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ABSTRACT 

Numerical study has been done for testing the thermal performance and the thermal behavior enhancement of 

solar chimney that can be achieved by adding metal foam. Computational fluid dynamics (CFD) was used for 

solving the governing equations of flow and heat transfer for f models of solar chimney. ANSYS FLUENT 14.5 

software was employed for solving it which using the control volume numeri                            

                                                                                                                      

being found when it provides the best thermal performance. The governing equations and radiation heat transfer 

equations are solved using a finite volume modeling technique, which is implemented through the use of the 

ANSYS Fluent software package (version 14.5). It was discovered that the presence of metal foam (10 & 40) 

PPI absorber plates improved heat transfer, resulting in an increase in air velocity at the solar chimney of 

approximately (13.3% and 5.3%, respectively) at the highest inclination angle (60°) as opposed to the presence 

of conventional flat absorber plates. Additionally, the results revealed that the 10 PPI absorber plate produces 

results that are superior to those obtained with the 40 PPI absorber plate in all cases. Evaporative cooling mode 

lead to good results. Where, the room temperature is still lower than the outside condition temperature, by 

approximately 3.2-   ℃                                                        b                             

high solar radiation and the induce air from high intensity arid area. The enhancement in the relative humidity at 

evaporative cooling mode in the room for 10 PPI absorber plate to about 15.3 %  at inclination angle (60°) if 

compared with the flat absorber plate at the same inclination angle. 
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INTRODUCTION 

Solar energy is one of the potential alternative energy sources, is particularly attractive because it is renewable, 

nonpolluting and widely available on-site. Solar energy is being used for many purposes, such as electricity 

generation, refrigeration and air-conditioning applications. Solar chimneys are one kind of renewable energy 

technologies, which enhance the natural ventilation of buildings. Passive solar design refers to the use of the 

   ’                                                    s by exposure to the sun without using the mechanical or 

electrical equipment. The traditional windows, thermal mass, and thermal chimneys are common elements 

found in passive design. Passive solar energy only is not able to cover the desired load effect in day time and 

night time, especially in large building. So, most passive solar buildings are therefore in reality hybrids, in 

which passive technologies are used in tandem with mechanical equipment, to achieve a low energy solution. 

This leads to a new term mixed-mode that has come into use. Mixed-mode buildings mean using a combination 

of both passive and mechanical to achieve the desired load effect [1]. 

A solar chimney – often mentioned to as a updraft stack – is a technique of enhancement the natural ventilation 

of building by heating air convected by passive solar energy. The efficiency of air ventilation and thermal 

comfort are so important in hot climate. Solar chimneys are more interesting in applications requiring low and 

moderated temperatures. Therefore, natural ventilation techniques are used for conditioning buildings, while the 

solar chimneys are systems which can contribute to enhance the energy efficiency by decreasing energy 
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consuming for the building [2]. Metal foams are usually porous media with low density and novel structural and 

thermal properties. Metal foam is presently the most popular heat sinks utilized material. It has a comparatively 

high heat conduction that, is light, is relatively low price, and resistant to corrosion. Several mechanisms 

contribute to enhancements of heat transfer related with the utilize of metal foams, involving interfacing 

between a through-moving fluid and the solid-foam material, where porous matrix has a larger influence on 

dissipate the heat from the hot components, and then exchanging this heat with the flowing fluid. The second 

important factor in heat sink performance is surface area per unit volume, which governs heat dissipation 

through convective heat transfer [3]. Evaporative cooling systems have been traditionally designed to provide a 

cooling relief from the intense sun which natural air movement from chimneys. They are dependent on building 

design, and so it is not easy to transfer from one use to another. There are many ways of lowering the indoor 

temperatures by utilising the natural conditions in arid regions and semi-arid regions. One simple solution 

includes evaporation through natural. This technology is better suited to areas with extremely low humidity, 

such as desert area. 

It's appropriate to survey the previous researchers and their study on the solar chimney with evaporative cooling 

who attempted to improve the thermal performance and study the activity of an absorber media. [4] developed 

the applicability of analytical parameteric for studing solar chimney roof combined with spread sheet as a wind 

cooling cavity using computer program. This paper presents a description of detailed and sizing of such system. 

Space between the extenal glazing of solar chimney and the external leaf is optimized.The proposed solar 

chimney roof is capable to generate maximum air velocity is about 1.1m/s and an air flow rate up to 1.6 kg/s 

derived in the chimney at a mean incident solar radiation of 850 W/m2. The average mass flow rate is create as 

1.3 kg/s at velocity of air in the chimney about 0.9m/s and incident solar radiation 575W/m2. The cooled cavity 

can produce a mass flow of 0.35 kg/s at a speed of wind 4.0 m/s. The system may be integrated with a stand-

alone building or with a group of buildings. It is however, suitable to be used to more than one floor 

construction. [5] predicted the natural ventilation in buildings by SC alone, where a computer model was 

developed.  

The simulation program was based on the solution of 3-D steady, at laminar conservation equations of mass, 

momentum and thermal energy with a suited set of boundary conditions. The equations were discretized by 

finite difference formulation and solved by the marker and cell scheme (MAC) scheme. Results showed that the 

solar chimney alone can induce a sufficient ventilation rate for ensuring peoples thermal comfort, with outdoor 

temperature below 37 °C. [6] studied the thermo-fluid phenomena inside SC's gap, which was constructed at 

each wall and orientation of a small-scale test room. Therefore, a numerical investigation of the buoyancy-

driven flow field and heat transfer that took place inside the solar chimney gap was performed, and Governing 

elliptic equations were solved in a 2D domain using a CV method. The procedure that applied was general for 

simulation of solar chimneys in different conditions and different aspect ratios. For the numerical simulation of 

turbulent fluid flow inside SC gap, six turbulence models were tested. Results concluded that the use of the k- ɛ 

models and the Abid Low- Re model was referred to the prediction of temperature profiles and realistic velocity 

as the results got from theory.  

So, the ability to applied k- ɛ model provided superior performance for flows boundary layers under high 

adverse pressure gradients. [7] presented a mathematical model for computing the cooling performance of a 

wind tower in a dry and hot district, Yazd, in Iran. In this work, the influences of parameters such as the 

temperature of output and input air, the quantity of water vaporization, selection of the materials used in the 

wind tower walls, tower height, the relative humidity and velocity of the wind were investigated. A computer 

program that employments an iterative solution process was constructed with language C++ to solve the 

governing energy equations. At the peak of the cooling system performance, temperatures of air is capable to 

decreasing by 10–15 °C dependent on climate and environment conditions. In the height 2 m of the tower, 

temperatures of air is reduction (8–12 °C) when sprayers are separated uniformly through it. The consumption 

rate of water is about 0.025 kg/s and the rate of output cooling is approximately 100 kW, without consuming 

any fuels or using mechanical force. [8] developed a numerical study of heat transfer in SC system, for heating 

and ventilation of test building. Where, the conservation equations were solved numerically by using the finite 

difference method. The governing equations parameters were limited.  
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The Nusselt number Nu, the dimensionless volume flow rate v and radiation heat flux ratio qr/qtot were 

calculated as a function of the governing parameters, so streamlines and isotherms were produced. Results 

showed that the surface radiation modified the flow and temperature fields, where the effect of the Nusselt 

number and the volume flow rate, both in a positive way, and improved the ventilation performance of the 

chimneys. [9] presented a performance analysis of a system consisting of an Evaporative Cooling Cavity (ECC) 

and a Solar Chimney (SC). Natural ventilation in a solar room used as low-energy-consumption system to 

improve passive cooling. Applicable effectiveness, appropriate thermal comfort criteria has been considered for 

determining the operational conditions which the performance of system dependent on it. The influences of 

parameters of main geometric on the performance of system and the ability of the system for meetting the 

essential thermal desires of persons has been studied.  

A mathematical model based on energy conservation equation and mass conservation equation has been written 

in MATLAB software for solving it by an iterative technique to find the heat and mass transfer of system 

characteristics. The results show that when the indoor air condition even at 40 °C and relative humidity is lower 

than 50%, Acceptable indoor air condition was achieved by the system. Also when using ECC, the system can 

make higher performance at same condition. The findings show that when the poor solar intensity of 200 W/m2, 

the system in a living room is applicable to provide a good thermal condition at daytime. [10] studied 

numerically the indoor thermal comfort and natural ventilation via frugal combine airflow of multi zone by 

using the software of COMIS-TRNSYS (Madison, WI, USA). This paper improves thermal ventilation multi-

zone model which an integration of solar chimney and cooling tower of direct evaporative in Egypt. The 

findings show that the indoor temperatures decreases about 10°C to 11.5°C less then outdoor temperatures due 

using integrated system reacts with climate situation and room environment.  

The results show that the minimum air change per hour is 2 ACH which achieved the minimum requirement of 

ACH without coefficient of pressure. Under the influence of solar radiation only, the system is applicable to 

generate 130.5 m3/h. [11] numerically investigated the parameters that effect on the SC performance namely; 

vertical SC attachment heights, channel expanding angle of SC, solar radiation intensity, inclination angles and 

SC's gap depth. The two first parameters never had been studied before. Results referred to the positive effects 

for the mentioned parameters. [12] investigated of low energy technique for natural ventilation driven by solar 

chimney integrated with evaporative cooling to provide appropriate thermal comfort in a house space. 

Computational fluid dynamics (CFD) method used for simulation of house space system via ANSYS Fluent. 

The Zhang model was combined with the noval model of system in computational fluid dynamics (CFD) model 

for prediction the performance of overall and local thermal comfort space. A region placed in Riyadh was 

selected for dry and hot weather and 14 h and 17 h hours were chosen for representation.  

The result shows that when using a comfort scale changing from very comfortable at +4 to very uncomfortable 

at -4, the thermal comfort level of 1.42 at 14 h and 1.96 at 17 h. Wherefore when used the novel system, it 

noticed that the overall thermal comfort is improved significantly. Energy savings getting 10% are recording 

through all hours [13] illustrates the thermal and ventilation performance of a newly designed solar chimney 

coupled with a windcatcher and water spray system installed in a warm and arid climate for a two-story office 

building. The windcatcher on the north façade of the building, combined with a solar chimney on the roof, 

provides ventilation for both floors through a floor void with the smallest footprint possible. In order to assess 

the cooling and ventilation potential of a solar chimney with and without a windcatcher, an experimental study 

involving a reduced scale model and computational fluid dynamics (CFD) analysis was carried out in 

conjunction with an analysis of computational fluid dynamics.  

On a hot and sunny day, the results demonstrate that the solar chimney, in conjunction with a windcatcher and 

water spray system, can provide adequate thermal and airflow conditions for both floors without the use of wind 

force. It is possible to reduce the average temperature of the occupied space by 5.2 degrees Celsius and generate 

approximately 9 air conditioning units per hour (ACH) during peak working hours in the summer, as well as to 

save 75 percent of the total cooling and 90 percent of the ventilation energy required during peak summer 

working hours. Many experimental studies investigated about employing the metal flat plate as heat absorber 

media but without mentioning whatever about examine the possibility of enhancing the thermal behavior of a 

solar chimney through adding porous materials. The present work investigates numerically the thermal behavior 
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enhancement of solar chimney that can be achieved by adding metal foam. Figure (1) shows a physical 

geometry of the system used in this work 

 

Figure 1. 3-D Schematic Diagram For The Physical Domain 

Mathematical Model 

The Governing Equations 

The mathematical formulation for fluid flow and heat transfer in natural ventilation in room integrated with 

solar chimney and evaporative cooling with different modes and absorber media models was developed under 

the following assumptions: 

1. Three-dimensional of conservation equations. 

2. Steady state Incompressible flow. 

3. Conduction three-dimensional heat transfer through glass cover and absorber plate. 

4. Air flow in the channel has been considered turbulent according to the value of Rayleigh number. 

5. The Boussinesq approximation was used for the density variation 

6. All properties are evaluated at an average temperature. 

A key modeling equations in FLUENT for fluid flow and heat transfer in solar chimney from free convection 

were the conservation of mass, momentum, energy and the equation of turbulence. The governing equations can 

be written in cartesian form as [14] and [15]: 

Continuity Equation 

     

  
 

     

  
 

     

  
                                                                                                                                                       

Momentum Equation 
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In x-direction is 
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In y-direction is 
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In z-direction is 
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Energy equation 
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Where the Reynolds stresses can be symbolized by equations [15]: 
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And the heat source; 

    0 

b                = ρ β   f − in      θ  

b                = ρ β   f − in      θ  

θ : I                            

Γeff = 
      

    
 

  

  
 

µeff =µ +µt 

µeff = coefficient of effective viscosity  

Γeff = coefficient  of effective diffusion  

δeff = effective Prandtl number includs the turbulent of diffusion coefficient and dynamic viscosity. 
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Species Transport Model of Evaporative Cooler 

For flows involving a mixture of species, the species conservation equation was solved. To solve conservation 

equations for species, the ANSYS Fluent software predicts the local mass fraction of each species, Yi, through 

solution of a convection–diffusion equation for the ith species. This conservation equation takes the following 

form: 

 

  
  ρYi) + ∇  ρ iYi) = - ∇. Ji                                                                                                                                                       

There are two species in the CFD model: water vapor (species 1) and air (species 2). In turbulent flow, ANSYS 

FLUENT uses the dilute approximation (also called Fick's law) to model mass diffusion due to concentration 

gradients, under which the diffusion flux can be written as: 

Ji = -  ρDi,m + 
  

   
 ) ∇Yi - Di,T 

∇ 

 
           (10) 

Ji is the diffusion flux of species i. 

Di,m  is the mass diffusion coefficient for species I in the mixture. 

Di,T  is the thermal (Soret) diffusion coefficient. 

Boundary Conditions 

Inlet Boundary Condition 

The inlet of the room with ventilation solar chimney is specified as pressure inlet boundary condition and it is 

assumed a gauge pressure of zero Pascal at the outlet. Inlet air temperature of the room with ventilation solar 

chimney is considered to be 300 K. 

At  z= 0              ;   H -         H                   ; x=0           

At  0         ;   H -         H             ; x=0                      

                                                               

Outlet Boundary Condition 

The outlet of the the room with ventilation solar chimney is considered as pressure outlet boundary condition 

and it is assumed a gauge pressure of zero Pascal at the outlet. Air temperature of the room with ventilation solar 

chimney is considered to be 300K at back flow. 

At  z= 0              ;   H      H +                     ; L - b      

At  0         ;   H -         H             ; L - b      

                                                              

Wall Boundary Conditions 

At the room cabinet walls and chimney walls, no slip boundary conditions were used. 

Interface of solid fluid: u = v = w = 0, 

      ,        
   

  
 =    

   

  
 

Radiation and wind convection boundary conditions is exposed to the  exterior walls of the the room wall and 

solar chimney wall. 

At the glass wall: 

 ( 
  

  
)
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The glass wall is subjected to continuous heat flux  ̿ and transmission to absorber plate such that: 

  

  
 

 ̿

    

 
     

    

 

At back-side wall of solar chimney and other each walls of the test room are occupied as insulated walls such 

that: 

  

  
 = 0 

where      is the absorber plate thermal conductive,   is the absorber glass transmissive,   is the absorber plate 

absorptve. n is unit vector normal at wall. 

Porous Zone Boundary Conditions 

A many techniques used to express the boundary condition of the porous absorper media model (metal foam). 

The porous jump is the suitable technique can be utilized to the establishing this model because, the thickness of 

the porous metal foam is small compared with the length of the porous metal foam [25]. The radiation heat 

transfer participate can be achieve in porous jump technique for equilibrium thermal model, viscous shear stress 

in Bringman term in equation (16), and inertial force in Forchheimer term in equation (16). Table (1) presents 

the measured of the permeability coefficient, inertial coefficient and porosity of metal foam. 

Table 1. Properties of Cooper Foam 

Pores per inch (PPI) Porosity (p) (%) Permeability (K)(m
2
) Inertial Coefficient (C) 

10 0.93 7.859 x 10
-8

 0.17 

40 0.89 1.75 x 10
-8

 0.159 

Computational Models 

Geometry   

The geometry models created in SOLIDWORKS, version 2016 consists of test room, evaporative cooler,  solar 

chimney, absorber flat plate and cooper foam absorber. The size of test room is (2m*2m*1.5m) divided in two 

space, the size of evaporative cooler is (1m*0.4m) and the size of solar chimney is 2m length, 1m width and 

0.30 m depth. The thermal insulation was made from fiber glass and the thickness is 3cm. Figure (2) shows a 

physical geometry of the system used in this work. Two computational models are constructed, one for 

ventilation mode, and the other one for cooling mode that are used in the present work as shown in figures (3,4). 

 

Figure 2. Schematic Diagram Of The Physical Domain 
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. 

Figure 3. Schematic Diagram Of The Ventilation Mode With Flat Absorber Plate 

 

Figure 4. Schematic Diagram Of The Evaporative Cooling Mode With Porous Absorber Foam 

Meshing  

Standard CFD methods require a mesh that fits the boundaries of the computational domain. The generation of 

computational mesh is suitable for the discretized solution of three dimensional Navier-Stokes, continuity and 

energy equations have always been the subject of intensive researches. This kind of problem covers a wide 

range of engineering applications. In the current study, edges were meshed by taking an interval count for each 

boundary comprising a close loop of area. The divisions of meshes are performed with the many range of 

number elements dependent on the size of room and dimension of solar chimney and evaporative cooler. In the 

porous absorber media model starts from 1552150 elements and while in the flat absorber plate (conventional) 

starts from 938130 elements and it increasing by dependent on the above designated explanations. From various 
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applied trials a space of element of ( 0.001 mm) was appropriate for accuracy catching precisely details of the 

heat transfer and fluid flow for all tests, Figure (5,6,7) shows the 3-D mesh grid in present work for two mode of 

the test room that integrated wuth ventilation solar chimney and evaporative cooler.          

 

Figure 5. 3D Mesh Of Solar Chimney And Evaporative Cooler 

 

Figure 6. 3D Mesh Generation Of The Model With Porous Foam 

 

Figure 7. 2D Mesh Generation Of The Model With Porous Foam 
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CFD Model Setting and Parameter     

 For the present work a second – order upwind scheme was used for momentum and energy equations, standard 

simple was used for pressure. Under – relaxation factors were used, 0.3 for pressure, 1 for density, 1for body 

forces, 0.7 for momentum equation and 1 for energy equation. A flow solution is considered to have converged 

after all equation residuals have been reduced to 1000-800 for energy equation and 1000-400 for continuity 

equation, they required (1200 – 1400 ) iterations in models (I) and (II) as shown in Figure (8). The flow solution 

is considered to have converged after all equation residuals have been reduced to 1000-700 for energy equation 

and 1000-300 for continuity equation, they required (1200 – 1250 ) iterations in this model as shown in figure. 

 

Figure 8. ANSYS FLUENT Iteration Of The Work 

Materials Properties in Ansys Fluent 

In ANSYS FLUENT software, it is very important to specify the properties of medium fluid which is and the 

properties of materials. The materials properties that are used are summarized in Table (2).  

Table 2. Physical Properties of Materials 

Physical property 
Absorber 

plate 

Glass 

roof 
Insulation Air Water Vapor 

Density kg/m3 8978 1900 700 Boussinesq 0.723 

Specific heat J/kg.K 381 837 2310 1006.43 1874 

Thermal Conductivity W/m.K 387.6 0.91 0.137 0.0242 0.01896 

Viscosity kg/m.s - - - 1.7894e-05 1.407 e-05 

Refractive index 1 1.562 1 1 1 

Operating Conditions and Solution 

ANSYS FLUENT version (14.5) was used to solve the governing equations for a steady state condition flows 

through a three-dimensional mechanically ventilated room based on finite volume technique and SIMPLE 

algorithm method, also a power law resolution is selected for all variables and a body forced weighted is 

selected for pressure, and. An iterative method about ( 1400-1600) iterations required to achive converge results. 

The operating pressure selected for the present work is 101.325 Kpa, the reference pressure location were ( x = 0 

m, y = 0 m), and the gravity components for inclined channel or vertical channel was (x= 0 m/s2, y= -9.81 m/s
2
, 

z=0 m/s2). 

For the physical properties of air, the Boussinesq model was used for density in the present work  

ρ = ρ  [1 – β     – To )]                                                                                                   (23) 
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     :         k                                 ρ                         ρ                          β                

expansion coefficient. 

RESULTS  

Figures (9a,b,c) show a comparison between three type of absorber plate (flat plate, 10 PPI metal foam and 40 

PPI metal foam) at the intensity of solar radiation (953 W/m2 ), height of absorber plate (5 cm) and inclination 

       Ɵ=          heat transfer mechanism is shown to be more effective in the presence of the metal foam 

absorber plate. It should also be noted that, in the case of a metal foam absorber plate, the thermal boundary 

layer develops along the upper and lower surfaces of the absorber plate. In the case of a flat plate absorber, the 

thermal boundary layer develops primarily along the upper surface of the absorber. As a result, the presence of a 

metal foam absorber plate resulted in a significant increase in heat transfer. 

Figures (10,a,b,c and d) show the temperature contour behavior for 10 PPI metal foam absorber plate at the 

intensity of solar radiation (953 W/m
2
               b   b                                                     

 Ɵ=                                      I      b                                                                      

                                                                                 b                           

because of the rapid growth of the thermal boundary layer for high inclination angle. 

Figures (11 and 12) show a comparison between two type of absorber plate (flat plate and 10 PPI metal foam) at 

the intensity of solar radiation (953 W/m
2
               b   b                                       Ɵ=         

Figures (5.11) an   Ɵ=                     12). The heat transfer mechanism is shown to be more effective in the 

presence of the metal foam absorber plate. It should also be noted that, in the case of a metal foam absorber 

plate, the thermal boundary layer develops along the upper and lower surfaces of the absorber plate. In the case 

of a flat plate absorber, the thermal boundary layer develops primarily along the upper surface of the absorber. 

As a result, the presence of a metal foam absorber plate resulted in a significant increase in heat transfer. 

Figure (13) shows the average absorber plate temperature variation with time for flat plate and metal foam (10 

PPI) absorber plate in evaporative cooling model at the same intensity of solar radiation and for absorber plate 

height of 5 cm and inclination angle 60°. It was observed that the mean temperature of absorber plate for flat 

plate and metal foam (10 PPI) with evaporative cooling tower decrease about 14 °C  comparison with absorber 

plate without evaporative cooling tower. That is due to fact the water droped in wet pad of evaporative cooling 

makes it to slow down the descent of the water from the wet pad, allowing sufficient time for the heat exchange 

process between the water and the flowing air which in turn leads to decrease temperature of flowing air 

therefore, the absorber plate temperature is decrease. 

Air pathline with (Flat, 10 PPI, and 40 PPI) absorber plate at (I=953 W/m
2
) and absorber plate height (5 cm) are 

depicted in Figure (14     Ɵ=                         rates a general pattern of behavior that can be deduced. For 

flat plate absorber plates, the buoyancy effect produced circulated pathlines in test room with a continuous 

return air flow in the chimney space due to the buoyancy effect of the plate. This behavior represents the most 

serious flaw in the flat absorber plate collector configuration, and it resulted in significant losses in ventilation 

production as a result. As opposed to the flat absorber plate, the buoyancy force of metal foam caused the 

pathlines to move towards the exit section in the case of metal foam absorber plate and reduce the size of the 

vortices in the test room, indicating an improvement in the heat transfer performance over the flat absorber 

plate. 

Figure (15) shows the velocity vectors with (Flat, 10 PPI, and 40 PPI) absorber plate at (I=953 W/m
2
      

 b   b                            Ɵ=       I                                                                  b     

widely in gap of chimney between absorber plate and glass cover. When using 10 PPI and 40 PPI metal foam 

absorber plates, it can clearly be seen that the vectors in solar chimney concentrated through and near absorber 

plate due to large surface area in metal foam which causes inertia force addition to buoyancy force ain which 

turn leads to increase velocity in solar chimney. Those factors have a significant impact on the air velocity 

magnitude at the chimney exit, where there is a significant increase in the air flow velocity for (40 and 10) PPI 

absorber plates, which amounts to approximately 12.6 percent and 40.2 percent respectively whe              

                  b   b            Ɵ =       
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Figure (16) shows the average air velocity at the solar chimney with time for flat plate and metal foam (10 PPI) 

absorber plate in evaporative cooling model at the same intensity of solar radiation and for absorber plate height 

of 5 cm and inclination angle 60°. It was observed that the average air velocity at the exit of solar chimney for 

flat plate and metal foam (10 PPI) with evaporative cooling tower decrease about (35-10%) comparison with 

absorber plate without evaporative cooling tower. That is due to fact the air when it enters the evaporative 

cooling system comes out loaded with water vapor, which is heavier than dry air, so its speed is reduced inside 

the solar chimney compared to dry air. 

For the case of using metal foam as a chimney absorber plate within an test room and evaporative cooler, which 

is discussed in detail in the literature review, numerical results have only been published in a few cases. As a 

result, the comparison between the present study and other researches will be based on the general behavior of 

some parameters that were studied in relation to the performance of the solar chimney. The absorber  plate 

temperature distribution along the middle line of the chimney absorber gives a sufficient result with the 

numerical results of [26] as shown in figure (17). The obtained deviation is a result of the system dimensions 

and operating conditions that were used to put the program into (ANSYS FLUENT).  

 

(a) Solar Chimney With Flat Absorber Plate 

 

(b) Solar Chimney With 10 PPI Metal Foam Absorber Plate 
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(c) Solar Chimney With 40 PPI Metal Foam Absorber Plate 

Figure 9. Temperature Contours Of  Test Room And Solar Chimney    Ɵ=         I=       
2
 

 

    Ɵ=       

 

 b  Ɵ=      
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    Ɵ=      
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Figure 10. Temperature Contours Of  Test Room And Solar Chimney With  10 PPI Metal Foam Absorber Plate 

At Different Inclination Angles 

 

(a) Evaporative Cooling and Solar Chimney with Flat Absorber Plate 
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(b) Evaporative Cooling and Solar Chimney with 10 PPI Metal Foam Absorber Plate 

Figure 11. Temperature Contours of  Test Room And Solar Chimney with Ev                     Ɵ=     
 

 

(a) Evaporative Cooling and Solar Chimney with Flat Absorber Plate 

 

(b) Evaporative Cooling and Solar Chimney with 10 PPI Metal Foam Absorber Plate 

Figure 12. Temperature Contours of  Test Room And Solar Chimney with Evaporative Cooling    Ɵ=      
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Figure 13. Average Absorber Plate Temperature for (Flat Plate &10 PPI Metal Foam) with the Time for 

Evaporative Cooling Model 

 

(a) Solar Chimney With Flat Absorber Plate 

 

(b) Solar Chimney With 10 PPI Metal Foam Absorber Plate 
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(c) Solar Chimney With 40 PPI Metal Foam Absorber Plate 

Figure (14): Air                                             Ɵ=         I=       
2
 

 

(a) Solar Chimney With Flat Absorber Plate 

 

(b) Solar Chimney With 10 PPI Metal Foam Absorber Plate 
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(c) Solar Chimney With 40 PPI Metal Foam Absorber Plate 

Figure 15. Air Velocity Vect                                      Ɵ=         I=       
2 

 

Figure 16. Air Velocity of Exit Solar Chimney for Evaporative Cooling Model with the Time 

 

(a) (Present Study) 
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(b) [26] 

Figure 17. Comparison of Absorber Temperature of Solar Chimney with Position Between Present Study and 

Previous Theoretical Result [26] 

CONCLUSIONS 

Numerical studies have been carried out to investigate the improvement in heat transfer characteristics and 

overall performance of the solar chimney that was achieved by integrating the test room with evaporative cooler 

and solar air chimney with two particle sizes (10 & 40) PPI metal foam absorber plates in the solar air chimney. 

The maximum average absorber plate temperature with time for (Flat, 40 PPI and 10 PPI) absorber are lo     

          1                      Ɵ =                                                                                

                          I     1    I  b   b             b              1                       Ɵ=         

compared with the flat absorber plate at the same inclination angle. Evaporative cooling mode lead to good 

results. Where, the room temperature is still lower than the outside condition temperature, by approximately 3.2-

   ℃                                                        b                                                  

                                                                                                                  

                     1    I  b   b             b    1           Ɵ=                             flat absorber plate 

at the same inclination angle. 
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