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1. Introduction 

     Solar Chimney Power Plants (SCPPs) represent a 

compelling renewable energy technology that 

harnesses solar radiation to generate electricity 

through a simple yet effective thermodynamic 

process. The system operates on the principle of a 

solar collector heating ambient air, which then rises 

through a tall central chimney due to buoyancy, 

driving one or more turbines to produce electrical 

power. While the technology gained fundamental 

validation from the pioneering 50 kW Manzanares 

 

A B S T R A C T 
This research develops a theoretical framework for a solar chimney system comprising 

a collector, turbine, and vertical chimney. Global solar radiation and air temperature 

were calculated for midday on June 21st. The constructed model was utilized to 

simulate conditions using meteorological data from a specific summer day in Khenchela 

under realistic local climatic and operating conditions throughout summer while the 

physical proportions of Spain's Manzanares plant were reduced to one-tenth scale to 

project the facility's potential electricity yield. The effect of guides surrounding the 

collector on the electricity generated was simulated to determine the most effective 

SCPP for fulfilling the electricity demands of the agricultural area in Khenchela. The 

simulations revealed that an optimal configuration of nine guides could produce 72 W 

of electrical power. Results indicated that the efficiency of an SCPP is largely 

determined by its design dimensions, the surrounding air temperature, and the level of 

solar radiation. 
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prototype in Spain, its path to commercialization has 

been hindered by characteristically low conversion 

efficiency and significant capital costs[1-4]. These 

challenges had spurred a global research effort 

focused on geometric optimization, performance 

analysis, and system hybridization to enhance 

viability and power output[4, 5]. 

A substantial body of research has been dedicated to 

optimizing the geometry of SCPP components. For 

the collector, studies were moved beyond horizontal 

designs to investigate inclined configurations. For 

instance, Keshari et al. identified an optimal 6° 

inclination for the Manzanares plant, which 

significantly boosted theoretical power and airflow 

velocity[6]. These findings were supported by other 

CFD studies confirming that strategic roof 

inclinations positively alter convection patterns and 

increase mass flow rates[7, 8]. Furthermore, 

comprehensive parametric studies evaluating dozens 

of geometric configurations have revealed that even 

minor adjustments to parameters like chimney angle 

can lead to dramatic improvements in velocity and 

power output[9]. Simultaneously, chimney geometry 

was identified as a critical performance factor. 

Research demonstrated a paradigm shift from 

cylindrical to divergent or diffuser-type chimneys, 

which leverage pressure recovery effects to accelerate 

airflow and potentially triple power generation 

compared to conventional designs[10-12]. 

The power conversion unit, particularly the turbine, is 

another crucial focus area for optimization. Early 

research established mathematical models and CFD 

simulations for conventional axial turbines within 

SCPPs[2, 13]. However, a significant advancement 

had been the recent exploration of radial inflow 

turbines (RIF), which are better suited to the low-

pressure, high-volume flow conditions in SCPPs. 

Studies dedicated to radial turbine design have shown 

they can achieve efficiency improvements of over 

15% compared to axial configurations, offering a 

transformative potential for the technology[14, 15] . 

The performance of these systems was not solely 

determined by their design but had also been highly 

sensitive to geographic and climatic conditions. 

Experimental and simulation studies across different 

regions, from the hot, arid climate of Algeria to 

various locations in Iran, had confirmed that local 

solar irradiance and ambient temperature cause 

substantial geographic variability in power 

output[16-19]. 

The research methodology for SCPPs had evolved 

significantly, with Computational Fluid Dynamics 

(CFD) emerging as the dominant tool for analysing 

complex internal flows and validating design 

concepts against experimental data[7, 8, 16]. More 

recently, the field had incorporated advanced 

computational techniques like Artificial Neural 

Networks (ANN) for multi-parameter performance 

prediction and optimization, demonstrating the 

potential for orders-of-magnitude increases in power 

output[20] . Beyond technical performance, the 

research scope had expanded to include sustainability 

analysis and hybrid systems (HSCPPs). Energy 

analyses assess the environmental loading of SCPPs, 

while hybrid configurations that co-produce 

electricity and green hydrogen or integrate with 

agriculture are being explored to improve overall 

economics and resource utilization[18, 21-23]. 

Despite these substantial advancements, critical 

research gaps persisted that limit commercial 

deployment. A primary shortcoming was the 

compartmentalized nature of existing research, which 

often investigates collector optimization, chimney 

design, and turbine performance in isolation[2, 6-9, 

13, 14]. There is a notable lack of comprehensive 

studies that investigate the synergistic effects of 

integrating a modified collector with a purpose-

designed radial turbine. Understanding how 

optimized collector geometries influence the inflow 

conditions for the turbine, and how the turbine itself 

must be tailored to these specific flow characteristics, 

remains a significant knowledge gap[3, 24]. 

Furthermore, while theoretical and CFD studies 

propose various optimizations, experimental 

validation of these integrated systems remains scarce.  

Optimizing the radial turbine's geometry was 

confirmed to greatly enhance the plant's power 

generation by improving energy extraction. 

Concurrently, integrating thermal storage and scaling 

up the system's key dimensions robustly strengthened 

the core buoyancy-driven airflow. Together, these 

approaches—refining the component and enhancing 

the system architecture—demonstrate 

complementary pathways to advance the technology's 

overall performance[25, 26]. 

Recent investigations on solar chimney power plants 

(SCPPs) had systematically explored multi-parameter 

geometric optimization[27], structural airflow 

enhancements[28], and comparative performance 

with energy towers[29]. Hananel et al. identified that 

a divergent chimney with a collector-to-chimney area 

ratio of 6 maximizes power (approximately 15 kW) 

using CFD and RNG k-ε modelling, while Mokrani 

et al. experimentally demonstrated that reducing the 

collector opening height and incorporating a curved 

junction significantly improves velocity (up to 7.2 

m/s). Dalvand et al. further showed that square 

collectors increase airflow by 245% and that energy 
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towers offer nocturnal operation with a threefold 

faster response, yet all studies collectively emphasize 

the critical need for transient experimental validation 

beyond steady-state assumptions. 

 

The main novelties can be summarized as follows: 

 Unlike conventional flat-plate collectors, our 

study introduces strategically placed internal 

guides within the collector. This modification 

enhances convective heat transfer, accelerates 

airflow, and directly addresses the low efficiency 

of traditional solar chimney designs. The 

systematic evaluation of different guide numbers 

(3, 6, and 9) provides new insights into their 

impact on velocity, pressure, and temperature 

distributions. 

 We present a scaled 1:10 model of the 

Manzanares prototype, adapted to the climatic 

conditions of Khenchela, Algeria. This localized 

scaling approach is novel because it links 

theoretical optimization with practical energy 

needs of agricultural areas, ensuring contextual 

relevance and applicability. 

 While previous works often studied collector, 

chimney, or turbine optimization in isolation, our 

research integrates these aspects into a 

comprehensive CFD simulation framework. This 

allows us to capture the synergistic effects of 

collector modifications on overall system 

performance. 

 The study shows that the optimal configuration 

with nine guides yields a significant 

improvement in airflow and power output, 

reaching 72 W of electrical power. This 

quantitative evidence highlights the practical 

potential of our design innovation. 

 We propose that further optimization of guide 

shapes (e.g., blade-like or inclined geometries) 

and coupling with turbine design could unlock 

additional efficiency gains. This forward-looking 

perspective positions our work as a foundation 

for next-generation solar chimney systems. 

 

2. Modelling Of the Solar Chimney Power Plant  

 

    The solar chimney power plant (SCPP) is a 

sustainable system that transforms sunlight into 

electricity through a three-part setup: a transparent 

collector that traps radiation to heat the underlying 

air, a tall vertical stack that drives a continuous 

upward draft via buoyancy, and a turbine–generator 

unit at the chimney's base that converts the moving 

air's kinetic energy into mechanical then electrical 

power. Chimney dimensions—especially height and 

diameter—directly govern airflow velocity and 

overall efficiency, while the cycle continually 

exhausts cooled air to the atmosphere. To overcome 

the inherently low thermal capture of conventional 

flat collectors, this study specifically investigates the 

strategic placement of guides within the collector, 

which are designed to accelerate airflow, improve 

internal convective heat exchange, and boost thermal 

removal, thereby enhancing the plant's performance. 

Figure (1) and the listed dimensional specifications in 

table 1 detail the proposed configuration. 
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Table 1. Main dimensions of the solar chimney 

models and of the collector guide vane 

Geometric parameter Dimensions (m) 

Collector diameter (Dcol) 24.4  

Collector outlet (H1) 0.33 

Chimney diameter (Dch) 1 

Chimney height (Hch) 19 

Guide vane span (height) 0.338 

Pressure-side arc length 11.993 

Suction-side arc length 11.951 

Leading-edge thickness 0.400 

Trailing-edge thickness ≈ 0 

Thickness distribution Monotonic taper 

 

 

Figure 1. Different considered cases: (a) 

simple case; (b) with 3 guides; (c); with 6 

guides and (d)   with 9 guides 
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3.Numerical Model 

    

3.1. Modelling assumptions 

    The numerical model is based on the finite volume 

method (FVM) to solve the governing Navier–Stokes 

and energy equations. The computational domain is 

discretized into control volumes, where the 

conservation equations of mass, momentum, and 

energy are integrated and converted into algebraic 

equations using the prescribed boundary conditions 

[6]. Owing to its robustness and accuracy, FVM is 

widely used for coupled fluid flow and heat transfer 

analyses and effectively captures the aerodynamic 

and thermal behavior of SCPP systems [24, 30]. 

The model assumes steady-state flow and heat 

transfer, with buoyancy effects represented by 

the Boussinesq approximation. Air properties are 

considered constant throughout the domain. Heat 

losses from the collector occur only 

through convection and radiation, while conductive 

losses through the collector cover are neglected. 

Additionally, the ambient temperature is assumed 

equal to the air temperature at the collector inlet for 

the application of the thermal boundary conditions. 

 

3.2 Governing equations  

 

3..2.1. The continuity equation 

The equation for conservation of mass is represented 

by the form[31] : 

 

 

 

3.2.2. The momentum equations  
The equation of variation of momentum is shown as 

follows[31] : 

 

 

 

 

 

3.2.3. Energy equation 

The energy equation actually represents the 

mathematical text of the first law of thermodynamics 

and the following form will be adopted [31]. 

 

  3.2.4. k-εequations 

Equation of turbulent kinetic energy, k 

 

 

Equation of TKE dissipation rate,  

 

 

Where μt is the turbulent viscosity, given as: 

 

The generation of turbulent kinetic energy Gk and the 

buoyancy production term Gb are given as follows: 

 

 

The five empirical constants of k-ε model are 

typically set as in table 2 

 

3.2.5. The power and the thermal efficiency  

Thermal efficiency is the primary performance metric 

used to compare distinct designs for any work. For the 

solar chimney, it is calculated using the following 

equation[7]:  
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Table 2. Constants of k- turbulence model 

C1 C2 C k 

1,44 1,92 0,09 1 1,3 
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𝜌: Density of air (kg/m3). Ach: The cross-sectional 

area of the chimney at the base (m2). Vch: Air velocity 

at the base of the chimney (m/s). I: Solar radiation 

(W/m2). Aco: Solar collector area (m2). 

 

Based on the most published works the accessible 

power yield P of the SCPP is calculated from the 

following equation[32]:  

 

4. Solution settings 

   The steady-state Reynolds-Averaged Navier–

Stokes (RANS) equations were solved using the 

commercial CFD code ANSYS Fluent. The pressure–

velocity coupling was handled via the SIMPLE 

algorithm, with the RNG scheme employed for 

pressure discretization and the 'Second Order 

Upwind' scheme applied to the momentum, turbulent 

kinetic energy, and dissipation rate equations. To 

ensure rigorous numerical and physical stability, a 

multi-tiered convergence criteria was established. 

Specifically, the scaled residuals for continuity and 

momentum were required to drop below 1×10⁻ ⁴ , 

while the turbulence quantities (k and ε) were 

permitted to plateau below 1×10⁻ ⁵  due to their 

inherent numerical stiffness. Crucially, convergence 

was not solely judged by residuals; the total pressure 

rise across the guide vane domain was monitored as a 

primary physical control variable. The simulation 

was deemed fully converged only when this 

monitored pressure maintained a stable variation of 

less than 0.2% over the final 200 iterations, 

confirming that the macroscopic flow field had 

reached a steady state. Additionally, the global mass 

imbalance between the inlet and outlet was strictly 

maintained below 0.1% to guarantee overall 

conservation of mass. 

 

5. Boundary Conditions  

 

The computational domain frontiers identification is 

shown in figure (2) and affecting boundary conditions 

that were used in each simulation are displayed in 

table 3. 

The dynamic boundaries describe that the system 

inlet represents the ambient conditions with respect to 

temperature T0 and atmospheric pressure, while we 

adopted a pressure estimated at P = 0 Pas for the  

 

outlet. The mixed model solves the heat transfer 

through convection and radiation modes. The 

radiation incident on the collector is integrated by the  

DO model. The collector wall is considered semi-

transparent. As for the chimney wall, we consider it  

adiabatic due to neglecting the heat change resulting 

from the insulation of the chimney wall. For the input  

metrological data, the solar radiation and the ambient 

temperature are given by the values measured on June 

21th at 13 h. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     For the solid domains, Table 4 provides Ground, 

Steel and collector’s densities, specific heats, and 

thermal conductivities. First, the steel’s thermal 

diffusivity is the highest among the three 

materials, which explains its ability to conduct the 

maximum heat from the absorber plate. Second, the 

thermal conductivity of the collector material is the 

lowest of all, making it a good choice for insulation 

and limiting heat loss to the bottom surface. 

 

 

𝜂𝑡𝑜𝑡 =

1
2
𝜌𝐴𝑐ℎ𝑉𝑐ℎ

3

𝐼𝐴𝑐𝑜

 (10) 

  

𝑃 = 𝜂𝑡𝑜𝑡𝐴𝑐𝑜𝐼 (11) 

  

Table 3. Boundary conditions used in simulation 

Location Type Parameters  

Collector 

roof  

 

Ground 

Chimney 

Inlet  

Outlet  

Semi-transparent 

wall 

 

Wall 

Wall  

Pressure inlet 

Pressure outlet 

DO radiation; h=10 

W/m². K ; T0=313K 

; Tsky=0.0552 T0
1.5  

Q=0 (adiabatic) 

Q=0  

P=0 Pa ; T0=313k 

P= 0 Pa 

Figure 2. Boundary conditions 

 



Boukhamla et al./Journal of Solar Energy Research Volume 11 Number 3 Summer (2026) 3952-3966 

3957 

 

For the fluid domain, density, specific heat, thermal 

conductivity, and the volumetric thermal expansion 

coefficient were set to 1.225 kg/m3 , 1006.43 J/kg.K,  

0.0242 W/m.K and 0.0033 K-1 , respectively. It is 

especially important to note the thermal expansion  

coefficient and its contribution to the natural 

convection in the collector cavity’s fluid domains.   

 The thermal expansion coefficients for solid 

materials were not included because they do not 

impact the flow field at the operating temperature 

range and have no effect on the convection 

solution in the conjugate heat transfer model. 

The properties mentioned above play a significant ro

le in determining conduction and convection heat 

transfer mechanisms at fluid-solid interfaces. 

    Validating the grid independence examination is a 

crucial step in CFD. It allows for incorporating the 

optimal compromise among computational time and 

simulation accuracy. In this study the evaluation of 

maximum velocity was approved by performing the 

simulation for one of the four cases studied. The 

analytic comparison of the number of elements and 

nodes leads to identify the appropriate element size, 

ensuring both the reliability of results and numerical 

efficiency. Three mesh configurations different mesh 

densities, 309688 elements, 139138 elements, 93205 

elements, were examined (table 5). The quality of 

each mesh was evaluated using skewness and 

orthogonality, The majority of mesh elements exhibit 

skewness values below 0.25, indicating excellent to 

very good mesh quality. For orthogonal quality, 

values from 0.89–0.98 indicate excellent quality, 

which supports the accuracy and reliability of the 

CFD results, especially in the narrow regions. 

 

 

 

 

5.1 Turbulence model sensitivity  

The predictions for the examined solar chimney flow 

are largely insensitive to the turbulence model 

selection. Despite the known advantages of the 𝑘- 

𝜔 SST model for separated and boundary-layer 

flows, the standard 𝑘-𝜀 model achieves comparable 

accuracy here. Consequently, the 𝑘-𝜀 model is 

selected for its lower computational expense (Fig. 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. physical properties of the materials used in the CFD simulation 

Property Air Ground Steel Collector 

Density (kg.m-3) 1.225 1900 8030 2700 

Specific heat capacity (J.kg-1.k-1) 1006.43 2200 502.48  840 

Thermal conductivity (W.m-1.k-1) 0.0242 1.83 16.27 0.78 

Thermal expansion coefficient 0.0033 ___ ___ ___ 

Table 6. Overview of key simulation parameters considered in present study and literature data 

Ref  Collector 

Diameter (M) 

Chimney 

Diameter(M) 

Chimney Height (M) V max (m/s) T max (ΔT) 

Our study 24.4 1 19 5.16 11.4 

Maia et al. 2017 25 1 12.3 2.21±0.132 26.5±1.1 

Buğutekin  2010 27 0.8 17.15 5 25 

Maia et al. 2009 25 1 11 2.5±0.165 30±1.4 

Ferreira et  al.2008 25 1 12.3 2.75±0.165 27±0.5 

Table 5. Grid independence details result for the 

CFD model 

Number of 

nodes 

Number of elements Vmax 

(m/s) 

291492 309688 4.37 

122512 139138 4.30 

74484 93205 4.41 

Figure 3. Velocity distribution thorough 

collector for the different turbulence models; 

case zero guides. 
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To validate our numerical model, we compared our 

geometric inputs and performance outputs against 

established literature, as shown in Table 6. Our 

collector diameter (24.4 m) and chimney diameter 

(1.0 m) closely match most reference studies (Maia et  

al., 2009, 2017; Ferreira et al., 2008). However, our 

chimney height (19 m) is significantly taller than the  

11–12.3 m range reported in most studies, though 

comparable to Buğutekin (2010) at 17.15 m. 

This taller chimney enhances the buoyancy-driven 

draft, yielding a maximum air velocity of 5.16 m/s—

substantially higher than the 2.21–2.75 m/s reported 

by Maia and Ferreira, but in close agreement with 

Buğutekin's 5 m/s benchmark. However, this 

increased velocity comes at a thermal cost: the 

accelerated airflow reduces residence time over the 

absorber, producing a maximum temperature 

difference (ΔT) of only 11.4 °C, significantly lower 

than the 26.5–30 °C range found in the literature. 

This inverse relationship between velocity and 

temperature confirms the classical trade-off between 

flow rate and thermal absorption, demonstrating that 

our model behaves physically. These results validate 

the reliability of our computational approach, giving 

us confidence to use this model for further 

investigations into obstacle placement within the 

collector. 

 

6.Validation  

 

 

 

 

Figure 4. Numerical vs. experimental.  

(a) Temperature and (b) air velocity through the 

collector 

In this study, the numerical results were juxtaposed 

against the experimental by Ayadi et al [33]for 

qualitative corroboration. The lack of a sufficient 

quantitative metric for a point-wise error assessment 

leads to the comparison thus being very 

phenomenological. However, the numerical 

predictions produce a fantastic agreement with the 

reference data (figure 4) , exactly reproducing the 

same asymptotic saturation behavior and similar 

curvature observed along the entire transient regime. 

This qualitative agreement supports the capability of 

the model to reproduce the primary mechanisms 

driving this behavior. 

 

7.Results and Discussion 

 

To investigate the effect of the presence of guides 

within the collector on velocity, static pressure and 

static temperature distribution, a series of designs 

incorporating a fixed number of guides were analysed. 

For the configuration with 9 guides, Figure (5) shows a 

velocity range of 0 to 3.04 m/s. The results indicate a 

low velocity at the collector inlet, with the highest 

values occurring at the chimney base. The velocity 

profile remained consistent from the base to the 

chimney exit. Also, the pressure field demonstrates an 

inverse relationship to velocity figure (6); reaching its 

minimum at the base of chimney ranging from 0pa to -

0.41 pa. The temperature distribution, shown in Figure  

(6), varied within the collector, ranging from 313 K to 

322.9 K. 

For case (c), a similar trend was observed. The velocity 

ranged from 0 to 2.8 m/s (Figure 5), again peaking at 

the chimney base. For the pressure value decrease from 

0 to -0.22 pa figure (6); The temperature range was 

slightly lower, between 313 K and 322.6 K, while still 

demonstrating clear variation across the collector 

Figure (4). 

A comparative analysis of cases (a) and (b) is presented 

in Figures 5 and 6. The maximum velocities were 2.3 

m/s and 2.6 m/s for cases (a) and (b), respectively. And 

minimum values of pressure of -0.15pa and 0.03 pa. 

Correspondingly, the maximum temperatures reached 

322.3 K for case (a) and 322.7 K for case (b) (Figure 7). 

These results confirm that temperature variation inside 

the collector is a consistent feature across all 

configurations tested. 

About the streamlines which shown in figure (8) the 

velocity through the collector gradually increased due 

to the existence of guides, the maximum velocity 

achieved at 3 m/s for the case (d), as well the high 

temperature due to accelerate the flow within the 

collector; as observed the velocity in chimney 

decelerate due to wall shear. 
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(a) 

(c) (d) 

(b) 

Figure 6. Distribution of pressure for the four considered cases: (a); (b); (c) and (d) 

Figure 5. Distribution of velocity for the four considered cases: (a)  ; (b); (c) and (d) 

(b) 

(d) (c) 

(a) 
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(a) 

(c) (d) 

(b) 

Figure 8. Streamlines for the four considered cases: (a); (b); (c) and (d) 

Figure 7. Distribution of temperature for the four considered cases : (a)  ; (b); (c) and (d) 

(b) (a) 

(d) (c) 
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7.1. Collector results 

Analysis of the results and corresponding graphs 

(Figures 9 ,10and 11) reveals distinct trends in airflow 

behaviour.  

The air velocity (figure 9), initially at a minimum of 0.7 

m/s at the collector inlet, exhibits different progression 

patterns depending on the configuration. In Cases (a), 

(b), and (c), the velocity remains relatively constant 

between 0.7 m/s and 1.04; 1.34; 1.41 m/s until 

approximately two meters from the collector outlet, 

where a sharp increase occurs, peaking at the chimney 

base with respectively values of 2.31 ;2.57; 2.83 m/s. In 

contrast, Case (d) shows a more gradual increase from 

the inlet 0.7m/s to 3.04 m/s at the collector outlet. 

Unlike velocity, static pressure reaches its minimum at 

the outlet of collector where intense flow convergence 

and buoyancy effects result in a significant pressure 

decrease accelerating the flow (figure 10). In Cases (a), 

 (b), and (c), pressure remains relatively constant 

between 0 pa and -0.33; -0.56; -0.75 pa until 

approximately 1.5 meters from outlet of the collector, 

where a sharp decrease occurs until reaches 

respectively values of -6.06 ; -7.12; -9.20 pa. In 

contrast, Case (d) shows a more gradual decrease to -

9.98 pa at the collector outlet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concurrently, the air temperature demonstrates a 

consistent trend across all cases, increasing gradually 

from a minimum at the inlet (313 K) to a maximum at 

the collector outlet. The final outlet temperatures were 

323.18 K for Case (d), 322.83 K for Case (b), 322.62 K 

for Case (c), and 322.29 K for Case (a) (figure 11). 

In summary, while the temperature rise is consistent, 

the velocity profile is significantly influenced by the 

internal configuration of the collector. The results 

indicate that the presence and number of guides induce 

marked variations in air velocity, with Case (d) 

demonstrating the most pronounced acceleration. This 

highlights the critical role of collector design in 

modulating the thermodynamic properties of the 

airflow. 

As a conclusion regarding velocity, at the collector 

inlet, the velocity is minimum but gradually increases 

as air passes through the collector, reaching its 

maximum at the exit. This increase is most 

pronounced for case (d)with 9 guides, followed by 

less pronounced increases for cases (a),(b) and (c). 

regarding pressure, we note an inverse trend 

compared to pressure; there is a marked variation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

along the airflow path in the collector. At the inlet, the 

pressure reaches its maximum but decreases rapidly 

as air moves through the collector toward the outlet. 

Again, this reduction is particularly noticeable for 

case (d), followed by a slightly less pronounced (a), 

(b) and (c). 

As for the air temperature, it also changes along the 

way to the exit. We observe a gradual increase in 

temperature, with a minimum temperature at the inlet 

and a maximum temperature at the collector outlet. 

This increase is more significant for case (d) and 

slightly attenuated for (a),(b) and (c). In summary, 

these observations highlight the importance of the 

guided collector on the parameters studied. A number 

of guides appear to induce less marked variations in 

the distribution of pressure, velocity, and temperature 

of the air inside the collector. The case of 9 guides 

shows distinct behaviour compared to other cases, 

Figure 9. Average of velocity through the collector 

for the four considered cases: (a)  ; (b); (c) and (d) 
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Figure 10. Average of static pressure through the 

collector for the four considered cases : (a)  ; (b); 

(c) and (d) 
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with notable differences in pressure, velocity, and 

temperature changes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.2. Chimney results  

 

For the chimney (figure (12-14)), we observed 

phenomena quite different from those of the collector: 

7.2.1. Air velocity: regarding the velocity, A notable 

surge in velocity consistently occurs at the base of the 

chimney in the first 2 meters, offering valuable 

insights into the rate of rotation of the turbine then we 

note a sudden drop from 4.97 m/s to 3.60 m/s for the  

case a; for b and c the drop is from 4.86 m/s ; 4.93 m/s 

to 3.63 m/s;3.65 m/s respectively; while the case d the 

decrease is from 5.12 m/s to 3.55 m/s, followed by a 

stabilization until the exit from the chimney.  

7.2.2. Pressure: observations vary depending on the 

existing of guides within the collector. At all cases 

pressure increases as air moves toward the chimney 

exit. For case (d), the pressure values between -29.57 

pa to 0 pa at the exit of chimney, for the other cases 

(a), (b)and (c) it decreases from -28.07 ,-22.75 , -

24.17 pa respectively to reaches the atmospheric 

pressure at the outlet. However, the graph shows a 

similar trend for all four cases. 

7.2.3. Air temperature: we observe subtle but 

distinct variations. For cases (b) and (d) an almost 

match observed for both curves, the temperature 

decreases from 324.16 k , 324.18 k to 323.07 k. On 

the other hand, for cases (c) and (a), the temperature 

experiences drop from 324.02 k ,323.66 k to 322.92 

k ,322.61 k respectively at the outlet of the chimney, 

as indicated in the values provided (drop in 

temperature within chimney until the flow exits up). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (15,16) represents average of velocity and static 

temperature through the chimney and the collector 

respectively for different solar irradiation varied from 

600 to 1600 w/m2 for the optimum case (d) with 9 

guides; it is remarked the direct proportion between the 

temperature and the solar radiation (figure 17). 

 

 

Figure 11. Average of static temperature through 

the collector for the four considered cases : (a)  ; 

(b); (c) and (d) 
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Figure 14. Average of static temperature through the 

chimney for the four considered cases : (a)  ; (b); (c) and 
(d) 
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Figure 13. Average of static pressure through the 

chimney for the four considered cases : (a)  ; (b); (c) and 

(d) 
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Figure12. Average n of velocity through the 

chimney for the four considered cases : (a)  ; 

(b); (c) and (d) 
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Figure (18) represents the power output as a function 

of the different studied cases of the collector; from  

this outcome we observe that for case (d) we obtained 

the higher value of energy with value of 72 Watts, the 

case (a) gave the lower value which is equal to 56 

watts. From this place we deduce that the presence of 

the guides within the collector affects the power 

output. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. Conclusions  

This study numerically investigated the influence of 

integrating internal flow guides within the collector 

of a solar chimney power plant (SCPP) using a three-

dimensional CFD model based on a 1:10 scaled 

Manzanares prototype adapted to the climatic 

conditions of Khenchela, Algeria. Unlike 

conventional SCPP configurations, the proposed 

design introduces passive flow-guiding elements to 

modify the airflow structure inside the collector, with 

the objective of improving the overall aerodynamic 

and thermal performance of the system. 

A systematic parametric analysis was carried out for 

collector configurations with 3, 6, and 9 internal 

guides, and their performances were compared with 

the conventional collector without guides. The 

numerical results demonstrate that increasing the 

number of guides enhances the airflow characteristics 

by improving pressure distribution and maintaining a 

more favorable thermal field while promoting a more 

stable airflow toward the chimney. Among the 

investigated configurations, the collector equipped 

with nine guides (Case d) exhibited the best overall 

performance. 

The optimal configuration generated the highest 

chimney inlet pressure, maintained a more uniform 

temperature distribution along the flow path, and 

produced the greatest electrical power output of 

approximately 72 W, demonstrating the effectiveness 

Figure 18. power output for the four considered cases : 
(a)  ; (b); (c) and (d) 
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Figure16. Average of static temperature through the 
collector for different solar radiation for the case (d) 
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Figure 17. Maximum static temperature for different 
solar irradiation for the case (d) 
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Figure15. Average of velocity through the 

chimney for different solar radiation for the case 
(d) 
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of the proposed passive flow-control strategy. These 

results confirm that properly designed internal guides  

can significantly improve the aerodynamic behavior 

of the collector and consequently enhance the energy 

conversion capability of the solar chimney system. 

The principal contribution of this work is the 

demonstration that collector-integrated internal flow 

guides constitute an effective passive design 

approach for improving SCPP performance. In 

addition, the study provides a comprehensive CFD 

framework for evaluating the coupled effects of 

collector modifications on the thermal and fluid 

dynamic behavior of the entire system, offering 

useful design guidelines for future solar chimney 

developments under site-specific climatic conditions. 

Future work will focus on optimizing the guide 

geometry by investigating blade-shaped, curved, and 

inclined guide configurations to further enhance 

airflow acceleration and heat transfer. In addition, 

coupling the optimized collector with a dedicated 

turbine design and performing multi-objective 

optimization of both components are expected to 

further improve the overall efficiency and power 

output of solar chimney power plants. 
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