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Abstract: A solar chimney is a way of improving the 

naturalventilation of buildings by 

using convection of air heated by passive solar energy. 

A simple description of a solar chimney is that of a 

vertical shaft utilizing solar energy to enhance the 

natural stack ventilation through a building. In this 

work a modeling of a solar chimney has been made by 

Energyplus software. The result is compared with 

previous study.  
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1. INTRODUCTION 
 

Efficient air ventilation and thermal 

comfort are of great importance in rural 

areas and hot climate conditions. 

Ventilation is the intentional supply of 

fresh outdoor air to a space to dilute and 

remove indoor air contaminants. 

Ventilation, whether naturally or 

mechanically, is a very urgent need in 

many residential and industrial zones. 

Natural ventilation occurs due to two 

causes: aeromotive or wind driving force, 

or buoyancy driving force (stack effect) 

due to temperature difference between 

indoor and outdoor air temperatures. A 

significant temperature difference should 

be existed for the thermal driving force or 

stack effect to be appreciated. Use of solar 

energy can create such a large temperature 

difference, and hence improve the stack 

effect for space natural ventilation. 

The solar chimney is used in most 

tropical countries, where it is almost very 

difficult for the majority to have an air 

conditioner, people rely on natural 

ventilation, instead, to achieve comfort 

through opening windows. However, in 

some climates, where the wind effect is not 

significant, just opening windows cannot 

effectively move the air inside the space to 

help diluting contaminants, odors, and 

satisfying the comfort feeling. This is due 

to the small pressure difference between 

the indoor and outdoor air. The solar 

chimney design and construction allow 

storing an amount of solar energy into a 

surface, then releasing this energy to an 

adjacent column of air raising its 

temperature, and accordingly it flows 

upward entraining an outdoor fresh air into 

the space. This will create an air breeze 

inside the space. 

The main driving force in moving the 

air upward in the chimney is the buoyancy 

force due to the absorbed energy. 

In this paper we will investigate a 

solar chimney for Belgrade Serbia and 

compare it to previous study to see the 

result of enhance of the volume flow rate. 

 

 

2. PREVIOUS STUDY 
 

The solar chimney is an attractive idea 

for many researchers in different fields. 

Some previous studies have been seen in 

the literature that investigates the use of 

http://en.wikipedia.org/wiki/Ventilation_(architecture)
http://en.wikipedia.org/wiki/Building
http://en.wikipedia.org/wiki/Convection
http://en.wikipedia.org/wiki/Air
http://en.wikipedia.org/wiki/Passive_solar
http://en.wikipedia.org/wiki/Energy
http://en.wikipedia.org/wiki/Natural_ventilation#Stack_driven_ventilation
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solar chimney, with different 

configurations, in ventilation 

improvement. Some researchers have been 

interested in analyzing the vertical 

chimney, while others have been studying 

the inclined chimney. 

Bassiouny et al. [1] considered that 

the geometrical parameters such as 

chimney inlet and width have a huge 

importance in the enhancement of the flow 

rate. They developed a numerical analysis 

to intend to predict the flow pattern in the 

room as well as in the chimney. 

The result shows that the chimney 

width has a very significant effect of flow 

rate and the air change per Hour (ACH) 

compared to the inlet area size. The results 

show too that there is an optimum inlet 

size beyond which the room ACH would 

decrease. It can be concluded that 

increasing the inlet size three times only 

improved the ACH by almost 11%. 

However, increasing the chimney 

width by a factor of three improved the 

ACH by almost 25%, keeping the inlet size 

fixed. The numerical prediction of flow 

pattern showed the effect of absorber edge 

on flow separation and accordingly the 

energy dissipated. Chamfering the inlet 

sharp edge is expected to further improve 

the ventilation rate. 

Macias and al. [2] studied a passive 

night cooling system that was developed 

and implemented for a new project of 

social housing. The natural ventilation is 

enhanced with the help of the solar 

chimney whereas night fresh air cools the 

building structure. This type of solar 

chimneys allows a totally passive night 

time cross-ventilation without having to 

open the window. In spite of their cost, 

they were accepted because, in solving a 

very typical conflict between noise and 

ventilation, they would represent a 

considerable contribution to the 

bioclimatic field in an urban context. 

Herreo and Heras-Celemin [3] 

proposed a mathematical model to 

evaluate the energy performance of a 2 m 

high solar chimney with a 0.24 m concrete 

wall as a thermal storage. Real weather 

data for the Mediterranean was used as 

initial conditions for the model. The 

concrete wall reached its higher 

temperature at 2 h later than the ambient 

temperature. Also, it maintained its 

temperature well after the beginning of the 

dark, inducing night natural ventilation. 

They recommended further studies to be 

pursued on the thermal inertia of solar 

chimneys. 

Ho Lee and al. [4] has developed a 

new module and implemented it in the 

EnergyPlus program for the simulation and 

determination of the energy impact of 

thermal chimneys. This study shows that 

Chimney height, solar absorptance and 

solar transmittance turned out to have 

more influence on the ventilation 

enhancement than the air gap width. The 

potential energy impacts of a thermal 

chimney under three different climate 

conditions are also investigated. It turned 

out that significant building cooling energy 

saving can be achieved by properly 

employing thermal chimneys and that they 

have more potential for cooling than for 

heating. In addition, the performance of a 

thermal chimney was heavily dependent 

on the climate of the location. 

Mathur and al. [5] has investigated on 

a small size solar chimney to show that the 

rate of ventilation increases with increase 

of the ratio between height of absorber and 

gap between glass and absorber. Finding 

an agreement between theoretical and 

experimental values of the air velocity they 

concluded that the model can predict the 

performance of such systems well and this 

approach is even applicable to small size 

solar chimneys. There is a potential of 

inducing ventilation corresponding to 55–

150 m3/h airflow rate for 300– 700W/m2 

solar radiation incident on the vertical 

surface. This rate is corresponding to 2–5.6 

air changes per hour for a typical room of 

27 m3 volume. Airflow increases linearly 

with increase in solar radiation. It has also 
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been found that the airflow also increases 

with increase in the gap between absorber 

and glass cover. Besides, the air gap, the 

ventilation rate also depends upon other 

parameters such as ratio between inlet and 

outlet area, a single and most suitable 

value of stack height to air gap ratio could 

not be obtained with the described 

experimental set-up. It can be finally be 

concluded that in hot climatic conditions, 

when windows are kept closed/covered for 

preventing direct entry of solar heat, 

concept of solar chimney can be utilized 

by making minor modifications in the 

existing window design. 

This study investigates the inlet and 

outlet cross section area of a thermal 

chimney to improve the flow rate. An 

optimization has been made to find the 

best section area. 

 

 

3. THERMAL CHIMNEY 
 

3.1 Energyplus 

 

A thermal chimney is a vertical shaft 

utilizing solar radiation to enhance the 

natural ventilation in buildings. It consists 

of an absorber wall, air gap and glass 

cover with high solar transmissivity. For 

the high solar absorption, it is usually 

south facing. 

The key output parameter in the 

thermal chimney model is the enhanced 

amount of natural ventilation rate caused 

by the presence of a thermal chimney. In 

order to determine the enhanced 

ventilation, the discharge air temperature 

from a thermal chimney should be 

calculated, which, in turn, should be 

computed based on the information on the 

absorber wall temperature, glass cover 

temperature and the vertical air 

temperature distribution within the thermal 

chimney. Among them, energy balances 

for the absorber wall and the glass cover 

are carried out using the existing algorithm 

currently available in EnergyPlus, which 

has the similar approach to the Trombe 

wall. This approach allows the flexibility 

for users to specify the various wall 

parameters and to explore unusual 

configurations. On the other hand, the 

vertical air temperature distribution and 

the resultant discharge air temperature of 

the thermal chimney are computed using 

the separate thermal chimney algorithm 

described in the Engineering Reference 

document. 

Similar to the Trombe wall model, a 

zone is coupled to the desired surface via 

an interzone partition. To simulate the 

thermal chimney, the Solar Distribution 

field in the Building object should be set to 

FullInteriorAndExterior so that the 

majority of the solar flux is directed on the 

absorber wall. For a normal sized thermal 

chimney zone, the user can set the Zone 

Inside 

Convection Algorithm to “Detailed”, 

which takes into account natural 

convection effects intended for a normal 

zone. For a narrow cavity zone having 

high aspect ratios, there is no built-in 

algorithm for calculating the correct 

convection coefficients on the inside of 

thermal chimney zone walls. One option is 

to use the “Detailed” convection algorithm 

similar to the 

Trombe wall model. However, some 

error may be incurred when used with a 

narrow zone. 

Another option is to use the 

SurfaceProperty:ConvectionCoefficients 

object to schedule coefficients that have 

been determined beforehand by the user. 

In addition, the wall construction of the 

adjoining zone must be the mirror image 

of the wall construction in the thermal 

chimney zone. 

The full input description of a thermal 

chimney in EnergyPlus is given below. 

 Field: Name 

This field is a unique user assigned name 

for an instance of the thermal chimney 

system. 

 Field: Zone Name 
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This field is the name of the thermal 

chimney zone (ref: Zone). Since the 

thermal chimney is not only a system 

component but also a zone itself, this field 

is also necessary. It should be 

differentiated from the Zone name field 

described later. 

 Field: Availability Schedule Name 

This field is the name of the schedule 

(ref: Schedule) that denotes whether the 

thermal chimney can operate during a 

given hour. A schedule value greater than 

0 (usually 1 is used) indicates that the 

system is available and can be on during 

the hour. A value less than or equal to 0 

(usually 0 is used) denotes that the system 

is not available and must be off for the 

hour. 

 Field: Width of the Absorber Wall 

This number is the width of the 

absorber wall in the thermal chimney. The 

width is expressed in units of m. Even 

though this value is specified in Surface 

objects as well, this value is used to 

compute the discharge air temperature and 

the enhanced ventilation rate caused by the 

thermal chimney. 

 Field: Cross Sectional Area of Air 

Channel Outlet 

This number is the cross sectional area 

of air channel outlet. The area is expressed 

in units of m2. The enhanced air flow rate 

by the thermal chimney is dependent on 

cross sectional areas of air channel inlet 

and outlet. Cross sectional areas of air 

channel inlet will be described later in 

conjunction with the distance from the top 

of thermal chimney to each inlet and 

relative ratios of air flow rates passing 

through each inlet. 

 Field: Discharge Coefficient 

This dimensionless number is the 

discharge coefficient of the thermal 

chimney. The ventilation rate enhanced by 

the thermal chimney is also dependent on 

the discharge coefficient. 

 Field: Zone <#> Name 

This field is the name of the zone (ref: 

Zone) to which the thermal chimney is 

attached. It is used in conjunction with the 

next three fields. Note that up to 20 sets of 

zone name, distance from the top of the 

thermal chimney to each inlet, relative 

ratios of air flow rates passing through 

each zone and cross sectional areas of each 

air channel inlet may be entered for a 

single thermal chimney if multiple zones 

share the common thermal chimney. 

 Field: Distance from Top of Thermal 

Chimney to Inlet <#> 

This field is the distance from the top of 

the thermal chimney to each inlet 

corresponding to each zone. It is used in 

conjunction with the zone name, relative 

ratios of air flow rates passing through 

each zone and cross sectional areas of each 

air channel inlet. The distance is expressed 

in units of m. The air flow rate enhanced 

by the thermal chimney is dependent on 

the distance between the thermal chimney 

outlet and inlet. 

 Field: Relative Ratios of Air Flow 

Rates Passing through Zone <#> 

This dimensionless number is the 

relative ratio of air flow rates enhanced by 

the thermal chimney passing through each 

zone. The total air flow rate enhanced by 

the thermal chimney is distributed to each 

zone based on this number if multiple 

zones share the common thermal chimney. 

It is used in conjunction with the zone 

name, the distance from the top of the 

thermal chimney to each inlet and cross 

sectional areas of each air channel inlet. 

Not that the sum of all ratios must be equal 

to 1.0. 

 Field: Cross Sectional Areas of Air 

Channel Inlet <#> 

This field is the cross sectional areas 

of each air channel inlet corresponding to 

each zone. It is used in conjunction with 

the zone name, the distance from the top of 

the thermal chimney to each inlet and 

relative ratios of air flow rates passing 

through each zone. The area is expressed 

in units of m2. The air flow rate enhanced 

by the thermal chimney is dependent on 
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cross sectional areas of air channel inlet 

and outlet. 

 

3.2 Mathematical model 

 

The ZoneThermalChimney input 

object is available for modeling a thermal 

chimney which is a device that uses stack 

driven air movement to ventilate spaces 

within a building. These systems have 

been used successfully in buildings as 

small as the size of an outhouse up to large 

commercial buildings. The air within a 

thermal chimney is heated naturally using 

solar energy. The air increases in 

temperature which causes its density to 

drop. This drop in density results in a 

natural vertical movement of air and a 

local drop in pressure. The drop in 

pressure is relieved by drawing air from 

the building interior, and the heat gained 

within the thermal chimney does not enter 

the occupied portion of the building. These 

systems are often used in support of 

natural ventilation systems. The 

EnergyPlus model will seek to model the 

air heat balance effects of the thermal 

chimney, balance air movements caused 

by the thermal chimney, and report other 

appropriate system variables. The new 

model will be linked into the air heat 

balance in a fashion similar to the current 

infiltration and simple ventilation models 

but will not be linked to an HVAC air 

loop. Any flow through the thermal 

chimney will be accounted for in the air 

mass balance in the HVAC calculations. 

However, other sophisticated ventilation 

strategies can be handled by other existing 

EnergyPlus components. 

 

 
Figure 1: Basic constitution of a thermal 

chimney. 
 

Mathematical model currently 

available for thermal chimneys has the 

capability to handle the thermal chimney 

having only one inlet. In other words, it is 

unlikely that thermal chimneys with 

multiple inlets due to multiple stories 

utilizing the common thermal chimney can 

be mathematically modeled without 

computational fluid dynamics. Therefore, 

if the thermal chimney to be modeled has 

multiple inlets, it will be assumed that it 

will have only one inlet. 

For this assumption, the user will be 

required to specify the relative ratio of air 

flow rates passing through each inlet to 

compute the overall length of the thermal 

chimney (m), L, overall room air 

temperature (K), Tr, and overall cross 

sectional area of air channel inlet (m
2
), 

Ai, as follows: 

 

 

   
                             

                     
                                                                           

 

                                                                                                                  
                                                                                                                               
 

Where, Ainis the cross sectional area of 

nth air channel inlet (m
2
), Lnis the distance 

from the top of thermal chimney to nth 

inlet (m), En is the room air specific 

enthalpy corresponding to nth inlet (J/kg), 

rnis the relative ratio of air flow rate 
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passing through nth inlet and Trnis the 

room air temperature corresponding to nth 

inlet (K). Among them, room air specific 

enthalpy, En, and room air temperature 

corresponding to each inlet, Trn, are 

directly calculated inside EnergyPlus. In 

addition, the relative ratios should meet the 

following expression: 

                                      
After merging the multiple inlets into 

a single inlet condition based on the 

description above, the following algorithm 

which is widely used is employed for the 

modeling of the thermal chimney. 

The key output parameter in the 

thermal chimney model is the enhanced 

amount of natural ventilation rate caused 

by the presence of a thermal chimney. In 

order to determine the enhanced 

ventilation, the discharge air temperature 

from a thermal chimney should be 

calculated, which, in turn, should be 

computed based on the information on the 

absorber wall temperature, glass cover 

temperature and the vertical air 

temperature distribution within the thermal 

chimney. Among them, energy balances 

for the absorber wall and the glass cover 

are carried out using the existing algorithm 

currently available in EnergyPlus, which 

has the similar approach to the Trombe 

wall. On the other hand, the vertical air 

temperature distribution and the resultant 

discharge air temperature of the thermal 

chimney are computed using the separate 

thermal chimney algorithm described in 

the following paragraphs. 

Once the glass cover temperature and 

the absorber wall temperature are 

computed using the existing modeling 

algorithm in EnergyPlus, the energy 

balance for the fluid (air inside the thermal 

chimney) can be expressed as: 

   (     ̅̅̅̅ )     (  ̅̅̅̅    )

 
 ̇  

 

   

  
                    

Where, m is the total mass flow rate of 

the air (kg/s), Cpis the specific heat of air 

(J/kg°C), w is the width of the absorber 

wall (m) and x is the elemental length of 

the absorber wall (m). 

Since the initial condition of inlet air 

temperature in this differential equation is 

equal to the room air temperature (i.e. x = 

0, Tf,i= Tr), the outlet air temperature, Tfo, 

can be finally evaluated. 

Finally, the total air flow rate caused by 

the thermal chimney (m3/s), Q, can be 

evaluated from the following expression 

[1]: 

      √
 (

      

  
)    

        
                         (6) 

 

     
  ⁄      

Where, Cd is the discharge 

coefficient, Aoand Aiare the cross sectional 

areas of air channel outlet and inlet (m2), 

respectively, Tfois the outlet air 

temperature (K), Tris the room air 

temperature (K) and L is the total length of 

the thermal chimney (m). 

Since multiple inlets are merged into a 

single inlet in the beginning, the air flow 

rate passing through each inlet due to the 

existence of the thermal chimney can be 

finally determined as follows: 

                         
                                   

Where, Qnis the air flow rate passing 

through nth inlet (m
3
/s) and rnis the 

relative ratio of air flow rate passing 

through nth inlet. 

The discharged amount of interior air from 

each zone caused by the presence of the 

thermal chimney is assumed to be replaced 

by the outdoor air infiltration. 

 

3.3 Parametric analysis 
 

Using the newly developed thermal 

chimney model, the performance of a 

thermal chimney can be predicted under 

various conditions. Effects of each 

operating parameter can be also be 

investigated by changing each input 

variable one by one to determine the 

sensitivity of the system performance to 
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individual parameters. Those operating 

parameters include the on/off schedule of 

thermal chimney system, the chimney 

height, the absorber wall solar 

absorptance, the glass cover solar 

transmittance, the convective heat transfer 

coefficient, the surface temperature of the 

absorber wall, the width of the air gap 

between glass cover and absorber wall, etc. 

In this section, the parametric analysis 

looking into the effects of four operating 

input variables affecting the natural 

ventilation rate is described. These four 

input parameters include: chimney height, 

solar absorptance, solar transmittance and 

air gap width. 

The analysis is performed on five 

different values of each parameter and 

August 21
st
 was chosen for the analysis 

since solar radiation can be sufficiently 

strong at that time of year. 

The standard values of each variable 

were set at: 6 m for chimney height, 0.85 

for solar absorptance of the absorber wall, 

0.85 for glass cover solar transmittance, 

and 0.3 m for the air gap width. When 

changing values for one of these variables 

for this parametric study, the other 

variables were kept at those values. 

Although it is a fictional building, all the 

building constructions, glazings and 

internal heat gain schedules are based on 

real buildings. It has the floor area of 

approximately30 m
2
 (5 m* 6 m) with 3 m 

ceiling height. The thermal chimney is 

attached to the southern side of the 

building for the maximum solar radiation 

absorption. The internal heat gains from 

lights and equipment were set at 5.4 W/m
2
 

and two people were placed inside the 

building zone during the occupancy 

period. In addition infiltration rate was 

maintained at 0.01 m
3
/s during the 

simulation, which means that the 

ventilation enhancement due to the thermal 

chimney is added to 0.01 m
3
/s infiltration. 

 

 

 

4. RESULTS 
 

The results obtained by the applied the 

proposed dynamic model to a series of real 

weather data, are shown in the Figures 2–

6. 

In the case of Figures 3-4 are 

appraised in thermal evolution, that both 

glass and inner air, reach inferior 

temperature at sunrise. This is due to two 

phenomena: The radiative losses of glass 

towards the sky along the night, and the 

temperature of the wall, that in those hours 

is also inferior to the ambient temperature, 

due to its thermal inertia, Figure 5. The 

inertial displacement of the proposed 

concrete wall is 1 h for the inner surface of 

the wall, and 3 h for the surface exposed to 

the atmosphere. The interior of the wall 

reaches its higher temperature few hours 

later. 

Figure 6-7 show the evolution of the 

volume flow rate for different cross 

sectional area during the day. The charts 

show that flow rate reach its maximum of 

0.12m
3
/s with an inlet cross sectional area 

(CSAI) or outlet cross sectional area 

(CSAO) of 0.09m
2
. The best volume flow 

rate is reached at 3pm. 

In Table 1 the comparison of calculated 

volume flow rates and the values reported 

in previous work ([1],[2],[3],[4]) is given. 

It is noticeable form Table 1 that there is a 

similarity of results for all values of cross 

sectional areas. 

 
Figure 2: Variation of temperature 

during the day 
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Figure 3: Evolution of the glass wall 

temperature 

 

 
Figure 4: Evolution of the inner air 

temperature 

 

 
Figure 5: Evolution of the temperature 

inside and outside of the absorber wall 

 

 
Figure 6: Flow rate as a result of varying 

the cross sectional area inlet 
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Figure 7: Flow rate as a result of varying 

the cross sectional area outlet 

 

Table 1. Comparison with previous study  

CSA(m
2
) Volume 

Flow 

rate(m
3
/s) 

Previous 

Study VFR 

(m
3
/s)[1-4] 

0.01 0.065 0.063 

0.02 0.07152 0.07 

0.03 0.0812 0.0812 

0.04 0.0825 0.082 

0.06 0.09 0.09 

0.09 0.12 0.12 

5. CONCLUSION 
 

In this paper, the brief algorithm for 

the simulation of thermal chimneys in 

EnergyPlus is described for Belgrade 

Serbia, and parametric studies were carried 

out to figure out the effect of each design 

parameter on the thermal chimney 

performance. Real weather data, gives a 

solid support to the theoretical results. 

The proposed concrete wall, 24 cm 

thick, reaches its higher temperature 2 h 

later than the ambient temperature. 

Comparing with the results from previous 

studies, a solar chimney in Belgrade will 

give the same efficiency as a solar 

chimney in another city. 

Another study on the optimization of 

the absorber wall will be made to enhance 

the volume flow rate. 
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