 
gravitational effect is considered along the negative z direction as 9.81 m/s2. Energy equations are enabled along 
with radiation model-discrete coordinates under the solar ray tracing technique45. The solar calculator was 
defined with the coordinates of Chennai-India was applied for solar irradiation; and the k-epsilon model under 
RNG specialization is defined for the turbulence effect. Here, air density is considered under the Boussinesq 
approximation46,47. Galvanized iron, polycarbonate, and sand specified under operating conditions of 1  atm 
pressure and 303 K temperature were chimney, collector, and ground materials.

Chimney, ground, is categorized under the wall zone heat flux condition at the boundary value, q = 0 W/m2 
as an opaque medium. The collector is modeled as a semi-transparent convective wall specified at q = 10 W/m2. 
Collector inlet, chimney top zones defined as pressure inlet, outlet with boundary condition P= 0 pa48. The 
boundary conditions of each zone are represented in Table 5 and material values used in the study is shown in 
Table 6. The pictorial representation of the model defined by the boundaries is mentioned in Fig. 6.

Fig. 6.  Schematic Representation of Boundary Conditions.

 

Materials
Density
(kg/m)

Specific
Heat
(J/kg K)

Thermal conductivity
(W/m K)

Absorption
Coefficient (m−1)

Refractive
Index

Air 1.614
(Boussinesq) 1007 0.0263 0.00331 1

Galvanized
Iron 7850 470 52 0.064 1

Poly carbonate sheet 1200 1170 0.19 0.01 1.585

Sand 2400 840 1.4 0.6 1

Table 6.  Material values used in the study.

 

Named sections Zone type
Thermal
conditions

Boundary
conditions

Chimney Wall Heat Flux Opaque, q = 0 W/m2

Collector Wall Convection Semi-transparent, q = 10 W/m2

Ground Wall Heat Flux Opaque, q = 0 W/m2

Collector Inlet Pressure Inlet - P = 0 pa

Chimney Outlet Pressure Outlet - P = 0 pa

Table 5.  Boundary Conditions.
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As a solution method, the SIMPLE algorithm is executed for the relationship between air, velocity and 
pressure. Pressure interpolation is solved with the PRESTO technique. To model solar radiation, the solar ray 
tracing algorithm DO (discrete coordinates) is included in the simulation. For discretization, quadratic UPWIND 
is preferred49. For the density of the system air, the Boussinesq approach is applied to the model. Calculations 
initiated under hybrid initialization for defined mesh elements achieved a convergence of 10−6with smooth flow 
in solution iterations50. This setup was applied separately for each model, iterating solutions until convergence. 
Velocity, temperature, and pressure variations across the entire geometry were compared, revealing minimal 
differences in flow characteristics with variations in the collector section geometry. Temperature differences 
under ambient conditions were estimated from temperature profiles, showing positive values indicating higher 
temperature regions inside each system.

The temperature rise peaked at the chimney bottom for all models, resulting in a peak velocity regime at 
this position. FSCPP-1, FSCPP-2, FSCPP-3, HSCPP-1, HSCPP-2, and HSCPP-3 achieved maximum velocity 
magnitudes of 4.31, 4.23, 4.10, 4.49, 4.42, and 4.35 m/s, respectively, under maximum temperatures of 338 K, 
336 K, 333 K, 339 K, 338 K, and 336 K. With an ambient temperature of 303 K, the maximum temperature 
differences were 35 K, 33 K, 30 K, 36 K, 35 K, and 33 K, respectively. The data indicates that FSCPP-1 exhibits 
greater maximum flow characteristics within the FCSPP group, while HSCPP-1 does the same in its group. Further 
details on these model behaviors will be discussed in the subsequent section. Both FSCPP-1 and HSCPP-1 were 
fabricated with the same materials used in simulation for experimentation under real environmental conditions.

Experimental investigation
From six models, two models with better effectiveness were separated to perform experiments. Initially, model 
fabrication progressed under constructing a 4 m chimney of 2° divergence, utilizing a galvanized iron sheet of 
thickness 0.002 m. For the collector, an octagonal frame is fabricated through metal bars by welding its edges. 
Polycarbonate sheets 0.002 m thick were installed on the collector frame, extending to the chimney bottom, 
forming a 10° inclined collector roof. Both sections, separately fabricated, were combined at the chimney 
bottom, elevating the entire body from the ground to 0.04 m through collector legs supported at each edge of 
the collector. Six holes at 0.2, 2, and 3.5 m, each parallel to the hole on the opposite side, along the chimney 
height, were drilled for velocity and temperature measurements. The schematic diagram (Fig. 7) represents the 
construction of experimental setup include in this study.

Thermocouples were installed at the prescribed locations on both chimney and collector Sects. 1,2, 3 are 
the locations across a chimney height of 3.5 m, 2.0 m, 0.2 m. Similarly, a, b, c are the locations for anemometer 
inlets provided to insert the anemometer head for velocity measurement. In the collector Sects. 4, 5, and 6 were 
the locations installed with thermocouples and d, e, f were the same locations to measure the velocity. These 
thermocouples were installed at centre, 1.2 m and 2.0 m in radial direction. Anemometer head was inserted into 
these locations parallel to the thermocouples to measure the velocities at the same locations. Numerous velocity 
and temperature data points can be obtained from the computational approach, but due to measuring apparatus 
restriction, only 9 data points were considered. These experimental data points were validated with the same 
data points from the computational data, where the position of these data points is same in both cases. The 
fabricated setup is shown in Fig. 8. Velocity in these positions is measured using a hot wire anemometer. K-type 
thermocouples connected to Arduino UNO R3 through the Max 6675 module were utilized for temperature 
measurement.

Entirely, six thermocouples were utilized for this study, with three installed at single-side chimney holes and 
the other three at the inlet (1.3 m), middle (0.65 m), and center (0 m) in the collector section. Each model was 
tested approximately for one day; from 9:00 a.m. to 4:00 p.m. Velocity and temperature measurements were 

Fig. 7.  Schematic Representation of Experimental Setup.
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recorded at intervals of 30 min in the described period. Maximum flow characteristics of models identified at 
1:30 p.m. The experimentation of a single model was repeated for the next two days, considering three active 
days of analysis for each model. FSCPP-1 and HSCPP-1 achieved maximum flow characteristics nearer to the 
chimney base, equivalent to computational magnitudes under an error approximation of less than 3%. The Hot 
Wire Anemometer Measures Temperature of accuracy range from ± 2% to ± 0.1%, also which measures velocity 
from 0.0 to 30.0 m/s with a resolution of 0.001.

Results and discussion
Comparisons and analysis of results from both approaches were conducted, focusing on maximum velocity and 
temperature rise, primarily situated slightly above the chimney base. These characteristics were observed in an 
extensive region within the collector and chimney interiors, with the maximum velocity concentrated in the 
chimney section from the base to a height of 0.2 m, referred to as the transition region. The temperature rise 
occurred in the chimney section, and the collector temperature profile indicated the maximum temperature 
region, extending from the ground area beneath the chimney base to the transition height. This ground area 
is termed the transition projected area. Velocity and temperature profiles for each model, visualized in Fig. 9 
(a) to (l), depict variations in flow characteristics across SCPP interiors. Despite the different collector profiles, 
minimal differences were observed in the maximum parameters for each model. In the FSCPP subgroup with 
a complete collector inclination of 10° under a semi-elliptical profile, FSCPP-1 exhibited the highest maximum 
velocity at 4.31 m/s, with a temperature rise of 35 K.

In the HSCPP subgroup with a half-inclined collector profile, HSCPP-1 recorded the highest maximum 
velocity at 4.49 m/s, with a temperature rise of 36 K. Among these subgroups, FSCPP-1 and HSCPP-1 exhibited 
higher maximum flow parameter magnitudes. Velocity fluctuations across the entire system interior of the 
models were visualized in Fig. 9 (a), (c), (e), (g), (i), and (k). Minimal velocity at the collector inlet section led 
to a gradual increase until the transition region. Velocity rose from 0.431 m/s to 4.31 m/s in FSCPP-1 and from 
0.3201 m/s to 4.49 m/s in HSCPP-1 in the transition regions. The chimney’s inlet diameter of 0.18 m, due to 
divergence, increased to 0.1892 m at 0.2 m height, resulting in a minimal difference in diameter. This increase had 
a minimal effect on the cross-sectional area, maintaining constant velocity up to this height. Beyond this height, 
the deviation in the chimney cross-sectional area led to a gradual reduction in velocity. The continuity equation 
explains that an increase in cross-sectional area results in a reduction in velocity. The deviation of chimney 
walls increased along the chimney height, causing a reduction in flow velocity with a minimum velocity at the 
chimney top. Velocity reduction was initiated at 0.2 m and progressed until 2 m, which was gradual. From there, 
this reduction increased, reaching 0.86 m/s in FSCPP-1 and 0.96 m/s in HSCPP-1, aimed up to the chimney top. 
A similar variation in these models’ temperature profiles specified the dependence of velocity parameters on heat 
distribution among the ground regions. Maximum heat accumulation on the ground is concentrated in a refined 
area beneath the transition region, termed the projected area of transition or projected area.

Maximum velocities of 4.31 m/s and 4.49 m/s were achieved in FSCPP-1 and HSCPP-1, respectively, with 
temperature rise being a crucial factor in this enhancement. Both models, maintaining a 10° collector inclination, 
exhibited concentrated heat distribution on a projected area, deviating from the uniform ground distribution 
seen in conventional collectors. The uneven temperature distribution across the ground was influenced by 
solar radiation refracted by the collector roof, converging on the projected area and initiating temperature 
enhancement in that region. The maximum temperature recorded was superior in HSCPP-1, reaching 338 K and 
339 K, attributed to its smaller projected area. In FSCPP, the complete inclination is distributed as solar radiation 
across a projected area equivalent to half the ground area. In contrast, the half-inclined collector portion of 
HSCPP-1 created an even smaller projected area, approximately half of FSCPP-1. The efficient refraction of 

Fig. 8.  Real time Experimental Setup considered in the study.
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solar radiation in the half-inclined collector portion led to a convergence in its projected area, resulting in 
less heat distribution. The parallel collector portion in HSCPP-1 further contributed to this process, heating 
the remaining ground area, and resulting in a greater temperature magnitude. The temperature distribution 
in HSCPP-1 was concentrated on a smaller projected area, leading to a greater maximum temperature rise 
compared to FSCPP-1. The temperature distributions across the interior of all models were visualized in Fig. 9 
(b), (d), (f), (h), (j), and (l). The airflow inside FSCPP-1 was visualized through the direction of streamlines in 
Fig. 8a. Streamlines, representing imaginary curves in the flow field, indicated the flow direction through their 
tangents. The maximum velocity was achieved up to a 0.2-meter chimney height, followed by a reduction in 
velocity until the chimney tops across the overall volume. Vortex regions were generated at half of the chimney 
height, with a higher-pressure gradient leading to a reverse flow. The interaction of the reverse flow with the 
incoming flow regime created mixed flow regions, resulting in a vortex structure with weakened intensity along 
the chimney height.

The ambient velocity within the collector gradually increased due to a 10° inclination, maintaining the 
maximum velocity in the transitional region. In the HSCPP-1 model, a maximum velocity of 4.49  m/s was 
achieved at 0.2 m, featuring half-collector inclination starting from a radius of 0.65 m. The air entered through 
the inlet into the collector, and due to the high temperature, the velocity increased up to the transition height with 
a divergence radius of 0.1892 m. The Straight Tower Inclined Collector Solar Chimney Power Plant (SSCPP) was 

Fig. 9.  (a) FSCPP-1 Velocity Contour, (b) FSCPP-1 Temperature Contour, (c) FSCPP-2 Velocity Contour, 
(d) FSCPP-2 Temperature Contour, (e) FSCPP-3 Velocity Contour, (f) FSCPP-3 Temperature Contour, (g) 
HSCPP-1 Velocity Contour, (h) HSCPP-1 Temperature Contour, (i) HSCPP-2 Velocity Contour, (j) HSCPP-2 
Temperature Contour, (k) HSCPP-3 Velocity Contour, (l) HSCPP-3 Temperature Contour.
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designed with a plane collector inclination of 10° and a cylindrical chimney with a divergence of 0° (see Fig. 10a-
b). This model, created with similar dimensions to the previous models but neglecting the divergence angle, was 
used to compare velocity variations with FSCPP-1 and HSCPP-1 (see Fig. 10a). In contrast to the maximum 
velocities achieved in the previous models, the SSCPP model attained a maximum velocity of 2.52 m/s at the 
transitional region, nearly half the magnitude of the previous models. This decrease in velocity indicated the 
absence of chimney divergence for flow enhancement. The lack of divergence resulted in a longer transitional 
height, distributing the maximum velocity across the chimney length. The velocity reduction in this model was 
solely due to the frictional interaction of the flow with the chimney walls, resembling the flow in a circular pipe 
where velocity reduction occurs due to wall shear. The streamlined visualization of the flow regime across the 
model volume is illustrated in Fig. 10 (b).

Representation of variation of flow parameters (velocity and temperature) 
concerning the geometric parameters (chimney height and collector radius)
Variation of velocity and temperature concerning chimney height for all designed models
The velocity and temperature of all six models were plotted under chimney height in Fig. 11(a) and (b). The 
velocity curves (Fig. 11a) show minimal deviation among the models, as the increment in collector curvature 
height was only 0.01 m. The reduction in velocity along chimney height is influenced by the presence of a 2° 
divergence angle because of the expansion of air to the ambient. Temperature experiences a steeper reduction up 
to a length of 1.25 m (Fig. 11b) because of no slip boundary condition, followed by enhancement, and attributed 
to the use of galvanized iron as chimney material.

Variation of Velocity and Temperature with respect to Collector Radius for all designed models
 Similarly, velocity (Fig.  11a) and temperature (Fig.  11b) variations in the collector were plotted against the 
collector radius to analyze their dependence on this parameter. The collector’s velocity peaks near its center 
because of nozzle effect, which is also the center of the projected area on the ground. Air velocity near the 
boundary of the chimney was observed as a minimum when compared to the centre of the chimney because of 
no-slip boundary condition. The velocity gradually decreases away from the center. The maximum temperature 
is consistently reached at the central position for all models. The temperature profiles show a reduction from 
the center to the collector periphery, as depicted in Fig. 11(b), indicating the high-temperature region at central 
positions in each model.

Variation of temperature in different sections of chimney and collector with respect to time
The velocity variation over the collector area is shown in Fig. 12 (a), reveals that the velocity increment was 
very high in the center region, and collector temperature variations throughout the experimental period from 
9:00 a.m. to 4:00 p.m. are depicted in Fig.  12(b). Temperatures were recorded every 30  min using K-type 
thermocouples at specific locations: chimney transition (0.2 m), chimney middle (2 m), chimney top (3.5 m), 
collector inlet (1.3 m), collector middle (0.65 m), and collector center (0 m). The entire duration was divided 
into 30-minute intervals, with each measurement taken within this timeframe. The maximum temperature 
was observed at 1:30 p.m. in the transition region. The transition region was further divided into two sections: 
the velocity enhancement region from the collector to the collector-chimney intersection (referred to as the 
collector transition) and from this intersection zone to a chimney height of 0.02 m (referred to as the chimney 
transition region).

Temperature exhibited an enhancement during the experimental period until 1:30 PM, followed by a 
reduction in both chimney and collector sections due to decreasing ambient temperatures due to continuous 
reduction in momentum of air. The temperature variations at different sections of the chimney and collector 

Fig. 10.  Flow Visualization of Streamlines (a) FSCPP, (b) SSCPP.
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during this time were depicted in Fig. 13a. Each section experienced an increase in temperature until 1:00 p.m. 
– 1:30 p.m. Followed by a decline. Fluctuations in the plot profiles was due to the variation in solar radiation 
throughout the day during the experimental days. Note that the values are not indicated using any weighted 
average method. The maximum flow parameters attained from this experiment have an error approximation of 
up to 2% due to changes in ambient atmospheric conditions. The average magnitude of ambient temperature 

Fig. 12.  (a) Variation of Velocity with Collector Radius for all models, (b) Variation of Temperature with 
Collector Radius for all models.

 

Fig. 11.  (a) Variation of Velocity under Chimney Height for all models, (b) Variation of Temperature under 
Chimney Height for all models.
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fluctuation caused by weather condition alterations was 4 °C from the mean ambient temperature as shown in 
Fig. 13b.

Non-dimensional analysis on velocity, temperature profiles of FSCPP-1 and HSCPP-1
Non-dimensional analysis was conducted for the FSCPP-1 and HSCPP-1 models, where the positional 
velocity (V) across chimney height was normalized by the maximum velocity (Vmax), and the instantaneous 
temperature (T) at any point was normalized by the maximum temperature (Tmax). Both V/Vmax and T/Tmax 
were plotted against the divergent aspect ratio, i.e., Hchim/rd. In this ratio, the chimney height (Hchim) was 
non-dimensionalized with the divergent sectional radius across the chimney height (rd = 0.09 + 0.23x). Here, x 
represents the position across chimney height, and an increment in Hchim/rd values indicates a reduction in rd 
along x.

From the plots in Fig. 14 (a) and (b), it is observed that V/Vmax increases with the divergent aspect ratio up 
to 41.9, and then a reduction initiates from 41.9 to 42.8 because of the entrainment of air into the surroundings. 
This indicates that the velocity increment occurs in the range from rd = 0.093 m to 0.095 m. The maximum 
velocity ratio of 1 is attained at rd = 0.095, corresponding to the divergent section radius of the transitional 
height (0.2 m) where due to nozzle effect the velocity reaches the maximum value. In Fig. 14 (c) and (d), the 
temperature ratio of 1 is achieved at the normalized height of 42.8, equivalent to a rd of 0.093 m, where the 
height is 0.18 m, falling within the prescribed range of transitional height attributed to the fact that the heat 
transfer occur at faster rate as more air entrained inside the chimney. This non-dimensional approach supports 
the evaluation of both velocity and temperature variations under chimney height and radius in the same plot, 
providing a comprehensive understanding compared to the direct evaluation of these parameters.

Validation of the results with existing literatures412
The normalized collector velocity (u), expressed as a ratio to its maximum magnitude (umax), and the collector 
radius ratio (r, the position measured from the collector center to an assumed position inside the collector 
periphery, with Rcollrepresenting the collector radius) were plotted to analyze the variations in velocity and 
temperature within the collector region. These parametric variations in FSCPP-1, HSCPP-1, and SSCPP were 
compared with the findings of4and15 for validation.

Variation of chimney velocity ratio with respect to positional ratio
The velocity ratio (V/Vmax) is plotted against the positional ratio (x/ri) for the FSCPP-1, HSCPP-1, and SSCPP 
models to compare velocity variation across chimney height in Fig. 15. The velocity ratio is defined as the ratio 
of the positional chimney velocity (V) to its maximum velocity (Vmax), while the position ratio (x/ri) represents 
the ratio of the position across chimney height (measured from the base as the chimney inlet), x, and the 
chimney inlet ratio, ri. FSCPP-1 and HSCPP-1 exhibit similar variations with minimal differences (see Fig. 15), 
achieving a maximum velocity ratio of 1 at position ratios of 0.09 and 0.07, respectively. This implies that the 
maximum velocities of 4.31 m/s and 4.49 m/s are attained at the transition height of 0.2 m. The SSCPP curve 
shows the maximum deviation from the remaining models due to the absence of chimney divergence. After a 
0.5 H/R, the velocity ratio remains constant in SSCPP, while a 2° divergence in the remaining models leads to a 
further reduction in velocity magnitude across chimney height.

Fig. 13.  (a) Variation of Temperature across different chimney sections, (b) Variation of Temperature across 
different collector sections.
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Variation of collector velocity ratio with respect to collector radius ratio
The curve profiles (contained in Fig. 16) of the present models exhibit similarity in the variation of collector 
velocity ratio with respect to collector radius ratio. In HSCPP-1, the collector velocity undergoes small increments 
from a maximum radius ratio of 1 to 0.5, equivalent to a collector position radius of 0.65 (half collector radius). 
The velocity increment after this radius is attributed to the presence of a 10° collector inclination progressing 
from this position. A maximum velocity ratio of 1 is achieved at a radius ratio of 0, indicating the maximum 
velocity at the collector center. All curve profiles have an initial slope of 0° at V/Vmax of 1 and a final slope of 
90° at maximum r/Rcoll. The change in slope between these two limits is different for the present study models 
compared to the literature studies4,15. For the present study models, the reduction in profile slopes is not gradual; 
instead, a sudden reduction occurs in the range of 0.85 to 0.9 (r/Rcoll). The difference is induced by the presence 
of an octagonal collector in the study models, where the flow from two triangular sections can be mixed at the 

Fig. 15.  Variation of Velocity Ratio under Positional ratio for FSCPP-1, HSCPP-1 and SSCPP.

 

Fig. 14.  Non-Dimensional Analysis on (a) Velocity ratio under divergent section aspect ratio for FSCPP-1, (b)
Velocity ratio under divergent aspect ratio for HSCPP-1, (c) Temperature ratio under divergent aspect ratio for 
FSCPP-1, (d) Temperature ratio under divergent aspect ratio for HSCPP-1.
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common inscribed sides of these sections. This results in a more significant reduction in flow velocity compared 
to a circular, inclined collector.

Variation of temperature with respect to chimney height ratio
The temperature in the chimney section is plotted with respect to the chimney height ratio, x/Hchim, where x is 
the positional height of the chimney and Hchim is the chimney height. FSCPP-1 and HSCPP-1 exhibit similar 
curve profiles, with minimal temperature differences of around 2 °C. In contrast, the SSCPP model, equipped 
with a straight chimney, maintains a linear temperature profile due to the absence of divergence. The present 
study models and the mentioned previous study models show a larger deviation of 20° in these temperature 
curve profiles, as depicted in Fig.  17. This deviation in the present study models is attributed to the use of 
galvanized iron as chimney material, which is a heat conductor.

In contrast, the existing studies employed polycarbonate and other non-metals as chimney materials. The 
present study models have a divergent chimney, resulting in an increased surface area across height. These 
two factors contribute to enhanced temperatures inside the chimney section. The maximum temperatures are 
achieved at x/Hchim ratios of 0.0375, 0.0425, and 0.05, equivalent to heights of 0.15, 0.17, and 0.2  m for the 
FSCPP-1, HSCPP-1, and SSCPP models, respectively. Temperature reduction initiates from these positions up 
to 3.26, 3.33, and 1.8 m. Beyond these locations, there is an enhancement in temperature due to the absorption 
of heat by the chimney wall.

The present study is thus carried out the study with elliptic collectors, this study is quite different from the 
other studies whose key parameters are mentioned in Table 7.

The present study introduces several distinct features compared to existing studies, as outlined in the 
comparative table. While many previous works employed straight chimney geometries and flat collector 

Fig. 17.  Variation of Temperature under Chimney Height ratio for FSCPP-1, HSCPP-1 and SSCPP.

 

Fig. 16.  Variation of Collector Velocity ratio under Collector Radius ratio FSCPP-1, HSCPP-1 and SSCPP.
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configurations with materials like glass and plastics, this study utilizes a divergent chimney geometry and a 
collector profile with a conic constraint, mainly an elliptical profile, to validate its impact on system performance. 
The divergent chimney increases the surface area along the height, which can enhance airflow dynamics and 
thermal performance.

The present research stands out by introducing an elliptical platform to the collector design, a novel approach 
that significantly improves system efficiency compared to previous studies. The elliptical profile enables 
variations in the collector curvature height (b = 0.01 m, 0.02 m, and 0.03 m), optimizing the flow dynamics and 
enhancing thermal performance. Unlike conventional flat collectors, the inclined collector design redistributes 
solar radiation away from the collector’s periphery, leading to uneven ground heating and creating a high-
temperature region beneath the transition area, termed the projected area. This effect contributes to increased 
velocity across the transition region, enhancing system performance.

In terms of performance, the present study achieves a maximum velocity (Vmax) of 4.49 m/s and a temperature 
rise (∆T) of 35 K, which are competitive with or exceed the performance of other small-scale prototypes in the 
literature. For example, Ref. 38 reports a ∆T of 28 °C with a straight chimney and flat collector, while15 reports a 
∆T of 24.1 °C but lacks velocity data.

The innovative integration of a divergent chimney, semi-elliptical collector profiles, and adjustable inlet 
heights demonstrates the novelty of this study. These design modifications provide a pathway for performance 
enhancement and practical implementation, setting this work apart from prior studies focused on conventional 
straight chimneys and flat collectors. The comparative table emphasizes these differences and highlights the 
study’s contributions to advancing SCPP design and performance.

Conclusion
The data obtained from both computational and experimental approaches were analyzed, yielding a satisfactory 
error approximation. The analysis involved examining plots of maximum velocity and temperature and studying 
the variation of these flow characteristics concerning collector radius and chimney height. The non-dimensional 
graphical approach for normalized parameters, including divergent aspect ratio, positional ratio, collector radius 
ratio, chimney velocity ratio, velocity ratio, and temperature, demonstrated alignment with the actual approach 
of dimensional parameters. In summary, the combination of a divergent chimney and convergent collector, 
induced by a semi-elliptical curved profile, led to enhanced velocity and temperature profiles at the transition 
region and projected area.

•	 The inclined collector transmitted solar radiation away from the collector periphery, resulting in uneven 
heating of the ground and a high-temperature region beneath the transition area, referred to as the projected 
area. This effect contributed to increased velocity across the transition region.

•	 Among the six models, the half-inclined semi-elliptical solar chimney power plant with a collector curvature 
height of 0.01 m achieved the maximum flow parameters. FSCPP-1 and HSCPP-1 exhibited maximum veloc-
ity and temperature rise magnitudes of 4.31 m/s, 35 K, and 4.48 m/s, 36 K, respectively.

•	 These models were experimented with external conditions from 9:00 a.m. to 4:00 p.m., with flow parameters 
measured at half-hour intervals, peaking at 1:30 p.m. The experimental results were similar to the maximum 
magnitudes achieved in the computational approach, with an error approximation of up to 5%.

•	 FSCPP-1 outperformed other models in its subgroup with velocity and temperature enhancements of up to 
5% and 2%, respectively. HSCPP-1 outperformed its group models with a 41% enhancement.

Chimney
geometry

Collector 
configuration Collector material

Collector 
Diameter 
(m)

Chimney 
Height 
(m)

Chimney 
Diameter 
(m) Vmax (m/s)

Temp. Rise
(∆T) Ref

Divergent Inclined Polycarbonate transparent sheets 4 2.6 4.49 35 Present 
study

Straight Flat Glass 8.3 7.92 2.44 4 28 14

Straight Flat Glass 10 8 0.3 - 24.1 39

Straight Inclined Glass 10 8 0.3 - 24.1 36

Straight Flat Plastic 6.8 4 0.58 - - 52

Straight Inclined Plastic - 2.5 0.08 - 14 28

Straight Flat Glass 3 2 0.2 1.3 26.3 30

Straight Flat Plastic 2.75 3 0.32 1.32 13 32

Straight Polycarbonate Anti-refluxing glazed glass 3.5 6 0.6 5.5 11.4 62

Divergent Flat Glass 3 2 0.32 3 20–35 65

Straight Inclined Plastic 2 2 0.11 8 10 66

Straight Flat adhesive film of polyethylene 3.7 2.95 0.16 2.2 18 67

Straight Inclined - 3 6.3 0.32 2.25 3 68

Straight Inclined polyethylene 12 8 0.2 6 12.2 69

Straight Inclined Plastic 6 4 0.2 2.309 22 70

Table 7.  Comparison of key parameters considered in literature and present study.
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•	 Validation with the SSCPP model revealed maximum velocity enhancements of up to 42% in the FSCPP and 
44% in the HSCPP models.

•	 In these higher flow parameter magnitude models, HSCPP-1 outperformed FSCPP-1 with a 4% enhancement 
in maximum velocity magnitude and up to 2% in temperature magnitude. The minimal curvature heights 
included in this study (0.01 m, 0.02 m, and 0.03 m) resulted in minimal positive percentage enhancements.

Future studies could enhance numerical work by examining the impact of an elliptic air inlet gap on flow 
dynamics and performance parameters. The study also suggests the inclusion of a proper turbine design suitable 
for these lower velocity profiles, and future research should consider the impact of curvature constraints and 
turbine analysis on flow parameters, overall power output, and efficiency. The octagonal, semi-elliptical collector 
structure simplifies construction compared to traditional circular designs. For commercial deployment, this 
geometric simplification reduces material costs and time, making the design more feasible for large-scale 
implementation. The design can also be adapted for airflow-based cooling systems in industrial setups or used 
for water desalination processes in arid regions, showcasing its versatility beyond traditional SCPP applications.

Data availability
Data will be made available on reasonable request to the corresponding author.
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